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&R 18} 71 RE o &3 4o 15 95
Forecasting Onion Bulb Weight using Growth Indicators and
Meteorological Factors

£

A% A5

Key words

F1HOnion), A=A E(Growth indicators), 7|43 E(Meteorological Factors),

&2 g (Multilevel model), % d&(Forecasting Bulb Weight)

ABSTRACT

This study develops onion bulb weight forecasting model as a way to alleviate

supply-demand imbalance. The actual measurement data in 2020/2021 are ob-

tained from Korea Rural Economic Institute and a multilevel model is applied to

reflect the hierarchical data characteristics consisting of growth indicators in

individual units and meteorological factors in parcel units. The results are as

below. The harvest timing should be considered when constructing the forecast-

ing model since the weights are very different depending on that. The growth

indicators, especially the number of leaves, at the early of bulb enlargement pe-

riod and the number of optimum temperature days during the bulb enlargement

period show the positive effects on the bulb weight at the harvest. The growth

indicators at the early of bulb enlargement period can be forecasted by using

those at the early of leaf elongation period. When applying the estimation re-
sults for 2020 data to 2021 data, the growth indicators at the early of bulb en-
largement period can be explained as much as about 90% based on those at the

early of leaf elongation period.

R

1. A2 4. B4 Ayt
2. 849 01y 5,994 A2
3. 824 A=
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(R=w%: 4ME, seonwoong@cbnu.ac.kr)
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J8 1. = S99 24 1k
20214 20204
stepl
=27 [@-117)
= 3 = 3= 1205.20-6.10)
. —— |
| T HIL =3 72h
2R XE |f—| 48 x= ] | 7|4 J [ 25 A7) J (20427-5.8)
M (21.429-5.7)
tep—— || — — ¥ 37| (551
| ME | (53
gexmE || ug xs ] l et e ] step2 [20.4.5~4.20)
J . - | (21.49-4.16)

T G 52 5, ASAE S E 290 HEo] 25, A, ES S AHEE &
Qloll oJote] FFS WA Hrh(sE&7184, 2018). ol LT TA(FEHA Aui= 1L L
© G F52 G dSs] AsiAe AE Fute] ASA R FHEor 52 E
AW Gt -5 2 AEBAE L sfof 2 iRttt A SolA gt BSARE AlS

—

l-J

SH3L i HEAQ V1 He FREEAAAT AR SEVFHOR, F /|8 B A gt
o 752 WA MR AFL k. olo] & ATOIAE A Pure] S K 7H AL

OEE@(multilevel model)> FEHE7 AA(FE-1)2 E4H AR (FE-2)2 &4
of B JFS B AR (hierarchical) AHRE R4 Sh=t] 53t o™, A[AF Hlo]|
Elo 8% thE Ry 3L 442 2 (growth curve model)o]2t LR E o] 27| %
St 2 AT 74 Arms A IR FEEH ST, 2 /HAl(GE-1)9] B HE

3) S0 It OS2 S AN ME DS (hierarchical linear model), 82 &(mixed model), HES RS
(random effect model)0|2t1 = S&ICt
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YSXE THYHYEE 0183 <t 15 0=

7} A (G5-2)9] 714 ¥4 7k 9AH 722 ZHeths So] itk 53] AT WA &
2 714 MeE BFRIEE FFo| AT EPolA B2 7PEste B Zof
ua

b o
492 /R B tha PR ARe) 44T F54E N g O

d

(type 1 erron)7} S7FoHAl FTH3434, 2016).
SRS SEER o] A}
2 7 P2 9] g 7o, WA

47t EDsIe ol (4] 13 o] EAH}

(1) +=-1 29: Yij = Boj+ B X1+ BoXoyy++ BpiXp+e;, €5~ N(0,0°)

i:1727'“7n(j), ]:172aat]

0%

A71A V= EA jol SR HA 9] S, X G AT B T Ed 2719 AR

SHFE, 5,5 BA 9 pAA LAY FJAASFE, ¢;; ~ N0,0°)= ZF DAOA T3

Q) +&E-259: g,

PJj

p2071a27"'ap'

= %0 TVt Wit e Waj et 0 W+ uy,

A7|A W= BA 5O QUA 714 8202, 7,0 BAI jOIA pHA| SR 1] 2 AAS(3,))

opmlste], FAEL (P+1) < (P+1)9]




(3) gutstd 2-4F 5L E:
Y 700+Zq 170q +Zp IPYpOXPw

P
+ 2 E Y Wy Xyt gy + S0y X+ ey

o714 £ A FHE AU E dHAS, 71 8JAGE-2)2 P8 BSAH(FE
-9 178 a3, 714 813 | A HFO] AT A I RS YR, uRRak A 7)) &
< A A7 S 71 891 MR A% o]F 2 - 130 -2 TR §
olu|ste FAEIE YerAlTh

A GSEYS o8t B4 IA ST B 282 BHAdS S| {8 g
Al4=(intraclass correlation coefficient: ICC)E AF&35t1 §9AS dolstth. FuiAt
Aee wEE A AR A BA] 1 BAo] AR ShE vl oJulstH, s |71 215
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e L ERE DR RS B RE EE
A7

Q1 KREIC] 20209 53JXHEAFAI7]: 2020¢ 7]

A 9 4717k ahRe] solzbe 2 4
9 9U~209) FEE2A AR S ol g3l T3 FEAEES S5} Sk, wok 557 2

£ olgsto] 248 783} AEARY HRET} D% S22 olgoletd, v S 7830 374
° % Gl vl ol Yt O ReletE, HE G oS A7 F TR AR 9T

H

tlote] dut s A7 i A2 2, A7 wet 5o 24 gk 5 3len,
53] A QER Y AFolstt, ti=f 54 20¢ 7€ 68 102 Atoof] 2|F 52 ARt =
7} S7HRIGAL W ol= KREI 524 871(9, 10, 112HFEAF A1719F A 9] LA}
B2 9& 2ARE 7IELC.2 10219} 11A10] ok Futo] digt HuiE &5 33 ad=
SABEAT. oFf (E D2 & A7-olA AREE ASA R+ 3 AL A7) Huldso] Bt 7=
SAF oI

B 1. 4|0 7| =SAZ

(ﬁ;ﬁ) MexE N Mean Std. Dev. Min Max
Z%H(om) 563 65.80 12.06 27.00 100.60
o AA| H(h) 563 7.82 129 4.00 14.00
(531 SZHcm) 563 9.26 3.06 210 19.80
AEA(mm) 563 18.72 4.07 5.00 2063
Z(om) 563 82.30 1165 47.90 115.10
ENITES] &(of) 563 8.89 139 5.00 13.00
(75I% SZHcm) 563 16.69 368 6.30 26.80
AEA(mm) 563 22.02 418 11.21 34.40
=7l 51 24157 75.14 108.00 403.00
(93Ixp)
(ﬁ;*l;'b M797(g) 346 319.34 100.47 120.00 619.00
ﬁ?@» 166 323.70 94.63 109.00 616.00

AR, s, FEY S AN 34 2] SRR A% s B0] didHE 94 52 AR
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T | BEAE A2 BEYUS IDWHHOE Z7HANSH S SA LI B, YMEHE HE(Kim etal., 2013)
e | 2K HEAE £IX17IS =S IDW YHO = J MGt 2 SH oY B, TASHE, 22U 2, WIIF
EHS ®M2(Kim et al., 2012)
B | 207|120 257|129 B
Siazt PRISM(Parameter—elevation Regression on Independent Slopes Model) 2&& 0/2(Kim and Yun,
ere 2013)
URAIZE | AIZHE Y7 [EEE 018510 FH(Kim and Yun, 2016)
o HEAE ARMANY HEUS IDW LHO = J7HAME & SHHAUNZO| X[FEFYR|Q HTHUAHK | 25
=(PRR, Potential Relative Radiation)Z 012510 &8 (Yun, 2009)

£71% BP0 AAE A= 5712 71 2A5S EE5to] B4 22 Ao
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J o H
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t olo] gt 27 WRsith A20] Kol 79| vtz A& A 07 o]2oiX7] A
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YSXHA TIHYEE 018

8t 9t 75 0f

|7_<
=

M 7|4 B Mean Std. Dev. Min Max
SRAURAIZHAIZH 152.50 18.34 118.28 196.33
L42Z(mm) 2.49 1.14 0.84 5.18
EXZA2Hmm) 67.31 80.03 20.12 414.08
42UMY) 2.73 0.96 1.00 5.00
EXZ2Z(mm) 3.33 9.92 0.00 38.93
LA7|2(%T) 17.79 0.76 16.61 19.76
£17|12(C) 23.79 1.28 21.48 26.45
E[X7|2(C) 11.80 0.94 9.13 13.41
MSE(T) 430.97 84.66 290.01 627.11
N7 |2U(Y) 4.61 2.22 2.00 20.00
IR 11.38 6.50 0.00 24.00
1 H|CH7| UAZHMI/ ) 20.23 1.01 17.51 21.58
(73IX1) SRUARZHMI/m) 630.62 112.57 44430 877.61
SRAURAIZHAIZH 192.81 35.81 131.07 264.18
L42Z(mm) 461 2.46 2.28 10.77
SR 22 mm) 138.98 67.55 73.03 295.16
U2U(Y) 6.15 1.83 3.00 9.00
A 242 (mm) 40.06 56.27 0.00 212.33
SEML>Y 7.41 9.48 0.00 31.85

A1 20208 KREI &AL Aol 523 489 BiddS AS5H3it. o] wf 239
TEHUFE T #5011, SHHSE BAE 5ol et dYarHrandom effect)dt
< 250 o5 Mlolet Yotk EEH 1CCY 32 1% $20l 4 SAH o= fol3t Ao
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[=] = — [= B | HoO O =
oy ICC Std. Err. Chisq Prob [95% Conf. Intervall
M1 27.995 0.055 108.52 0.0000 0.186 ‘ 0.398
4.1, T HI =7 MEX[HS} 7|4 2018 St +217| 15 0=

£ AN Gt 75 Q52 AT S E B9 EA2 Bethany et al.(2013)14 AAI%E

=
WS v e P, 4 B A4 A d9der u3E 4 28 8905

l_.
flo
e

9l 0% e
MSX|H
A = = =
1) E% ¥4 QXIS ¥EY
T
714 291 B2 FH107|2 FAP |2 Fxy|2Us 12YUs
(4E-2) SRR EHATARE SHUAR YPUS 2ETYLY

2 A9 B A4 IS 7heFe] fokshd ot At 2 Al7of ek FRA o g B
Aok 752 ZFolE o] HEgstr] s A AAISE M1o 102}, 113} £AR] s 5=
FEA7] Hu¥H4Ql D10 D11+ =Ystlon, & ¥y BF 3414 fo4E SEsh=
Ao g YEtY s MeE= FAISHL o M22 Skt o714 574 A9l X3
o] B = AICc(Corrected Akaike Information Criterion)>%} BIC(Bayesian Information
Criterion)E 7|&0 2 ZAAs9 0o, JH7|ZA4(Information criterion Index)7} ¥

245 o £o 29 AP /A0 BT Q02 SAOE fOI% A

5) AlCc= AIC7H dHiXC 2 X2 MM Tz AS #8et AC=2, £ FHIIEQ X0l= FI7PHQ A8 =
20fl Ciet INEE| 2710 A0, AICEL AICcHIM ol EEIE O I R0ielth T HE 27|17t S716HE F 2
HI1E2 +E51H FTHSAS, 2017).
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dSAE 7IYEEE 0183 ST 715 0%

—

o nA IS BT, o5 M32} HRheh. o] F M3 ZE B HE EAH O o
o WA RIS PR wok 5 AR R I} BAH R folsirhd ol 4
AAE R o BEA 7} F5of v = F&Fo] 2= AS uldith 2 A oA = A
HETE ZHe A AR HAEA ool AW JFL F= 714 2919 THENE o
< A ZZ(M4)oA AT o] M4 thZ EA oA 118 E =52 RS0 89
o AR FI7 BAH O ROAHA] Fe RO Yet M4 BFL HF wP o= 1A
o, Zt A HHoZ AAH nY o A= ofef (& 7)3 A}
B7. 7500529 =9 A1
M1 | M2 | M3 | M4
Fixed Effects
Intercept 313.295™ 241.137" -196.071" -217.694""
P (8.849) (26.334) (47.004) (46.509)
516 78.134™ 78.712" 83.188™"
(28.329) (26.250) (23.360)
o1 82.715" 86.415 " 116.608™
(30.127) (27.750) (29.134)
_ 1.0217 0.943"
= Xh
E(em) (0.433) 0.421)
S (Tl 17.717" 18.702™
=T (3.225) (3.190)
_ 2.063" 1.886
OT‘_;]:_II—H 2(0,
SETHIE00) (1.013) (0.998)
_ 6.910™ 6.838"
Hx74
BEY(mm) (1.082) (1.060)
. 5.320"
ESPSpI LI IPS(]]
-11.274"
20|A(Q] :
12U4(2) (4.721)
Error Variance
Level-1 7078.801° 70772337 5317.634" 5318.974"
(438.574) (438.380) (330.517) (330.534)
Level-2 Intercsot 2752.212"" 2212.908™ 1901.996™ 1407.654™
P (718.225) (598.932) (523.670) (410.710)
ICC 27.995 23.820 26.345 20.927
Model Fit
AlCc 6671.079 6667.439 6519.106 6513.101
BIC 6676.078 6689.105 6558.106 6560.767

e pd0.01, ** : p<0.05, * 1 p<0.1
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MEXIES 7IHHBE 0Ig3 YT 15 S

ol s
H 8. T H|H £7| MSKIE OS2 4 A D2E HFE MHHS
g9l 0% s
MX|H
= = = <
(Z-1) A% o4 QRIS R
T
714 291 B2 ED07|2 FAP |2 HE|2U4 DR
(&E-2) SFEHUAR FHATARZ FHUAE PUS SETULY

HO. ZHEME S8 UERY M89| XMakd AF A1K2020)
o3 ICC Std. Err. Chisq Prob [95% Conf. Interval]
EoSy 61.904 0.056 173.92 0.000 0.505 0.721
G 38.378 0.060 51.82 0.000 0.275 0.506
GxHHIE 34.959 0.059 160.26 0.000 0.245 0.471
g9=4 40.032 0.061 86.32 0.000 0.289 0.523

o, 49 2 B9 WoS WA ghethu AR Aol Fdtehs 2L oujsict,
T Eld) 271 G4k G A1) G4t 199
w} 0.097 715t Ao

=
o= 3=t @ 497] FUAY ALY FHe T v 2]
3




T HIY 27] 2GS A A7) 27F0] 199 S7FE o) 0.04%, F27HE&0] 199
S7F& 1 0.57% S75he A2 YEPAT. ol A 7 vt 27] 274 4 A737] 4=
o

E10. 7 HI| £7| SSXE OS2 4 A| DHE 27 Ao

Fixed Effects ZZ(cm) e ()] HEZH[Z(%) H=Z(mm)
Intercept 21.996" 3.745 6.490" 5.878"
P (6.857) (0.983) (1.837) (1.940)
; 0.558™" 0.042 0.051™
Z%(cm)
(0.039) (0.016) (0.019)
0.928™ 0.312" 0.451"
- oA
Level-1 I:I‘I‘( H) (0_272) (0048) (0.131)
i} -0.219" -0.047" 0.565
BEGHIE(
[&(%) (0.105) (0.017) (0.046)
) 0.091™ 0.495
Hx7H
gxZ(mm) 0.017) (0.051)
0.673° 0.089°
Z|107|2(%
H7IE(C) (0.344) (0.050)
2567
TIOOIA(O]
Level-2 0.255" 0150
EpSplielelEN{e]l . .
%7 |129(2) 0.101) (0.113)
-0.819™
T1QOIA (O]
Error Variance Estimate Estimate Estimate Estimate
Level-1 36.944™ 0.952™ 7.168™" 7.099™
(2.292) (0.059) (0.445) (0.441)
Level-2 Intercsot 20.933™ 0.447" 3.406™ 4.271™
P (5.255) 0.115) (0.889) 1.071)

Zwe (0,01, ™ : p<0.05, * 1 p{0.1
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4.2.2. 2020/2021 &4 A7} vz 9 o= A AR

20219 649 21Y¥ @A KREIVIA & 103} B2AF A&7HA] F706kaL QLo B =, 2020
XA ARE RO E FAE F ot 7] BSA R ASEES 20219 FI2AH AR
of It 2 A& 4= At} ol B Ho AL 20209 F&FAL AR E 0]-83510] E&TH T 1]
o 27] ASAE SO g AAet g B3PS 202149 A&FRAF AR IHE H§
SFAS A== 3| AAIS Alololl BAIA fAM S EARI & dACA = d A7 &
Y 71 BE A5t F A7) 27100+ HH7] 27| AR 7o) 7He ot E oF 3

o= oA A G 5 &gl M3et GARH FEjoltt,

A&t EAET 5YoH ICC =& IS HIF o2 b3 iy 289
o, HE RFPNA 1% FoFZolA 5P 9] H&o] Bdehes EATHE 11).

= of 3= S ad &
oy ICC Std. Err. Chisq Prob [95% Conf. Intervall
EeSy 55.583 0.078 173.92 0.000 0.402 0.700
G 27.869 0.075 51.82 0.000 0.156 0.446
FEYH|IE 40.682 0.083 160.26 0.000 0.259 0.573
g=4 40.682 0.083 86.32 0.000 0.259 0.573

g 2ES 2021E A=) Oz A85H¥S 499 24 A3E yErdo. v 2717

A 2/DY G AEEFole & G716 2ADY F, GRS, F2F0l #E-19
AgHSE AFSE ST 20204, 2021499 3|AA S vl A1, BE 3|AASY 5715
dst 11 37| B3 5% G50l BAH R FAPES A0 & UEEt ot 20219
O] W& 5% TEolA BAH KIS SEHA FoHA] Eohs Aer E4H A
A AR7I9 2%, A, FRAHR] £E-19 PSR ARE T HIY 2719 2%

e A
2P B FA AgHSE FAASTE 5% FeEolA SAXL
o}

il
i ~lq
"
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il
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ZoA FAA LR FI5HA] g2 AR YEHT. - BY 27] d2AuE SR Y=
A 243 dzgvEo] #E-19 dgHeE AAEEeH, 2020, 202149
A v 23, BE A F2 8 3717F 5% 72 oA FAER Aoz b

% T, G240l #E-12 Az AAgE 7 Hd 27
El

A= 2 AHARE R 57 FLaY 1 27 EH
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H 12.2020/2021 7 HItH =7| = GISEY 24 Zt
2020 2021

Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 5340 0.397 5281 0.489
e2(0H) 0.323" 0.047 0.323" 0.068

Level-1 -

HEXHIE(%) -0.046 0.017 -0.014 0.022
HEZ(mm) 0.089" 0.017 0.060" 0.024

Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 0.952"" 0.059 0.795" 0.067
Level-2 Intercept 0482 0.123 0.245" 0.098

e pd0.01, ** : p<0.05, * : p<0.1
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YSXHA TIHYEE 018

B I 75 05

H13.2020/2021 F# H|j 7| =H 0|I52Y

HT

==

M 27

2020 2021
Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 39.916 3.133 456927 0.053
Lovelot ZZKcm) 0.574: 0.039 0.513" 4.075
Z=(0H) 0.952 0.274 0.444 0.492
BREHIE(%) -0.186" 0.106 -0.163 0.162
Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 36.949™ 2.292 42.933™ 3.606
Level-2 Intercept 28.846" 7.009 21.438" 7.641
Z2 e 50,01, ™ 1 p<0.05, * : p<0.1
H 14.2020/2021 F H|tj 27| G=ZH|E OS2 2 23t
2020 2021
Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 9.824™ 1.230 11.680" 1.299
Level-1 Z&(cm) 0.043™ 0.016 0.048™ 0.015
HEEH|R(%) 0.556" 0.046 0.408™ 0.054
Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 7.168" 0.445 4.838" 0.404
Level-2 Intercept 4.010" 1.025 2.899™ 0.952
e p{0.01, **: p<0.05, *: p<0.1
H 15.2020/2021 F |t} =7| @=F 0= Y A AW
2020 2021
Fixed Effects Estimate Std. Err. Estimate Std. Err.
Intercept 6.864" 1.300 7.2307 1.277
ZZKcm) 0.037° 0.019 0.055" 0.019
Level-1 pm
Si2(0f) 0.371 0.131 0.273 0.177
FxZ(mm) 0.524"" 0.051 03927 0.061
Error Variance Estimate Std. Err. Estimate Std. Err.
Level-1 7.106™ 0.441 4531 0.381
Level-2 Intercept 6.423" 1.567 4892 1.588

Zem 50,01, ¥ 1 p<0.05, * : p<0.1
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Key words

7124 98 (price risk), Ho] A4 (coefficient of variation), MGARCH 2 & (Multivariate
Generalized AutoRegressive Conditional Heteroskedasticity model), EV Z&(Expected
Variance model)

ABSTRACT

Although the price and price volatility of an agricultural product are the most
important factors to be considered in forecasting the cultivated area, previous
studies that investigated the determinants of the cultivated area have not ana-
lyzed the dynamic relationship between price volatility and the cultivated area.
In this study, in order to analyze the effect of price and price risk on the culti-
vated area, the expected-variance model (EV-Model), which is derived from the
farmer’s utility maximization problem and can be empirically analyzed, is
applied. In addition, to compensate for the limitations of the EV model, a gener-
alized autoregressive conditional heteroskedasticity time series model is esti-
mated for reflecting the dynamic correlation between the cultivated area and
price as well as price volatility. As a result of forecasting the cultivated area of
onion using the analysis results of this study, the error between the actual culti-
vation area and the forecast for 2021 is estimated to be 5.07% when only the EV
model estimation result is used. In the case of taking into account the changing
trend the dynamic correlation coefficient derived from the MGARCH model, the
error is calculated to be 4.82%, which implies that calculating the forecast by re-
flecting the dynamic correlation is a better approach that reduces the error. The
area of onion in 2022 is estimated to reach 22,197ha when the EV model is used
and 22,123ha when both the EV model and the MGARCH model are used.
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A% BelZ A Gk,
2 30) 4L b} ek A2Eol ML BAnge] ol 2H wjE e Ast AFRAS
9%t 5 742) upglo] thalA] d=ofath A3 AL BAjo] AHgE Aol el st £ B

S T AR o) B A £HL AAET olojA] A4Fe B
o} A Y A el Qo] S8 o158 Eelah, olg
o

318 AAR. iAo 2 ASENE A7 ATHE Rkl 28

2. )27 Hj7

o

2.1. Expected-Variance(EV) 23

o

B Ao A= Markowiz(1952)7}F AQEst dl & whet, 4] (1)3 Zo| JAREo] 7| &
< Fistet = AufH A o thst QAEH-S stokal A4S tHFreund, 1956; HEIS, A
Arel 2011).

(1) Maz E[UPoX o PpXp) st. Xog+Xp < L, X >0, X,>0

Q.

2 ()M BU(PoX ¢, PoXp)E EZ A E7D) 7t agol, P, ut tojd g
Bt A1), Poe ot A4E SHA" Bt $(71A)eIH, X, A PAAS] &F
TAIHE A, X o= HEH YAAL of et 2hE A 2], L2t 32 GAERRe] Al 7hs
Zolt}, 4] (1)9] 7 ag 235t ZA4= 4] (2)2F T2 Expected-Variance(EV Model) &
& Hesh 4 9l (Markow1tz 1987).

Q.
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Q) MazZ = PoXo+ PoXo— 0 (0pXe+ cov(Pu Po) XX+ 02 X))

st. Xg+ Xo < L, X =0, X, =0

A1 (2)°N1A ¢ AR QIR BT A|S, oG G A A 52019 4, op = B AHE A

A o] A, cov(Pp Po)e T} ofer 2hE AuiH AT 9] 9] F24toltt. 4

(= EAE BV 2GE A8 #5el X9 xR nESE kgt 22 14 248 2 S
oAt

0z
3 X, Po=2¢(0gX g+ cov(PPp)Xp) =0

07 2

T = Po=20(0bXo + cov(Pa Po)Xe) =0

A 3)2 B3l Xo= X = f(Pg o, cov(PyP,),X,)0 S-FHEE AL 438 ¢
AOo™, X,=f(Py opcov(PyPpy), X)9 -deets AL 5T 4 dom=z
= f(Pg 0%, cov(Pg Py), Xo(Py, 05, cov(Pg Py))) 2 AT 5 o}, wehA X .= 9

XG
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(4) X = f(Pg 04 cov(PgPy), 0, Pp)
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I RHHHEHE] A|AIZO]| TSt Autocorrelation 3 Partial Correlation 24121t

Autocorrelation

Partial Correlation

AC

PAC

Q-5tat

Prob

R ITII

=l

O

T =T

0=

gl

000 =] N e Ld R

0.684
0.636
0.615
0.585
0.513
0.434
0.419
0.389
0.350
0.299
0.171
0.223
0.160
0.086
0.017
-0.019
-0.021
-0.026
-0.100
-0.179

0.684
0.315
021
0.123
-0.024
0.014
-0.065
-0.004
-0.010
-0.043
-0.220
0.125
-0.035
-0.089
-0.105
-0.076
0.080
0.066
-0.076
-0.170

22,975
43.251
62,658
80.663
94.331
107.74
117,68
126.49
133.79
139.28
14113
144.36
146.08
146.59
146.51
146.53
146.67
146.72
147 55
150.28

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

T AL 7424 A|AIQ0]| T Autocorrelation 2! Partial Correlation 24121t

Autocorrelation

Partial Correlation
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PAC

Q-Stat
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= o

OO =[]
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O

O

]

=

o]

0.579
0.565
0.607
0.548
0.410
0.409
0.378
0.230
0.301
0.220
0.094
017
0138
0.014
0.019
-0.009
-0.081
-0.053
-0.010
-0.150

0.579
0.346
0.329
0.134
-0.136
-0.045
-0.018
-0.167
0.138
-0.031
-0.158
0.123
0.001
-0.110
-0.010
-0.147
-0.033
0.117
0.098
-0.092

16.112
31.820
50.351
65.723
T4.624
83714
91.563
94.590
99.930
102.86
103.42
105.29
106.54
106.55
106.58
106.58
107.07
107.29
107.30
109.21

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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YTt HF 7HAHO| A~ XA 0| CHEE Autocorrelation ¥ Partial Correlation 244

f

Autocorrelation

Partial Correlation

AC

PAC

Q-5tat

Prob

1O
1
'O

= N

|
|
|
|
[
|
|
|
|

_n

o

=

1 -0.225
2 -0.032
3 -0.185
4 0.203
5 -0.167
6 0.148
7 0.108
8 -0.180
9 -0.102
10 0.255
11 -0.035
12 -0.153
13 -0.026
14 0.021
15 -0.014
16 0.007
17 0470
18 -0.229
19 0.047
20 -0.101

-0.225
-0.087
-0.237
0105
-0.144
0.079
0215
-0.201
-0.070
0.248
-0.085
-0.111
-0.028
-0.148
0.079
-0.042
0.041
-0.055
0.049
-0.172

2.4316
24833
44073
6.5320
8.0104
9.1996
9.8493
11.708
12.320
16.236
16.313
17.814
17.860
17.891
17.904
17.908
20.089
24 207
24 384
25241

0.119
0.289
0.221
0.163
0.158
0.163
0.197
0.165
0.196
0.093
0.130
0.121
0.163
0.212
0.268
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Key words

Z+&tof|Z(Crop yield forecast), 2434 (Parameter calibration), 5-%(Fresh bulb
weight), ¥@%52&(Overwintering crop), I3 7|8t =& (Process based model)

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

B[}
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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

59



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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e
I
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0.2 4

0.0 T r . : : T
o 204 4400 G600 80O 1000 1200 1400 1600

cGOoD ("C-day)

SIMPLE 22 g2 @427 et g/do] S =AY Aok IS 2sthr] 4
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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25 aa a5 40 45 0.0 0.2 0.4 0.8 0.8 1.0
Maximum temperature (“C) ARID

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)

2
q M
H
oflt
K
X
N
_O|L
s
S
M
ol
e}
J
&
a
1o
L
rlo
1N
o
iy
m}E
i
rlo
=
ol
o,
oflt
o,
fr
Y
o
N,
S,

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

o B b
Ao

o o
o
_o\L
rr
i)

2
)
X

>

J
2 H
o

|
_o‘lv,

N,
i
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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
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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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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
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>(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
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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
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fo 2 M
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¥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],
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257] ot} wpEkA o3t S TZHQAEE ARSolH e A4S A& B E
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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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Key words

s @(garlic yield), ot ©@<=(onion yvield), 71&EAl(climate statistics),
IT7Fo]Z A (spatial dependence), T7FHd 23 (spatial panel model)

ABSTRACT

This study analyzed the effect of climatic factors on the yield of garlic and on-
ion, taking into account spatial dependence between regions, using statistical
data by the main production area of garlic and onion. The spatial panel model,
which is a panel model considering spatial dependence, was used.

As a result of the analysis, it was found that the average minimum temperature
and the amount of sunlight had a positive effect on the yield change of garlic
and onion. Other things being equal, if the average minimum temperature rises
and the high temperature phenomenon of increasing the amount of sunlight
continues, the yield of garlic and onions is expected to increase.

In addition, the production of garlic and onion in the main production area has
a statistically significant effect on the production in the adjacent area, so it can
be seen that there is a spatial dependence on the formation of the main garlic
and onion production area.
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1. A&

o5 ubs QFuhate] B2 FENAFEA FHE0l A Y] W FAkEo|T)
20209 71 vy} ot A E A2 2H2 25,372ha8t 14,673haz, 2|45 W 9] 7+
7+ 36%2}F 21%S AHA| 8k U,

E9| vkt s 54 A9 SAH R 47 A= o] vt 20209 vhs AR
36343280, A, A5, Ad, F9Y Balgo] AA|9] 79.4%E A6kl et Ao
26.8%%= 714 B, AE 22.8%, A 19.4%, ' 10.3% 59 <ot} 20204 At Ak
g2 1,168,227 F0]H, Ado] AA P4k 38.8%= 7 B, Adol 21.2%, F5°]
16.4% 5& AFA5tal Aot

FAA = B A9 ET 4 ZAE] AkFo] iR ® JFE o] 911, of® B3 A A
ofaf A4t=|o] B |Gt FitElo] =11, Ao =Q0] & 5o Y& A
ulgtch AR & A4 G o] ZFAH g RlEgE ofy et HAF gRlof| o]5f A= ArHEr
g 9], 2002).

