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Evaluation of Forecasting Performance of Rice Yield Models under
Climate Change
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O & I CIOEH A DHOR FHEH 4 EXMAN D80 BIE2S blT SABIACT 7S5
HH5L7| fIot CO,, 712, Y 52| M8 12611, ARIMA, ARIMAX, ARDL, GARCH-M
J2/2 Just and Pope(1978) 59 RS 0185101 RHGICL AIZT CO= 4 EXLN Z7|
HORL U2 DIRIXIRL, HIIHMORE BB DIIK) QST BB, 7122 ET|OIA] 4 EXAS0) B
$2 DRI X2 $42 BHEIICL 4 EXMAYO| HENS ARZI0| T2} #5{X| i HOR EAE
O, 71AJi4-0| SO OOl HOR LIERLE M EXMALY 30| 0I5 HIl|ME T IH4E
Bif5t ARIMAX 23 (3)0] HEH| B 0j52(0] 71 £2 202 SAEIRIC 4 EXMMNT! CO,2t
of 7 [ZHBAS Ut ARIMAX &I} ARDL-ECM 2SS E7[5ICH 571014 GIE20] SAE/E X
02 SAEIRIC). 3% A EXISAY0| BEANS T BIE| QA J14 ABXIEL IPCC 7105
X2 ST 22 ARYEES B3 HOIXIO 2AS BRY TR UL,
SHUZRIOf: 4 EXSALY, CO,, 7|33, 0%

Abstract: This study compares the dynamic forecasting performance of rice yield models
under climate change. Based on time series methodologies, we estimate rice yield models
considering climate change factors, such as CO», average temperature, and precipitation.
To evaluate the forecasting performance, ARIMA, ARIMAX, ARDL, GARCH-M, and the Just
and Pope (1978) model are used. The results show that CO; has a long-term influence on
rice yield but no short-term effect. Temperature is the main factor in determining rice yield
in the short run. The variance of rice yield does not change over time, and the
meteorological variables do not affect the yield variance. The ARIMAX model shows the
best forecasting performance in the short and long run. The ARIMAX model and the
ARDL-ECM model show better forecasting performance because they consider the
long-run equilibrium relationship between rice yield and CO.. To reflect future rice yield
uncertainties, it is necessary to use the Bayesian estimation method with prior information,
such as experimental weather data and IPCC long-term forecasting data.

Key Words: Rice Yield, CO,, Climate Change, Forecasting

© A%, nestL ABALAAAST A
o AAAL, Lot Al EA LA A o) B

Of



7155kt RCP
£ 7]Z0lt}, o]

=

=

40T
_"

=
=

l. M2

s} AL2] 2.9] 20509 ABAE O

SHEEM M26H M4

()

T

98
8.5 7]

1

=TT Mo & & o < & o ® I =
GBI ES L b T oy
.ﬂVoﬂdlﬂlHtﬂrmE__oTﬂﬁL =
N e I O I o K
or = [ped r I
mﬁonwﬁﬂ_.oﬂmr_%urmmrﬁm%% = wr
eI S PR - N L Ea S
O LT R oo ® W ow N o
e @b dpm o W
e & X B ooy iok oy B m EU
Aoy B0 NpPr) =
mwﬂz_oﬁuzﬂﬂ7§%£io R
S o — Jo ~— !
Yo of O % Lﬂuuo_ o o] o w
mo_.@lwc L_LWﬂWJ Arowlr e ) WT
T PHSWEET o7 6N
ol m S T E Nz
LR IR R T Sl TR
iy % or ._..rIA_l ]_0|Mo.ﬂ|
 Hol g A TE TRy E
SRR - W - C R e
I TN e L L e T
° ooy PR S ER R’ B
w R o) m g o Nk S No 5w
T T N N T R
I e
MQWMHL.._oTtWW%qWL_L M:._.m,.ﬂ
LR ST N 2 G M 5t % wr o
X.mE.AH ,oll_lm,,LAl_ L._!V A_I,W,UIO.._
oy O X DN A g o
Hodor » W2 — o o )
P Lm B E S 0 R T
" = T L oo py oo B° = ol o))
= o1 B Mo =T " ia e,
o & N oo ™ Q of W RV g
ST O ST N I S BT R (S 8o

.ﬂm_u

=

s}

RSP A B Al Tl

[e)

5
o, B aol A A A g/ 1002

15

pul

o

£ o]

ANE
%‘I"e

o

.

g

pul

}\g A

3t}

ol

1) 2A7FAZFHAIE, 2018, F=7FA7IA QIHIER B TA .

