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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.
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2 59 Frlskld. 11 23 duihE dS2 JASA BT A A YR Y 55| ARMA
(1,2) 239 d&8o] &3t A0 & BAE
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45,236.2 | 148,406.4
(82.8) (94.8)
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248.2
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1,750.9
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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).
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AABH, A& o)A AR5 Eetsto] A2 AAJaLo] A4 = of v 3 A Futrt A
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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).
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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
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(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
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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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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
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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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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
=
=
=
o
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
a7} St AREAS] ZHA}a} ¢, 4] (15)2F 2ol Hygste] Aol 4= Qi
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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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iy
K-}
N
{o
>
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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LI IS THL

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
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=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.
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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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