_

TR A AFS] A of Avsto] whel AR = WSk 2 glnk B3] A 7| uste} B
e 247 o] BAAL a5 AALe] T kAol AT Lusle F0 BAEY £
AL SRR GO F5, BUA S SO BASLTL Atk A}, Bgoh 5 2 g 4R
o] F414] o] 50| PHE T YTt nhsa o] AT G 7| FHsto] utet AP nhs
AR A AR T, X R vhs A E s BArstel A WS Z7ka Aolo]
b M2z A0 A Aol Z718 A o2 oSEgTthEAR, 2020).2

Zu) 45 ohs3 FEHs ofdL Tro] 247 $AE T Yovt, FFHste] dgol
A2 Rt glek. 20180 599 Zre Hm TR 5 o471 F R ol nhs A4
o] I ¥he, 20190l A o] |42 A 0% FUAF vk AAleo] A

i
)
rir

€ I ZEot sEHYLE Futet vhs AT7HA o] et B Qi o] A Y 1

1) E24%(2018), 77|5Hs0| M2 =

= 20 SXE2 FMK| 0|53
2) 285(2020), Tot= 71SHsH BN 2020 - 7| He e & M,
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uRst ofuke] Q) £ AL FoA L P YA o2 o] MFE olof 3t
oh A4 IS ERE AL Mol 4 nhs kY] thao] JFL HAE 9l 53]
14 8.919] Jgol HhehAl B4 Bast Aek. whebd 2 A7 nhsa Qo] FA1A] A2

iy

I
o
d
lr
]
o)
_\:-_L
1
L

4
=
rTr
of,
ol
b
Sid
4%
ol
Iﬂ
D
ot
i)
oS,
£
fr
_{
U
H_4
A
E
=
=
it rE
rr
qn M
ox,
oz
o
o,
s
o\l
+

%
- Al il o) A W o] Sk Tobler(1970)«1 At AT H S =
ARG, AR F7to] i Aol B Yk AS

(spatial autocorrelation, spatial dependence)ol2til gttt &, T3] §F YA A &
ek AT 1 59 o] A el ATH: £ AUTAS Kol T ), ol B
ZHoll AIgH 2 A Urehte g awE 2 4 gl

F2HolE 7} 217 Qs B0 2 I8 B7HA ool YEbE A9 B4 7R
(OL9)L H-8o1H WO/ AT 222 /P42 A Hch. whehs 2 =58 opsw o)
AA) A\ 7k FAENE SA] Ao BUATAARGE o] §AT)I) o] B At &
A Al AAGARR PEE HIARE olg3lel, (o) 143 SHL FAEA
FNAIE FAO LT 4 Y= 3 E RS AE3rhs oA 71 AP ATt A
go] At

2I10] A2 v 2. A2 A3 A 0] 87t A= ek ARl Hidl s,
A4 A EHATE AA L, A5 2°F E AE2S YA

rr
ol

3) SZUHOIE7 1 = S7H B4t 748 0|&Y 2MIE siZoh| 2l ALEst U= e YE0 37
M2 &(spatial econometrics models)0[2t1! iC}. ZSYAZR AR O S5 S40| SRR} T2i5t
S EREo2N 2y £

SRR HE| Fets OIXls Q2158 2Aok=H| UANM SUHI0[EV 2= Stalt
R

Z00f thet 2= =0| U Xlsk= 7190ITH0|5|H- e 5H, 2013).
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2. B A7

# =&0] o] &3 Atz = 2006~20154 7172 vk Fute] FA4HA] Al (s 1574 Al
=, T 1770 A2 B(ke/102)9F 71 %S A AH= O]t

50| FAA] Al S EHISH S A, A Slid, A AlRE, A Feb, Ad oh,
A AL, 35 24, 45 I, 45 <9, 45 &4, 39 48, B 9, AF AFAl,
Al AAZACI. Fuke] FAHA] AlEt2 A T, e A, A o, A sid, A
AE, BE YA, BE 29 AE I, BE FE, AE A, e o A9 A8, AT Al
FAoItt. FAHA] Al 1029 AT A== $A 2 FsaEA itz h oA 2006~2015
E7HA] i’\}-‘:‘e}‘ﬂﬁit}. 20154 o]Fofl= A=l SAAER TSI Qlo], 2T Ax

(E )9 2t} 5 BE BE drd %4 HEAo| zm% Aetulet Tol} 9o, e
Solw AT AAkro] 571 2A1S Relth. vk} ko] F4HK] AlFo] ORE ZebA, & =
% 2o uye FEalo] 24

(&9 kg)

L At 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Ey=1 Eft 1,217 | 1,275 | 1,471 1,648 | 1,421 1,355 | 1,316 | 1,791 1,697 | 1,537
& M 832 986 1,084 | 1,405 | 1,120 | 1,048 | 1,308 | 1,431 1,464 | 1,330
o ot 1,029 | 1,798 | 1,190 | 1,355 989 969 1,092 | 1,117 | 1,179 | 1,234
= &ty 985 1,126 986 1,200 | 1,141 873 1,038 | 1,125 | 1,174 | 1,074
o e 1,073 | 1,234 | 1,223 | 1,340 | 1,127 | 1,138 | 1,024 | 1,210 | 1,403 | 1,110
o It 1,181 1,195 | 1,236 | 1,306 | 1,102 | 1,148 | 1,014 | 1,155 | 1,252 | 1,240
e s 1,164 | 1,312 | 1,368 | 1,356 | 1,157 | 1,253 | 1,229 | 1,418 | 1,361 1,393
a5 A 1,345 | 1,371 1,406 | 1,503 | 1,636 | 1,565 | 1,538 | 1,490 | 1,582 | 1,358
4= ol 1,049 | 1,270 | 1,300 | 1,122 | 1,063 | 1,023 | 1,138 | 1,206 | 1,259 | 1,103
45 g 1,787 | 1,965 | 1,986 | 2,163 | 2,015 | 1,964 | 2,104 | 2,166 | 2,183 | 1,977
45 = 1,020 | 1,034 | 1,153 | 1,096 | 1,100 | 1,065 | 1,401 1,349 | 1,274 | 1,188
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= Al 2006 | 2007 | 2008 | 2009 | 2010 | 2011 2012 | 2013 | 2014 | 2015
ag Bk 1,463 | 1,662 | 1,633 | 1,962 | 1,690 | 1,631 | 1,636 | 1,964 | 1,778 | 1,580
ag =l 1,222 | 1,442 | 1,378 | 1,325 | 1,405 | 1,415 | 1,306 | 1,499 | 1,424 | 1,323
Mz | AMHE | 1,486 | 1,759 | 1,838 | 1,670 | 1,513 | 1,736 | 1,425 | 1,786 | 1,605 | 1,526
M= M|z 1,345 | 1,439 | 1,617 | 1,626 | 1,094 | 1,400 | 1,218 | 1,447 | 1,396 | 1,369

A7 BAY, TszEYALRAL

2. YT FAK| AL 10a% AR
(&1 kg)

AlZ2 2015 | 2014 | 2013 | 2012 | 2011 2010 | 2009 | 2008 | 2007 | 2006
= ot 6,017 | 6,051 | 5,713 | 5500 | 6,977 | 6,787 | 7,949 | 7,090 | 7,646 | 5,759
= LIt 5978 | 6,152 | 5,785 | 5570 | 6,669 | 7,047 | 8,284 | 6,633 | 6,965 | 5,727
= ks 5,562 | 6,975 | 6,283 | 5,567 | 5926 | 5788 | 6,817 | 5936 | 6,521 | 5978
= St 4,909 | 5690 | 5148 | 4,182 | 5,796 | 6,074 | 7,299 | 6,815 | 6,224 | 5,551
= ks 6,808 | 6,638 | 5,862 | 5419 | 6,964 | 6,509 | 6,542 | 6,168 | 6,247 | 5,016
a5 oy 6,711 | 7,086 | 7,716 | 5988 | 7,827 | 7,264 | 8,548 | 6,882 | 7,255 | 6,042
a5 =9 6,645 | 7577 | 8317 | 7,588 | 8611 | 7,911 | 7,982 | 6,915 | 6,860 | 6,577
a5 A 5685 | 7,519 | 8321 | 6,012 | 7,060 | 6,941 | 8581 | 6,701 | 7,014 | 5,787
45 Pl 6,552 | 7,623 | 7,975 | 6,992 | 7,608 | 7,492 | 8,727 | 7,560 | 8,447 | 7,979
a5 i 5270 | 6,075 | 7,363 | 5,709 | 7,381 | 7,529 | 6,487 | 7,416 | 6,824 | 6,306
a4 Er2i 5329 | 6,894 | 7,585 | 7,410 | 7,350 | 6,094 | 6,744 | 6,657 | 6,837 | 6,298
a4 34 5921 | 7,647 | 7,448 | 6,250 | 7,484 | 6,038 | 6,395 | 6,539 | 6,060 | 6,059
Xz SIES 6,412 | 7,213 | 6,580 | 6,338 | 7,032 | 5,078 | 5,790 | 6,147 | 6,231 | 5,918

AR BA, TR e

P e e e I ]’%}X}iﬂﬂo}—%(httpsi //data.kma.go.kr)oll A EESF= 2006~2015

¢

g 7170 A 7|2, T, d2EA 52 SAARE ol 85I Ykt vk 8
A717F5E~6E F& At 18~4d2 G AEE, 78~ 1287 A 71 EE
Zgoto], 2 W] A9 AE WaghS Fort B 7 1AES A= fle 2199
ol 7P At AG 71SARR HiAIste] ARSI v dute] A& I
< tAE 71 ae s FAH(mm), Bodrid(nm), B71=(0), BFaL7](T),
FHA7(C), Bat5=(erh), Q2E0)HV F 77HA] M-S HESHA

4) YxE2 E{Y0| TEOILE QIO RETHE|X] 210 X|H

| Ol Z=T7HRI9] AlZtRl 7t
AICZ Ltz 2, 11 gt THIE HIE(%)2 LEfH 20

100(%)C2 AtEICt,

X

=
Ch &, 224 ._f/7f£A|.7_f
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i 5
2hA Y 2 A AEHEZ 7 R T2 918 Bhske TREE A4 (Multicollinearity)
=
=

B2 A7), BtF A7

N

H 3. 7|MHE 71| AEEA|
NG, 7 7 7 oz -
B wmz | oz | TR oywe | e | s .
ERUSY 1
0.9991 1
Lo ea
(0.0000)
0.4968 0.4946 1
HH7|=2
(0.0000) (0.0000)
0.1256 0.1271 0.4773 1
HHE17|2
(0.1257) 0.1212) (0.0000)
0.4971 0.494 0.906 0.0686 1

(0.0000) (0.0000) (0.0000) (0.4045)
-0.0779 -0.0827 -0.1257 -0.6257 0.1611 1
(0.3435) (0.3146) (0.1254) (0.0000) (0.0489)
-0.1864 -0.1843 -0.2559 0.1157 -0.3404 0.0027
(0.0224) (0.0239) (0.0016) (0.1585) (0.0000) (0.9738)

—_

()2 p-value

oje} o] #5d B4 A= vhed FHe] 109(2006~20151) 57t F4HA] Al

91 WA= (panel datar)olth. Bgol Z3Hd F8 WSS et 7|2 5ATE AW EH,

(B oA 9] Bt E= 1,363kg/10a0]aL, BEHA= A Hbetween
(o]

A1 ZH(within) ZFo] B} 28] F = & A2 2 Yebgdth, #2474+ 1,335mme] 2, A9

38
o,

N
—_

93



13| sAt2 a5 052 Z2I

18.8‘@9} 9.2Co|1, A%
2 473%0.7 A

" sy ke m

| 7ZHwithin) Xfo] Rt 28 A= & A

1713 AHA7|L 7+7 19.1C T 8.7C0| 1, X
a7 ekt A 9x8

2k Apo1 71 A
7k Aol ek Al 7H
6,665kg/10a°]aL
O % YERH.

L_
T

o0 A1 7k Fo]

o]7} S-AFsttt.

< 46.9%°]tt.

, FEHX

itk

E 4. OFs B8 0 #4072 57
e Yo BZEHR| A |
overall 283.5 832.0 2,183.0
t= T4e(kg/10a) between 1,363.2 262.1 1,072.2 2,031.0
within 125.7 994.4 1,681.4
overall 4155 596.5 2,700.8
X242 mm) between 1,335.2 303.3 978.9 2,087.5
within 293.6 334.4 2,185.2
overall 1.2 15.7 21.2
TAE|T7|12(C) between 18.8 1.2 16.4 20.5
within 0.4 17.9 19.8
overall 2.3 4.8 14.3
T EK712(°C) between 9.2 2.3 5.4 14.1
within 04 8.4 11.5
overall 4.0 37.0 57.2
UZE(%) between 473 2.8 38.7 50.5
within 3.0 411 55.9
5 QM 29 FQ B0 7|x 84
i b BEWAL EA |
overall 886.4 4,182.0 8,727.0
QI TH+(kg/10a) between 6,664.8 542.9 5,768.8 7,685.5
within 715.2 5,078.0 8,467.8
overall 300.0 596.5 2,248.3
X242 mm) between 1,239.3 170.1 978.9 1,574.3
within 251.2 524.1 1,913.3
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e B2 EEWA} T L)

overall 1.1 15.7 21.2

Brz|1712(C) between 19.1 1.1 16.4 20.4
within 0.4 18.1 19.9

overall 2.0 4.8 14.1

BHE|X71=2(C) between 8.7 2.0 5.4 13.4
within 0.5 7.9 11.0

overall 3.9 37.0 57.2

UXE between 46.9 2.8 38.7 48.6
within 2.8 40.7 55.6

Hduoly £ AAlst7] Aofl siddolel XA Hg/d(stationarity) o5& &<lst

7] 95te] 1d B9 AA(panel unit root tes)BAHL AA|GHT} 7H Wo| AL E=
g G AAYHOZ Im-Pesaran-Shin® W-test(°]d} IPS #7%), ADF-Fisher?]
Chi-squre test(°]3a} ADF-Fisher #7%), Levin, Ln and Chu¥] t-ratio test(°]s} LLC &
d) 50l AUtk ol Al 7HA] AW HE 7 BP9 8 MpES 2R A8 A= (#
6y, (I 7>3 Z.

1y EAA BE HpE2 AAZIE FotRE, X}Oqlg-_ £ 3% Fo g fdde2

8 Sklth. A&t Al 7HA] S 2-85ko] g A8 45 At o W o)A
oM A9 AF7HEo] AR LR RSt 714 Ed], e e FAI7 e 84

ol NALYE & 4 9Uet.

jany

_;

Ho6 0= 29 g ©=el2 48480
= 0= B £ %’-1‘-%’ B z10|12 Yot ZN7[2 Td YxE
IPS % -1.626" -2.109™ -0.540 -6.193™ 0.125
LLC & -4.427" -4.329" -0.617 -19.863" -2.054
ADF-Fisher Z{% 102.884™" 114.790™ 30.001" 40.756™ 80.684""

9 5¢0.01, ** p<0.05, * p<0.1
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e o} et SR | BRHWIR2 | BIIANIR | B U%E
IPS Z4H -1.508" -3.049™ -1.310" -5.187" -0.700
LLC ZH -4116" -5.250" -2.923™ -13.990™ -2.386"
ADF-Fisher 24 87.999™ 102.034™ 27.588 32.053 79.272"

Z=9 540,01, ** p<0.05, * p{0.1

3. 84wy

2 =572 9 2 g (Spatial Panel Model)& o]-&5to], |9 7+ I7H4 o|&24d& 11

2fakel A 75 2.0lo] thsa Ofte] thol v AL Qe BRI

et al., 2016).

2 Aol = B4 FE R S S A F(Spatial Auto-Regressive, SAR),
SZe ¥ g (Spatial Durbin Model, SDM), &7FR2 X% F(Spatial Error Model, SEM)
< A8otal, 2t Y] FAHANE v wTHFHBH 2, 2015).

7 27tXt7|8| M2 & (Spatial Auto-Regressive, SAR)

SAR B2 37H F&A4 0] T&5 ol A= o Aokl MAIsHL, ol & SHAZ S AA
T(p)E &oto] Byl RtFett. &, AR () R E8AG6)Y S5, IE(Y,)S
SLYAIR Y AF A GO TEGH( Y )00 sl FF= o, o] et JFHL2 FHSAFE
(spatial weight matrix)¥} 2esto] YF] SHHT=A LPof HHFE T SAR 2F2 4]
(D 2t

rlo
oM
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~
(1) Yi=p Zwi]‘th_"thﬁ‘i‘m"'eit
=1

S E e s A9Ee A28 WY, pe EFAIG0)S] BSHA g2 Hrs

o OJ5k Q.A0] T, ¢, = YuHH OFfoltt, w,  FIEN PR F7HHOE o AW A
o] § &L 715X S %‘—Oﬂlﬁ}Ei AR, FUFEAGLL TS AL Tkt
Vg ol AHESHE WHOR Ak (contiguity)ol FHEXE ol WA B

Hofst

(coordinates)E °]-&sl= HrHoo] it B =RoA= 37t JIH 7SR E
HHAlS H-85to, | gEo] A-s) o™ ‘17, JAFSHA o™ ‘09 MRS Fofgt 31t
72 WBE FESLA, Y, = 10] HEE JHIES Y

7

Lh 27812 (Spatial Durbin Model, SDM)
SDM gL Z7H4 S44 0] S4Bt opy g Ao = YR o] lckal HA|5)
, °]& Lgof ¥tg3t Aoltt. SDM 2 g2 4] (2)¢ £t

Q) v,=p Zw Y, +X, ﬂ+02w” e

j=1

o71M, pe SIS AATCIH, = 54 Ao SIS B ghol S5HR(Y,)

£ Hgsts J=E tehin

5) QT 7IBXIE F0Iohs A2 X0 M2 QIESH= R0 1, I8X| W 022 JIEXIE R0t ¥
YO 2 VISAlE AE 7 IE2= §0[ 10| HES LAl BZ2tet.

6) SUXEE 0|83h= Y2 XYY FHI2 7IE2 2 UE X[ S| ZEH2IE AL, 0| HBEESIS!
SN Of 0] 10] == ok= AHOI.
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3] 7] 3.2.0l0] 1

o

(Spatial Error Model, SEM)
Hgo] ZFAAA F4

x|

o

<

(5) Vi=XyB+p+ oy, op = Azwmﬁbf, +€;y
9o] 4] 744 2FL ol &

L) SULAE

% T N m_ﬂ 8% uw T
s . e e A T
A, ah ) o
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7|27t Ohsat YO FAK|| MM O|X|= Faf &4
DE INE RN FHEHA 72T &2 TAZCZ 393 FH+)9] = e
At FFH 7|29 FHAFHE F(+H)Q #holu, BAZLZ FootA] = Yot &, F
ZHA7) ok BEH 17120l A5 AS, vheTt Gute] grt BE SUeS & 4
At YR EE & 70| FHH LR 7|5ttt weEkA e 20| FUT Aol A F
FH A7) 20] AF5ola Y2&o] Holuhs 1L W4fo] AEE nhsT) ute] B F712
A5 AT 4= = T 5719 & Ast7] oA 7] -2deto] o538t vt &
nto] $>3Pys} Heko] Z47d Wast et
H 8. 0t=2 7223 EAZ 0
A FE SAR SDM SEM
=T
FHAE | BELX | FHAS | BEE X | FHAS | BEEQX | FHAS | BE %
L SPASSE, -0.018 0.041 -0.015 0.037 -0.036 0.039 -0.017
LHE7|1R 0.760 0.493 0.392 0.464 0.351 0.492 0.184
K72 0.028 0.207 0.136" 0.191 0.258" 0.182 0.252"
UXE 0.351 0.149 0.346" 0.134 0.419" 0.149 0417
WHEHZ42 -0.003 0.637
WHEAE|T7 |2 2.869 0.255
WHERZK7|= 1.088 0.179
WrUzg 0.374 0.003
Sl 3.649 1.391
p 01987 | 0073 | 01527 | 0.074
A 0216™ | 0.082
R2(within) 0.205 0.205 0.344 0.193
AIC -301.785 -306.567 -323.786 -306.154

0¥ p<0.01, ** p<0.05, * p<0.1
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Key words

ZdE4(sentiment analysis), @84 (deep learning), ¥o<EF 2 (onion model)

ABSTRACT

Our study examines how news related to onion affect producer behavior for the
harvested area. To do that, we create sentiment index related to Korean onion
using LSTM-CNN (Long Sequence Term Memory-Convolution Neural Network).
We collect news in June, July, and August before planing onion to make senti-
ment index. Using these sentiment index during that periods, these sentiment
index helps producers plant onion or other agricultural products. We then im-
pose these sentiment index into the harvested area function for onion. Finally,
we build the onion supply-demand model to examine the impact of change in
sentiment index on supply and demand. To the best of our knowledge, our ap-
proach using sentiment index in the agricultural model is a first trial. Therefore,
our study can introduce an approach to improve the accuracy of modeling for

agriculture.
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T2l 7|8t ZHENS 083 YT
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dE=te A7 A HAIS(2019)= F8 221 4271
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AT IEE AR ASH 714 A8l 5T 5 Al A FEi Q] HiolH = HEE

S H ol 7|Hto g FEEn,
o19] 7|AEE B8l 242 FH 2 HolEHE Aot oAbz Mttt ojg 4l
oA Hed &3 o]

L Bdo) 715X 9 HEES St GBS i, HAE Holgt Bdo] £ Hojge]

gl 210 7] dEdolA] Wo] AREsk= LSTM-CNN(Long Sequence Term Memory-
Convolution Neural Network) @& 0]—9-0}13} LSTMZ2 A7) 719 v e & AlZo
9] skFA|Tto] A48 Ao S5HE W8 715HA] Eoh= B-59-7 2ARt, LSTME
Aol ot E W-871A] dojl 475t 7}??‘]7} =59 A5 st shaitth=
o] lot. CNN2 g5 AA3T< Kot (19 3)3 2ol Z
of HeE Sk 7= Uetll= FHiolth AW RS 7551310 58 &7 3l
S Mgt iiASE BolA S5 AE dISchH &3 gt AA 3he] A= 25}
Stof HEl2 WHEA 0 2 Shaditt, Yl sk 5 @2 H ] Qo] S0l oW ShaE SAISt AL &

2 B0t AT g =Evt

S

13 3. LSTM-CNN 24

ax pooling layer Sequential layer

E — | LSTM

9O O ®® | Textvector

Word vector Convolutional layer

(x")
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,, |
x ] : ------ I

/ E ——» | LS
v/[@es000) —
® 90 ®® | Textvector
o — I
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T2l 7|8t ZHENS 083 YT

[

E71e] o AuiA A 2ol Jute] AA o AA| 7HA(Py, ), WA AEQl vHE9] A
S AA 7HA(Pg,— 1), Tl ¥ 57F A FRI(C), Bl HolE AHEACE 2E5H &
o B ZARHAS(SE)Y 71E AL YESHE gl ¥(proxy variable)Ql FA|¥HS:
(trend)7t FE F= ZALE 7HE5H oy Jxt 7|74, vhs 7172 24 &9 A
Al 7¥A 0] Fai 9] 77t olgts 7 1H(7 = £ ) E 73 e

s7he 6¥9le F2 v 24T HY7] 59 58S ASA7IH, o84 550
of Fr R th3<l 8¢ ol ot e A= 274 ’ZZ‘:} °|= 9¥ 5/3ke0l o] Fo]

A= S w52 A5 AL Bt 59 FHIE HE BT o AFoItHel%5-8, 1995). T
otA A2 EAE AEAP(S)= I BE71E 71 o ® FH YAHEA 0] o] FojR]=
8ol ZHIF Fut A A AJArEG ol o Fofulgt S vE Ao = 7P (& 1)

¥} o] e A Fofl BHFE T 2 1, 2, 3004 = 22 69(SE), 7E(STEL), 8E(SK)
O] g AG7E ZIEU oW, BY 404 6-7H AP (SL,), 2B 5914 7-8€ ] A
A (Shy), BB 6ollA 7-8-99 9] /IR (STir5)7F ZRE AT o]FA &E Hlo|H7} &
o4 Z3tHE W4 15718 D)ol 7}771“%—’]\—% 7FSAE 7ol 717k 717t9] TlolEl 7} A
A Aol o 2 9L olAE AL R
B 1. SQUE 2R 771 TR g

23 CHSE|HEMA|

23 (1) A, =By + 5Py 1+ Byl 1+ By Ay +B,C, + B850+ Bgtrend +e,

nl= ) (1.2) A, =0y+06,Po_1t 0P+ 054, 1 +5,C,+ 3,5 + Btrend +e,

23 (1.3) A, =By + 5Py 1+ 5P 1 + B34, 1 +B,C, + BySk + Btrend +e,

24 (1.4) A, =B+ 5P+ 8P 1+ B34, +B,C, + B3k + Betrend +e,

25 (1.8) A, =By + 5Py 1+ 5P 1+ B34, 1 +B,C, + BySks + Btrend +e,

26 (1.6) A, =By + 5Py 1+ 5P 1+ B34, 1 +B,C, + B5 Sk + Bytrend +e,

%0 Sl = SI; 0.4+ ST, < 0.6, SLy = SI, 0.4+ SI, <0.6, SLy = SI; % 0.1+ SI, x0.3+ ST, <0.6
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3y 7)Et
O

(O¥ H= S 5 25 Uetdth. 33539 T8 (p)o] AT o, & =
IFF(S— D) = 23, 8(D— 97t 0°] 2 1 AFH4Hmarket clearing)©] o] F0] x| 1L
TEEh

oFi}o] A& 714 (equilibrium price)©]

I3 4. YTe| 43 TX

] ==

74

Az A7 24
ANZAG7HEL 4] (/)AF P, o] A AU TF2 F76tL 9= 1
IEF(S— D)2 F9] = Hstal, 2 A S (equilibrator) ] 29 3 W&o P,

P, Bt SobA 235-3(5— D)ol 00] E [j7hA] 2 WhE(iteration)HE= &

®) Pz‘:Pi—1_5(Si_Di)
i: QFE-314 P! price, S: supply, D:demand, ¢: equilibrator
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4. A=

4.1. HYL|0|H

A g B4 AR E SRR EEKAMIS)NA Algste Ft, vhe =7k &
29 BAFNAN AZoHe Fuk AR, S AFIFTIRA 2NN AFoHe B4R
AEREA O 71 AP E L3t} ofu} /1AL oFn) AFE T rA (Y /kg)% AR5
3, 1k 7ML ¢ ohs 4E EUi71A (k) A8 ST BRE SRS EA LT
ARE FEPL, 58 2HL AL SRS BRI vl d7HEl 5P AT A=
Aol A Zeld Fute] 1913 £, sika 58 EKAMIS)AA Al g-oke Fot-vhs =
7t4 Amet AR Y 199 GDPE 8. =ui7H4 A= Aud A 9} Sl
A 42 BAONA AlEohs ARG, LRAETIAISE S8 A7 2R HEE

o|EJT. E&H AR 7|2 EAT (& 3> A= At

¢

0l

B3 2MEY HY OO 7|=8AZ

() 7|zt L HEM}
QI THHHPHE (ha) 1997~20204 18,324 3522
Ut H4x(kg/10a) 1997~20204 6267.13 585.12
QI =047 1242/ 1kg) 19974 42~20204 32 752.76 348.28
Ofs =O47H24(2/ ko) 19974 62~20204 52 3122.076 1583.55
U} 57+ AYH|() 1997~20204 1,065,424 513473.41
1915 GDP(2t &) 1997~20204 2440.63 862.05
101 _/.\_HIEF(kg) 1997~20204 24.4 4.61

A5 FHESSAALH(OASIS), TAERFEHEKAMIS), SEE ISR HEAILH, TAY, 44T A=H

4.2 HIHHH0|H

a2 6‘} OM Haeg 585 ofnt I3 AR eE ooﬂﬁ 1 Ato]9] Zhe 7HA|H AH]
SRR, 2017). o

4r d
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2
r°l'
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g2id

7|8t ZAEAS 0183t YT

Ate W AR 19 22 APIER] YlolH R0l A Algshe 7IAk= st ed, 7|3t

219929 1955 20209 12¥71AX &2 =33
352 712

k71 X]}GX—]O

B9 57 BA)

o A SR AR

7R EA81A
o5 dou] 2Y Afo|Eo] 4 Jsiet BAY RE 7S SFHHAL,

2244 02 B Ao AT e 4K ARSI,

O}, 1992 5B 1995E7HA]
oy} o]

714k dlo]
& o A5

B4, 24X 220 2= 7|Ae| &
Hiojg 68 7|Ae| £ 78 7|Me| £ 8% 7|Ate| 5
1997 ~ 1999 7|At 3274 2574 3274
2000 ~ 2004HE % 7|At 5674 4174 3974
2005 ~ 2009 % 7 |A}f 8274 7674 7874
2010 ~ 2014EE J|At 8974 9574 5774
2015 ~ 2020 7|A} 16271 11774 12174
A 42194 35474 31774
S 1,09274
A& 1997~20209 dlol= 28 gt A 7|A
=)
5. 24 A3}
5.1. 48X
A G= vZF HlolH = L3t F3lo] glal, 54 Abdo] @78 s TS 7] 4
tHe 4] do.nE k] kg A)718Y D)l 26, 7, 89 % RETE—
EE3 Aol tigt 7|2 A ofE e (3 5> E.
B5. #dks 71234
H~(TH)) 7|2t gz TEMXt
ZaXI(62) 1997~2020A 0.47 0.1
ZEX|(78) 1997~2020\ 0.50 0.13
ZX|=(82) 1997~2020 0.50 0.12
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o iAo 384 FFS VA= AR, sfted uf AufHA o] B JFE A=
o= M3t 4= glom, IHIA|Get A A 9] A= AY T TS| gl FH =
& Eolth TAX 7} 7H shet gk HQl A= 200293} 20209 0.2 20029 9] 7
dA e 32 e FTA T 7|AF A2 7 got w7t Eot, vt 35 #Y= A
Pae 4 4 Ak 202099 B9 Ao 2521 G 71X = 714 &
COVID-199] o2 ol §-5 I S4 D AHRF 4] 95 A7t REgH 7|AF S
of Fafl A7} stebetgl L, ool whet A H A Egk 20199 =0 HlS AT Ao
UrEbg T

T i

e

[-'O

JE 6. 49X MY HE =0

i

H ha
35 10

0
30

0
25

20 oe

05
04

10 S0

01

19397 1538 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2003 2010 2011 2042 2013 2014 2015 2016 2047 2018 2019 2020

HEEE o TS
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5.2. QI RHHHBE] BIS a4 £

(B 6T (H 7)L AAASTE =Y log-log FEN Q] Al A ¥ES-§H=2] OLS(Ordinary
Least Square) =g A¥olct (E 62 23 1, LY 2, Y 32 7 6Y(SE), T7E(SE),
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8H(SE) AATE =UT &2
A Al el #3201 27], $A4

B2 ojugiet. JolA BIT 4 A vhe} Zo), 7t 4

R142 ks Zpol 7} 21

Ao 1n A A% e 7HE, 1% f2)% 2 9olgt A0 ehyt,
BRAZT 1% S0 W, 29 1, 2, 3& 22 Aol 8%, 15%, 51% 715k A2

2 Uehy 3p57]0] 2HEE 28 AS7H A A oAt
g 3904 1% 7

Hlok. o, A B
U, 23 1, 29 3R W

H 6. MHiEY HSee £ i 1, 2, 3)

240l

v o] 2
oA BAFLE ROt A= e
$9140] Bolxt FAH et

o7

Ty o8 1 P 283
I 1.636 0.45 20.716
P 2.91) (2.851) 2.162)
0.822 0.02 0.766
pSIE X o . (™
Bt THEHTS (0.253) 0.247) (0.183)
o 0.358 0276 0.054
(0.279) (0.264) (0.208)
.y -0.259 023 0.162
se (0.143) (0.134) 0.113)
0.486 0.481 0118
7| kit 7+ /=7 27K |2 e -
&1 Mt 7t/ 7 ke 0.137) 0.126) 0.12)
_ o 20,081 20,066 0.025
B 0FS 7Ha/ 57127 (Rl (0.002) (0.085) (0.074)
2R 0.083 0.149 0.51
(@81 SE, 28 2: S, 2Y 3: SL) (0.097) (0.086) 0.126)"
R-squared 0.7827 0.8073 0.872

() B2 eAE &9k p<0.01 ** p<0.05 * p<0.1

E DO EY 4, B 5, Y 62 424 64 o] 0.4, 74 Hlo]&f 0.69 7}%54—‘21

=

Tgolrt. oA BRI 4=

H}g. 71—0] A z]

= A S(SE,), 72 TlolE e 0.4, 84 HolElof| 0.69] 7FsAE & &
glolEof 0.1, 74 gl 9] 0.3, 84 Tl 0.69] 7ISAE & AT (SEy:)E 2
= 1Y 4014 10% o4

TR F(SE), 6

ru*°

rsh

& 295,06

NA L 1% §ol5FoA BAACE §oJ5t Ao g Yepon X571 1% Z716Hd =
7ML Faf Fa A A2 ZH2 21%, 50%, 55% S7HA17]11 e Ao g yEepdtt ot

119
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tercent 0.2 -1.442 -1513

P 2.9) (2.336) 2.313)

0.954 0.954 0.956
MEE RHHIT A

B T2 (0.251) 0.19) (0.188)

end 0.29 0.115 0.117

(0.261) (0.216) 0.214)

K| -0.238 -0.002 0.007

(0.133) (0.124) 0.123)

0.507 0.295 0.29
M7| ot 1A /=7 =27 K |4 . v
-0.08 -0.005 -0.009

M7| Ofs 71/ s7 271K

H7| 0k 71/ oo i (0.085) 0.07) (0.069)
FIPSINES 0.21 0.503 0.545
(B 3: Sly;, B8 4: SLy, 2Y 5 Slirg) 0.114) 0.131)" 0.139)
R-squared 0.8101 0.8782 0.8809

F () BR2OAE &g p<0.01 ™ p<0.05 * p<0.1

Oo
=8 CESEIEAA
287 Q) A, =8,+8Py_1+ 8P+ B34, 1 +58,C,+ Bgtrend +e,

SRR AAGS vlwste 24 B Alg LAHRMSE)E ol-&3oH, By 1~7
O] RMSE= Tt (& 9o+ 2. /A58 ZFoHA] &2 &3 79 RMSEZF 78 =A Y
R, 157191 89 ollA iAo ® | A7]Q 68 Xt Y 1, BY 4 AY=E
RMSEZ} ZA Yebgth. AR, 6, 7, 849 A4 Al5 2ok’ 9 69 RMSE7ZL 7, 84 A4

A4uhe R B8 59 RMSERT o] 2e ghe 2 A0 tehget. o] 35719 A

120 * Chapter 1 X|IZ2}H|



TRl 7I5t 2R HS 0|88 YTHTRY

£ 714Feto] ohd 2t 3749 A o) ZIAkE Eg e 7HER(0.1)E Rl s
_‘|

(o3 ]
BHA
TP o, F48 2P FE SRS L 5 Uk

281 282 | 283 | 284 | 285 | 286 | 287
RMSE 1,661 1,553 1,192 1519 1,133 1,107 1,724
5.3. 5 o 2 1F

0;:—4 Al EH?‘&# 79 29 742 915 4 (16T 4 Q~4 ()] WAL o183
FoIA ths Ee7bE, ol AR, UL, AL DF, £EF, 1
g ol H B gk ABASE 7Pg e, A F4E RMSEZ
7Pg GokE (70 59 6 FHATE AGHOR], Bite] 4 AT (E 10), 2]
yoll gl sl it

ARl uheh T4 (9] MO F7bSHE A0 ekt
AvSHe 24T, 259] gejugel 1919 GDPE] A7 (0] ko, gkt o]
& 2 37 o123} $gske A0z FHHLon, SOHE 27} 1%t 10%01A
foJ5t Ao@ A Uehdeh. SAZHAQ vk AL BAR O SO F4HA ek
ou], o Ao AE 2L FAALTE thso] ko] thA] EFol £7] ol W
=

=

o
Ha Coefficient
. 5121
intercept (@12 Og)m
43.23
trend (15.00"

() EE2AE &F  p<0.01 ™ p<0.05 * p<0.1
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vy Coefficient

- 12.56368

intercept (2.34)"
101t GDP (OOO%%GS?

-0. 7

QHII} 7124/ AH|RFST K4 (0] %831 )?“

OKs 712/ AH|RF2 IR (88882)

F () E2AE 58 ™ p<0.01 ** p<0.05 * p<0.1

ZHlo] tigt AA7HE &4, &5 S (B 1299 2. AA7H &8 442 -0.29%
UEE o™, ol= g 7HA 0] 1% A5 W 1917 &H|F2 0.29% Haltthe on|= 714

H12. £20| A7 B2l AS Bty
g ERR| AL
A7+ By -0.28581
LS ety 0.82409
5.4. B[O A2}l
FAE 29 09 A A g, dpokr, ABE (B 59 AAHS AHS Sl S8
g, SRR AlAbSE A (8) E2 WA 08 2MFH(5- D) T2 20 2(D- 5)
£ &0 BHEA LS B3 A @0l ol& o Utk B@ollA 28H 2021~2025E AT
A= (3 1300 =0 Utk 2021 Ho] A1 Jt=mE A AT AT 2021
oA AAISt= 471 v A AmE st 2 A, A4+ A 39 A/4A
T9] Hatgho] 2021~2025W 0| = Zoh= 71y stofl 699 A A1471 0.35, 74°] 0.48,
8¥°] 0.35% A4 AL
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TRl 7I5t 2R HS 0|88 YTHTRY

T 13. AT} H|0|A2FR1(2021~20254)

e 2021 2022 2023 2024 2025
i (ha) 18,336 18,843 19,292 19,673 19,986
MAMZHH ) 1,247 1,282 1,314 1,340 1,362
AHFEH E) 1,318 1,359 1,314 1,340 1,394

ZOH7HA(/kg) 1,361 1,282 1,257 1,185 1,117
o 24X 0.35 0.35 0.35 0.35 0.35
Pa=F2r-INES 0.48 0.48 0.48 0.48 0.48
8 ZHX|s 0.35 0.35 0.35 0.35 0.35

5.5. AlLt2|2 =4

AYele 1€ 20214 799 24471574 0.1 sHeie W, AleEe 25 2021 89e]
BAAZ70.17 St to) AR 7HE oluf (I 7)-2 2021~202599) Al
2 A e e zolch A A A|7ko] Aol whe Z7ksHe AL Holu, 3

A% S A EAE 271 A7) sheshe A e A gragch

T2 7. YT BRI AL S

H ha
24

22

20

2019 2020 2021 2022 2023 2024 2025

e A|LPE] 2] e AJLIE| 22 e haseline
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2021499] A3HE H|WoHH, AlVE] @ 10]A4]= o] Agtelof] vl AuiH A o] 5.51% o<t
Fom, PikF AA] 5.51% ohek, 1919 LHIFS 5.21% stetotal, B2 12.74% 5
7Vttt Alute] @ 200 A= Ho] Aklofl H] s Ajul 2ot g ibeo] 11.3% FAsteloH,
1919 &H[FF2 10.70% FrAohi, Zui7FAS 26.12% S7FtAt AluE|Q B4 Aik=
Z

£
A4 A g 71210 et gEbd o Qo (ES ).

T 14. AL 24 Z1K2021~20254)

| 2021 | 202 | 2023 2024 2025
it H=(ha)
Hl0|AZIOI 18,336 18,843 19,202 19,673 19,986
ALl 1 17,326 17,588 17,793 17,932 18,007
% w3} -5.51% -6.66% ~7.77% -8.85% -9.90%
NTEEY 16,264 16,310 16,304 16,243 16,129
% 15} ~11.30% -13.44% -15.49% -17.44% -19.30%
MAZHH E)
H[0|AZIQI 1,247 1,282 1314 1,340 1,362
ALtRI2 1 1,179 1,197 1,212 1,222 1,227
% B35} -5.51% -6.66% ~7.77% -8.85% -9.90%
NTEEY 1,106 1,110 1,110 1107 1,009
% w3} -11.30% -13.44% -15.49% ~17.44% -19.30%
AH[ZHH E)
H[0|AZIQ! 1318 1,359 1314 1,340 1394
NTEER 1,249 1,273 1,269 1,275 1,290
% wis} -5.21% -6.28% ~7.64% -8.51% -9.47%
NEEEY 1177 1,186 1,166 1,160 1,162
% 15} -10.70% -12.69% -14.86% -16.76% -18.45%
L0§7124(2/kg)
H[O|AZIQ! 1,361 1,282 1,257 1,185 1117
ALtRI2 1 1,534 1,498 1,515 1,485 1,458
% 15} 12.74% 16.84% 20.55% 25.31% 30.52%
NTEEY 1,716 1,718 1,772 1,776 1,781
% w3} 26.12% 34.00% 40.95% 49.86% 59.49%
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T2l 7|8t ZHENS 083 YT
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A0

e

Akt @59, A, 2017. “mHEok Bl o] H o] &8 AHE9F A8 HIEY A dlolH B4 53t
AR 7HA B4 T s A B4 58] 201749 sHAStE ] =84, S s A R 5.

Uygd, 0235t Y, 244, o2 AR Y ¥ S, 2881 73] 2018. 8P E H|IH
HlH|o|E & o]-&3t Fut AH| A& R ZR =283 =FA], A 18H A 1135, Fh=rFdl =53],

FAE, o]xlof, oFH . 2020. “FHWSE HHI} 57t AuiHA A0 v A= FF It v
FHoZ" Ao1d Als. ﬂ—}luﬂ]él 5‘94 AR A+,

A4, o] A4, 2019, ‘ol E wjuj7pA T} BaAt 22l A WAMS A9} Q1A B4 2891
A 71AMY H1 Y H | ltﬂ%%}o?} u“é—l%i 7149 A8 TE 51, A54d A1S. gt
= E-ZAA 53]

MeA, =8, 45E, 74E35]. 2019. "sPHE AYEE KREI-KASMO 2019 287/ A+, 3=+
TEAA AT

SHA, A4 2017, “FAZIARE o] &3 AE|ARe] A7 A4 B TA5HEAT, A23d 35

S A SA HA| AHSHS],

0|52, &3k, ol8 . 2020. V1 E FEFAA vlEo] Fut Tpof| v = I Hd A ARA T
HO XM EQA RS FHOE." T527 A, A43H Al2%. p. 3, 5273 A| A+ Bk

0|58 1995. “Uhs, Yot A S4S ARt 7129 TsE AL Al18H A4, =23 AIATY
HiA,

27, TH 5. 2016. “FA AR T SVME o]-83F S&P 500 714 dl & o7 8 2 5t3]
Shetde=wd, AoL. =7 FEH 3.

SHAE], AE, A4S 2019, "Fuket nhs7HA ISR 9 oS Aol el TeEA|1E, A 253
A4z, =sEAYSt] e AFA AT,

2B AATY. 2021, FEAAT 2021 29 o1 F 5 52 Wste} ule,. pp. 442-455.
s A A AT HalA,

Jin, Z, Y Yang, Y Liu - Neural Computing and Applications, 2019 - Springer Stock closing

N[

price prediction based on sentiment analysis and LSTM.

Saura, JR, P Palos-Sanchez, A Grilo - Sustainability, 2019 Detecting indicators for startup
business success: Sentiment analysis using text data mining.

Tang, D, F Wei, N Yang, M Zhou, T Liu--* - Proceedings of the 52nd -, 2014 Learning
sentiment-specific word embedding for twitter sentiment classification.

Yenter, A, A Verma - 2017 IEEE 8th Annual Ubiquitous **+, 2017 Deep CNN-LSTM with
combined kernels from multiple branches for IMDb review sentiment analysis.

Ynkun Ma. and Haiyun Peng and Erik Cambria. 2018. “Targeted Aspect-Based Sentiment
Analysis via Embedding Commonsense Knowledge into an Attentive LSTM.”
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B 1. I} KU EE, SU, 191 A, E07H HUX| B UL 2 7HSX] HE)

| 2021 | 202 | 2023 | 2024 | 2025
XHHHHZ(ha)
VBT 18,336 18,843 19,292 19,673 19,986
ST, <03+ 8L 0.3+ I, X0.4 16,981 17,118 17,201 17,224 17,190
% it ~7.39% -0.15% ~10.84% ~12.45% -13.99%
ST, < 0.6+ 5L, < 0.3+ 8L, x0.1 17,891 18,173 18,399 18,562 18,664
% i3} ~2.43% ~3.56% -4.63% -5.65% -6.62%
MM B)
IO ALO! 1,247 1,282 1,314 1,340 1,362
ST, 0.3+ ST < 0.3+ ST, 0.4 1,155 1,165 1171 1,173 1,172
% w15} ~7.39% -9.15% ~10.84% ~12.45% ~13.99%
ST, %064 SL < 0.3+ 8T, X0.1 1,217 1,237 1,253 1,265 1,272
% i3t ~2.43% ~3.56% -4.63% -5.65% -6.62%
AH[(H £)
VESET 1,318 1,359 1,314 1,340 1,394
ST, <03+ 8L 0.3+ 5, 0.4 1,226 1,241 1,227 1,227 1,234
% w15 ~6.99% -8.64% ~10.40% ~11.97% ~13.38%
ST, < 0.6+ 8L, < 0.3+ 8L, x0.1 1,288 1,313 1,308 1,318 1,335
% w15 ~2.30% -3.36% -4.44% -5.43% ~6.33%
E04712(&/kg)
H|0|AZIOI 1,361 1,282 1,257 1,185 1,117
ST, < 0.3+ 8L X 0.3+ S, < 0.4 1,593 1,579 1,617 1,607 1,599
% 3} 17.08% 23.15% 28.66% 35.60% 43.13%
ST, % 0.6+ ST, < 0.3+ ST, 0.1 1,437 1,398 1,410 1,376 1,344
% 3} 5.61% 8.99% 12.24% 16.15% 20.40%
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Key words

o= dZ(yield estimation), AZ7|4 A8 9 9l(actual growth factor),
7148 Ql(meteorological factor), AFS|EA &I (social welfare effects)

ABSTRACT

In order to stabilize the supply and demand of agricultural products, it is im-
portant to take a preemptive response through accurate production forecasting.
Onions have been an item with high price volatility since the past. As one of the
representative methods of stabilizing supply and demand, KREI's agricultural
outlook service advanced agricultural outlook service by introducing an actual
survey system. The purpose of this study is to predict onion yield and analyze
the economic feasibility using onion growth data and meteorological data ob-
tained through the actual survey. Accordingly, onion yield using actual growth
data, onion yield using meteorological data, and onion yield using hybrid data
(the actual growth data, meteorological data) were respectively estimated and
the predictive power was compared. As a result of the analysis, the hybrid model
using actual growth data and weather data had the best predictive power.
Finally, the maximum social welfare effect of the predicted values using growth
data and meteorological data was estimated to be about KRW 25 billion. This
study is meaningful in that it verified the economic effect of the hybrid model by
estimating the social welfare effect of predicted values using actual growth data
and meteorological data.

Wk
1. A& 4.
2. A9AT AR
3. 24 29 6.

o 3 o
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e 3e]o] gelo] Wolziet. o] teof EA] ARE AAsHs AL 39 S o] Folth. &
E7} obA|m AlAo] Z7FeI4 AT z-._lom% Aol 9oLk, 25¢C ol4e] Hd glo] 414
T gasiA] QAR Foldth, 94k LeASE S7PE @AY 2508 WA Lol
L oJRIEch 9l 220} 79 A7) vl Ete Qo] W ARE 7o ulco] L ojgke mA
FEA Qe TR 7197] P HaT 6~8m] o 45 Shusjof dt.
1 ] BRSS9 FRE P 12,513,540 A4
olo} 20T HEO| & L&t FEEofof vlEo] A E LT, u

0

ol sigolst &5 R7lo] mF ZE Aok Gk, 7 ulth7lo] #L F9E & HE YA
T |2 A 7hsAo] k. ¥hHo] U R AZHE WL AAdte] 7O Htrt B
A BTk %, 7 4 AFRE L SEo] gL YR Hol % g o] A Hcks Aolth, 7 v

7] 2710l Hlsdol B=7] Al&bstaL 99 4=, Q9] Aol FAE HHRA & 7|53}
I o= 2 919 = 7~1070 Hrolt. 1 ES

] 2 4~6702 EolE

22 I3 e BEF71E AL sto] 2 AFollA= Fube] AR AR5
Aote JA4AR715E F BH7I7HA 9 A58 R3S H71FE T H[77HA] 9 7128

I5% 722 APAFollM = 7188 AZ ol&3 TS A7 ASHH o= 1
ol gttt A2 Q011)= 4, T, LA ¥iF 37l F52 ez dEF4 e 48
G SEE S LS. L8 RS o8 Hd A By o s Al 714
Ao AeE F5L, gt AUE| 8 FARAA &EH 7S E8T drdSEde
WsHR T B3t 7148 113} T 7] AFIEAIE oA FEl = alesto] 7]4fa 40 o
g dre] FAHS =&Y 4483 9(2010)= 8 AaAEEe ez 84 @
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12802) F8U+E -18.826 5.341 -3.52 0.001
280 SR -19.595 4.996 -3.92 0.000
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6E(1) FEU+ -9.295 2.192 -4.24 0.000
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MAPE = %x 100

99] 42 ol gstel BYE o= B AN (& 7ol ANtAt LI o= 5
AFES MAD 42.41, MSE 3037.06, RMSE 55.11, MAPE 16.61% UEhgtom, AZ7]d
29 % /AR 2Y3} u]ste] 718 WA FAE A ol ERRP o] EH7} e B
F9] o ZX Kt A 2L BolFT e,

= MAD MSE RMSE MAPE
HEI|HEY 46.31 3398.33 58.30 18.10
71 23 48.94 3550.30 59.58 17.52
=22y 42.41 3037.06 55.11 16.61
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Key words

7+24 M5 X(price volatility), 91t S FE(Onion growth information),
T2 2 Y (structural model), A|ABEE(time series model),

AFA AW R (artificial neural network model), 7}2 a|Z(Price forecast)

ABSTRACT

Onion, the most important seasoning vegetable, has a very large price fluctua-
tion, causing damage to farmers and hindering rational decision-making.
Accurate forecasting of prices is important for onion supply and demand and
price stabilization. In order to improve the forecast for onion supply and de-
mand stabilization, the Korea Rural Economic Research Institute provides in-
formation by observing onion growth information. In this study, the onion price
is predicted through structural model, time series model, and artificial neural
network model to compare between models. In addition, a production forecast
model was developed using growth information. As a result of the analysis, the
structural model showed the highest forecast power of onion price than other
models. However, it is difficult to predict the price of onion due to various ex-
ternal factors, so measures to improve the forecast are needed.

2
1 AE 4. A o5 B4 A%
2.9 AY AT RRAY 5. R LAY
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=
AA L G5 &5, 27t S AYsts a3 AATEY KASMO(Korean
Agricultural Simulation Model)o]tt. KASMO+ Y& A FEo 2 BRdto], dd
ARl o g 4stne, A 7H4 MEAo] 2 ¥ /I EA4S vHgsHA vk
A ] Sl
AAGR G2 Fute] 714 oS F-851HA A AoH, 7844(2005), F=d - =Yg

ZH2015), stA]3] £](2019)9] AtolA ThFet Mgt HE S &3 4 o &S 35t
Aok AHi44(2005)2 7HEMAE DB Zuj7tA 2Ak2 S o]&3f 714 siElvhS 112 S ARIMA,
GARCH 2@} Q1A T RFg o g2 H 1 Q] o &2 =351, RMSPE, MAPE 5= 7|2
2 59 Frlskld. 11 23 duihE dS2 JASA BT A A YR Y 55| ARMA
(1,2) 239 d&8o] &3t A0 & BAE

W

=Y AAIEER 0] 30% o139 23S 7HA 7HE 39 o]9]9] M4E 1Ejt 1Y
o] I3 443 AFsH E=d, 2 P(zols)— ARDLA 3] AA A B) S o]-&3f A
AFFE &5k, 20159 gt &5t Al7| ZHi7 S oS5kl AuiAd(2005) Aot B
of

B2 W 32 9o 9 A elo] TIglon, el 391 AV S0
23t A7) 0% 714 ol A AnF 1] HE =AY
HA 37, A% NefekA] R IARL AT 48] 20190k FrhA

29] o] BAYE TS FE AN SR HAGAL, MG TR Mok /s Wi

7] Hsf 7te]5- 2 A (Roling Window Regression)% AL &8 Frtetloh &
A 23, 319 7H4 A= E vigoz A tu|E ALt ARMGARCH 2go] g7t o

=

£ o|g5to] A7 3 FAZF(ARDL)] 4 &
o A W P4E 24 F AT 9 oSNNS A2 A, FHE2015)9 Fueks

22| ot ApiE o2 T 9., A5l FES AT e 5H15] 21(2019)
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H1

M7 GIEZS T

~
o=
Fre I':III

0
-

. I T} B

AR, e

1975 | 1985

1995 | 2000

2005 | 2010
11 16

(&9 A

A ha, kg/10a, A &, %)
4

2015 | 2016
17

=
i
ol

2017 | 2018 | 2019
17 22

(

e
i

23

2020
18 20 20 26 22
95 440 | 975 878 | 1,023

18
1,412

kg/10a)

2,262 | 4,092

1,094 | 1,299

1,144 | 1,521
6,162 | 5,232

1,595 | 1,340

1) 20209 g2 20219 KREIC] &
AR SUSAAE

6,384 | 6,072 | 6,528

5,858 | 5,756 | 7,322 | 7,474
ARGl -84

(2020), KREI(ZOZ D

el

=

7

S-2fube} ot AR A

Er F4A 9 AF=7T ol
37 gt Ajuli A o]

At 3g=

=

H

N
o

2
ot

A} o

v O

&

r=
rx
0L
o

Al B

}

”'l_

F(-49.3%), &
A,

2 24%

=0

o] S71t A

e T2 oY Aol Hls) B ok, S &
o) 24 7 712

58 o] 4] 4

2000
4,869.5
(80.4)

s "O

o] AA|9] 77.4%(2020 7]&)= A
]

o
AR

o

i
O
rr
A|m
N

&84 2
(43,
k7t o] &

tt EAA(2021)°] ©t2H <

O HE(-56.8%),
< AufH]&ol
O 2 YEGTHKREI,

= A H A=A F=
Ao] et vl S BHE

5t QITH(KREL, 2021). =UjollA] AJAtE
=0, 7] ABAFEIIE 2014W 3} 20199

a-

A &Jstal +EFS

-rr

E
[=)

02

2005
38,348.6
(93.1)

2010

2015
17,667.4

(91 &, %)
2016 | 2017 | 2018
146,285.5

0%
o

108.0

2019
45,236.2 | 148,406.4
(82.8) (94.8)

2020
248.2

4
L

[
[

(1.8)

1,080.4

58,015.4
(82.5)
10,642.7

(1.7)
8,342.1

2,480.8

22,751.6
(11.6)

(93.1) (64.9)

9,234.0

6,502.9

(0.6) (4.2)

25174

28,485.0
67.7)

i
=
P

(17.8)

(15.1)
1,750.9

1,093.0

10,450.7
(6.1)

(5.8) (29.8)

1,687.9

11,186.5
(15.1)
1,564.4
6.1)

6,057.9

(1.0)
16.6
(0.0)

66.7
0.2
41,180.9

(26.6)
2,392.1
(5.7)

1,680.5
(2.9)

(3.2)
21.2

93.1
0.4)

1,848.0

(1.1) (5.3)

13.8

(100.0)

6.9 8.1
(0.0 (0.0)
21,3343

16.1
(0.0)

154,369.4 | 55,350.4

(100.0) | (100.0)

0.0
35,058.4
(100.0

159,342.1

(100.0) (100.0)

0.0

70,345.5 42,079.7

(100.0)

(100.0)

(100.00
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= 2000 2005 2010 2015 2016 2017 2018 2019 2020
Al | 2627 69.2 | 38085 | 385.8 | 8,884.8| 543.7 | 3,435.7 |50,409.9| 5,621.8
TT 2°1(100.0) | (819 | (99.5) | (100.0) | (99.7) (99.5) (99.2) | (100.0) | (100.0)

e B B 12.1 ~ 24.0 B 24.0 ~ B
ce 0.3) (0.3) 0.7)
i 0.1 145 82 10.0 0.1
A= 7-|_‘_ _ —_ —_ -
= 4 00 | (172 | 02 0.00 | (0.0
EAHE B 08 05 . 3.0 2.0 . B
= 0.9) (0.0) (0.5) 0.1

262.8 845 |3829.3 | 3858 |8909.3 | 546.7 | 3,461.7 |50,419.9| 5,621.9
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0)

1) 7+ 50 Higt HS code= 4141 -9740703101000), $-5(0710801000), 712(0712200000), Z4H2(210190070)9.
)7?&8 1~ 12_9.1_,] /\zq:] /\11401.

A= BA1%(2021)

Tk AL AR PG ALAF AE S7F= 20104 o5 A Bikgel 48%E A
s, 657 & WS FAI8AL APHKREL 2021). ¥k SHABF AFE AF=HIL e
H STl 2420 $eEE U E 849 Afo]of o] FofAH, AAF 7|72 <F 87H%
= o538l 497HA A% Fprt AHE T (EEIEA, 2015 A4 9, 20106). I AL
<= 54 A7t o] EATSEFTE AGAAE s AN, ST, 7 52 Eﬁ/\}

&

O
H
3 84FE o]&3f 39 T A 5L U5 HEE

(T A E, %)

= 2005 2010 2015 2016 2017 2018 2019 2020
MAHA) 1,023 1,412 1,094 1,299 1,144 1,521 1,594 1,340
KI&ZHB) 478 574 556 632 553 672 712 672

(B/A)*100 46.7 40.6 50.9 48.7 48.3 44.2 44.6 50.2
1) AFS ARSER 2430l 202094 BAFS FHLSER A5 AR,

A& KREN(2021)

S Fup AH[FS =9 F7FF AYARF F7EE 20004 o] A &f|A J7FskH 2 2019
Holl& 19019 30.9kgS 7|25 QTHKREL 2021). =Y %5t = 96%= 7FH-R 0 & AH|
=, YA 4%+ 7H8 02 AH[ET(EEXSH, 2018).

Fuko] A St id SUshL glaw, s8] &3t IS AA 9] 30% o=
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AABH, A& o)A AR5 Eetsto] A2 AAJaLo] A4 = of v 3 A Futrt A
A fi7AA] ARE A T

G =72 SuiAt it Hstel] whE SEe vHESkH, 2018d3 20194800 A
A ez A4 EujvhAo] HaEn WA 445 A2, 202092 A Arao] whEt
Al 71HT} =2 =50 tHKREL, 2021; aT KAMIS, 2021).

off
rp

o)
ololl
o
o
(@]
—_
*x

I3 1. R YL A 712 5

=2=

o

-1 OO
(291: A/kg)
1600
1400
1200
1000
BOO
600
400
200
0
L o o oo oo ool
2 & B % 8 g &2 8 2 &8 8 5 8 2 2 2 4 3 284 4 5 8 a4R
4 4 4 4 R R R B R R R R R &R R &R &R R 8 R &R 8 R R ®

F 1) A =7 HA2 Eei7hE S AR 71A4(2015=100)2 HEFIE skl r A 7]
A& aT KAMIS(2021)

3.1.2. ¥ A9 2AA

| Qo) e AAH 02l ) Ak oEsio] 3 FHL 95T gLort A
ujw A o] FAT Z7io] T AATre] WEo] AT ol HEA 0w S5} S £}
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Y12 o153 24F I3t Aot Aol E IS At It AHFo] uHso] 6~7H
ZazolW, A& AR T 42 @ AR 2| (U A AR T F bl 23%E 2} 3H7} ko o
2 A &30 5 -0 o] EAF 013}

Foto] g= A7 9] WERE F7lote FAIE Bolu 714301l whet S35 vHEst
o HEAJo] & B&4S el QITHKREI 2021).

ko] 10a% A& A= 201249 o|T A& oA AFSslal QLo AA 222912 ok}
7VA T} YAt Asol wet S ‘:‘Jﬁm 3101 A“J EegAol yerta Sl 9%

%

SEE A= ZA; 7é3’—]r(2020)°ﬂ 2 W 7HEo] QAT 2012~20134E w9t &9f, 12 7}
(o3l
S

Fop AFL O Fd AaFol vle] BA Fout, S 5 AT ) == S
AL Fto] 9] 7Hs 7o) wet v S3HE RHESto] g BQMY ARS HolFa ot
(KREL, 2021) AA 20149, 201992 ABAkeg 02 HHO| =& ZXHH 0 F 250
F7Fote BE2 AL, 20154, 201792 SliAE gu A4kg B0 2 TRQ =40 whet
18~21%t %94 Furt £AEE B5S BYT, Ioh di(20164, 2018E-2) = 79 &
el f=Qlo] FHAotdt.

LA A EAOR whE 74 Hstol i L5k Hsho] vigisto] Al ¥o] 3
™, o|& <Isf 714 WE/do] AA 57F A50] EQHEYE Bt ofy g}, ARl qAEE S
Wel=tE o3-S AL qick. Ty gurhA-& AAHETE ofU e} 4], =59, 1L 5
9] S LA, FEIL v gt 7HE e HA S0 Eehth= A7 At

F—.°~

164 « Chapter 1 X|IZ3H|



FAR| K5 S HBE 0183 Y71 OISDH Ther

= Aol tf o2& 20 & HHEH (A58 9], 2017). Foh= REE =X oA] Auj= =
: S 7144aRlel o8] @vt A TS W ES AYH, HEEl

St 71403t w7ke] E3HASH A oJabAA o2 Fut AAHEF of&9] ojE R0l T & A
A2 QIeH( A, WA, 2016; A9, 2017; 015 €, 2020). &3t 714 o
52 AR 9 A, g 5 57 JAHEA 9 A5, AFAA Y E5t Feol FIF
< v|H e g 20| 7P 2 o] Zich, wheba] ko] i 54 400 g
WS BAste] 7H4 oS 1ol ghdshs Zo] Hasitt

==

_L|.4

=]

0_9.
ET

I3 2. 714 05 B3Ol 71X

74 0% 29
|

[ 1=y AAE 2
fe J
- 38 - ARIMA EX|AEISHS
- 38 - GARCH #o|of
- M - M-GARCH kE
- X =S
- &Y
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13 3. FEDHO| A
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OOII

2
- BEYEAS)

/T\ 2=
= BHUEHE)
s XH 3 =
EE4 » RHYEE = fE0i7}Z, kel =SUB-+EY ey
/\ —

BEZ or 05T |‘“ W _«Enummwum&(m

Faxg e | RMSPE oI o MR
(1) or () W @ = BEUEAD)

) The= 875 - Cield
-S| = fRESE, 7| AR

=2 AR wotste] 1099] S 1A S Al S3tsict. mhHere.2 192 KREIF
2ohe AT thF Vol A Fute] g ST Fo utr1o] 7H A FHshe AR

1) KREI 5&IZ19(2021)01= ol Aty MYC2 58 MU, ZH(RNE, SOME)S MHiHE, ci M2t
LHSIH, Z57| YO KREI-KASMO S 0[25101 af, 2025, 2030H 2| MHIHE], EZZ2H(AA,
£002)), E402H(AH(Y, £52) HYS YHE
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| &35kt sHATH

714 A& Yol Lol AFEE AAIE AE+= ADF(Augmented Dickey Fuller) unit root
testE &3l 92 A5l A d(stationarity) SRS E3F AF, 44, 69
1048 7HAdSEFEE 5o Aot BgZ wasty] fls) 2P 9 AF-d(model vali-
dation)& Weet &, By A4 7|2 B3l A7 2ZFS AEsHIT

7+ A5 ARt RS wdsty] fs) AA, A1 autocorrelation) EA A, =
A, o] 24 g (heteroskedasticity) &4 o5, A, SAH 2 Fo|u|gh |40 &2 ofF
£ 7€ s 299 Aed(validation)s TS

o|#AHM] AL OLSE o83t 3 AET 2439 O]l‘i—/?l*é% 7&’33} ] -?4'3]1 Breush-
Godfrey Heteroskedasticity testS ©]-85F0] o] 2AMA
2}3}+9] F-EAHhomoskedasticity) 7Fg 0] 7|2 & o] o] &4 J’*é(heteroskedastmlty)o] —1—7\H
ol'H Heteroskedasticity-Consistent Matrix Estimatorg ©]-&0dl RS FA53 Tt
A7 AA LG AR E o856t 3] AEA oA &3] TSt Ao, L4 AP A
B2 QA3po] AH|BIAE A et A 785t B &(Damodar Gujarati,
2016), Breush-Godfrey Serial Correlation LM testE ©]-&3}o] A7]AAIHAR) 25 &
oI5ttt LAFF9] AF71AFHO| Q1= 9, GLS(Generalized Least Squares)E ©]-&3t 3]

R4S o) BFS 2N
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P
o
2
lo
fru
£
Ay
HJ
oflt

F-2 RMSPE(Root of Mean Square Percent Simulation Error)2}
R*E 7|&207% By 48519 0™, RMSPE A4 th23} 7t}

1 &k o j]tf/\]]ﬂj]t .
(1)RMSPE(%)=\/k+12( A, )2 %100

N

FUY oS R 2 EoE= Ao wet et BP0 R LRSI, B
A (model validation) 7|3} 28 A8 (model selection) 7|50 what AP F=AF
&2 F800 7 At g2 A8t sl dutrbg 42 AAsl 2 Aol A
HARE (FE 4HF EH

H 42U QIPIHSDHO| FQ #a

= Ha B =2 s
x4 tE m o] L MEIHA _
BEET | piel | wmswia g fko ST AMS) e o)
_ - _ - [(=iro) ,
demand”™ td meo 10T 22 | +EULEY, 2HT), FUHSAY). | omma006)
! (&, kg/B) 2 MR AL
SERES
[E] =7|9] 1015 A=A _ A=
ai@a@ | 12 3= THE 98 e A 00,
Lo TIMEAS(R7], 9) OH2I(2006)
Z1 1) T JurA R $07HES CPIEAIA, 2015=100)2. 2 AA71A3S} 519 0H, 191Y 7IABASS GDPY S ol E

(F=r23, 2015=100)F ©l-&sto] Ad7H43} of 3=

2t 7t S g0l ARSE A2 (E 5)9F 2ol AltetAtt. 971014 Al I
< A= mujAe] BHE %S QvisiH, e JuE AACR St BT, AL A

168 * Chapter 1 X|IZ3H|



LI IS THL

0t

=

Y3 649 7t

=
=

e

1996¥~2020¢ 019, 4¥ 2EL 2009¥~2020, 6¥ 2F-L 1997

@W~20204, 10¥€ 232 20099~2020d 0]},

2ol A= 7|72

=
-

Hoj| 2

il

=
=

5. 7HA40]

IT
o

|
=]

TH 74eH

b

=

a

NE LTt

stof o

©

H= g

A

S|
= =

Al

2 oA gt

2]
=

otiel
5ad
6
=

=.

=

el w2t

3t

°

Azl

3t

xel

68 714

o

o3

=
hnl

D AR 7s

=.
T

5}7]

o Zfol7} g A G4g 34

of uhef e

A

169




it

ASARE ol &t B 374 WS SAENA Algste @5 tAl A ASHEE

2-g5to] g8 Atellon, &g Agshs AMHA ol A (3)3 ZH

[U

(3) ©<F(kg/10a) = 1m* G F* A -5 A * 1,000m*

439} 7| AP HSo] of8) A n], BTRAL ofehol 2 44

1= B |
89 4% YBE 5ENE AT KREIIA A35H

o
f
A
o,
ok
n
)
&
[©]
£ 4o
¢
&
o
o
el
m (0

AGEE T ESE BR71 2, 718 AL L-AA1), 5T, DR, F5S T
Fateiet. ek BAslolE A= 717ko] 201997 20208 B 2] Aagh EAst
J

g3t} EAjo] ofom, Aus U FHu4L 245 9AE DY

of ANASl S
A58 ol g3to] HAsheirk

Fol7] BEGS o] Botol BT AT L EAYNA AT HSARE TS
sto] B4t SR YT FASH 1Y RE ol§ate] B4g dZstgon, A
20| W7 B4S o] §stel WAFE 2t YT 24X E B4 2gste] Ao 4
RS o) Z3he WS W BASHAT B4 oS 913 B 7|7He 19809 R E 2020
d7bHole, B4 e A4S AE REv FYSH AZAAFEY S ol §ote] BTt

T, Wt 9359 olg 2910 o8] G ol WEAo] Hs A A AALRYR
THe ABAARS B Bl B AT 4 YHISE, 1999). ATAAY F 7Pg 9

= e

LF I} g E(error back-propagation algorithm)< °]-&3%F o

% HAEZ(multi-layer perceptron)2.2 2 AT A E FUsH HHE ARE5H ) QlF

ABTE ol&3te] B AS5] M e B4t e I, daLEE, 4 59 =

glole &9} {4 52 2480 et & A7 @S ErE AL
o

= O
o (IOglstlc function), ¥ILEEL & 7529 AFAE 5]-&ot= T

Jﬂl >
flo
ag
ol
1o
¥

(resilient-backpropagation with weight backtracking) 9] 41 8|&g -83tc}.2)
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SR
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=
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o71o1A, y= SEHFZA tAF A

)

Lgof Hrg=A &

=
O

SEER

3} mgo] A3

7t

o

=49, 2017) &

FE2(0]

]

T

._Q“
0

T

AHE Gunther and Fritsch (2010)2 &g A

F

<]
!

| LIS Ol o

o =
2U112|59

St

) Ef2 X
—"

2

171



>

k=1

= a+

(7) E(?/LH 1)

ﬂka,i.t +1

obxl& dFel At

iy
=

S
o

4 49714 A

0]
7t

g3l

P19
P49 7, 10

E][l_

1%

7

e

2]
=2

St A3}, 200804 2020

e LG A2E A=

19

ol=H

oA ALt AFA]

].

<)
=0

Gl
B

Al

=

7R

getsiet.

oh= 4] (8), 4] (9)2F o] +

AL F >

48, 08

Sttt 3

gol e

=
nn

(8) £,

B, + ﬁlESZ,t + ﬁQRP:a,t + ﬁ&,t Q1 te

B, + ﬁlES&,t + 62RP9,15 te

9) 5,

2]
=2

[ A A

172 « Chapter 1 X|IZ3}H|



A7t 320 2oH0.14) BF0) A wgstsich. ¥ AnEg B4E 95 AT 42E
eJotel it 67} 2}

Ha g BEWRL Z|CH EES HO| A~ &5
Mx Cople | 3 935 430.82 1,940 432 46.06 aT
(&/kg) 0¥ 777 246.34 1,221 362 31.70|  KAMIS
2¢ 137,185| 56,869.21 259,149 76,380 41.45
S 3¢ 39,151| 18,739.09 71,491 17,037 47.86 P——
8 601,857 | 69,727.27 729,372 508,612 11.59
o 551,750 |  74,064.73 682,610 445,087 13.42
MAZHE) 1,350,375| 170,822.61| 1,594,450| 1,093,932 1265 EAX
F1 1) A7 E L A E R85 AT KAMIS)A A Algdte gt A& 7HE 0 BAI A Algdhe LHAE7L

A4~(2015=100) #-8-3 A1tk

2h) Y 2 FHUY

[©)

U Fuk AReIA 9l U2 E L] f5) Y Y oS 2
Attt 9712k 21(2007)5 FuHe] A0, =W =W7HA®R 1), SU Y 27K
t-1), WAFD), AFZFOE He=2 Aot +4 dSE IS Estder, 879k A%

F= 2L HeE

718 F&5to] I ARA(OL)S &l FHsHA. TS, AT 2)(2010)2> B+ % AF
T =Ui7HY, ABRRETA S, AT, SADE BAlES AlEste] e} oSS A=

1

2 AN = S +AF A5S AT AL F(OLS &2 GLSE o] 8)S A3 ., A
|(actual value)et 3 AEHE &3l F43 A& A (forecasted value)E HluLsto] &

= B7IHAH. AT AS5S Al @0 AREE AAE A= o] M A (stationarity)=
171 918l ADF(Augmented Dickey Fuller) unit root test(&F HA)S A5

2P0 St Y Vo R By At HPS HEste] qEAE 4T

D

Mg
2
ol

o

[o
)
-

22
w5

2 ATNAE £UF, F1f =jrHE
stol 5] o5 WS 7

 FU U7, 199 4L AHRAS ARE 0l
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H13) U2 43 0523 23] Q+=BE =l

i S EubAT G U ATEL RN BAS 2o ng BAmglA A
ot Q1S A 5T,

B7. 3 Y0t 4Ryl T2 Ha
72 | w2y e ) o7
e . tE m O I YT U SHI(96~'994),
sy | PO (A L% SHARE, ©, kg TR 00~ 20)
2112 9/(2006)
Le 9y 10| ZLH AIRITIZA =
pricel” G e B s = 7124(aT KAMIS) 417]8t 21(2007)
o= =5, 2 2K 5443 2/(2010)
S| e t13 m o] 49| X £QIToH(s Ul TAE),
i t (¥, Y/kg) TSRS, Be(3=o)
R 7B tlﬂp—l 2 3—|—7|—| S| AFO|. RFRAA
dzf, 7dzf ,Iol_ll—at, AEIJéI 7|' 15,__)‘\_5‘(,:,7" %D %7“7&) O|0D|_| ééT(ZOOG)

Z: 1) 2 Fu712 © 2291718 CPIEAA, 2015=100)0.2 U A-A72ES A8t on, 1909 7t EASLS GDPU =
o] E(eH=+29, 2015=100)% o]-g5to] AAAEC Z ARZSL
2) A7 717 1996 R-E 20209 9.

UV kel B(Y/ke)S Tl Y/kg TAIEL] AR OB, A& T
P} YT B 7P E UG AATE D SR AP Fute] TR NI FOR
ARELTE. ol olg5tel % $U7HE AL thge] 4 (117 2.

(11) S F07H2 (2 /kg) = SRV + A8+ 7P B B

ARy 7]E2 02 19961~2017492] A= E o]85te] By 24T ¥ 201899 SYUFES

d&3slal, 201949 TUFL 19969~2018H 9] A7 E o]-&5}0] =51 o, 20204 &
AFL 1996E~2019¢ AR E 0]&35}o] =319t
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A&ttt B3 A AIAYEE, ARDLAH S AARD 2, ARMAMREZ|3]Hol5 8 +t)
2y, ARMAY JHFE AT A7) 3] o] 5-FHARMA with Exogenous Variables:
Al o5 1133 GARCH Z¥ S AHEsI3ITh

FA AABEGZ AAGRG oA FAIE L2t S ofn[ett) 27| 3] Aol s H+ &
2 d|&otalA} of= HiAFS] I HERES Bl o 2w A&ot, 4] (12)2 BdE

o
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=
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o
b4
o

P q ,
(13) Y=ot Zaiytfi_k Zﬁi€t7i+xt’y
i=1 i

i=0

A7 AR EF2 SEH BART i) dAE, IAgke] BF 5842
AR Y2 F= ZF2= 4 (1492 £FdH.

(14) Y=o T VY1 + B + Bir 1 e
Qro] wa-e Bato] A7bo] we} WA o=tk EE4HHomoskedasticity}E 714 81%]

1} ‘HHeteroskedasticity) A7} §IEH 1A UERH, o] & 18T
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(15) ¢ = mﬁ where o® = 1,
hy —om{Zlaet i+ Zﬁht i

o714, v,+= white-noise process®| 22, ARMA ZF2}3Ql ¢, 8] 2 AR FX AR Ht
2 00]H, o= ABHO R Fe, = Bv, (h,)"/*0|tk. GARCH(p,q) 282 GARCH term A|3}
7} p, ARCH term A|Z7F qol™, qteF 3,7} 0°]® ARCH(q)°lth.

B9 &A= AA, AAE A= 14 g & By AH(Model Identification), &
A, BE 9] o= vrAle &89 o&S 45k, RMSPEY MAPE 59 A58 A EE vig
37t % 2F 0SB A, AR, & A9 71 S8} 71E A A

ek A D2 FAS Sl AAE A A3 o F A% 0}9:‘@ %
= WA o]F A7 e MA | SAEE Ao, B9 XE x}*L AIC, SBC &
A 7|t 2 Aesiqint. npAeto g X3 B9 FHANE v o R, Ap7|4eluy
T0] Qg A, ol A 5 Xdkstth

ARMA 5 F8ARS 7Hg3 23 Qo] FuprbA AJA|gol| o] &Ato] Q& A], o] ARS 118
3 GARCH 2¥ 5= 3&3f dl&8o] 2 232 skt

£ Ao ol 8H g ARE T SRR ERE AL SAER-E G H oA AlFst

=
= 9 AE Toprtdog o= %J/kgoll’f}. B4 717 1996l EE 2020E 714 o]
Dol A 9 Ha 242 95 1996 H-H 20179714 9] AmE HREE(In-Sample) 2

2 0| 835191, o= 9 Ak 931 2018WHE 20209 7t4 9] AR E HEE(Out-of-
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i)
i)

(&91: 9/kg)

o8 2= 20184 20194 20204 LIS iR
(out—of-sample) (in—sample)
W ES! 845 68 1,012
%%E J\IX X 0 0
IO ET AH|R| 785 575 1,019 12.09% 7.59%
RMSPE 7.57% 19.50% 0.69%
42 ESN! 941 661 603
7}7401;&% AR 752 826 1,088 31.72% 14.06%
RMSPE 25.18% 19.95% 44.57%
52 SN 745 564 512
7},401;&% ARX| 673 463 669 19.56% 60.85%
RMSPE 10.71% 21.99% 23.44%
0% ES! 731 588 1,000
7},40:”;%04 ARX| 6383 495 1,125 13.30% 3.66%
RMSPE 7.01% 18.92% 11.13%
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H10. 234FLS 08¢t = 0=
= XY il ARzt o=zt RMSPE
2018 4932.0 4941.3
e 2019 6873.0 6874.2 0.0064
2020 7883.0 7851.8
2018 6296.0 6291.8
a5 2019 7471.0 7468.3 0.0129
s 2020 8098.0 8086.3
2018 6599.0 6599.0
a4 2019 8174.5 8174.5 0.0766
2020 8780.3 8780.3
2018 6740.0 6740.7
[ES 2019 7875.0 7877.5 0.0129
2020 7594.0 7592.4
2018 4932.0 4975.3
e 2019 6873.0 6795.6 0.4906
2020 7883.0 5739.1
2018 6296.0 6355.1
a5 2019 7471.0 7272.7 0.4481
o= 2020 8098.0 7286.7
2018 6601.0 6622.3
a4 2019 8170.0 7544.0 0.2891
2020 8783.0 7577.2
2018 6740.0 6697.6
[ES 2019 7875.0 7187.7 0.2315
2020 7594.0 7221.7
A% W72 ol §stol 23 ANot FAAE B4E FT )& e of
o) CE 113 2k, B = 7 o A9 YEE OFF £FL 0 9.1%9
NPEL A TS 2 Yote] oSt A9 YBE 0 £30 25.8% +F o2 B
Ao}, ol Az e EEEEEUECEREREET T
o Z2o] WoiH, AH o] dzo] Lroldl Foz WetEct
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oN
oZ
o
o
)
ron
r
Hl
o0&
;
0
Rl
19
%
rn
4>
il
o

25t MMt 0% 2Tt

— oOL-o =
7= Pil ARz Az OI=z RMSPE
2018 152,102,300 151,974,250
L= 2019 159,451,194 159,447,104 0.0007
2020 116,826,426 116,838,377
ER
2018 152,102,300 161,729,181
QEs 2019 159,451,194 147,996,348 0.0908
2020 116,826,426 100,487,213
2018 152,102,300 149,373,652
HE= 2019 159,451,194 153,707,033 0.075
2020 116,826,426 113,825,704
ZAR|
2018 152,102,300 122,394,760
H= 2019 159,451,194 122,391,405 0.2581
2020 116,826,426 78,495,014

W RG-S 0] &5t FAAE Tg ST A, B2 A £E2 AH 22.7%, 73

= =
B 34.4%, A 39.2%, AF 116.6% 207 BN JTHIE 12). QoA AL 2447}t
=]

B 12 223 0|8et FMA|E Ha 0= 21t

X9 Pl ARz Az ISzt RMSPE
2018 4932.0 5267.7

LHEE 2019 6873.0 5549.8 0.2129
Fot 2020 7883.0 5461.7
2018 4932.0 5479.3

QE= 2019 6873.0 5267.7 0.2269
2020 7883.0 5649.8
2018 6296.0 4887.3

z= LhEE 2019 7471.0 5725.9 0.2819
2020 8098.0 51356.9
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ZAK| e X HEE 0188 AT H 052 i

X% il At Az o=t RMSPE
2018 5974.0 7636.0
opE 2019 6296.0 8396.9 0.3426
2020 7471.0 10490.8
2018 6601.0 5188.9
WE= 2019 8170.0 5894.5 0.2857
Z4Lt 2020 8783.0 5720.0
e 2018 5974.0 8172.5
o 2019 6296.0 8654.4 0.3922
2020 7471.0 10689.6
2018 6740.0 8825.6
WE= 2019 7875.0 9030.0 0.2309
2020 7594.0 9163.8
A==
2018 5974.0 13675.5
opE 2019 6296.0 13674.5 1.1658
2020 7471.0 15097.9

FYEF Y oS A3 AHHH o2 29% o4 dl5Ee] W2 Aoz E4HU. ol= 4
A A

@9 E)
- RMSPE RMSPE
=8 T Al A AL (out—of-sample) | (in—sample)

OlI=X] 113,049 108,473 68,942

_,E;I,é;% =IIN 98,189 60,040 74,157 48.34% 10.88%
RMSPE 21.31% 80.67% 7.03%
. OlI=X] 3,679 4,409 5,389

¢é§% AHRIX| 7,894 6,942 7,077 39.70% 27.75%
RMSPE 53.17% 36.49% 23.86%
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O = o
_ RMSPE RMSPE
=] =] L4 L E|
oy =2 20184 20194 20204 (out-of-sample) (in-sample)
OI=X| 5,978 3,785 3,605
=]
*S';éi ARIX| 5,419 2,534 3,837 29.35% 4.80%
T e o
RMSPE 10.31% 49.41% 6.04%
OI=X| 2,760 -313 13,371
et
AL(,) Ea ARIX| 5,930 2,993 8,763 77.08% 57.1%
T e o
RMSPE 53.45% 110.47% 52.59%
4.1.4. 12y BA A3}

QRS FH 23 v o g B2 Q] oSS 3 23} Ao SR8 d&58H2 (& 14)%)
2o} A1 S 59 2018W~2020E EE AL E 7% A, WHET} @ #E O] RMSPE
o] Z}o|7} AW, o= A AFE FH o AFot= AL 7FsolH, d&517]<0 o] H S 9]
g

B 14 M2 o=Z0 2 oS8 HjW

0f|=24(%) H|
oy AT A=R|(E) GI=EXI(E) RMSPE M2 9|
I LE (2016)
2018 22,000 46,716
72.066 33.8500
R=15v'in
38 Y 2019 37,282 54,082 (62.6288) (27.2186) (10.9)
2020 34,439 44 936
2018 600,010 580,276
3.2857 2.1191
=RV .
o i 2019 632,089 605,141 (3.1321) (2.0682) (4.3)
2020 595,855 584,857

Z:1) HE} Y= RMSPEOM T35 Q9] o= 744 £1(2016) AF+ETe} v W El7] Y MAPEY.

2) 1435 2(2016)0=

o, MAPE= q‘]:\i-%(ln -Sample)

P AYBEE G SYBEER Y FAL A
27of wet A,

F 2% F MAPEZ} 22

#HE A
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A1z sttE 5 (Y 2UHs L+=28 g

7|12 Ay ATLet o ZjAto] 2 X9k RMSPES E5f o282 v wdk Aat= (3 13)9]
2 A9 68 71 A58y E=d, FGH(2015) A+ 6¥E Ty
3} v 4= glod, gy Jd YARFS 123 e, F 9 H(2015) A9 dl&=Ho]

At ol FHte] #2711 699 7HA o] Gl Bk HEe] 2

H16. 71A0I= AASEY O 53 HlW
2 a7 Py
o= o|E=

=l (=) o [~ LA 3

2l @ ARMA 2015 1~7¢
(2005) (1,2) 2 7t
H=8, 2|gH
(2015)
=115 [ERETN [E] 2|
°g(')?'9f' ARGARCH 2014“%;52”?;;“122 14.00
10¢ ARX 6.5546 | 7.72 S sZEENCTH 0S| 16.68

F1 1) FEFEAAATY FHE ASH2 SHA13] 9(2019) AolA AEE.

B | FMAAY | 38321 | 49.49 32.96

44 AR(2) 141343 | 17.41 ARDL 201654 68 ZOi7H4 29.7

6¥ AR(5) 49.3559 | 41.65

A AFete] 52 Bl aet A o wet, 2E7H dS2 gl XH"’%*OM

=)
£
Ay
1%
i
o
i1
Ir
D)
)
2
_(|D_(5
ol
30
T
)
)
ﬁ
O
fru
i)
ZE
-l>
i
|
g
mol o
(o filo
e
B

oF o
)
rlo
Hir
i)
3l
N,
(=
o
o
I
>
o
4 n
fo
T
=>.é
032
2
ot
PFI
&
B
)
|\
o
o

2

i)
AL
lo

o N T
o

W o JW
i)
N
N

r
ox
2t
ﬂJlO o S, el

Boom

of!
2, oF
r]I
of
S~
==
e
o
e
A
1,
0
Hir
ie)
A,
lo
A
0,
rlr
4
ot
N,
N
)
)
NI\
=2,
pac)
9,
oZ
i
ol
15
e}
AW
0,

18, ofN
fo
ﬂ?l',
fjo
1o
=)
o
O
o
o
_\lr‘
i
e}
A
lo
o,
o
ofl
r
oz
2t
[e)
9,
T
o
i)
4
fo
i
k1
S
i)
filo
£
v

184 « Chapter 1 X|IZH3}H|



ZAK| e X HEE 0188 AT H 052 i

B 17. i 9 A ZIS2YO| 0I5 g 0IF

=

= St opgH Adjusted R-squared | 2IAt14: 57} $ RMSPE 7|= 28 RMSPE

Ky A el 0.391 54.38 49.49
38 Y 0.482 30.24

44 17.41
4E £ 0.542 23.84
6 2 0.594 47.87

62 41.65
T A 0.676 39.89
==yl 0.982 8,37

104 108 £ 0.974 7.25 7.72
T A 0.983 7.15

_l[)l«
o
i
~{
re

B 712 o&e) 93} $5L32.3%
9Att. 497} 629 A% oA L
%

LLOO = =
= Az ARz o=z RMSPE
2018 785.3 786.6
LE= 2019 5754 574.4 0.0292
oimz 71 2020 1018.8 1018.5
2018 785.3 821.2
E= 2019 5754 717.6 0.3230
2020 1018.8 1036.0
2018 751.8 750.0
LhE= 2019 825.6 824.8 0.0426
497174 2020 1088.3 1083.4
2018 751.8 654.0
QE= 2019 825.6 818.1 4.6811
2020 1088.3 784.5
2018 672.6 673.0
68 714 LhE= 2019 462.7 463.8 0.0412
2020 668.8 668.9
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= AT Az o= RMSPE
2018 672.6 677.3
QE= 2019 462.7 500.8 2.1131
2020 668.8 736.0
2018 683.5 683.7
LE= 2019 494.6 492.6 0.0351
102 712 2020 1125.2 1125.0
2018 683.5 698.9
E= 2019 494.6 518.9 0.1223
2020 1125.2 1078.5
4.4.01% 28Ot
F2EY, AALDY, AFAAYRFL o] §3tel FuprtAC) HZ 3A(201819~2020
d)e dmEow o3t 23, ABE 4T 68 A4S TERPoR 24T A} o
93} o] 71 e FoR BAHIgon, 493} 1099 B9 AALEFE ol g3t 7
O o3 9% HFo] /MY e RO BAH I,
QFShE A, AT, $EURT okt g BAGIAE 71 ste] aEe W] T 7t
2 P& ciogt 2 aclel] o) APt tehy BYS Gaset AAGnPolt oF
A9 e ke Tt 891 Tefst TR0 R o2k Zlo] /4 o2 o] ol

H 190, 2 0= 7132 RMSPE H|u 24
= Ay 4¢ 6% 108
=2 12.1% 31.7% 19.6% 13.3%
AAEES 49.5% 17.4% 41.7% 7.7%
RIS HZYLY 32.3% 468.1% 211.3% 12.2%
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Key words

HAl# Y (Machine learning), 7]7#+% 23 (Medium-term structural model),
4% "&£ 19 Z(Directed acyclic graph)

ABSTRACT

This study developed a model to increase short-term predictability by reflecting
the short-term behavior in the basic structural model. The medium-term fore-
casting structural model has the advantage of being able to predict the pro-
duction of major crops early, but it has the disadvantage that it is difficult to
consider short-term changes in climate and distribution. Conversely, time-ser-
ies models and machine learning have relatively high short-term predictability
for climate factors and price fluctuations, but have a disadvantage in that the
theoretical basis is poor or cause analysis is difficult. This study complemented
the disadvantage of the existing machine learning by applying the directed acy-
clic graph analysis method in the selection of data. Also, outputs of the me-
dium-term forecasting structural model has used for short-term onion price
prediction. As a result of model development and verification in this study, it
was found that the model developed in this study is superior in predictability to
measurement through the existing machine learning method. It is hoped that
the results of this study will be usefully adopted in the development of agricul-
tural product price prediction models in future.
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ko] 9 AAol B F HAFL 2] AL AFste] 99 SeRE Fotuv, v
W AA AL O 50%~60%7+ Aol 5|31 Ik, whebA A 3ol 7H2o] Be
o 08 oz dAET gt AR TFLS FEEAAATY P B Y8 ARS
IS 18,38, 48 58, 68, 128 AR 11 24 gl Befel01s)

20| uhs YA T ESES Fsto] L P AL EESIG oM EETYL o

Uﬂﬂﬂb} AR ATLE LT B ATl AL AL Bafo] Te AR Befo] 5w

24 ol Az Bl 9 A Nklul gl 32 Fotod AEsiglon, e
A IO AZEF A MY BT DAY WY EFO R o] 1] &L v}
Yoz 98 Foles At

£ AToIA Pt AT A 2L 99 SRS EL 5
oFe] (I 153} o] 42| Aol glof vl Rpgol A 2L 7]
& 24t uebd AR 2 9 19, 39, 49, 59, 69, 1249 E274L o

23} 2},

202 « Chapter 1 XIatH|



68 78 8d o8 108 | M8 | 128 18 28 38 48 5H

2000 420.4| 386.9| 380.0| 277.0| 235.0 49.0
2001 446.0| 446.0] 450.0] 450.0| 359.0 61.2
2002 425.0| 425.0| 396.0| 262.9| 211.2 31.4
2003 391.9| 387.3| 357.5| 239.3| 200.7 40.5
2004 441.0] 441.0] 401.5] 256.9| 225.0 44.7
2005 4743| 478.2| 442.0| 287.3| 252.1 74.0
2006 473.4| 473.4| 4284 298.8| 230.3 57.3
2007 537.9| 522.2| 480.6| 317.5| 2494 93.1
2008 503.5| 508.6| 445.1| 368.2| 298.4 79.1
2009 570.1| 578.8| 506.6| 351.6| 272.0 90.9
2010 565.5| 5b3.7| 458.3| 382.5| 289.8 941
2011 733.1| 710.0| 593.5| 503.4| 399.4 146.3
2012 428.0| 567.5| 529.1| 4585| 379.1 87.8
2013 621.5| 537.0] 478.0] 395.0| 395.0 133.0
2014 770.5| 729.4| 625.0| 550.0| 452.0 147.4
2015 556.4| 518.3| 435.0| 365.0| 277.0 64.0
2016 629.0| 596.0| 498.0| 438.0| 327.0 78.0
2017 626.0| 523.0] 425.0] 389.0| 304.0 81.0
2018 672.0| 637.0| 549.0| 477.0| 372.0 94.0
2019 737.0| 666.6| 566.7| 490.5| 374.1 87.0
2020 673.0] 631.6] 530.5| 450.4| 3444

Z: 1) 20044 o)A Az G4 W= HE 0185198
As & u=SEhttps//aglook. kre1 re.kr/). ] A B 4E
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(&9 48

62 78 8d 9g | 108 | 1€ | 128 | 18 28 3g 48 58
2000 | 421.8| 420.4| 386.9| 380.0| 277.0| 235.0| 146.3| 97.7| 49.2| 371 14.3 14
2001 | 447.4| 446.0| 446.0| 450.0| 450.0| 359.0| 197.6| 137.6| 61.4| 49.0| 219 6.1
2002 | 431.1| 425.0| 425.0| 396.0| 262.9| 211.2| 1241 7741 315 250 8.0 3.4
2003 | 395.3| 391.9| 387.3| 357.5| 239.3| 200.7| 137.4| 879| 406| 314 7.8 33
2004 | 4443| 441.0| 441.0| 4015| 256.9| 225.0| 160.7| 89.4| 448| 37.7 1.4 6.1
2005 | 4804 | 474.3| 478.2| 442.0| 287.3| 252.1| 194.2| 1280| 74.2| 60.1 16.3 1.6
2006 | 475.0| 473.4| 473.4| 4284 298.8| 230.3| 166.1| 121.6| 57.5| 452 8.7 2.0
2007 | 539.9| 537.9| 522.2| 480.6| 317.5| 249.4| 197.5| 154.1 93.3| 738 57 0.8
2008 | 504.3| 503.5| 508.6| 445.1| 368.2| 298.4| 219.1| 157.7| 79.4| 59.1| 109 5.9
2009 | 575.9| 570.1| 578.8| 506.6| 351.6| 272.0| 2084 | 154.8| 91.2| 673| 21.7 3.0
2010 | 568.5| 565.5| 553.7| 458.3| 382.5| 289.8| 2195| 1605 943| 662 19.6 5.5
2011 738.6| 733.1| 710.0| 593.5| 503.4| 399.4| 295.7| 228.5| 1465| 945 252 2.5
2012 | 430.5| 428.0| b567.5| 529.1| 4585| 379.1| 237.0f 173.3| 88.0| 675 269 2.7
2013 | 624.2| 621.5| b537.0| 478.0] 395.0| 395.0| 2569.0| 204.8| 133.2| 103.2| 49.7 5.0
2014 | 7755| 770.5| 729.4| 625.0| 550.0| 452.0| 306.8| 227.2| 147.6| 114.7| 50.1 5.0
2015 | 561.4| 556.4| 518.3| 435.0| 365.0| 277.0| 196.2| 118.8| 64.1 50.6| 153 8.2
2016 | 637.2| 629.0| 596.0| 498.0| 438.0| 327.0| 240.3| 127.6| 782| 624| 185| 10.0
2017 | 636.0| 626.0| 523.0| 425.0| 389.0| 304.0| 215.6| 140.7| 81.1 71.3| 233 7.7
2018 | 679.7| 672.0| 637.0| 549.0| 477.0| 372.0| 271.8| 1895 94.2| 805| 222 8.4
2019 | 7454\ 737.0| 666.6| 566.7| 490.5| 374.1| 267.8| 186.5| 87.3| 73.7 19.6 3.5
2020 | 676.5| 673.0| 631.6| 530.5| 450.4| 344.4| 216.9| 117.3| 42.0| 31.8 8.3 0.8

1) 20049 o e 2L TS YRE o85S

Az sGBHEE https://aglook krei.re.kr/). £17] A4 = dH

o] BJFL 712 o]
£33} Zl0] B4o|

o
Pt 2l A4, A weleke mefstent

Qt = f(Sm*L WSPm*l’ WSP’m*Q’ Qtfl)
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i
Qe W%, S= ALY, WSPE =uiAd A2 714 W& QulsiH t= U=, me €<

Q, = 6153955.1—2.205,,_, —90.45 WSP, _, —90.99 WSP, _,+0.66Q, _,

(6153955)  (0.83644)  (32.31) (31.66) (0.05)
(Adjusted R-squared: 0.49)

2 B3 A AL BEUAE 0.

2.1.5. AEH ol 23}

Fu F71EFS T AISE w2 WA G0l Har &85k ffote] AuHE, Gg

22, 25, Pt =l 2,

Tt 712G AlEold Bk v e Tt 204097HA] A A SV 2P

2 59 &t A7 A 02 LAF}e] 20409) AR 26,233hax A3

(29 ha)
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= o o o = =] =] — — — = =l [ (5] 7 ) [}

o o o = = = = = = = = = = = = i =

— — — £ £ £ . . ] ] ] £l (] (] (] (3] (]
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(241: kg/10ha)
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DAG #45 3ol wtelet il = ARt 558 WEA] g Hti A4 Q1A (Non-
time sequence asymmetry in causal relations)24] 5414 177 (Contemporaneous
causality)E 2Ju|3HtH(#E&A 9] 1, 2017). DAG 1jZo]|2& 7| EAH o 2 W 7ho] At
Al4x(correlation) ¥ WAFTA S (partial correlation)E ©]-&5t0] 13} SE(casual flow)
off ZHE oA HojF= B olth(Pearl, 2000). o] ol A= gt 71A o FF
= HPE9] JIATAAE mHotstr] 9Jsf o]-&5t= /3 Hled 1 Z(DAG)E °l-&-5t
of ¥4 7 ATRE 2T 4= A T} <™ 6)-2 Hugin Expert Lite 8.9 BAH714]
= e S =48R Aot Al ke Aui A (Areal-1))
I AEE D4(Yield(-1), A Z(import)& FAF Q) FF2 vIAH HAFHQ)S T2
7FAOP)I} AILZH(S)ol SF= A Eh. ALHS)2 Iut 7HF ol = A = Hd
7FA(OP(-1))2 F=7HA(GP(- )3 Fxt 7HA(0P)ef 9= &

o
[
o
o [
of

8 6. YL ROHAIETHE 2-

L
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B Ao Fu 7tAcEo) AFSE MEEL 9 AFES Farste] W 0|85ty
t} Q1T A 714 djZn (R ulA), 2017), T8 QA7 7H I S Y (FAE, 2019),
LSTM Y ETE &8 4AHE 71 d&Bd(XAGS 9, 2018) 59 APATFE 7|9te
£ AAotAt. B3, $A FVI1EFoE 2T AuH s, T

H 3. &5 HoH & =X

Mgt = =X
EAHA 712 SOjA A7 H/kg, M= =ME REHE(KAMIS) (www.kamis.or.kr)
HE ZOAIE7HA H/kg, HE RIEHA
A OH| BXt 7+ H/kg, HE EIEA L
TE 714 X10| #/kg, &2 EIEA L
HE Bl X0 kg EIEA L
7tA40| & Bt I A =S EIEA L
HAEHS Mg o QU2 = SYUESER U= 2
tHAIRH(OFS) 714 H/kg, 4E sitE FEYE(KAMIS) (www.kamis.or.kr)
BIAHFHXR) kg SUHESER N2 E EEol0 2FE
HOZHEFX) kg SUUEER HS FEAZE E8ol0 AFPEE
THHH AR (=X ]) ha F7ISAZE(KOSIS) A2E Sl M=
= (FEX)) kg/10a IISAEE(KOSIS) A=E Soff HBEE

(E 3)2 S0l BaF HolHSS +4ste] tehd Eoleh. +19 dlolg g 7|7to] =

% o2 Bt ok A9 dojel S Aol H 8K B9t ot DA el BAS g5t

50z EA5H: 71719 Hlolelut A3t mebAl 20009 19~20209 1287449]

YIARE % 253709 BEHE o] §5H o0 Wojgdt PSS H IE| BROR A9

Fleh. AR AT B0t 28 Ak HlolHE vt A1) G FIAE 4718 Tefstel
Lz 2A 488 Uk
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PihE EUT AR 9 AL 810 e GFL wth wreba AL o
AN&E 571 YR B2 7120 7HA A Q7] ol s 2

bl
SANES EES tRE whf AEY 7HAL 7| EH 0 R 3AL 7 HEket FolA|
1t A5 AlQdstale 1A 714 ®isto|A st HlojuA] et (AldE 9,
2018). MAlEY 22l F¢ ANN, RNN, LSTM & &S Y3t tpefst dlo] 9lo, of
ESE Hojutky Frpd Qlok LSTME RNNQ| 3 $72 90dd] F4 42 545
o w RNNoJ| v A 2] U-Z 71qst7] HA wEolEthe A3l et 3, LSTME
& tlog EAoA Hold 52 BElch webA £ AolA= LSTM EaeEe = &

7] &t 7HA & o &staAr gt

==

HAl# S ARE-Sto] HlolE| Sh55 53l nE 2] Hlo|H & S YTt 42 A 14
(1270) Elel8 & 7IHte = & & -5 A&t s ShQlt. /I8 A50] & A-5oh=A] &1lst
7] oAM= <58 Hl ]H(Tralnmg Set)?} H5-& HlolEl(Test Set) & o] sh52 13
Sttt 59 AP AFEoNA = F HlolE 7He] Hl&= 80%2} 20%% U0l Shs= X3y T
o weba & 253719] HolE 5 80%0ll 3 sh= 2007 TlolE & Sh5-8& 2= 20%°] 3
£ d58oE R

B3 A gt Ho A4te 2 A s e A2 og 7o HAlgdolA A=
S dfl= B2 9 ok B2 AAA I ol epochzhe 8017F AR E=H epoch®
S+59] 312 9u|gttt. 3], epoch? 47} U WolA W &S overfitting) 2] A7}
oto] <9 7>9] e} o] test error’t A7) EH&= A
c}. E Ao A epoch &= 10022 A5} AL test error
A ot52 o= A5k

ru[m

oZ
)
N
> £
o Mo
=
9
f
of
D)
ol
<
:L

210 « Chapter 1 XI=atH|



H AlEL 2*XHRMSE)

| 2kt RMSLE:= &4 42

9|

S33 44 g2

R

| Bl i
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o] 7ol ¥z
o 21z

I

o]

I

Boto] mue] YA 274

3 RMSLES

24

O = gho] 09l 7= Y E7h

YA

Sis

Hoverfitting)

S
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& 7. epoch®t otX

Test error

Training error

Training time

error

Stop point

° AW} o st Aol
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N LSTM predict
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2] v S oS 23

EU4+EFHTYI SR S4loz

oHE  AAY AW AEET en”
Key words
EFpBAY Y (Soil water balance model), 37FETHSpatial effectt),
|AZ AR =(Runoff Curve Number), 3732 ¥ (Spatial regression model)
ABSTRACT
This study established and estimated a singularity prediction model to predict
the national production change of high-altitude Chinese cabbage by consider-
ing meteorological factors, soil factors, and spatially dependent factors of 16
main producing regions of high-altitude cabbage. In particular, the growth of
Chinese cabbage in high altitudes is greatly affected by not only climatic envi-
ronmental factors but also soil environmental factors, thereby affecting yield. In
particular, it can be said that the moisture content of the soil among the factors
of the soil environment is very important as it is a singular determinant. In this
study, the soil moisture content was measured by using a soil water balance
model to measure the moisture content of soil moisture during the growing pe-
riod after planting of Chinese cabbage in high cold regions, and this was applied
when constructing the singular model.
x|
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H13 sAtE 3 052 Y A0S R+=8E Z|Q4-4
1. O™X| i KOS 2
Ay ntxs7| 7| X|cH
ENUGES DAL 48 ol ~ 5 B 6% ok ~ 7€ o 400~600m
RGN e B~ 7 M 7€ ol ~ 92 B2 600m OJAf
U= PN L 6 ol ~ 82 Al 9E =2~ 10¥ & 400~600m
A&7 5EXZH(2019)

EQ A vis= Bt 9o IR 7 7] g2 Fo] i wjiert AR EGS A
bt mebA Hi30] FAAE BEEo] 1 Mt £ S RN EYFo] P A
FE A Foltt. FHENAL w7 & ek wiSe] w2 AHL 7HsslA i vk, w
& EFoAE 27] G2 w2 AT =2 YA £2] got Qo ol YEphdt

Wj30] 4] AEE 90~95%7} TR 4Bo]n] BhAIZho] sl E4o] 9lo] Blw A
go 29 W2 itk E4] Y4 T o 20~3020] ALFH Aol FFel Al719ld), 19 10a

T 200kg o139 FAZF S7Fsk=tl o1& 87| #Isi4+= 10a3 200kg °132] &°] T8
st o] ST 7|E 2 2= 10ad 5H#ofl 3,000~4,000L0] o] &t

30T ol g9 Le 7FRo] 25 ol AL Hje] AFo] AAF| Wol 1 AT &
%, 43 28, TEHol T

R AT7|ONE 94 Aol FET g Btk 530

i s
of = ¥ AxI et F2 W AES ARESto] wElsH] &5 £
o
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(&AL, 2013). oahA
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b, 30 5 oA Aol A =

Y

o

AIA

A Aol LA HA|_t

4

A F45 E

 Anselin(1988)°] A|

1 918

/g ALH3T

=

<

= A7)

o
ol

(Spatial regression model) 37}4]

wlj

Wy Wyg -+

1U2j

AWy+ XB+e, e=pWyete, e~ N0,0°1) W

Dy

Wo1 Wag -+
Wiy Wig - -+

W

g 783 £~ N(0,0%])

%

EERG

EREEESE

)

rS|
=

o
H

bol, 9l ), > 0olebEl 2t 7]

)

o

7
o149 91(2006)% H

DAL =S

3|
)

% o]

ZHe A

o

I A+ BAZ AA o

=1L =
=

o] T2 X\ %] F&Hs

Njo

% 9.

S+
=

SO
>

Wk A AF

(SEM: spatial error model), 22t31H<2

PRI S

(SAR: spatial autoregressive model), &7t

804

SR 13 HE
2 S(SAE: spatial autoregressiove—error model) S0|H
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==
S

x

2t
F10] EES

S
=

O ¥gEt. S

=]

o AL 22t SAR, SEM, SACZ
Y EY) B=0il w2t 7t

101 ZEEH0]9< 21(2006)).
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FAEA 9 EE%‘(top soil layer)d EA 7]
& otoA EY FETHE YT 4= AHSeonghuyk, H et al., 2009).

() SW, = SW,_,+ P+I- ET— R— D,

oA71A Sw,= ¥ EY T8 I mm)S e, P= € 387 mm), 7+ 3
(mm), RS BAFAHF(mm), 27 AA SEFHmm), D+ A5 (mm)S HERd

817 % BFalAo] A9H o xS mE S4o] Brjsto] A
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R AR (surface runoff)o]|™ FHGF53H( L)}t H4Y AL(9)E o]&sto] A4t

v
gt R 475H2 0.255 0 A+ 270] Qi

By A4 OV 74542 (Runoff Curve Number)& YEIHH vl £
B33 (U.S. Soil Conservation Service)?] EAYE 7]& 3 -85l AALETDH ONgEY
HAe FAGTES AT w20 W2k 40~1007HA] #RE2SHAIE A A

Al (D)2t 4] 3)2 EYE A EH, FAFAHAAF(CN) #ho] 4-2(2) 4 EGETIA S
(92 37HHEA)sHL, BHFAZFR)IE HA(F7DsH et oAl =5k, CN 4440~100
FxstH, EGHSE0] 2(UE) 4 B2(EF2)FA 32 2A "t AR & AolA]
AA| CN 2 FAAE ESH S AHE 3)S I HIAR Aoto] A4 23} HF

63.7, FHl 100 2|4 50 &9 gr22 AAFE A

ru > =
8 2. SRR ME J|IER
Kunoff depth for curve number of— €
Ranfll 40 65 5 5 6@ 6 0 B s & % % %
ches 7 Curves on this shest are for the

100 000 000 000 000 000 000 000 003 G0 CIT 0% 056 07 casel, =0.25, so that
12 O (R O S N R R TR ga P2 2) $
14 Moo 0 @ 60 0 6 B A B 6 @ LS 5 “pr0gs \) %
16 n o0 0 00 138 6& )
18 00 0 G0 15 » & &
20 N0 0 L7 g s D\f‘o
25 nowooe s % 22 £ by
w0 W e w1 o7 g 0
B0om s A B 32 g !
10 B oB BB § 3T 5 3
15 TR R 126 g, 2
50 u oM@ B 17 H <
60 N8 141 576 ©
70 81 124 168 2l 676 2 0
80 15 LM 2% 20 17
90 17 220 288 340 876
100 2B 20 36 4B 976 1
110 B3R A% 50 9 1076
20 88 419 500 5% 015
B0 40 A8 5T 661 0127 0= " PR . 7 . PETE— "
W0 4B 5 BH TH 9 1376
150 533 636 73 82 30 176 Rainfall (P), inches

A} U.S. Soil Conservation Service(1986)
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(5) ET=(HNFEXHT-25 - 100) X EYH

SEHET mm)2 FAHA] 2199 A+ AHs=0)% 2 =(0)s 7|22 4=t

o, g A H FEHES 7|ELR EY B4 AHgste] E83

DE AT (mm) 2= A9 gt +AFrFH(mm)H F-AF (mm) 123l EFC]

Hi(=EY B4y J4hHE 4 dto] &8sl 0.5% vieAls(drainage coefficient)
2

DEX| W2 CHKLE / Exogeneous
(16CH F=4EX] Al B EH)
- / R —
\\ Endogenous | ‘;I
N \
~ N
P “
7 anawREd No
< (Moran’s
. Index) /,,/
. e
™ e / '
N [ Aadasna )
Yes l / (data.kma.go.kr)
I :
R = el — 2ARE N stz Loy
(y=pwy+ xl3+i) . _/ (v =xB+2)
EYrEddnd
(Soil water balance Model)
(Sw:.P+f—ET—R—D)
[ znem Esasn ) , ! - ( wmmmmaaan
Y (predict value) / /' sTHREY / \ (predlct value) /
S l S / (soil.rda.go.kr) S l _//
’/,/"_ - T
Vs
( - O1%2] H7} (RMSE, MAE) - %] G038 MY ~ HZF th: 0% (kg/10a) )
" -~ ///‘

A AR 244
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A4 o B E Moran's |
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= olgsto] AHEI, AR o Fof mht

Al
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It

3.1.1. ¥ 23
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w40t 715
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=
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o

H 2] (8)3 2o, of7]d 53¢

9

o= A

]

o]

,02)

XB+e, e~ N0

Dy

n

8 Yit

Zﬁijit + it ey

n

) yiy =AWy y,; + ZﬁjXﬁt +p; + ey

J

7H9 1%

L

= 2
_l_l‘ﬂ_- , lejti__

A, A0 ALY A] By

S
-

A71A v,

Pooled OLS 2¥& A
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T A5 A 2218 MSEN 1E5)t 4
F O E A2 E Moran'l A8 &9 3t8T o7& AAsto] dRte|ARY =
S AL G S o] 8T A AEXA A, X7 0| B2 Pesaran(2004)2] Pesaran CD(4,

OLS 232 A& AA sttt vt /WEAF a7}t EA5t= A o= gt o]
NEA GBS th5DA N 57 she-avt A4S 3l L8y = SEay LY 4
252 AP} BAATE EUE B 222 22k £ 2517, 29| (out of sample)

jany
o
2
1o
]
el
A
i)
o
o,
N
]
2
R0
o
-
s
u!
ot
o
2
o
ol
¥R
)

3.2. 24 K=

3.2.1. 71AHA =

H AFol| A 1671 1A vjS F4kx] 2} 1997WRE 2018W7HA] W EARE 55}
ol-gstitt. 1 BA] viS G2t (kg/10a)E HF Al 2k FFBAE o]8stlon,
A R = ]/}}‘g 71424 R W ED (www.data.kma.go.kr)ol| Al A&-dt= A=t
1027] Aol =39 A= F i A9 7 7HA 349 7137 = E A8t
199749 49~20184 997HA] A& R, ¢AtE, dAtE BF F55tgou, A vttt A5
A717} B Adolsto] AR E HE AFESHET 4 AR Bd2E(CY), HAI2E(CY),
FAHLE(C’), FAFTHmm), FHEE% rh), Fa-as(m/s), Q2AIZHhr), FAFLS(Y)
Solth. olE 7IAR § TS, AHEE ARE ot EYFEA I LY FA Al S8
ol F4/4d EA BA ZeollA AL, FALFE SAH LR FYokA] ot AF

Al A ATHEE 3 F=).

A
&

1o

Al
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H 2. MK B T, 7IAKR, EUSE 2 7| REA2(1997~2018)

Ha Mean Maximum | Minimum Std. Obs.
In Etzx(kg/10a) In(yd) 8.41 9.03 7.34 0.22 336
2D2E 6~7(C°) TMAX0607 27.77 31.20 22.55 1.63 336
02L& 8~98(C”) TMAX0809 26.92 30.15 22.10 1.56 336
AT2E 6~78(C°) TMAX0607S 773.64 973.44 508.50 88.53 336
AT 8~9(C°) TMAX0809S 726.86 909.02 488.41 82.20 336
MR 6~7E(C") TMINOGO7 17.57 21.60 14.20 1.50 336
EXLE 8~98(C") TMINOS09 17.07 21.50 13.65 1.61 336
EQAE6~7%(mm) SW0607 317.47 742.16 78.63 125.17 336
EQAE8~9%(mm) SW0809 301.30 622.85 36.91 141.01 336
ERZ426~7H(mm) RAINOG07 464.66 1457.50 123.20 217.77 336
FXZ228~9%(mm) RAINO809 436.89 1265.50 73.60 222.59 336
FHAXH6~9€(hr) SUN06070809 658.26 1408.50 438.70 139.18 336
TAZE2 6~78(m/s) WINOG 1.49 2.50 0.40 0.35 336
AT 8~9%(m/s) WINOS 1.36 2.70 0.30 0.36 336
SAPLA(Y) SAND 3.25 27 0 5.11 336
s 7134, w1 QAR ol Ax 24
A7) 7\ AARLE YA vl Thete] 7]

B AAZLZE AR Y| Qo) (13 3)7} o]
ARE S 24tk BR(LYD) 71RO B, AR 62~7 Y 7RO 49 M1
% (TMAX0607), #A-2=(TMIN0607), EFFET4HSW0607) A4S 712717 4
tH 0% 7tutE Ak AR Kol I Qlrk. meEhA] AYHE 6Y~7Y Tpet H ek, FA
2, 183 EFSE GHFE (1) ABHE Holk 02 vehit. FHE 88~0Y
o] B4 HLZE=(TMAX0809)2h A2 E=(TMIN0809) H(+)f AudE 7= Aoz o
gt
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=
o
Pal
=
i
ro
4>
=2
At
i
) oz

SHH, & &5V 22 1R vSeo] ASEAGAT T YD) FEHRAINOGO7, RAINO809)

o] 2 H(+)9] AT B A0 o stgloLt, AvHo] BlElsAL B 952 ()
of AT BT ol AAET} e THA ) SAY 44| tfEEe] REFAE]

EFY sE3F0l ZA 71945HA Xohe Aoz FE9H. ool W EdeE I

(SW0607, SW0809) H==2] 7-¢- &=t H(+)2] - JBTAE Holal 9lof 2P FHl(Model

RAINOGD7
RAINOB09
TMAXOEDT

0 =
7.2 76 80 84 88 9.2 72 76 80 84 88 92

LYD LYD

32

TMAXOB09
TMINOEDT
TMINDBED9

a
22 aa 12
7.2 76 80 B84 88 9.2 72 76 80 84 88 9.2 72 76 80 84 88 9.2

LYD LYD LYD

800 800 1,600

2= 1,400 a

SWOs0T
SWOB09

SUNOB070809

] ]
7.2 76 80 84 88 9.2 72 76 80 84 88 92 72 76 80 84 88 9.2

LYD LYD LYD

—— Linear Fit

Az A% A
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B 4 3=x). By A SR "59(1.0), F410.9), B 940.8)01H, TH FAHA=

I -2H0.7), 3t FAA = B5-A2(0.6), 7 A F50.5)2] &L= UEET. of

£ EHE FAFARFCN)E ol H, 1000]5H9] 9] oA B H48 =919 24
|

A=t olojA B4 A4x(S) — EHFAZFHR) — AF84FHD) — SEHED) <2
A&, EFSEAE 2 (Soil water balance model)S 53 4R E9F $~8.9] 3=

FAK| EQY 33 £ b33 YEBK By SEH|
a8 0.6 0.9 56 103 54.4%
=8t 0.5 1 34 120 28.3%
ers 0.6 0.9 69 118 58.5%
&4 0.5 1 12 55 21.8%
3 0.7 0.8 72 12 64.3%
21| 0.5 1 58 147 39.5%
A 0.9 0.6 106 121 87.6%
Efe 1 05 27 30 90.0%
3y 0.8 0.7 109 146 74.7%
M 0.5 1 86 181 47.5%
2y 0.5 1 28 99 28.3%
o 05 1 23 63 36.5%
=4 0.5 1 38 91 41.8%
I 0.8 0.7 64 82 78.0%
oy 0.7 0.8 52 78 66.7%
R 05 1 39 88 44.3%

A5 $ENTA TFEY, AR 0§ A
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ot H(1)9] A

T =

T2

SRS RS

A7 2

(soil water balance model)& &3l FAH EY
AE AP E 2 FJIsHA Uehlid ot (1" ok 2ok A7) <™ 3)
ZF(rain0607, rain0809)XE.tt &
O 8 UEyH

Pl = oy
FrEg

ZF(sw0607, sw0809)

B4 EYHERH0HS 0123 EALE SASW) Al
(&F9: mm, %, index(100))
Ha Tt Z|CHZk EIESHY BEM} 2EX|
HE= 42 D04 8.459 21.575 0.600 4.617 336
a5t 5 D05 9.209 29.511 0.210 5.183 336
HEHi~ 62 D06 12.906 34.995 2.510 6.927 336
HE= 74 D07 24.665 60.123 6.190 9.929 336
5t 8 D08 21.753 49.318 3.260 10.088 336
S0 D09 14.038 41.376 1.260 8.716 336
HHEFAZUR CN 63.750 100.0 50.000 16.233 336
U4 E04 3.946 8.942 1.841 1.122 336
R E05 6.453 11.410 4134 1.609 336
U od E06 8.973 15.228 5.340 2.289 336
U7 =0y 11.685 19.035 6.935 2.990 336
Uz sd EO8 11.743 20.003 7.025 3.012 336
U od E09 9.077 15.192 5.198 2.345 336
BHRA4E R0O4 2.806 58.250 0.000 6.222 336
HHRAbE R05 3.620 59.479 0.000 7.729 336
BHRA+ 62 R06 12.382 285.382 0.006 30.734 336
BHRAT7E R0O7 76.573 643.268 0.032 95.904 336
BHRA8E R08 57.667 643.817 0.000 82.867 336
BHRA 02 R09 21.316 260.177 0.000 41.331 336
BRH A S 589.091 762.000 254.000 185.070 336
EY+E BT 48 SW04 72.189 190.416 1.128 41.429 336
EY+2 B bE SWO05 76.447 261.047 2.031 46.640 336
EY+E e 6d SW06 107.177 308.132 12.535 62.531 336
EYrE erd 7 SWQ7 210.295 531.647 45.714 90.427 336
EY+E e 8d SW08 184.036 432.914 13.356 91.689 336
EYE Erd 9 SW09 117.260 364.365 3.362 78.386 336
Az EYFEE 23 544
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EYrE VS He a5 V.S, He
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AFA] g FAA] A 2 AAGE LB ote] 1670 F+4kA] A9 3 A E 0]85

5)¢kdtt. duta oz 7SR P52 ol 10] HE=E EE0}
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ox,
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g YAolH w s EEHE HAE Uttt (& 5) Y EE23HE 94 o] E53F S
=) A9 7t AAHF oz A (EAZ) AR5 /o] F7HY AAFol HETH= A&
e

5 BZ5HE B7VEEXIBZ(160H AKX x 1601 FAX|)

2 [ =8 [ 48 [ 97 | g8 | on | ®M [ e | B8 | 24 | 88 [ 95 | 23 | 99 | o9 [ AW

ZE | 0.0000| 0.0436] 0.1221] 0.0596| 0.0816| 0.0704| 0.0849| 0.0666| 0.0599| 0.0523| 0.0503| 0.0479| 0.0421| 0.0514| 0.0402| 0.0421
33t | 0.0545| 0.0000| 0.0703| 0.0343| 0.1415| 0.0351| 0.0691| 0.1182| 0.0608| 0.0394| 0.0455| 0.0788| 0.1042| 0.1550| 0.1167| 0.0721
2 | 0.1268| 0.0584| 0.0000| 0.0337| 0.0850| 0.0441| 0.0860| 0.1273| 0.0533| 0.0396| 0.0416| 0.0514| 0.0478| 0.0740| 0.0459| 0.0432
243t | 0.0605| 0.0279| 0.0330{ 0.0000| 0.0542| 0.3107| 0.0384| 0.0330| 0.0414| 0.0969| 0.0622| 0.0455| 0.0361| 0.0342| 0.0309| 0.0360
& | 0.0735/ 0.1019] 0.0737| 0.0480| 0.0000| 0.0498| 0.0430| 0.0363| 0.0459| 0.0887| 0.0633| 0.0457| 0.0371| 0.0360| 0.0324| 0.0376
QIH| | 0.0752| 0.0299| 0.0453| 0.3266| 0.0591| 0.0000| 0.0440| 0.0364| 0.0454| 0.0915| 0.0629| 0.0456| 0.0368| 0.0358| 0.0322| 0.0373
H 0.1160| 0.0756| 0.1131| 0.0517| 0.0653| 0.0563| 0.0000| 0.1190| 0.1552| 0.0603| 0.0707| 0.0610| 0.0632| 0.0736| 0.0793| 0.0798

0.0773| 0.1098| 0.1422| 0.0377| 0.0468| 0.0396| 0.1010{ 0.0000| 0.0653| 0.0408| 0.0450| 0.0616| 0.0641| 0.1149| 0.0687| 0.0557
0.0845| 0.0686| 0.0723| 0.0575| 0.0719| 0.0600| 0.1602| 0.0793| 0.0000| 0.0818| 0.1138| 0.0652| 0.0690| 0.0634| 0.0931| 0.1270
0.0596| 0.0359| 0.0434| 0.1086| 0.1123| 0.0976| 0.0503| 0.0400| 0.0661| 0.0000| 0.1814| 0.0573| 0.0492| 0.0411| 0.0453| 0.0596
0.0617| 0.0447| 0.0491| 0.0751| 0.0863| 0.0722| 0.0635| 0.0476| 0.0989| 0.1954| 0.0000| 0.0640| 0.0603| 0.0471| 0.0608| 0.0914
0.0235| 0.0310| 0.0243| 0.0220| 0.0249| 0.0209| 0.0219| 0.0260| 0.0227| 0.0247| 0.0256| 0.0000| 0.0774| 0.0432| 0.0324| 0.0302
0.0361| 0.0715| 0.0395| 0.0305| 0.0354| 0.0296| 0.0397| 0.0474| 0.0419| 0.0371| 0.0421| 0.1354| 0.0000| 0.0782| 0.0873| 0.0671
0.0421| 0.1017| 0.0584| 0.0276| 0.0328| 0.0275| 0.0442| 0.0811| 0.0368| 0.0296| 0.0315| 0.0722| 0.0747| 0.0000| 0.0533| 0.0411
0.0530| 0.1229| 0.0582| 0.0400| 0.0475| 0.0397| 0.0764| 0.0779| 0.0869| 0.0523| 0.0652| 0.0869| 0.1340| 0.0856| 0.0000| 0.1799
0.0559| 0.0766| 0.0551| 0.0470| 0.0554| 0.0464| 0.0775| 0.0637| 0.1195| 0.0694| 0.0988| 0.0817| 0.1039| 0.0665| 0.1814| 0.0000

Az A% A

m
=

109 |02 |oN |4 |o0X |2 |02 | IE X

% (08 | MO [0 | ol | ok | o

4. 84 23}

YA w30 Tho] A 7F 374 AAdS 78 A, Moran's I gt 0.8940] 1,
P#2 (.00012 WEtL} = ZAHAS. mhebA 3782 &
A Aol whet FEE S0 GRS B85, 4,9 NEAgate] 484, Pt
°] 0.02393% Yett AR7H (o) = 0) 71Zote] /HEA G a7 E4ol= A 02 FEF
I 29 (random effect model)< -85kl tha ©A oA TZF5H AT (spatial haus-
man test)7é3ﬂr, x*gte] 365.7°11, pgtol <. 2 Ueht B9 a = 1 8H R
HEohs AFaREYA I A T P = FASAH.

ol
L
2
o
il
re,
2
ox,
0,
(N
=
ol
rir
oS
10
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ABSTRACT

Cucumbers are mainly cultivated in the greenhouse throughout the year and the
production is relatively stable. However, prices fluctuate largely due to supply
and demand in high or low temperature seasons. In the harvest soaring season,
prices may drop by less than half, and in winter season, prices may soar more
than tripled. This study predicts the crop yield of cucumbers using the Long
Short-Term Memory (LSTM) recurrent neural network, and predicts the trading
volume and price of the wholesale market using time series prediction machine
learning models so that the farmer can predict the revenue of a crop period.
Farmers may use this information to make agricultural decisions such as plant-
ing time, end of cropping season, and alternative crop cultivation. All data used
for machine learning are collected from real farms in Gyeonggi-do, Korea from
2018 to 2020, and the price prediction model was trained with actual wholesale
market transaction price. Prediction results are presented using comparative
graphs and performance evaluation metrics, the mean absolute error and the
coefficient of determination, R-Squared.
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Key words

A4 A& (Growth Measurement Data), 7|5 ¥H3HClimate Change),
E3t37] 2 (Mixed Data Sampling), 881d €3118]&(Deep Learning)

ABSTRACT

This paper focuses on improving the forecast accuracy of supply and demand of
Korean cabbage, especially focusing on yield estimation of fall and summ-
er(highland) types. The study compares various models which encompass basic
models with contemporary meteorological factors to ones with novel method-
ologies and new source of data. In terms of methodology, Mixed Data Sampling
(MIDAS) estimation and Deep Learning algorithm are introduced to incorporate
the mixed frequency of growth measurement data and to explore the nonlinear
relationship between yield and climate data. While in data, actual growth meas-
urement variables such as leaf length, number of leaves, and presence of pests
are collected from Korea Rural Development Administration (RDA) and Korea
Rural Economic Institute (KREI) are used. The empirical results show that our
proposed methods are effective in the improvement of forecasting accuracy,
and the effectiveness is expected to increase in the extention of the sample

period.
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a= BE(Hha) | MME) | BE(Hhe) | BNE | BEEh) | WNE
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= 9.00 428.86 6.60 319.18 2.40 109.68
2017 | 0=X| - - 5.39 255.26 - -
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(1) AP, =p(P =P, ) +u,(0<p=1)

& AFolA AR E = AbRE FA 7H 59 oS (A HiFE FEET 2 T2
whe} 79 FEj7F Aolsitt, 7 viF= 2001 2E 202097149 717k 87 = (L
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B 4. 712 HiF B, 4] 7121712 H 4] 25 Kz 7= S

T4 Je | 4xAz | JlExia | ZBYs | BYRES | 2 g4
(kg/10a) () (AMZh (SPI3) (¢ /%) (cm) (TH)
B 9900.32 16.86 702.89 0m 0.88 13.09 28.93 20.03
S 9903.50 16.89 696.90 om 0.00 12.75 29.10 18.90
2|08t 12986.00 18.97 1089.06 1.62 11.00 29.90 43.90 47.70
E2gt 6873.00 13.27 512.82 -1.69 0.00 9.00 15.90 10.20
BEHA | 127448 1.09 74.99 0.70 1.69 2.19 4.72 6.58
N -0.16 -0.22 0.86 -0.21 3.31 4.09 -0.04 1.88
=L 2.66 2.96 6.80 2.4 16.05 31.07 3.71 7.99
B=E 4 160 160 160 160 160 120 120 120
F11) 715 it A € A9 F A8 /KA 119) 5 2 B HLEAE L FA4E 1 1)e ek
2) % A% WS 33 AS2AGE oF 59U A 27) A vEhd,
A2 SAR AR, 7194, 520
71% W 71 9] 9l ARS ARESt] A% 71 Bt T AR ot 29
R ARSI 7122 H5AH Y] A Hat 722 HEre] d2ARE2 Bgol 750
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“1EG Ao VS UErd . A A 9 Hl 501 17m/s o141 EE orith
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5 [ 2R | 2R | 23R | B 1% | BL3% | BB IR | IB 2R | B3R
(9 (cm) (cm) (cm) ()] (0H) (cm) (cm) (cm)
ot 1772.21 16.72 26.97 33.07 16.47 93.59 12.08 18.58 21.09
AU 1699.23 17.00 27.00 33.00 16.00 92.00 12.00 19.00 21.00
Z|iZr | 3961.47 25.00 41.00 43.00 27.00 181.00 20.00 29.00 28.00
Z152k 413.71 2.00 14.00 21.00 7.00 39.00 2.00 9.00 12.00
HZMAL | 681.33 434 5.18 4.03 4.25 19.11 3.29 3.82 3.06

A= 0.66 -0.29 0.05 -0.20 0.27 1.12 0.03 -0.18 -0.38
M 3.59 2.70 2.90 3.45 2.77 6.77 2.72 2.57 2.84
HE 167 167 167 167 167 167 167 167 167
= 2 - 7|12 a5 UXA|ZE Z|E&
(cm) (cm) < (c) (mm) (17D (m/s)
Tt 18.03 26.38 0.15 20.42 770.99 339.04 8.72
AU 18.00 27.00 0.00 19.96 673.90 327.50 7.94
Z|SHgk 30.00 35.00 1.00 24.09 1275.30 470.00 10.63
BB 9.00 13.00 0.00 17.67 270.00 221.70 7.31
HZEMXt 3.93 434 0.36 2.04 287.02 66.26 1.29
A 0.31 -0.44 1.96 0.53 0.39 0.08 0.39
HE 2.71 3.18 4.86 2.05 2.11 2.32 1.34
HE 167 167 167 167 167 167 167
F ) 715 HsE 4 BRI S 77 F d B A E 9 ARAI R4 3HS UERY.
2 4% N 3 AZolgt 249l om BEe) Wt Fulis

7HE Big] @4 oS 28T F2 L3 F4 2 (& 6)°f UEY .
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6. 4= 4=t RF0 OE B FY20

23 1 : Pooled OLS 2% 2 : Pooled OLS
A (M4 0|23 (g4 T3
A= BEERX} A= BEQX|
M3t -21782.70 14048.70 -28976.50° 14680.03
e 2873.53" 1690.03 4120.27" 1797.22
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Key words
2 o]u]X(drone image), =uAIA ¥FY3F(wholesale market imports),
&5l (shipment), 2= X|=(Excess Green Vegetation Index)

ABSTRACT

The purpose of this study is to contribute to the observation of supply and de-
mand by studying a method of calculating cabbage shipments using drone
images. The difference of the study is that it is possible to monitor and utilize
the highland cabbage cultivation area or the situation of the field, which is an
important factor in production through drone images.

To do this, the cultivation area is extracted from the drone image and multiplied
by the number of units of production to calculate the shipment. The number of
units of production compares and verifies the data provided by KOSTAT and
KREI, and confirms the relationship by comparing it with the Gangwon-do
wholesale market transaction volume data. Meanwhile, ExG is used to compare
the changes in the RGB value of the drone image and the characteristics at the
time of shipment.

As a result of the study, the number of units of production of KREI was more ra-
tional, and the shipments calculated from the information extracted from drone
images showed meaningful results compared to the imports in the wholesale
market. And it was confirmed that the ExG calculated using the RGB value of the
drone image had a negative correlation with the harvested area, and the harvest
time was determined by the amount of change in ExG and ExG.

This study has a limitation that the data used is one year. This limitation is ex-
pected to be resolved by accumulating data of improved quality in consideration
of the collection method proposed by this study.

A2
197 8e4 9 =4 3. AF0E
2 AYAT AE R AAY 4 B2

¥ xx % EarmAl Lab A

306 * Chapter 2 XQaHH|



i

HoF A

"
Hr
K
70

B
B

o 7ol

3] o

Ao}

Fict. 202049 Hf

S

&

S HEESEEEPEP R

=
T

£ W=

Bk

9]

Agut 13

Hol1, 1092 206%71A] Ak

o
=

3L
=

22%0 A 84%2] A&

H

o

131, 2015914 2020 Ato] o v

S.Jdo

N Qo] v st 7] Auj71AL 11,284

9

7] &u7H42 3,890¢ 0] ATt

(5

HAIRE A3 AERRe] A 2] 27l

I L=

7F ATHFAIR, 2017). B717} o]v]

7k 9t

rcik

5

=

S50 &= g5l 38

1)
o

Z~ 0]
LI

3} 9], 2015).

7]

Foich SAMR(2019)9)A4]

A5

FEo]

s7]o) A

o] 37

3 RoIDE &=

A
Al

307



1.3. ¢+

‘I_

p

=]

Hj 5 &3H8 CCTV FADE Sz AHA] E3H83 =rAl

KR

N
K

R
B4

7o

& CCTV FA Hol8+=

19

=

ofm| 2] glo]E| e} L] i

o] Z31FS

Fgol A aL=g#] H

S

=
=

3 9)(2018) %
FHaL, sESAE

9

tich. o5

S

A dEZHER

IH(2020)0] W2H 20199 % 7}

A]
Y

oL A

oF

A9l 90% o= A

9]

J

<

N

9](2015)°04=
of mjA= 71 =7t E7]

oy
‘mO
N
_“OL

]

T

=

(53

A} 93.4%0°]

_‘|

vl
ol
o

=
=0

}

Al

Y=o AFFA] vl

ol

|

308 « Chapter 2 XQuHH|



SY FE 7|H AX| BolE FEo SOHAIY IR 7o FAHIS 0188 LXK HiF &5}

T2 1. E6HK|E M2 TOjA|R! Hiolaf

= 2017 = 2018 = 2019 = 2020

™
e 8YLs HE s sy¥=c R 2F aems EES & BN o= HFS

E6tX

1) 2017~20209 250408 A B B ZUES Y e v A5 98,
AR 57 SARSEAN LT ARENAG FHAE

3= 453t 7|35 Sotote ARG AAEA 717 50~909 0]t A& 2710
€ 52 20 & dYu A=l 7P €82 25& 20C AFol|al 279 HH 2=

16CoItt. &7k AA3] Wd 4-eole Fst 8T7HA Auy gA7] FeAH g5t 3~
4CoA S3HE Bt S 22 AHOIA 10T ostz dFdo] ZHHE £ B3
Sh= SAEH(EFFLP)oIT ® o™ A&k ol F& &}7] Aof 13T ofste] A2
= Wow o] B350 277} HA] eti(@=iE2sHAbd). o 5d 12os
A 7E o} 2 AazhEolal, I LT} o= 7] 20] HAb Yol = AL A A &3
7] AFA AgAto] 7hs SR 9], 2011). LR A] viF= 71 9F°] 7HE £ Ao =
4271 73 AB57] Bt | EE Y] Sl 78 At ofof wret 3ok Ba sl w- #
ofet HoliL, BiEI S =7 2T A9 AT A £AET oby et 24 ZA7E A H

= A9E grie] 54 9, 2018).

309



(2k9l: ©)

25
23

35

18~22

20~22
15~18

2=

E

HH

2]

AR ST

A

Xl

F

<l
Kl
ok

THEHA|Z|

=
e

2. HH

I
ac

@ | %o | 1o
51| 80| EO| 5
IDTW_M._,@
K |uf|S |0
K| < || =]
45| = | & | K
| K| 6|
ENENUES)

<H <p | <E
do| B |
B o @
_.._Am_m-,~l~
SE<H | < | <H
__oEAo_Aw_As
o | g | oo | R
S5 B|S
SH | <H | <k | <
Ko o | 1o | <0 | Ko
SRR
m_x-~_.~
<TI<EI<E[3E|<H
0| Kio| 76 | Ko| 76
o | o | o | o
| — || 00
<H [ E <1 | <H
20| | 20| Kio
m_uem.ﬁ/____%%
EOJ <t | 0O
o=.--
%%ﬁ%
xs__ﬂ_x i)
o | o | o | op
EARNIRAEG
|y | |
W 30| 70| I
~ BRI

_nxn_l
=]

.

Cd
K
oo
o
i
K-

2020. Hj

-
Hn
<
<)

N
Ho

]

8

72 A8 4

2| T4

o
2]

0BT 4
B <

s
=20
22

ENN
OlA
=TT,
=P}
xS
o
27|

Ql

=

o

T
5 A A
SRS Y, dpXEYs, 24

o

2o=2T,

g,
k=

t

UAL
AO|A
ANOIA
f,
St EIAHQIA

X|—| =27,
9|
o JizL
(=}

f, Ek,
= 80% Olef Y=,

oA 0O
=

QIA IZ

S=T,

=

=, 7=
3

A

=

oTOo, S%k,
=
AOIA
(54
ja ] S
H=
URRE F

A

A=

R, HA
[=1o]
HP7|2, UE,

=
=
k=

Lo
ol o Ko <F X
~ <F 81 ol iofr &

Ey

=
A
T

[

)
|3
7

s

AAHE

o O or
o_.éo_e
S K

k=1
o=
24
|
(o
=

t

=SR]
= Lo

k=J
S

o
hAR TIRIOHALE 7}
0= 2

7124 SokE Ao of
X
2

B0 X i
g ™

1 Ho ol 0

0 od 180 Rl

4o
8l

U 0

310 * Chapter 2 XQuHH|




Ao HE 7|8 MX| S0l HE et RIAIE B2 7o) UAIE 0|88 DX i S0t As B Ay
ol oA FQ ME #HE
TR YEHARO| T S D8 S ot M| o o
HSITON HESH 7S S LR, UZN] | o2 B sy
R e BRI |71 SUSE WHTACDD) S MY MRN S | gl 00T
A M 17 | 8IS DRI FR IHAE Bh0l58 9ot a® | 5 0% T ol
A2 T5H5HT EQH(roll-over) BAIOR i | ST © TS
i S2H(roll-over) B Y AR MR
T O
" O FWAXES 7F RH2 =ALK|H
%q_l_'_x| 7|}\'_I_|E§ |E|'Jj 7|'I| T xH—'—ﬁ?E;' —|;—|§ _T_I_l-I'EE ?’ )
sezr | |BHAY Y INEEE #25(0] 24 N20| | AR
= o _ _ ’
g Haxigo, | S VEBHE A VIS i 0% RHOM, 24| AN,
Cn|Eoa gy | SEN KIS HTE0] 2 M M TN | 8RR Y4
+OE= i Mt
oo
Hso1T0) BEHO| 2RES T3] Y &S
JIMQ0IS TRfEt | 2 WHIS MRSHT Thaot 7|NQ0IN0] MEK | ZABHREE),
05 2 | SO0XH AR HASORM JHE 7|4QA0 of | M| 2107|2072t Ba),
HGie | 3t ARES SESION I BAS SRS | S87| H17I20R M)
7hS0ILt 250l HBYS B
XS] =2 =2 BAHUM ZLH2| ZrAE EoIA|7|
o) (S S22 B MG
oy | IS, A5 191 Abl2), ABAF2, 7t}
)\|xr7Hu t519) Hp= etdd %2 Ol ALe|RE F8ol0f ¢ Oy 7, ZR|I2QT} 2R 2RSS ZX|AH|
° T |71, 2 =t 71, 2UAHRT A, 259 Ted/L sATES, & =N
- 2, Y 71O 712, BUAHIRPTL, £59 G .
SERE MY WP* 7|7<| 5 7 AEUXAHRIHS, ZHe2fol
e Ee 2F RHHEHA, AAZE AH|ZE XIZE, AjAt = =h =2 it
A5 S M AH| £E5Q, A4S0 EH°+?X1P‘*°_|
IZ8ss 24
2.4, XAtEH

o B Z715te] FAT BBL JHely] ole At Eg A9t 7 o] ol A
ool 0.3 8491 AHAA |} @A 4T W3S FI5HA WeIsHA] Este] Ao A
3H4o] "ol A} ek,

B AT SN BEAIIOR 1Y B AT FAE FAE DA w3 Qe

311



12
N

HlolH =4, 5 &0l

st

B 4 4

S
L

oJm|A|

o E2 ofn)y

ol = Al RE

1]

TS s

5

H4E

EREEESS

.é__l_

=
=

S LR RE

-
- —

o Lol A

ofo]t]

s

3. Ad7UE

| b s | o w

L B TRY TATHO

Moo
CCTV mIHr fus T Ko

HoRoEd
KFRO Tk

KFRE Rius SRT

Z: 1) ExG : Excess Green Vegetation Index

3.1. Hx| g+ Zat

)
pir

jo

i

—

34
o
Ho

—

N

312 « Chapter 2 XQuHH|



7t SEA S EE QLTI 7]

ek

1] Z3lapo] AT 0.999).

5

=
=

/‘\l,

7}, 3w oA

o

olu)A] 4 &3} oF 160% kel 2ol7} 9

o

ofn
o%
<+
ol

mo

a
g
2

5. ExG2} ExG

3.2. E2 0|0|X|0|A

el S| IfE 24

Xt Hiolg
_dHdo

LS PRPS

3.2.1. 7F4

ol

©

4

o) % 74x|ole}. webA o] F g

£

313



Fod

o

28

=
=

& CCTV HA A=

A
m

A

x 3t
ol SAH S

XHeH
=

2
=

AL
2

=
an

=

=

(&)

HA
| EOHAVR S 742y

{7 ZotHIZ(75%)2

o
il
=ot

2 i

71zt9] Go]Ef

I
2z

b

—

2 EOHAIY et
12
=]

S

(17~"192 3 Ba)2t =2 0[0[X[2] X8
2y

A
T

ot
—
o Eof

49|

i
X
o
=

0|

Al

S3U =2 0|0]A| shp Tje| 11X bl
Of 4t

52019] 42 E2 0[0[XI2 At
E

520 40t A

£

o

e

njo
1o
il
KM
JF

ol

pSi=a
=S

ofn

ot A Eot HIE

3

=

=

HHE 7

s

o A

=X

[e)

8o
Bl

y
4(kg)

o

level
cetv_all’
‘54%(kg)
A%

‘'sum_area’

=)

‘cctv_market’
o

‘gangwon_all’

‘cetv_facto

‘krei_market
‘kostat_market’

‘gangwon_itersum’

‘krei_market_itersum

EA4Y 5 9 id, Wi

‘kostat_market_itersum’

ol HE, A=

=
e

HHa 75%= &

2. ZHjA|

3.2.3. AF2Ho]g 2 BiZAd

3.2.2. AT 37 HA
H 4. ALBHOE] 2 4 M3

AR G0[E

5701 KB
E2 0[0|X| HOIEf
S0 EOALY
BB XiE

-
=

=3
CEEOR %

B}

1) shp o @ vj&
2) tif T+

>3-
T

i

e =]

=X

314 « Chapter 2 XQuHH|




HeF EO{A|

3.2.4. 2%

315

0.765946

Jo

I X

R

O]

&
_—
5
B 3
.mwo Rl
X o B
< = ks
N T <k
Mo o BE T [
o — L & [V B
~ o o -
R gm0 |HE
NATRTY W oy a1 <
5 oy &I 0
P El FE o
< e T N =& iU
25 B iR
o ! 10 or A
S kil P o I
_mE o =0 g ‘Du%o
0 K [ 1
w WL < g <+
Bo Y o B RO
w g . s |27 G
- -
X 0 MW T 5 w_“m N e . % mﬂ,_
B X o g E 2 X AR 20
,OI J_ﬁl —_ Wm_m W ﬂ—n%n(/\ n__/.__o
M =) 528 Hew DL
. il FEm O | |D
R ol || % | FEe I G
0 2 ey
T S, < BNRIZ/2 TR X K0 ﬁ M_'
,mum 1& ,_ll._uﬂ = 2o B/ Rk ‘_ALM:”L = T
0 oF kb B =
il _W m =) |__.o._M N H w.m
1 I 5 il
oo TS ™K =5¢ B Ho
N> Y S E
= g & SE. U
Bo @) .Z'o N =i .@, m m.IE
WO X \ o ER- -
D SN m ca® G
o ™ NF =

A3} 2

3t
UTHE 5).

h 84

it

7} 2F 0.003 &=

A
T

9] &

8

bt M2 o

2} v
gl

A= A

ES
i A]




J8 4. ZEE Sob ZOAIE St E2 0[0[X|0A =5

& Z510ix bl

—

(&9): ¥ink(kg, nf))

1e6

—— gangwon_all
—— sum_area

Hel 2 kg), MHHE (S 0(H)

b 3k 4% sHE ekt

7'xr s'xr

9%t

1) gangwon_all : 7Y &5 A= 5FY] TufAlg Af=

2) sum_area : 574 E& o]u]A] shp TA 2] 1= X] vljZ= AuiHF g

5 92 83 jelo] wujA g vt o2
of o A 13k 4 AUEHLY 4). whebd Esha

AL = ofn|Ao| 4 £23 WA 3
7( A
40

(F9: ZdeHkg))

1e7
—— gangwon_itersum
1751 —— krei_market_itersum
—— kostat_market_itersum
1.50 A
2 1251
@9
b E
i 1.00
=
0754
n
Ly
0.50
0.25 1
0.00 A
2K} 3%t 4%t 5K} 6A} 7x 8%t 9%t
% 1) gangwon_itersum : ¥ E &5} A 9iQ] EufA|A; =2 A F

2) krei_market_itersum : 53 A o F-E AL+
3) kostat_market_itersum : A% @< & A1+ S5

316 * Chapter 2 XkQuHH|



oo
Rl
<+
ud

-

__Ao
o

11,623,926
7,224,921
61.67
0.995190

oo
Rl
<+
ud
gl

Ho

17,248,600
1,600,247
91.51
0.994588

HeF EO{A|

_m_m

P
T

1te] X}01(kg)
g

A
T

F

oz,
Ho
A

F
F

A bt
of
oM &Zd

[
=
JL

o

gl

Xt

1

F oA 2 BEQIE © 18,848,847kg

&

O

ol

= EOHA|
E =

|

2]
[l

o

%
A

=

=

724
3|
]

)

=
-

.
-

o
N

o

il

o] EA A TR o 458 F= F 0 HATHIE 6). kAl & Aol A

i

Bo

&, =8 o|vX|9] &3td 4 o4}, = ojn|x|9] &

H

l

=
=

Ty

317

2A

.

St

XA

o

1. ExG(Excess Green Vegetation Index)E ©]

3.3. =& O|O|X|0fl M ==¢et EXGRt SotAl7|
3.3.1. 7}4
3.3.2. 9+ &4 24

UER
9] RGB %<




ExG=(G*2)-R-
U 39 014 ExG gho] £40] T 002 wgkaiet.

2. 52 olmA] &9 A=, €47l RGBO 432 & A2z 55 = olv|A]& o]
a7t

13 6. O|0IX|E ExG A&

ExG = 0.104 ExG = 43.256

EXG = 124.874

318 « Chapter 2 XtQuHH|



3.3.3. Aol E
573 ANA ABshz 79270 A9 EE onjAE BAE, JAE R FE5HUH

B7. 2% % O|SEXIE HHt ALE COIH

A gixt | nEE|(R) | 1K) | H712] | iG] 02| My 4 mE

MHITY

71E 2~9 2~9 2,3,59(2,3,59 3~9 3~9 3~9 3~9

3~9

HAE | 2-5,7-9 | 26.7-9 | > Sé % 6.1 59 3-9 4-9 39 39

A N

W5l ExGY AIAMY E&

BE 89| ExG B A4 52 92 GAS o) ExG7E gashdA St Ene

ste AS BRI 5 AAHTH 7). F A9 A= -0.712 ExGeF 2 HA2

319



J8 7. 2E TX|9| 3Rt ExGHT, A £ T2z

-EHMEXGET -+

55 1,000,000.00

750,000.00

45

(m"2)

500,000.00 Rr

gl

ExG

aat

35

250,000.00

25 0.00

ut

Y ExGE 2 BOR PAUTHIY 8). A4 BAE oz 534 19 ExG
2 %o Fage v gl A $EE LSS el

320 * Chapter 2 XQuHH|



SY FE 7|H AX| BolE FEo SOHAIY IR 7o FAHIS 0188 LXK HiF &5}

J2 8. ExGMIF Z1t

Ott|7| 38EHEIX| ExG

60

40

ExG

20

OEIH|7| 38HEX| 62IA QHHIC| /| 3BHEX| 72]x}

n 3%} ¢n = En / (En-1 + |Vnl)
*En : n A ExG, En-1: n-1 3JZ} ExG, Vn : En - En-1(&, ©3=H)

321



(OE e & AH o] s|2ET-oIY AZFEE 95%= 7HE RS ™, egke] 0.483
P S
3 A& ExG 2 =8 olulA| 9 &G FAI S 1AL IF= ot
RGB o] 43 9h3slo] Q448 g 4 gl AL Siek. ShAle ol 8% 4 9k 4
Z "oty &1 E&S £sH ExGE 83t 43 A| 4 &9olo| 7}535S AZstT)

ol
oft
re
-
i
of

I 9. $BAH o BIAETH

<+
=
00.00 003 006 009 012 015 018 021 024 027 030 033 036 039 042 045 048 051 054 0.57 0.60
a
Yo BZEQX} BZEMx}
0.224 0.006 0.132
40 Iﬁ‘a%
4.1. 7|chHgdt

23e o257 Aste] BAU AASH MEow mYe Y AR oul7t o,
Rpo] e Ajelojehs BEAAT 93 WSER FEAZ0 B 4 Ik 9HAL 7}

322 « Chapter 2 XQuHH|



i

HeF EO{A|

)
Y

—_—

—_
jo

of 487} aslo] ek

=
O

poj

19

N

29 717E A A,

A7) 5719

o

ol 52

S

bebe ml A areleT u

S

=
=

3 BrEglon, Hel

glol8 &-8°] 7ks

cE

f

I

A

s

5

EHN =

O

o

=
a5

o
7

o

)

o

Y

ox
4

Tov

ojm
iyl
B

AH

ot

4.2. A9

A

o

AL EHlOIH 9]

Kq
ol
=0

i

7h

Al

A9 7

AW
o

BEZAL Folelo] 4 £ALE UA

(3
<

ol

|

Al

of

Lt) EE 0[|0|X|2|

£ A=

Z}A|O| B2 T}

<2
=

20209 7495E 10

LSS
R

olm|#] HlolH

o] Ao} H]
2. A4, shp

A2l 9.7

323



M2 sitE a5 HIE2Y 3303 L4+=8d
O M)
oleho} 22 9570] PO EE oju| Mol £ET S5huA A7 ZujAA uk)
3l ggd o 2HH,
J210. 27| HGX|2F F&X7t L2 E2

US| 77[3} &

=2 O

2, 13 29 3]

| g _77[3 2Y, 3xH &

< H]

1A ES(HAR)0 7| S E SHEOS 3RH H(42H0| T} 7R
o, +EEAC 7|58 F4 4 UL

ABHE|X| OIQUR|DE ABHE|QUCET B |

ro
40

g

172]_038[3%+ 2]

132|_038[7x+ &)

Hi2)_0382 3% &Y

SN0 =S QUCHT 7|25 AKX

AHZ

L51E|

A7l 7%} 0| 01E.

324 « Chapter 2 XF.2HH|




HoF A

02| _27[4xt 23|

012]_27[3xt &Y

t==2] tif IFUO0|

tE X

13. O

I8

]

At Eg

_66[7

CH7 12

]

_66[6% 2

CH7 |2

Tor

o
no

St FrdofH,

=8

Aol A

i

o

=7t ged 2

9

oA ZFE A7 w2l olul=]<

325



4. ExGe &9 TAI gAY I1HA7E A5 RGB 2 ASAIA 932 e AV it

Qa7 7 WA B 2317 o|u] A AL FA HBO| FFS Wb ExG glol 7
S5 0, 3BARE B A B 5 AT 14). WehA B AL ol9h g A9
£ o372 7533

O 14. ExG O[&X| GlA|

OHHE|7|_007ZX|_23|Xt Q| 7|_007ZX|_33|A}

QHBHE J1_007_ExG
80

60

40

ExG

20

3

B3 L 717 Sl 2 v A= KRl & AtollA viAlsHAT

326 * Chapter 2 XkQuHH|



100

4.3.1. dlojg #3

ALCH|O[E

Ki
o
0

i

7h

el

A2} CCTV

o 7|},

Lt) EZ O[0|X|

A]

=7t =

9|

Z oluAE

L

6‘:1_

aL
[o]

oA Al

shp +219] #lo] o] gloirtd w2

B!
e

B
o

TR
<

ol

i

s

25~30m2] A3LEo]A &Y

b1 glaiae

25

A HloJE 2 A

o] o
=

371 9

= 88o

2. ExG

)
i

d‘O
i

F7=

o g

o]
=

oA RAIskAL 2~3

T

NI

AArG AT A Af
oA AE

e
!

]

&

o) E& olu]7| %

o] k.

A

(@)

AN

o

Futel o] shp mhlo] ehily @

A4

i, A9

]

0%

Ton

B

A7t e s LA ESE god &2

of w2}

X
[e]

ol rdlo] 4

327



ol

oz By AT (DFHEAREAT

AR 2019. °%

o]5d 9. 2018. “F8 A T

el

e

540

SAE 2017.

.

=

EELE BRI
9135 9], 2016, *FAA YR

Ris

o

s}

7]

I3
pul

2 A" (Ah

=
=

2 LA T of

3.

72733k 9]. 2015. “Hj

sEdA AT,

kel
R8s

3 A A

=, A8E. 2004. “AGAGSHY vl P T

GRS

5

714890 1

9. 2011.

3z

S|
S

3

34

328 « Chapter 2 XQuHH|



SY BE 7|H AX| Bl FEoF RIHAIY HIUZE 70| BAE 0183 LWA| BiF SoiF 1tE Y 37

7 diEdle g7t S8 17] g T4 &S Qe I, A E, =ajA1g
wkQlEF, T A1 714 Sof tigk ARCH, GARCH £4-2 12319t} 3149k & glo] € 9]
3 9, A4 gHAZE Q7] WEe] T &S BIRe £ F &S £ dFoA e 0F
A] kot nlEf o w-& A el =5 IS0l F83 v T Hlo|HE Fustoly #iE
o] Hl= &4%o] " asitt

7h H== HI0IH =8 Y

A A oIME LPFA viF DE A, AGER Aot o g JEE HY
SHA &-&517] A= w8 Al A E R Tt AHEE o of jttt. Bt T e AME
= A9 FaQlol I et A 2 dre T8 8ASS 5] olEY

L}) BIOIE 9] =Y

BAE Aol EH 19979 HE 2008714 3,500~4,000kg/10a8] @47 71 &= 3
31 200991 5-H 2016974 = H4 3,100kg/10a8] 2 w7t 71259t} 2017 5
20199714 = thAl Bt 4,900 kg/10a%] =2 T8 7| SEotHA A5t AxE BATHIH
15). T3, 574 19] 20208 11 A] Hi S AR (54T 9 3)9] T Bt 5,960.25kg/10a
£ 715oAAER 8) BAAY 7153 2ol 7t o], @A AFE L Y& T HlojE o Higt
HEZL 283 WAt

329



H1=
~

I8 15. A Hril=

5000

(=]
(=]
(=]
<

3000

2000

el

s

A 54

PN
©

= o | st |~

Al S

S P o X

&z e

Mﬂ4846

il
o R o

Wﬁmow_mw
F|od| |+

+& CCTV JA 2z}

A= 74 20204

2. 52 O[|O]X| b

F "29 tif

ofm| x| of| A Hi

)
]

o5
<

ol
o
o
o

wjr

330 * Chapter 2 XQuHH|



o
rx
M
0%
i
e
DT

a8 16. £ O|0IX| EX| F& 715 2+8

1.shp TFU T OHY 22

3y ¢

3.
v Y] 2.shp T Y2 tif It Y= A7 o= ME

g M 9| l‘

0.2 s
ZO 1740 Tf Yz 8K AJBI T B2 THEH sh o e e
(hand = EZ ET p

%) AHIT_6R_Scm-0-1.if ‘ ' ‘

&) AE| T_6X_5cm-0-2.tif

&) MBI T_6%_Scm-0-3.tif T:J‘y,g"‘ 't?‘-‘;j:‘ mj‘m‘n M;\gzz_p

5 ARH|T_6&_Scm-0-4.tif

&) 8|7 6% Scm-0-5tif /

2] MHITY_6%_Scm-0-6.tf /

¢ AU 6%
o

| MBI T_6%t_Scm-0-74if
&| AfH|T_6%t_Scm-0-8.tif

ex)ME|T_64+_Scm.tif

L B2 A0 4% Ak FHE AYHES TH

ol A o) B Y EF AGE shp St v AR 2] AR it AL 2
 Z17ke] wHgo] 2YHEE, HHAZ U

_shp T} o] HE HH w2 (2 7|20 T tif Y =&

> W N =

% WAE QYL /Mo BEs] ete] BA AAE U dolH R g
NPT YRR S S25] AHESH FAL Agatant. T %A B gl AE 1
H

o] 7H HlSo] B2 FHAE d&ch= HAtE AYE Wt

331



12 sttE 5 052

P

x|
33

02 rid
18 0=

v
e

Op
Hu

HO Eald 22 2y

AR HIOIE 7= a5 7 HAE 23t
x| FA| HIEE -EY5 - 10 epoch Z1t, 23 C{0JE{0] H|0]EfQ| 20 _Egg BN
- BNTE - B2 - CHSt K3t 80% it
DAl olod == ggEs - HAES - 20 epoch Zi1}, £ G|0|E{of Ioté_rE 35%2 A=0| Lo,
OO o T= 0’”; I:HOH I‘IS_L!-E 90% A1|E01| —,|> 3‘:'%'
4. XIZE T gold B

2 AFHolA A 5
0]z]9] Fg1EE oF 25mo| o

215t

W =4 =8 o|u]A] 2

, i, FEiE,

s

21 18)°] AR
vk, g 57 F5
CNN 222 98%, YOLO 222 98.5%2 HLER wi5S &7otuAl shgol 7hed

=t N

H=

‘f’_.“ITZ‘g'_

&

3

o

332 « Chapter 2 XQuHH|



=
I

42, gl
3 “cc 05\

°%£ns

094 s g0 094

*(65,095 'cbuss

ol D'-"‘cc 095091
‘o5 0sb.

%c 058 os'i';-,.o“cc 09,
GGG 0:08 . e

e Qgr * o6 0gg 08 B

lcclocc 095 ‘fm !

< 056,
“"““'ux e 096, 3 i

0g3
v cccCQHQL‘.

6095 V¥ " fig
< igosp !

ec 093¢ 355058
I i

0098 ogs

“Coibsads Pioh
zcvsbcn,vs&gﬁ%%og,s. i
s O o

031

e uss,,
§e 09509

! g o
&0 o

ety

! S 08}
pige ;rowng; oo g noct ol
‘ 034
33 og

& 034,983

0 6c os4c 090
4

098

ccuss
6 S oss u.owc
i .ccﬂgaccﬂ“ \,\,0 " 4

os3 vaSAF

S5 o
e
% )

4 0of ugscm“,mg;.
5 C o
o5 B 0 7 8 00 48 b 083

fos’ @
5 : 0.960 0 [ og: ” =7 ccos5°°°

o
“o
c o cc 098 1,

Qgc 0.96] ]

o

“chsgc .
%, o

o
u:ogg

e
0d §4
09

B ok ey oga» £6 698

oG 09~

083
s %c 0.9
a0 e

G0 098 507 of

cc 035”\,» oss

% -Ccnss .

bt fovig ccusﬁ"."?‘
505

‘E ‘”‘” 0 092"

%2 0% 0

S.0gd ) FC0ss,

£ gsf

begoobin,
om0 o ose 012,
L pedo % o

"‘""cc 095 ‘cel

= 95
egons 3

053 e wuss“”} e
~un:ccn€s”sammm :
e e

CC

C¢ 0,935 X
"Ccéaﬁvw ciosi
B ey
e 8
" :cnsS"SS oo o

5. T2 0|0]X| XHHHH

5.1. 4t&

Hi S &R shp ol 9= #F FHo|A POLYGON FEES

ATt.

I
ar

==

2Z3k1 Yol

10. AH|XH_BHZ=ZEEX] shp POLYGON ZHE Of|A|

NAME

geometry

MH|ZH-096

POLYGON((172280.849 511729.648, 172271.491 51+

MHe|Z4-097

POLYGON((172391.613 511674.110, 172389.460 51+
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H15 SA2 23 050 23105 QemEa xep
M) M)
H 11. 3= POLYGONSZ 0|23t 10| A4 GlA|
X4 ZX| HE(m2) 2X} SoHH 3xt EotHH 9X} E51HY £ EolHy
AH|RY 096 3249.99 - - 3249.29 3249.29
ot 001 806.29 - 805.95 43.21 849.16
5.2. %A
AujH 2 A A3}, F EolHZ o] AujHA Et 2 IX|7) QI o, o]E 2ot
ol H& o] Zjuf HA-S 23 A ERIgH BAE shp TP oA F&51A Tt oho] K 2
GIS golBE 38 = 342l GeoPandas? intersection $H5E o851 Z+ XA} 71719

H 12, MY Y0y

th712]_062(2x} ZAH [H7|2]_062(3%} ZA})

X EX

1810.9114872807747
BEE. 2477033344456

g

=0l H

EE =

-

daegiri _03_62. intersection(daeairi_02_B2) . area

B68. 24770333411
2R} AL HHHPAZIO] 3R} AL KHHHPAZIO) A=A D2 3K} AAF KHHHHFO|A 2K ZAL RHHHHAS = B
Ho= TSI
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o] CCTV &= dlolH & ARte, Adv], Au|A, wi&A4t 470 Ao A= CCTV

SFATHAE 13). AA CCTV

ARE & Ao A= gt Al
T2 (FE 149 2t

[\ 9]
S
~J
rL,
e
T
[\ 9]
S
\O
&
1o
o,
EN
5
it

7]
glolelolt}. (7 19)9} o] Aze 7} Holg A4 AL EASkL A7t A4 7he
#eje] E2 oju]x] #YX|g} CCTV FEAE o ¥hrd 1%

HlolEl= 7} 2|2 ShaESHs Shio] Ao ElojEe A1 9]

g B EIFCHL A 5AAY B4E 483 &

A0 BHE HET SOUE 10 A2 3
AHESHTHGE 15).

o
e 2%t S5kikg) | 3AL Eotaike) oxt Sotdke) | = Sotdiko)
ot 224,959.48 220,501.32 378,290.49 1,911,009.94
EE 0 0 2,190,873.55 9,459,157.02
e 0 887,333.46 117,936.87 1,236,810.39
AH|XY 0 0 338,817.22 577,748.32
Z&512(kg) 412,472.91 2,544,118.22 6,051,271.85 22,998,133.49
= 248} T

T8 2837 918 AL 102z BAIsle] TS 24

oju]z|of A 4&t A H A ()l 578 A & 28

Zes 20174 20184 20194
T4=(kg/10a) 4814 4908 4756
Z:1) BAH dAEE 20200] oFA Ak&E]7| o] & 2017~2019¢ B4kl 4826kg/10a 28
2) BAA T 8 Al EE oln|A] FYA| BF FUS TE etk /g
Az A%
H16. SAY U+ M Eo1H
X 2xt_&s|2H(kg) 3x}t_Es12Hkg) 9x}_Zs2H(kg) £ £ol2Hkg)
e 130,518.69 127,932.12 219,479.43 1,108,744.17
Ot 7| 0 0 1,271,117.55 5,488,085.09
e 0 709,337.63 94,279.17 088,710.77
NI 0 0 347,604.57 592,732.44
E&512(kq) 239,311.65 1,937,809.86 4,496,762.89 15,498,567.69

F 1) 2 omXoflA ARt A E A (w)oll SA4% dE 285171 A5k AuiE A 10a2 EAtste] @98 2Astal g

=2 F1=) o
£ For9S.
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ot& CCTV &A 21t H0|H HE

(9]: Hek(kg))

—— gangwon_all

—— cctv_market
4 4 —— cctv_factory
—— cctv_all

el t/E 5t 2 (kg)

2% 3% 4% sk e 7AE skt okt

%0 1) cotv_market: A9O2 B51E A o2 AET F51
2) cetv_factory: B0 2 Zo1E X} o AS3 51
3) cetv_all: A1, T4 SHAL &35
4) gangwon_all: ¥ &3} A=t
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Key words
13 A]HiZ(highland chinese cabbage), ¥2]9] A|AF¥H<(arbitrary-time lag), 52 AI7t
Q= (dynamic time warping), 7 A&} A #A (Variable-lag Granger causality)

ABSTRACT

The study analyzes dynamic time effects between weight of highland chinese
cabbage and growth environmental variables and suggests an alternative ap-
proach to modelling in order to improve the existing production models. The
weight of agricultural products is affected by arbitrary-time lags of growth and
weather conditions in a growth period. However, general regression models
used in most studies about cabbage production modelling assume fixed and
constant time lags. The study applies for dynamic time warping algorithm to
find arbitrary-time lags between weight and growth environmental variables.
Based on the findings, we compare with well-known Granger causality and vari-
able-lag Granger causality. The growth environmental variables are collected
from the public data system operated by Rural Development Administration
(wds.agdem.kr). The daily data start from May 1, 2019 to September 31, 2019
and May 1, 2020 to September 31, 2020. We find the existence of arbitrary-time
lags between weight and growth and weather variables. Based on the existence
of arbitray-time lags, we find variable-lag Granger causality analysis perform
better than Granger causality.

R

1. AZ 4. 5 A3t
2. AYAT HE 5. 899 AR
3. 84 0 d A=
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X FAH L S0 THAN ARt HAEA

==

1. A&

QoML R FA7]E(Information and Communication Technology, ICT)¥} A

E<EUl(Internet of Things, IoT)& §&dto] A AFEH 4H|7HA] Hol& & 7[Hto g
ot o] 9 A& A|A”S A AT TS A7 X E L Sl AEA|A”S 7R e =
9 HlolH = wd o BAH A, 719RsH 2 55 59 R0 uE A #isto|
5% FEY FAHE A T 5ol EEF o] AT o|HAE & %
olE|9] WS W) & SO TS T FRH| AR ATk, AT ALE
oYz} k4] 54t A A Ao s ATE A=Y s 2 E8A=9 F
719t PAlof wet A=A et o|F A 4= ALl HlolH o] o] EE T T

< F8l Zast Aol

ol

Hy
)

ot
%0,
.—‘1
ofr

=
olo
p=)

(o)
ol
rlo
u)

=2
>
=

i

i
1
o
o,
2
H
H1
N

)

B Aol A Thr AS 24 BAHE SOl WjES Adslnh. i3 49 Fa 4
8 A% 2v57] ghizo] QP A ikt gFo] WS- FR% Aholthel WG 5 2017). A
24 AaQ) MiFE A5 7158 Fotsly] o] 7]Lo] kA oEHolE 1A of
9)9] Ao A= Au7} ol FTHolSE 5 2014; W71 5 2015). TP MRS o2 7]
Ao 2Yne %a8 9 A5 YA, 120 okt S40] o] 30T ol4e] 7L}
7HEo] 25 o4 A& W Yol Wolx 1, ATNEF, 42 AWF, Y 59 Ay 0
AEE olHIThY) | TeSR 15k ulsh 7| FHsh BA TR u)o] Bebdst 4%
S op/|3HI k0] 25RAR olofth. 719 A57kAL thA] S LA 0] Ay
WA} AL gao] GRS v AT AR A AX Y Y F7HE DAl
AT 2ol AR AT et

1) A7 HIE0| 0 HOZ HXMM S2H £0| E= MEE USHEX: https://www.korea.kr/news/press
ReleaseView.do?newsld=155971079).
2) X sAIE 0AX|HE = M7 |[&(http://www.nongsaro.go.kr/portal/ps/psv/psvr/psvre/curationDtl.
mo?menuld=PS03352&srchCurationNo=1313)
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w
Hr
1z
0x

EH
=

52 1% 5 E 2 A7 499 Al (arbitrary-time lags)oll A Yehb= A5
{40l 714 QR0 21 E TS dreth w39 KIS G4 (oFF417]) o] FRE A+
7b A AR 9 717HS A5, AT A o] S RE 3 [M7XE A7) sttt
(ZA138] 5 2015). WiE7F A9 FEHE Eo7|7HA] = F4] o] i 30U H=7t 4225
1, AT PAE BAR BS 27]00l= 20~22°CollA A5l é‘:—éﬂﬂ A7) 7~89=

O

’ E

7]

15~16°CollA A& SAEHRAE
&0l HAAR] FFE PlA= 2+ T2 27185 AT Aol ot oy
oF v o] AT 2 2219 FAR] BAE AHs] A= 71EY AAIE ZACIA &
BHIL A= AR RS AR
2 Aol A= LA F] AFA ()} 7HA A AR EAE <
9H—T'—(Dynamic time warping) &18]&o] HF9H FAE 4 (Similarity measure)S 5
FSFALL, o] AIE HIF O 2 A5 B s Abo] 9] F2IQ1 ARF HAIE 4517 A3 7+
H AR} Q ﬂ'ﬂ'ﬂ (Variable-lag Granger causality) W& &89t} FALE 24 &
o v =] FAI} A Afolofli= ZHAZA At o3t FA Q1 BAE EAREE AlAA o0&
AABEF AL, FAHE 4 23S vigo 2 HE2Ql I:MA QA3TA|(Granger causality)

AT} 7haA A QakgA A4 Ma s BHAE TAA e A A8 B B
= A

2L

3.1.1. $AHED FA(Similarity measure)

AAE ElolEls 4Rt AR THA o= iR E <A E 7HAIE HlolEE Qultitt. w4k

4) = H|0|E{ AlO|9| H|=5t MEE LIEH = ME2 QANE(similarity)= nXt A9 ZZH0|IM & HIE{ Al0]2] 7{2|S 9
0|E(EA: Wikipedia).
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g ofoll 4 st

w4y
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JE

—

7
71 Y15l &A1= (Dynamic Time Warping, DT
= At
ST
o =3 ‘f‘__-.:‘ T
9% 52

tH(Batista et al.
WIS H| 1 dl= g E]Zo|tH(Coelho 2012). DTW &
7 O g AERe] S &3S 440 A

of
ol

I=(AZE =4 &
0] =
207 e drie]3Hd S 2020). 1L} H o= XX} Alo]of 7 A 9
SLI=
2k 2] 19 D

o
S

371 190 chaFet Hokol A BES

=9
2 24
U]_Q.
o=

TZE5to] A Al H
2dl-g Aottt Franses et al.(2020)2} Wang et
£ 54
Csillik et al.(2019)= 7| S HS}of| & AR A =5 +
7] £19] 1A

1 E
=

011)
™ &

17] 9l5ke] DTW L8] &S A]

S8L =
go] Q= AlAIE ol E
= AZAGOIA 22 9] ujjuf eto]
P& Bt Eglo|g A& oA
al.(2012) A[x}F 719] 7HAAdo] =2 S84 JEE
AG 2dof 2-835to] £33
%5171 913 BAA] 9143 ol ulA] Ak et 7144291 M40 BAE RA5H] 915 DTW €aLe
= 4835t
2 A= DTW 1 gjEo] BHgE FAIE(A D) 4 H-Z AF&sto] ALy x| uf 9] 48
A G FA| Aol A i} 7+o] 7HHA Q1 IA 7 EA 5t AS EAIkaA} Rt o] 4]
£ 50112 3229t A8 =4 (Euclidean distance measure)¥ DTW ¢ &<
H| W Sko] = A|AE Y] ¥HEA Y E £ shlvh. 1 23 DTW €algjE&< 483t A9 &
g "ol f2EHet A &4 T ET Z7PHZARI AL BAE B A-EsH 24T A
= HoJFUth (I8 1) 7HHA AIRHY] EA S 2= AAl AAIL dlolE o] 23t A
g 74 WHY DTW S8 &S 283 Z43 A& B It} = ® < Atolof] 71
2 AL EA ol e EFotal AR YR =Aof oEshs AF AAE HES AMESE
A Ard 23E =T S AHGiorgino et al. 2009)

4
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H13| 25 052 103 R+=88 ey
M)
I 1. AAIE OB AR 2 H| WY
Euclidean distance measure Dynamic time warping
1) DTW ILEH&‘; 20199 59 14 7E 64 302 <49 7] LA Gt FA A HolHE 283

2) SAS =2 132 A}85H

3.1.2. 7} A&} Q13 BA|(Variable-lag Granger causality)

I3 A A3HA(Granger causality) 2412 4= Alo] & o] IpAL}e] YA} Ax}
AE BT off ety o 2 ARREHI Q= 71240 AAIE 24 W o]t (Granger 1969).

TI1Ey &5] ARSE AL Sl A QIIHA AL A5 gE A 2H(fixed-1ag)E 7]
HFo & W 7Ho] QINTAAE RA I HMcCrorie et al. 2000). L4 o] #{ g 13 A] <1}

7 E AAFAL 7HHAR] A TAE EA 5] FHAZL
Aol A= DTW Lale|E2 7I8Ee. 2 9]9]9] A)Zt &pol & "ot 7Hi AR} ol
T (Variable-lag Granger causality) £4& &8sttt £ A7olA& ol&et &4 3

< AAE 3l i AT oS ZEE ARbs] YA 7 A AR REEA] A E o

4%
flo

AFA A A A o 7HA A AR} AatiA A4 2] Aol & AHst] f3 X(D= &
e s 9 @R, Y FAR 7PYsIAth WA ARty o ARREE 1A AR}
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X FAH L S0 THAN ARt HAEA
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dmax

(2) vy (t)= Z a; Y(t—1i)+ bX(t—1i))

i=

o smaxis Ho) A1F, = YO 871419] B, 4,0 X9 Y] 81749 24, 0,9} b
A AN RS HASIH g ofulgith (1)3} (2) AL RHE 4,,9] EAkglo]
r, 0 Bakgt Brt 2o Xe} i 1A Qg st 2Aent e mAs & Qo

X2 Y(1) AFol9] 7haA A7} QATHEAS E4317] A9 ofelel 2e 3|74l e 183t

dma

(3) Yyx(t) = Z a; Y(t—i) + b,X(t—i)+ ¢, X (t—1)),

Xt—i)=X{t—i+1—A,_,,)

ot A, > 0.

(1), ()2 (3) A O.ZHE ) (1)) BARgIo] r, T, Z12b0] BAKgE Bk 2o X} Y
= 7baA A2} QAL EAathe B8 4 9l

3.2. 24 K=

2 Ao A= LA Y] Aol mhE 54 BA 245171 flste] &8 (Rural
Development Administration, RDA)OA] &G ol= v, uhs FAHA] ASHE A|AH
(wds.agdem.kr)o] Al&3h= #iF2] A= 2 71JHEE Z-85IAH

S5 AR A7 5AHSEA A AE(Outlook & Agricultural Statistics Information
System, OASIS)?NA Al &dt= 20l ASHH = A9 W F5EE FFAH BT A E35}= o
N0l FtAtm = SES] AT EIL AN, T2 A7t o] 5o IE S &

= AA G = B, LAWY A w70 Tt 253 &2 35 Ao HlolEHE

1%
ol
ol
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M1zl stE a5 HERY 33z R+=28E g

AFIL Qo KT A Alzke] THE B WSkS BT 5 9 W) AAD Aust
S5 QoITh SEAEH) Wi, v FA) AR ARG AE AT A8
BE g

3 it A8 HE7} 1
uj30] S0l ALHstE 24517 o Agstelrt
2 AT FUE GUF AT EA] kb 7] X o] LA Hf] A8 A w0}
AR ALHAL, JARE 23717445 Tefste] 20199 59 195 9% 30,
0al

20209 59¥ 195E 99 3097H4] 4 ARE AMEolltt. RS9 ARA (g/27]

D= BARFS iAot AFEo A, FA] TS vlX= BSRFRE d4H), 7149W
$EE HA71L(0), F1712(0), 5 (mm), LAFM]/m), L2AIZHh)E AH83HA.
4719 5(2015)7 0]X1F 5(2017)2 2=E Hi59] itoll 323 FFE vA= 7148
Q1o 7HFot L, QPAE 5(2014)7} 0115 5(2018)2 B 7|2, H A7, H17|L,
T 52 LA E] o] F AT FFS X

= 718 RA2E ARSI & Aol A= HlolE o] H2/de atefste] APAFoIA AR

J_:"_
B A= 202040] uiam A 147122 201940] ¥ £, B H1s]eL
20204e] B Giokeh. A4S 202010] | WO, AAFRTE EAKHE 20205t
Worch. QhtE|7] o] 49 A% ARAL 20199 4 e
Qo 201940] n}o*c} W HA47123 B H17120) ol B3| eloret. 9
T %L 202080] o BoITh B WA W AR ol

N
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DAX|HGFO| FH 2t MFeHH0| 7HAK ARt 2AEM
H 1 DAXHF 45 2 2E3HR0 7 X SAH
ez 11E4H2019)
o S UEX| $ = oy HEMRL 2% Z|CHzk
PNI=pr 153 o/271Y 1758.4 901.7 0.9 2432.6
B 153 o 45.4 14.5 35 56.6
K72 153 ? 12.3 4.0 0.0 213
7|2 153 20.0 36 9.9 26.8
U2 153 mm 6.9 17.4 0.0 114.5
AR 153 MJ/ 17.5 8.3 5.5 29.7
UTAIZE 153 h 5.6 2.9 1.1 9.7
HET 0iE4H2020)
PNI=pr 153 o/=71Y 2151.9 1160.9 1.1 3024.2
e 153 o 52.4 18.1 38 65.9
2K 153 ? 13.2 37 1.1 22.0
7|2 153 18.6 38 7.2 26.4
U2 153 mm 10.3 20.4 0.0 126.9
AR 153 MJ/ 16.2 8.9 5.4 29.8
UTAIZE 153 h 49 3.2 1.1 9.6
LS A| ot 71(2019)
PNI=pr 153 o/27Y 2151.8 1160.8 1.1 3024.1
e 153 o 52.4 18.1 38 65.9
2K/ 153 ‘ 13.2 37 1.1 22.0
7|2 153 18.6 3.8 7.2 26.4
U2 153 mm 10.3 20.4 0.0 126.9
AR 153 MJ/ 16.2 8.9 5.4 29.8
UTAIZE 153 h 49 3.2 1.1 9.6
LS A| QHt|71(2020)
PNI=pr 153 o/271Y 1719.9 897.8 1.1 2385.6
e 153 ot 45.6 14.7 38 57.1
AX7I2 153 ? 13.2 4.0 0.6 20.9
7|2 153 18.4 4.0 85 27.0
U2 153 mm 11.8 26.2 0.0 150.6
AR 153 MJ/ 16.1 8.9 5.2 30.0
UTAIZE 153 h 5.0 33 1.1 10.1

Ag: viEE, ubs AR S B A A8 (wds. agdem.kr)
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Scaled Sequences

F pe 74, he QFRAE ouleh

20201 59 1958 99 308 299 FLT HEAF TAA R AR A% FAL S
37494 Apolol 7hAH A1%ke] Exo] EAsteltt. LA 20199 fAHE Akt fALSH

(2% 8y 7}5A itl7] A9 TBAMF AEE Agte] fAY FHT A4S b
BRI Ik, Qhetel7] SRR EiS A B B S0t FA) Apolo] Fhul Axte] 4

1% 8. DTWES XEtt F-2t 2H|2| ZA(ZEAl A7)
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HA 117 FEF S B AT
SIAAZELISE, ASHBY, MEE YH 2|7 283 SH2=
FRA weW @FdT Asy

Key words

HA 17| ZFFH Pork supply), 7148 (Machine learning), 91& 2 &(Prediction model),
JAEA Y (Decision tree), A543 T(Artificial neural network), A ZE 9 g 3]

(Support vector regression)

ABSTRACT

The aim of this study is to develop a prediction model on pork supply in Korea
using several machine learning methods. Factors affecting the amount of pork
supply were classified into two groups; stock and production. Data collection
and feature selection were performed based on this classification. Instead of de-
riving an optimal set of features for each model, stepwise selection was applied
to a multiple linear regression model to unify the subset of features that were to
be used in training for each model. As a result, 3 out of 8 features that were clas-
sified in the stock group, and 5 out of 18 features that were classified in the pro-
duction group were selected. A total of 8 features were used to estimate the
amount of pork supply using decision tree, artificial neural network(ANN), and
support vector regression(SVR) methods. The performance of each optimal
model was compared, and the results indicate that the feature selection method
used in this study was not significantly effective. However, results showed that
the decision tree model using the data set after feature selection showed the
better performance than when using the data set before. Also, the model with
the best performance was found to be the SVR model to which data before fea-
ture selection was applied.

At
1. AZ 3. 24 2%
2. B4 2y 4. 28
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20184 7| 4k AT Ad 54E7E
AR BRI Qe A HIZ]117] AH|[FF2 20004 679 4,017E004 2018¥ 917 9,931&
OF AW 1.7% S7lotA o, T2 717k = HHAL7] AHF2 108 5,891E004 41
94,5390 % AW 7.9% S7FFATHE AR, 2020).

Av|Fat Ao 25| FIFgHo| . Btotal =R 9] AR 7FA 2 Ad 21 97H99~'19
W) A¥d 1.3% stery, E98st HlSE £ A2 Ao s Uil 33S %
AA At 3987H1981~20194) HISE 5712 FAtAEC] AP+ 1
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2% 43(2001)—% 79 5 741&‘ 714 5L At av|AolA {57 ] 7127t

2 %
ﬂéii&*ﬂﬁgﬂﬂﬂﬁﬂﬁLﬂﬁ KW%ﬂﬂwﬁhﬂﬁ%dJﬂﬁﬂﬂﬂﬂ
ki

A8l 5(2003)2 w57 F2AAS] WA F2H3} AFolA 28R 7HA T Z71E
H|F2 018319 LA/AIDS(Eo1 == AIA)eE LA/IAIDS(FEC 32 AA)Z =2 =

&, AW73(20060)2 7143 T E HolE7E AA L Hlol8 Y= sk, A
A9 w73 de Lot vt A AR YES olgsto] HAaL7] 2] ol AHA]
oF Lerfj Afo] SA A 7HA G 2] Bt o] wEHE T 2IE AlASHIH.

A7 5(2007)2 HHALL7] Lrbgare] gigk 7 ey £4 oA HA|aLy] dukgalrt

HA7He 4502 olo] 7] to] FEBI] 401 FAPA 7 Ao Zofshe Ao &
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A= AEFQ201 DS F2 35 U 8RJ2 = QA8 HA]aL7] 7140 AEdo] vret
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NAAUYRE A FHS UE TR Uehfo] 44 42E ofe 23go R Be
AL &g St WHoltHAS T, 1999). 49 2ol 819 wER ol FotA &
27ag PAsHeT), st Boje LE Anie shhe) et g BR9] VEow
Aefstt, BRuset 7122k g 7120 o8] BrlEE oA E W] FA4T e

Jo] HThete| S e}, A UTE BRI} ol el A90 ERut
B4t 4499 490 SRR FRE, ST Aot BRudse 8
F-EA%] F-gt, B4H0] o] ALY, 2019)

AR Sfo] 28t wHlo] BEAQ o2, £4 H4o] 234 0|1 ofsh5t/] At
1= 7o) 9l o] A7k WA o BRI G e Tejsh] o] olEgo] Hoix
J

© "olt}. ke, dHolH7F 25 Molsie o] F4do] 2Etd Y 9344 A7 A

)
TR
o

i)

S

=
=
Zgte) A= gow

du 4o
'y

AIAFG L2 54 Aol s AFAZA A7 AEEdo] oJet A74A]

o) 45 ALIg S AH &3k 2JAFES Sol o]FolA
J

-0,
)
1o
2
o,
My =
I
> e
EI
£ 4
o N
ot o M
R dr do &

H
of
o
o
i
N
4ar

IR
o
o
4 E
P‘l‘,
Fl[‘
oz
i

A
L
(R
fol oo
e 4
e (I
> W
Foon
(M fu
2 4
r?d ox
(IR e}
L
”
e
18
>, m
W )
T
rir
A
i)
g
g
1o
4
1o
iy
ko
jiAS)

i)
oX
(i
£
v
)

=)
!
=2
i
)
2
fol
)
of T
ool
lo
=3
rTr
o,
1%,
ofNe
o
i
o
i,
R
et
LA
e
E T
P
)
10
T
4o
N,
o
i
N
[o
l
N

367



N
o
rlu
L
i)
i)
=
=i}
of)
o
)
o
's)
&
ol
)
rd
Mo
Nl
ol
10
(N
=
ftl
N
.
U
19
u
jiA)
=2
o
r o
%Q,

o

Sho] F2H91 WS} B 95 3408 Ago] FHsH: ZA90] BHU A FAS AAS

A GA B

1998). ofuf 229 AAA Fol2t o2, HIoIHE wFoh= A 2 FolA + 2
A kY] AE HAgZle FHd v 2HHS ueit 2 g SASHAR]
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UTHSon et al., 2004; Ahn and Lee, 2009). ol w2}, FZoli= SVMZ &-83F thafet
AF7F AP Ao FARF, A4, F7HS SollA FHold Lutst 52 H 2o
2 e

et 2ol SVMZ ZF2A|o 2 LA, d2l9] deE A5 & A== SVMe|
39 2] e-FHE £ATF(e-insensitive loss function)E =Yg AZE HH 3|4
(support vector regression, SVR)7} 54t tHVapnik, 1998). SVROA| &= H|AE
A ZAE i85t flsf HlolElE 2AHEe 4 S22 t-S L, A3y e A
2H= 3R 7]HoltLu et al., 2009). &, SVRE SVMI vRZHA & AR5 AL
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ol FEAAATE] 2T FAUT 2020 014 FEH ZAATE FToA. £81%
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28 4y Ba BF BEEUA} 23t 2583t
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= 144 6.45 3.43 1 12
MXI7tA 144 341.75 77.71 185 581
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CPI 144 94.50 7.85 80.013 105.65
FPI 144 92 13.01 68.772 115.2
GNI 144 2927.76 534.37 2069.984 3743.5
- At 210 68784.33 13592.45 40684.28 100450.28
= 210 6.59 3.45 1 12
ENSES 210| 9843409.97 1012073.7 7036116 11712607
EMNEFS3 210| 9814453.16 1005309.92 7036116 11712607
EMNEFH06 210 9781053.31 992005.06 7036116 11712607
FA4 210 3028770.32 317092.08 2149439 3660284
FA6 210 3021473.67 3022738.45 2149439 3660284
£B.2 210| 3045382.74 285300.37 2079354 3598490
B4 210 3040849.96 283332.43 2079354 3598490
PO o 210| 2740878.50 378759.76 2003077 3374192
F=C.2 210 2731527.80 378014.97 2003077 3374192
=D HH| 210 103650.17 19096.62 70769 144370
FD.UA 210 93766.53 16501.98 65885 127731
FD.2A 210 9883.63 5287.35 2890 24950
S4B TR 210 908447.64 56037.64 688023 980577
FEUA 210 887688.74 54678.73 672289 961839
FEA 210 20758.90 4732.90 15698 34355
HIAX|=ZH| 210 8148.77 2018.27 4217 10984
L 210 0.24 0.43 0 1
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HRL SSY OIS 2™ 7

AT A= AAHEFUT, ABAEE, AXE HE 3| B Zhzbo] gl 22 9] ]
1719 FFT AESEBE FEL, 4 A BYPEY H5E HuT
£ AFoMe B EE 79 $A4 Y TEsHe tiAlol, oF A3 sl mdol ©A
' Ae(stepwise selection)& 2-&3to] 2t HPof| S3A1Z MPEY 235 StHE 52
gith ol MEY 23S th2A StHA 7 23 Sh5AIACF o= # T 7] (wrapper
method)?] £44 Al7to] 2.3 A3 323K overfitting) 2] Y&l S7Hetths EHS
Hest7] f)gtoltt. al&staLAt stz ® A 7] 9] FFFo] A, AL, AT el A
< IE5to], YA AUFS SEHUFE 5t 4249] 4 FkE 1R o' 34t o

[ =1
FHS FEUSE S T 44 Yol ST SHSH JBBAZ 24H 02 B

o aL
T O O — T o 1= = = = =
o SN AAUR, AFAAY, ARE ¥ 3] mYo] 48 W5 2L HFH o= A

e
O
g
B
N
ot
filo
r'>~
)
ot
o,
fr
N
WN
Q
o>
~
©
=
(0]
5
—-
@)
=
=
2
o
]
e
i
o
i
&
)
fr
ot
O

= (=}
y=Mog y= g
HE L
Selected data Xy Xayeees Xoom Mtft?—"nlLi X1, Xoreees X Original data
2x M
I =1-T =T I R=1-T
Yy=SE3o Yy=SE3o 1K MEH y=5&w939
Xjy Xoyeery X5 m18)- 7 El] X;y Xoyeery X9 m) (15 LSTR. ST Xs. g
1 2: (8-m+18-n)-1 s HH 1 2: (8-m)+(18-n) 1 2 (8-m)+(18-n)
y=Mug y=4are
Xp5 Xgyeens Xpgn n7Hel Xps Xgpeees Xpg
e H A

Oll

WAl F Yol AFRE= HMAE0] thol7} Ato]gt AL sHEE 13 o] o] A5hE &
ou@ 223 B2 07} 1 Afo]9] 3o & A BHnormalization)sty M= WMo}l B
S B, A @A WAISH] f8) glolE = 7:39] Blez &1 ol E
o} A3 dlolEl(validation data)2 Y&t

J
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olo], uPHE 2 w22 thoFstA| WA A 7 T8 glo]E 2 sl
B o] tigt §HAl S 2*Hroot mean absolute error, RMSE)2} HA#EAZE2 A mean
A

absolute error, MAE)7} 71 2h2 2 A 9] 23S 53t AHEAUER BgL2 wat 4

=

18313, % Hlo]

5 (xval)et 54 Wi (cp)E, AZE HE 37 ZF2 Clcost)2F YA E(epsilon)

o
& 24U, ATAFF AL 2950 AA5E 32 1YokT 2 59 T RS 2

3.1. &3 dH

(B D (E 5= ALTH dFS S5 st 449 4 S 1Az 7
gk Adpolnt. AT 5] et Wias S AgE Haes2 E, AR7H, =74, GNIOJ

o S 239 ACIE -663.520|c}. A4

L.
ST, FAGTS6, FFA6, F4B.4, F4C, F4D A, FLE A, F4E.H 0l
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HA|17| S5

A744, =i7H4, GNI, 4
ot o|FA HFH oz AdeE W 29k HlojH e ‘7‘"334' qESS

P 2~
=T, AL, T

C. F5EAA, T5

el =lof gick,

E.9F70]

A3

A

AFE FE I E 80

H4 MO D0 1R 54 ME] At
e 28 —
ARI742, 047, ABIXEZ 2, CHRIRZ 12, CPI, FPI, GNI, & -657.84
AR|742, EOH7H, CHAIKZ L2, CPI, FPI, GNI, & -659.6
AX|7424, 20471, CHRIREZ 1, CPI, GNI, 2 -661.33
AR|7424, 047, CHRIRZ 12, GNI, & -663.16
A7V, ZO047H, GNI, & -663.52
B 5. Qi D0 1R &4 ME At
s 8 LG
BASTS, F4C, F4D. Wﬂ D.2%, 0. #%d. SHEHH|, FREYH, FRELA, 080,07
ZMNSFH3, BMSFS6, A4, F2A. B.2, ¥4B ,TTC 2, YR|2H|, ¥, HEUM '
EMSFS, F4C, T4D.HA|, F4D.YH, F4D.4%, FREHH|, FREYH, FRELA, 982.06
ENST4 3, EASFL6, TTAA, S4A6, £4B.4, £4C2, Ho@xlﬁm, o, B '
EMSTFH, F4C, F4D. Iﬁdl S4D. A%, F4D. ”\%d, SAETH|, FAE U, FAE LA, 98405
SMSFH3, BMSFH6, TRAL FHA6, T4B4, T4C.2, YR 2H|, & '
EMSTFH, F4C, F4D. IWI 2D. 27, $¢D 22, FRE TR, FHE LA, FAEA, 08577
EASEA 3 EARTA G, FAA6, F4B4 FAC2, dolXRH| Y '
EANSFS, F4C, F4D HA|, F4D. 05’1 S4D.AA, FAEHA, FHEAH, FHREAH, _987.49
ENSE4 3, ZAISES6, S4A6, T4B.4, Wolx|2H|, ¥ '
EMSFS, F4C, T4D.HA|, F4D.YH, T4D.4%, FHEHA|, FREYH, FRELA, _989.05
EAIRT4 3, EABFA 6, SAA6, F4B.4, '
ENSEF, & F4C, 74D, A, F4D.YH, F4D.4A, FHE TR, FHEUH, FHEA,
‘é? |"-‘c=>‘|"||:‘A A6, TTB4, Cé _99053
%Ar%% F4C, F4D.HA, F4D.YH, F4D.4A, FHETH|, FHEUH, BARFS6,
A6 I:AB4 2 _99151
TT Y, TT LS, =2
EMSTH, F4C, F4D.HA|, T4D.4%, FHEHH|, TREYUA, BARTS6, FHAS6,
Capa 2 -992.17
TTh.Y =2
EMSTFH, F4C, T4D.HA|, T4HE TR, FHE.UH, BAISFS.6, T4A6, T4B.4, & -993.66
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13| SME 23 0152 23| L+EE e
H 6. 22t &9 M= 21t
w4 Xt Acl
AP 2, EI712 2, ONI, BAST4, F4CHY, F4D. B, S4EMH, FHE% 5037
SAIBTA6, FHA6, T84,
AP 2, EI712 2, ONI, BAST4, F4CHY, F4D. B, S4EMH, FHE% 156,26
EAST46, THA6, T84
LRVIA2, SUPHA 2, GN| BAREA, RACHE, DT, FHETA, THELR FHAG g5
S48,
HRPIA.2, EI717.2, GNI, BAIST4, FA0HY, F4D.HA, FAEMH, FRER, FHA6 ~7605
MRPI.2, E0714.2, GNI, BASTS, SA0KY, SHETH, FAER, FHA6 ~761.81
B7. &8 U8 = TH HOH 74
e el i 413
333 £ SRID| bt K, $el
MR 2 1,00084/110kg VN X S L R A1
0171242 2/kg, X% 2hE X F= R W =01
GNI o=, ot ¢ 1019 20l S45
EAST4 UM A3l 2E SiRIo &
FHA 67HE X LA A3t 27HE Dlet B2 ShRIe) 4
F4 ofe) SO MS3H4-67B SRS 4
FAEHA SLOIA St S 01y B2 §iXI9) 4
FAEYH Lo A3t 87 014 B2 SiX 3 sl ¢
B8 £ U8 = TX| HOH 7| =SAZ
e 25 BFU BEUA B3t 258t
sed 144 189022.49 62395.93 99803.17 379520.33
MX7HA.2 144 341.67 77.98 185 581
017122 144 4163.08 895.30 26538 7165
GNI 144 2932.61 530.85 2069.98 3743.50
ENEES 144 9892431.41 1063066.39 7036116 11712607
FA6 144 3029770.29 319883.32 2149439 3618510
F=C 144 2771251.04 371810.39 2003077 3374192
S4E A 144 906049.98 64566.98 683023 980577
SEA 144 886539.80 63471.40 672289 961839
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HX|127| S2E o

3.2. B3 84 U0l
3.2.1. 94
AR S o] &

107441, cp(F3Hg WA )

AYE(Decision Tree)

EEERELE

TE517] Y8f xval(@ 2 A5
0.001, 0.01, 0.1, 12 243} 3 minsplit(*e =0f EA) 5|

TE 15H

or SH 2 B2 A)E (2] Zol)*0.052 LT 1 AT xvale] 10, cp7}0.00191
90 71 @27} e AoR vekhch. £4 A9 A dlole e} &

&4 AY 5 gojelg 7t
7} mogof 285 A3}, RMSEQF MAE B+ &/ A8l & Hlo|H & 283t o] o @& A
o2 YerT
H 8. QAHEANLIR 20| B4 Y 85 HuW(&H MY = H0|H XE)
=D
RMSE MAE
xval cp
1 0.001 0.06570 0.06570
10 0.001 0.04965 0.03920
10 0.01 0.05418 0.04211
10 0.1 0.06042 0.04464
10 1 0.08333 0.06981
B9 MAHUT Do 4 HHH ds Hluw(Sd M8 M H|0]E XE)
E3nEs
RMSE MAE
xval cp
1 0.001 0.05158 0.04080
10 0.001 0.05093 0.04053
10 0.01 0.06042 0.04464
10 0.1 0.08333 0.06981
10 1 0.18930 0.16258
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M3 stttz a5 052 Z23 f4&=288 ey
A
& A" ZY ipF s 9ol 7MY 2 85 E UEWH 471, AR H
Tui7tE, F4D. 5, SARFS, F42C.2, GNI, FC, FPI, FD.JA, A4, CP,
F5D.AA|, FARTFS.6, FFA0, FFESA, FREAA, AWEA, BAX ], £
B.2, F5E. YA, F5B.4, 3ALFE3 407 $048 zheth £4 Ad & 490 W
TR Tuj7Eo] 7MY & S8 E UBUH AX7HE, £4C, SAS T, F5A6, F
$EAA, FE YA, GNI €02 $95 5 Holt
ojuf &/ A& T Y] FoE +97HFEH AS SIS 4= Q1o ol= JAEF R
o] glolE7t 251t AT U] AAZ Q] o] EEbA] 7] dizoth

= 2= g
AxI7H 2

AE|7HE 2
2H|AZHE 2
Z0i7H 2
E_"\_D A?‘{
e e e e
EANSES
£4C2

GNI

F4C
2HIRHA BB E7R 42
S
E3A4
CcPI2

4D A
tkréw’:——’r— 6
FTAL
TTE +3H
SEFA|
Ty
R L
FB2
ESEYUH
S84
FMNEES3

12

9.677
9317
9.226
2.088
7492
7.369
6.444
4818

12

11.040
7.800
7.527
6.896
5.707
5515
4.002
3.668
3.665
3531

3342

3.336

3.245

3100
2,675
2.663
2238
2221
2.060
1858
1.809
1.809
1499
1462
0938

=.
T

4‘\_/13 A Ed

o) 3 dole] 28(), 44 4= A wlo]e] g (et
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ors o
HXLY| 52
2| o 24X = S: 215
I8 3. AAZELR 2 AlZfet
GNI<0.6618
‘ | ‘
GNI<0.4653 GNI<0.9849
1 1
GNI<0.1955 AMX|7}A.25>=0.1768 GNI<0.9386 tX|7}4.2>=0.2601
4Hx|7+#4.2>=0.1338 GNI< 0.2909 EAEFF>=0.5921 EANEFF>=0.7109 S <0.8968 HAIRE$>=0.9577
| |
0.4054 0.9808
EAIS54<0.03142  AX| 74 .25=0.2955 SAEFF>=0.8968 AFX| 7425 20.6187 £4€<0.9093
| I
002972 0.1342 1434 0.3482 0.5033 0.7828 0.8503
x| 77.2<0.4861
01214 0199 02671 033 03991 0.4956 05503 06221 0.683
04376 0.4965
CP1.2<98.94
FP1.2<91.35 CPL.2<104.2
| |
EMSF+.6<9.038¢e+06 2H|X}712.2>=1706 2H[Xt74H.2>=2150 F+C>=3.25e+06
F7C<2.604e+06 EASFEF<8.511e+06 X 74225 =255 TEEd <05 CHHITH7HA.2 <5532
1 I
1.099e+05 2.119e+05 2.797e+05
=07} H.2<4089
1.344e+05 1508e+05 1.594e+05 1.0799e+05 1.924e+05 2.132e+05 2.564e+05 3.323e+05 3.741e+05
FHA4<3.227+06
2.129e+05
2.308e+05 2.528e+05
EN
dlole} 2-8(5)), 44 A5 A dlolel 28}
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3.2.2. A-FA1 A" (Artificial Neural Net, ANN)

o]-gsto] 29| Ligg =& A3l 2495 M-S 37/h = Ast
2t 59 k= AE UIRE 1070714 Atz 225k, E3E, stepmax(Zd &9

$)E 1x10° threshold(th FH o= Antsl: A))S 0.12 1At 1 A3}
2 7249359 =E )5, 3, 119 B9l LAV 7S W2 A o2 UERET £/ A

T

A wlo|E 9} 44 Ae A vlo|E S 17} wgo] 283 Ak, RMSES MAE 25 44 Ag
A vlolE & M 83 Byo] § e Ao ekt

A=/ E
- = = RMSE MAE
H124= 2242 H3=24=
1 3 1 0.09084 0.06904
3 1
5 3 1 0.05252 0.04036
3 1
10 3 1 0.08909 0.06552
5 1 1 0.06879 0.05047
5 2 1 0.05789 0.04601
5 3 1 0.05252 0.04036
5 1
10 1 0.08240 0.05661
3 1 0.05252 0.04036
5 3
5 3 10 0.09275 0.07459
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H10, QZAZY DO UE T 4 A Hlm(&A Me H BlojE Xg)
L s
= Z - RMSE MAE
A 1245 M2 245 M3 245
1 3 1 0.06185 0.04864
3 1
5 3 1 0.04988 0.04050
3 1
10 3 1 0.07811 0.05502
5 1 1 0.08373 0.06273
5 2 1 0.06766 0.05070
5 3 1 0.04988 0.04050
5 1
10 1 0.07870 0.06501
5 3 1 0.04988 0.04050
5 3
5 3 10 0.07107 0.05619

3.2.2. X E ¥ 3]9(Support Vector Regression, SVR)

A E e 39 S o]-8oto] Ao HYS =E5H] Al cost(@A S WAIsH]
A3t Z)E 05-H 500714, epsilon(E4)& 055 17k 245192, gamma(dd
ALt e Aol 875 Eg)e Hapo] Aol wet A E = 725 ARSI L
AE &4 A9 A go|HE ZE3 XY A= ‘gamma=0.0278, cost=32, epsilon=0’
1 Aol A7F 7 B2 AL E UEon, &4 A9 3 HolEE 483t P =
‘gamma=0.125, cost=32, epsilon=0.2"%1 Ao 227} 7H¢ ¥ 2o &2 Yeyt &
SF, RMSE®F MAE 27 $249] 3971 B W 2102 YEbgt
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H18l si2 23 050E 270 =gl S
M) M)
77 4. HEE HEf 317 D3| XEs MHH M5
500 500 0.025
0.020
0.015
4 300 + 300
<§ 8 0.015
200 0.010 200 0010
100 0.005 100 0.005
00 04 08 00 04 08
epsilon epsilon
&4 A" T old AE(Q), 4 A" A HlolE A-8(2)
H10. MEE HH 3|7 ZYO| xH4 AFE ds Hlw
=04
H|o|E 712 - RMSE MAE
gamma cost epsilon
&4 8 S H0|E 0.125 32 0.2 0.05305 0.04220
&4 Med M H|0|E 0.0278 32 0 0.04305 0.03221
13 5. ME H|O|E0f| ME MEE HE] 3|7 2[X 29| g5 H|u
© ®
o o
© @«
- £
o~
o~ o
(=)
=]
o
33¢ z3d
F &4 A9 & glo]g A&, gamma=0.125, cost=32, epsilon=0.2(%)

as
=5

A el A dlolE] F&, gamma=0.0278, cost=32, epsilon=0(2)

)\p E)\p

2T E= CPI7F 7HY 2 5955 YEHW Y FPI, GNI, SAM-F

T\,

2, 7B.2, F
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HRW| S8 o 2 37

O

FE.4A, 7B A, 7D .97, 7D AA|, FE A, YR = ], HAATH, £
D47 ¢08 a4 2t $4 A9 5 490 MEFATE GNVH Y 2 5958
R 5546, FARES, B0, S4B, FREAA, A, Bt w0
Q5 Rtk oju £4 e A3t T Po|e S 27t 483 BYo] mE Eatwlo] g
HEo] 917 HekA] doker, I S8k gk Eoh 3Rt A FUT 5 AU

JE 6. MEE HE 3|7 2O M SQF

] 0z 04 06 08 1
GNI 0818
C&AG 0771
EASES e 0,741
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F4EdA
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Ux7HE 2
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I —— 0670
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— 0100
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GNI
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FrAS
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FrAd
Sepd
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E4B2
e
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Key words
AR7H (price of egg), 2FAEFAAHAD, FHTAL7] 3] A2 o] 5 H B (ARIMAX),
HE @ A R P (VECM), A7 W o] 2 (LSTM)

ABSTRACT

Since it first broke out in 1996 in Korea, avian influenza continues to cause do-
mestic egg market distortion. Especially supply-demand imbalance and massive
killing due to quarantine measures are leading to social-economic problems.
For this reason, it is needed to study the way of predicting egg price which can
reflect effects of avian influenza immediately. This study suggests the model for
predicting egg price using unstructured data to reflect latest information. Retail
price of eggs between January, 2012 and April, 2021 was analyzed with media
articles searched for bird flu or avian influenza as an exogenous variable. In ad-
dition, avian influenza quarantine history and fresh egg import and export his-
tory were used together to enhance the learning power of the model. For pre-
diction, we used statistics models and deep learning model such as ARIMAX,
VECM and LSTM. Also, predictive accuracy for each model is presented and
compared. LSTM showed best performance between models which recorded
lowest MAPE and RMSE. Furthermore the model was able to predict rapid price
rising caused by avian influenza.
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2I5h7] Asf E2 A2 AT & dTolM e dRtd ez @] ARSSEAL Q= ADF

(4) Ay, =a+dy, |+ E,?:ﬂjAytajJret

9 AoNA g, = ARD AAL W, 5= ARAS, p= AL o2 BASR] 231
Ebdct. ADF A3 9] AR Hy2 Ay, ~ 1(0)°]t}. §7}00] HH AR7HAL 7]2}s)
ol @elZol AN Fe= AU AALDL ittt AFIHEE 71451 Q= 1
ol -, AA L] Bergete omdtt.

N8 AALe] Bl EPE)st HEo] A EtE o5 Ateloll F7]H o= ARl A

(cointegration) ™A

U= HE AT HHEZ o835 = 8T 5 Uth A& 242 ot PHS =&
Q1A 52&E HA(Engle and Granger Cointegration test)d 33 F-2E HA
(Johansen tes)o] Sltt. & AFoJAE FZ&IH A FHE AH 9] AR S FE1

chass Alxpe] 722 Ashlo] A% aske TR A4S Syt

3.2.2. YRS T3 A7 3] 973 0] FH F 2P (ARIMAX)

ARG ARt 253 BARle] AigHe] JFHol Lgsite dAE 7HAH, ol
£ Eat o] AAIE Yot A9 ALF(AR)Z A2 "ol tis] t—pAl

glol A1 TEgko] AT MATHS 714 BRI, oS HZLIMAIS ¢ oA WA

o,
)
A

= HAZARA AALG ARE B4t 7ML E A7| A4 FANES 1ot Y A
718 goltt. wehA -7 A1 A&5HE =o17] HsiA AIxte] S50l TE ofF 7HA]
QQEHHE ¥t " 9 7} Qlth. ARIMAX(Auto Regressive Integrated Moving Average
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ik
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with Exogenous)= ARIMA®| SH3HFE F716t0] WS E= YWAAHSS 93k 1L
Zote ohTF A7) 8] A 2 Folth ARIMAX(p,d,q,r) 23 9] 4 th33} &t

p q
(5) Yyp=ctet Z¢iyt—i+ Zeiet—i+ﬂX
i=1 i=1

A7IA = &5, €% €= FAR T 7] Uit L7, p= AV ARG Y A, d

L AR, ok 05T P A, 1L BYRS] A A4F sttt

3.2.3. 9E| A, A R (VECM)

HE @ XA 2 (Vector Error Correction Model, VECM)2 QAR ES VAR 2
Fog At Aol AR AEE B3l ¥ 1 SA R A7 ERIEH A7 A1 A5

of %A LAY P A5t FHL 2271 . VECMZ —'—ETXJ Aol 715 Q1 o
3o =7t st #B 9 AT AlRHe] S50 whek 2P H = g SRR /‘474]
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3.2.4. FA7|H 2 2 (LSTM)

LAY Y (Recurrent Neural Network, RNN)2 &S 7HAAA A1Y 7H] A
#/go] Q= TlolHE #Ask=t &3ttt AT Wi AAA E40= HA A9 b
o[ele} A A5 9] HlolE o] BAE 7|Ysto] oAl Z2 AlZto] whE H|olE| Q] WIS #4
skt 985ttt (O™ 2)= RNN 22 2L JHE dHd= FA|0 2 Ao A -3 A
2 AR AGEHY 2, 2y, - 2,2 ZE AR iR AELR J=—GECIAL by, by, oo, b= 1O
gk &< gtolnt.

J% 2. RNN #£&

ho hy h, hy
Cell —_— Cell — Cell — e — Cell
X9 X1 Xz Xt

RNNOJA 714 303 4e A28 2L shashan dee st Fegel o=

2 o] o] A3 ol x 3

3 FRE A7) 2 Ho]El S Shaka RHekE §-85P ol 851 Ak 1419 &
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(8) hy = tanh(htfll/Vh"'xtVVx +0)

402 « Chapter 2 Xt3HH|
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£ 7FSA0IAL W= ol GAIY E=-AQL b, = Th BAR Agsted M7= 7k
A2 3148 §9) Leo|E7} ol Solalek. b BlololAS ekl o} AT o7
HetE o] SE42 A, 7 A E . 124 RNNE 4 E Ho|87} Zdojd 45 7HA 2] Hlol¥

44l(vanishing gradient)°] ¥Asto] 715X 7§4lo] oji}A]
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2
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e
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LSTMZ RNN¥} Zo] =24 0= YR 7F AdEo] A4 E4S ZHA 3
H| ;2] Aolgt= 7ol b= et Wiz A2 7 A9 cell stateE &5l 7 HIEE
Z195HAY H7|to = TA S AR E Auit HEEA] Ao 4= QU o] 5 535 RNN2
B719E4 BAIE sidste] | AR 1He] BAE shEolAY I AH=E 24T
2] Al YF o= forget gate, input gate, output gateZh= Q471 o] A AR} U2 H B

SYUARE FA] U -3} of7] A forget gatew cell stateo| A FEQ] Wzt A&, in-
put gatex= JHO] ¥t FZ, output gatex= S-S ZATNT} ZF AO|E= sigmoid FA

53l 00114 1 Ato]9] gh5 &Rt

17 3. LSTM Cell 1=

xlt ht—ll J‘Ift htTl
! ! | |
memory cell
s ‘ ‘ i
candidate input gate
values \/'K\/ cell state
St—1 (o) ‘ .§ | St
forget gate output gate ‘
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ofZo] 241 (9)9] forget gateollAl= AL FEE duprt Bt AQIAE 245t 4
(10)9] input gateollXl= @S] FEE dupt WFT ARIZME AT 4 2
TE &9 cell stateof] ¥1FE 2 YEHH L 4 (12)= 9] g0l BtgE A AlH
cell stateo]t}. 4] (13)9] output gatex= &3 %< HEWH 4] (14)+= output} cell state
o] Zeto = thE Aoj| AL gholt.

O) fe=o(Wplhy1,x,]+by)
(10) i, = o (W [hy 1,2, ]+ b;)
(11) s, = tanh (W, [h,_y,2,] +b,)
(12) s, = fys, 1 +ips,

(13) 0, = o(Wo- [h, _ 1. 2,] + bo)

(14) h, = o, tanh (s;)

3.2.5. 4sA R

A& K 7+9] 45 Bl E FIRt 7|2 o & I]FwAolA HEA 0= Kol F 7HA] A&
91 MAPE(Mean Absolute Percentage Error)2} RMSE(Root Mean Square Error)& At
3. MAPE: 23] thet AA|gke] vl &2 ojmjste] wjEga et Aol |
Hoh ZAY 021 4ol ARE-5H7] of HARE 2 ALY HlolB = gho] Hlw 4 A1 0& 244
27| wizoll 285710 Fth. RMSE= ZhAke] Al g4k B et MSE] Ala= Fg A
02 A SHet T2 A= AT 4= vk ZAE AlFstr] wzoll oA o W3et Ho|
Th T AR FAZ ST

AN

l

(15) MAPE =
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ot} 245 AA o= 7152 AlC(Akaike), SC(Schwarz) 52 7| %5t0] ZA5t=1]|, AIC+=
AZ7F 3A A== 737kl Slof
| AR AIE AT 5= AL, FoE 5%00 A 471 o]4F2] 388 TA 7L e
_]

2 VECMOo. g2 BAo] 7l53)tt.

EEEE

o 11

[ =
H, Eigenvalue Trace Statistic 5% Critical Value
r=0 0.4618 417.60 70.60"
r>1 0.3187 190.85 48.28™
r>2 0.0585 50.36 31527
r>3 0.0467 28.29 17.95"
r>4 0.0289 10.75 8.18"
Zow, e o0 Zk7k @ 02 10%, 5%, 1%14 RIS oJulg.

4.2. ARIMAX =3 &1}

ARIMAXE Zgot7] oA e A A& Agsfof gt o] & 98] R T2 1
forecast 7] A& o]- &3} AIC, BIC 52 o|-&3l &3t ALE A 4= &0, A
H7HAS FH517] e F-S LYo 2= ARIMAX(2,1,007F A= 449 &
ot} Zom (I 5)clA Zt Al HEHUAY RATES IRIT 5 Utk ZHAFE
St AR(1)3 ARQ)7F 595 1%011A4 §-2l5H Aol A Algt7HAofl 9] 3 3L
o 4 A QA {FRE Moy A3 AR = HEA 29 S 7= AL AT

= U} ol Z|AF A, A 9 FA|, AR 2 FAe s gt

H 5. ARIMAX 2 =73 21t

Estimate std.Error z-value Pr}1zl)
Y1 0.2194 0.0556 3.94 8.148e-05""
Yo 0.1573 0,0528 2.97 0.002896"
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Estimate std.Error z-value Pr(|z])
Count -96.6296 15.4355 -6.26 3.845e-10""
Articles 11.3210 6.9668 1.625 0.1041
Import 80.5537 66.3087 1.2148 0.2244
Export -110.8116 180.3068 -0.6146 0.5388

(2,1,00= F#Z9l 714 U &5t o M52 Aas] & 5HA] EAL). d&H A
7HAL 20209 49¥ %of A0 sttt o|F 10F7FF skt 7HE o2 {AE ot
20204 64¥9 %9

34
F3] 2FABTAA T /1AF RESAAT 20204 2958 FH3] HA7] A%

COVID-197} k818 0. & o]43kx|o] 2FAZT AR 3t FAlo] FolSo] 74} A%7}
B XA o

2
20219 SojA A ;
AR 2= 714 0] 3,000 & A50tR o A3 5009 F=oll 1A= RS Rl
opxe}o g 2% Wg-S o]-&3) AL MAPEQF RMSE= 242} 0.1213, 961.8527°] 31T

E\I
E

T 4. A AZ7141 ARIMAX OS2k

colour = ARIMAX = Real Value

7000

6000

Actual

5000

4000

2019-07 2020-01 2020-07 2021-01
date

407



13| SAS 43 6IE20E ZEH3 Q+=gE geid

4.3. VECM =4 &1t
VECM o)|531314} 8He AR7HA T} thE WSS 9] Bgol A AMgshi e utet Ha)
U A3 ohA] 22 ¥ HolE & AFHESHIHH. VECM 4 A3t= ol (& 6)3 234474
2 ot 4] (17)7 2tk
H 6. VECM =% Z1}
A Price A Count A Articles A Import A Frport
ECT, -0.002(0.0043) 0.000(0.00) | -0.0022(0.0066) | 0.3967(0.185)" | 0.0574(0.016)"
Intercept 7.1079(19.29) | -0.069(0.136) | 9.283(29.529) | -1474.47(832.4) | -222.36(75.67)"
A Price, 0.26(0.054)" | -0.001(0.0004)" | 0.0998(0.082) | 10.617(2.335)" | -0.2576(0.2123)
A Count, | | 10.3573(8.279) | 0.4207(0.061)" | 124.45(13.35)" | -637.022(376.6) | -70.939(34.23)’
AArticles, | | 0.0682(0.0369) | -0.002(0.000)"" | -0.801(0.056)" | -3.867(1.5945) | -0.1756(0.1449)
A Export, | | 0.0149(0.0134) | -0.0002(0.00) | 0.0473(0.0205)° | 0.3048(0.577) | 0.0202(0.0525)
Amport, | | 0.0035(0.001)" | 0.000(0.000) | -0.0015(0.0019) | 0.0184(0.0525) | 0.0051(0.0048)
A Price,_, | 0.1812(0.055)" | -0.0009(0.000)" | 0.1966(0.0843)" | 5.0292(2.3772)" | -0.3543(0.2161)
A Count, , | 13.3292(10.90) | 0.0435(0.0769) | 135.44(16.69) " | -81.485(470.64) | 87.313(42.782)"
AArticles, _, | 0.0099(0.040) | 0.0005(0.0003) | —-0.312(0.061)" | 6.4895(1.724)"" | -0.379(0.1568)"
A Export,_, | -0.0032(0.013) | 0.000(0.000) | 0.0676(0.0206) | —0.0437(0.5805) | 0.0269(0.0528)
AImport, , | -0.0024(0.001)" | 0.000(0.000) | -0.018(0.0017) | -0.013(0.0471) | 0.000(0.0043)
(17) ECT,_, = Price — 155.86* Count — 0.70* Articles — 0.08* Import — 1.07* Export

4 (17)011*1 A4, 83
3 % 9lek. 9 A RoIA @3}go] 0o]

el

A, 1 A

o

1oy

(18) Price = 155.86* Count +0.70* Articles + 0.08* Import + 1.07* Export

A (18)3 2ol Z= 2

a1, 7

7k 1% F71HE AR AL

A7y 242 1% 276

l

A A7 %

of

L o
‘C%‘l“

oA

il
Ao
ro,

155.86% 57t
A4
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2 0.7%, 0.08%, 1.07% S7te< vttt X1 A7 718 gFg o] lom Aldst =4

A B Wl vis) mjuet Ao yehgth. aeAdH Eer, )2 Al AHEY
e o] vlsf A= = 7A4(0.3967)2) ddigho] 7 & AS & 4 e, ol o
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AR 20204 BREE A5 AREAL vebr b 2Pk vEos 248 2FE o
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LSTM< ©]-&5to] AJA|E £41 517] floliA= A5H FH Y dold 25 AlEA FH
& Hgste= Bgo] Fasitt. B4 o AREE= HlolEl= 2012 19ofA] 202149 4€7HA]
T G = A&ZAR1 FEolt olF HA43} Y o] 45l Wt sk sampling window®}
target?] FEHZ Hlo|EHE FXIe|E. LSTM 7|79 dlo]E| & SH55}0] target?] H|o]
EE J&35l= gH7| "ot 2 Ao A= sampling windows 65, 85, 105, 1252 5}
R target= 157E 510] 4 65004 2 1259] HIo|H & S55to] T o 9] 714
= &5t Yl 719 HolHA e g 235 ES, A7EA o A%t F
Q5te] WA 9] F M S (weeknumber)E M58 F7}5t0] = W5, &3 AL, 714 A%, Al

At o A, AXS 75 FA 5 94 79 AgHSE o]-&5H3it

LSTM®] sto] metule| & A4 5H7] ste] 18| = EAS SHLAL oS A50] 7MY 2
o & 2Aslsqitt. ARt stol wheu| B = 24950 24959 7, dropoutt re-
current dropout Hl&, A3} ¢alE|E, shaE, o224, #ijA] 27 %O]‘:}. e Rl
Z2 2492 sampling window”} 85°]al Z+Z+ 3 = A
Y5= 2= B9 E Uegth 3 SS WA ot O EH LSTMoﬂ 8%+ dropout
7t cell9] inputol] sl 2] HF O 2 o] F0o]X|= dropoutd} oA Ao A @A A= AL
= hidden state©] i3l 3 HgF O &2 0]F0]X|= recurrent dropout®] 1t}. recurrent
dropout®] 3¢ & A7 Rdof| & A 455 sHA71 2R A-85HA] 943kaL, dropout?]
8% input®] FHFS thd FAAA 5= FAAIZIER F 79 2YF0lA 22+ 0.29] H
&2 A& A3 dPE2 adamS AMESHAIoH SHEE2 0.010]2 o EZH+=
1009, ¥iA] 27]&= 1602 Sh5oqicth.

(19 6)2 +49 2P& 0|83l 20199 202197429 ]%7} S djArst 2
pojet, A& 27]0fl= AAgtat A S g FF ghe] Aol 7k tha AA
= 0 HFe Aol7h 24 ghe A SR YERETE 2021W9] 9 AA ] A 7}7—|ﬂ°] g
of thohE F FHESHL UANE oS4k e ol ATt B St BG5S Holal Ut o=
@A AU ARIMAX 78 23et o] 7|AF A4=9] fFollA v R E = 2oz F58=

<
_rg
A
=
o,
T
S
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Key words

3e-2(Korean cattle), 82 (Supply and demand model),
AFS-37](Breeding cycle), -2 W 3K Structural change), AF913H=(Sine function)

ABSTRACT

Due to the biological characteristics of Korean beef cattle, the breeding period
is long, so the number of breeding heads repeats increase and decrease. So they
have a certain breeding cycle. In this study, we develop a model using a sine
function that can reflect these characteristics of the Korean breeding cycle.
Recently, the Korean beef cattle industry is undergoing structural changes such
as scale-up, specialization, and increase in integrated breeding, and this has
been reflected in the model. The explanatory power of the model was 0.92,
which was very high, and the MAPE was 2.38%, indicating that the model had
excellent predictive power. As a result of forecasting the number of Korean beef
cattle, it is predicted that it will gradually increase from 3.4 million in 2021,
reach the maximum level of about 3.85 million in 2026, and then decrease. The
results of this study are expected to be useful for resolving the supply and de-
mand instability in the Korean beef cattle market and the management risk of

farms.
x|
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BYRAL Y AR FFHED 20169 129 715 245 9 v o] @2 A0 & YERitt o=
AL A o2 Qls) 2 E Aot &, TIEETFERA ARE & ASEE
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TF+2H5F §E AR oph J71HE Ao X uk $8k47-2] ¥ Zl(the raw of diminish-

A
ing returns)oll T} 1 27} 22 Ax} ZAEE FAS HHslr] Ydtolc)

3) Sin( ZZ:;Z X 27r)+ log(RGIN)+ 1og(S)
o714 S TS ALJS] TEMIE LERRE Mool
919 4] (D~()2 BRS ARTAS AZBL A7 ol AH8E71S thopab] vt
LBEOT, o1 o1 APREE okl 12904 7 298 3 2084
S8 AYSHLA e}, o]0} Bo] THE FFAT RS 271 chk 2o} B
4489 DR QobE BR95] HRTHE A5 2 Ak 0] Ak

_ . [ teme
(model 1) Y=a+p, Sm(cycle

><27r)+e

(model 2) Y=a+3, [srn tume ><27r)+log(RG[N)]+e

cycle

tim
cycle

(model 3) Y=a+p4, *

sin € x 27r)+ log(RGIN)+ log(S)} +e

AFie] FRMSI] 12 AF2%7]9) WaE Beh JmekA B4 s A 744
Ko, A 7|4 Stata 132 ©]-85t0] 7k @S FH5Ht B HFE
9] S AEEE AScH] Al 4 299 dl&d2 Bk S
F7PHol= HHF2XHME: Mean of Error), B+ At XHMAE: Mean of Absolute
Error), Yo A WEE QXHMAPE: Mean of Absolute Percentage Error), 4 A5 2

0
f

o.‘vl
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ZHMSE: Mean of Squared Error), B A5 WEE @ XHRMSPE: Root Mean of Squared
Percent Errors) 5°] 3itt. % B+t Ao H2& L *HMAPE)7F S D90l &2 LA
7] who] Aol ek 24 0] A 271E ZAsed] £8 ASHKNEA 9
2017). wEkA o] 9= MAPE 812 -850 2010955 202099 et LFE A=
g2 dEsH.
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A 74 BN AHRF71E Lehhe s % 1
L Aoz vehgth 1%, ARIgel 1909 48 FUAST 89 Ao FRUSHE W
QT PO ASGS 0.56742 1 B A0 ek, o W7t B89 A8 F]
v GFo] /g Frte 2L ujic.

— model 1 model 2 model 3
= Coef. S.E t-value Coef. S.E t-value Coef. S.E t-value
@ | 2551177 | 0.0800 | 31.8812 | 1.1323" | 0.3424 | 3.3064 | 04648 | 0.1015 | 4.5800
B8 0.30307 | 0.1010 | 2.7550 | 0.4340" | 0.1030 | 4.2124 | 05674 | 0.0269 | 21.0800
R? 0.1741 0.3301 0.9250

Adj R? 0.1512 0.3115 0.9230

F1* p10%, ** pd 5%, ™ pl 1%
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o
"W

A= o9 (I 2)et Zom, 1 g2 A28 &A1Y FUETt 45 A e
20109~202092] MAPE+= 5% AMS71E ARIGFETIC 2 BT 2F 19]

7.02%% FZ= Ao Bt 3.20%= UETE 2F 29] MAPE= 0.07%~7.58% H 2]
AoH Hit 3.19%= FH =], B 1HTt f&go] ol Aoz FRIFqItt. I8 &
3 39 MAPE:= 0.65%~4.49%= 73 =|o] Bt 2.38%= 23 13} B3 20] H]sf| &3t 4
S 7 A o2 A ol FF 8- AR TFE 1909 41171 9] AH|SA9

59 AbJ o] WS} RS A sfof itk AS u]giTh.

_llN‘

B2 Z¥H MAPE FHZ
il model 1 model 2 model 3
2010 1.85% 1.97% 2.58%
20M 0.58% 0.67% 2.68%
2012 3.38% 3.32% 1.34%
2013 0.07% 0.07% 0.71%
2014 4.06% 4.01% 3.01%
2015 6.03% 5.96% 3.45%
2016 4.03% 3.95% 1.06%
2017 1.88% 1.82% 0.65%
2018 1.11% 1.15% 2.37%
2019 4.56% 4.57% 3.86%
2020 7.62% 7.58% 4.49%
TH|(2010~2020) 3.20% 3.19% 2.38%
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731 S7h 71t da 71t
7h 2 57471 | Ua IR
74 3 27471k \ Ua IRt

T3 = 1919 4111719 AH]Rke] th2j#s:
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S, tho] AR HAs 7R} v S 57 QIANSs TR AR I A Q] HESH
o P 0 2 QIR AR HSL hS-- Aol mR]= YT AR AR
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