2) & Aol A =A



2 AT HA2 Ot AAYE BYE E&oto] & EXYLV] 2Y
= F5tL dS58S Brkste Aotk RS 7|E AFE2 TAE
EXA Y Btz EAbo] Al7tat BAIglo]l =] Arkar 7HY5kS
ok I8y sARE EXABAMY Y] Batdt fARS 7] HSEE Qs Az
37t mEt #sk & Stk webs B EXAMIE dl&st] Ao BiE
A9l sl vtde W Q7 Itk(McCarl et al., 2008; Hendry and Pretis,

AT} 7148 4=0] OF A (stationary) ©]
Ko B %J J% AR A e A5
W] 9ol 2 L W] wiEe] F W 7o
L |43 BAT 9 ACE ditEch wEbd E 7= ARIMA,
ARIMAX, ARDL, ARDL-ECM, GARCH-M 53 &2 A AE L3S A8
3lo] & EX ALY dl28e BrlstaA} stttk ditkso] AgdEo)A
© 9 Zg2 ol&sto] 715} Ae EXA A= 9=
A oW, 2 AFoA = Thet AAIE B o8-St &A% A
] i}gm]u} E3 %HH d OWOM-E & EXAAEE 245
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0| 2= 0371'“% —‘i—’—‘ﬁl’ A= EH\— =4 H@WReﬂly et al., 2002; Chen et
al., 2004; McCarl et al., 2008; Huang and Khanna, 2010; Sclenker and
Lobell, 2010; Attavanich et al., 2014; AAS- A4 - 7], 2017). EZH
T AR 9] 713 R0ME B4 sHL A4t m| A e ARt A4k 9l



200 = AWM H26H H4S

tHAE4, 2016). APATE0A 2He EXBAMY A4S e
FE2 5% 2tk Reilly et al(2002)9 @FolME &, 5,
ENSO(EI Nifio-Southern Oscillation)?) 5-2] W45 ARgsto] 7]44HE:7}
g EAPAIO v A= G £415131TE Chen et al.(2004)2] Aol
A= AEiEA, A7 FAl(time trend), &%, A4 52 WS ARSSHO]
ofg] AEE9 EAPLMC 71Tt nAe JFE A6k
McCarl et al.2008)9] AtollA= A, 71, Z, 7RaAlS, Azt
A, A5 Ak 59 M-S ARSI Huang and Khanna(2010)9
Aol M= A7, =7 AR, A A RS, AuiHE, 25, e
59 BMEFE AMESHo] H=] & EAAMIS EAISHSITE Sclenker
and Lobell(2010)9] A-tollA= =0t e 1Hal At FA1E AHES)
o A& EXYAES EX5FATE Attavanich et al.(2014)2] AFolAE=
AEEA, CO,, AIIA|, 25, 7FaAlS, 4% 59 HE ARgskeith
AR AFA - ANIQ01)MAN = 7HEAIS, =5, A5 52 WaTt A
SE QI B3 APATE 7T Wi =8 7157 AR EAAMY
o tjxl= TS Bl s cKSemenov and Porter 1995; McCarl
et al., 2008; Robert and Schlenker, 2009; skt 144 - F&5&, 2013).
AE o g 2ol 4k 7|13 st Mg ARgoll 9loH, A7
ZHA= ENSO, 7HeAl, CO, 52 F7t2 whysf ARt 3l ¢+, 4
24 -o1371(2009)9] A= 7 KRicardian) 232 AH&SHe] 715
S7F sA7HA ) vlAs FFE A4S old] AREE 7SS 7
23} 7ok

| AAoA= A3t IRl CO, 529 F848= FEsHH
e EXAPAMAS S B4 A ItHAttavanich and McCarcl, 2014; A1
gs} 5, 2015). JHEY AFE2 A FAIE 7[eHE] HeHeE A

EoIRAL, CO, sew AR A2sHA] it C3 A=, 7, 2ol

3) EHBAT FUUNBL % LE7t AA VI 5L RO BAL Al
Nifio)ehL 3}, Wl $40] 57} obxis A4S ehtk(la Nina)eh S
20} 2Lk o 47]3:9] Yelole.



Q014 COr= 4189 B4 22 g40] FRE Fol 4B 44L 2
AT 71E AHE F7A 5] EAMA0] 3HHY e
u| X tHBazzaz, 1990; Poorter, 1993; Ainsworth and Long, 2005; Long et
al., 2006; Allen et al., 2011).9 w2tA ZHg EXAPAHY £40] COE Al
oI B¢ 7t WFE9 F4AE0] I §7H 7Hs/dol AtHAttavanich

and McCarl, 2014).

2012; Attavanich et al., 2014).

APAFE9 8 4EL2 7|FHI= 2E EXBAMIY B4 ¥
of FFS v|AZ(McCarl at al., 2008), 2] ¥ JFE vlH
(Tack et al., 2012)= Ao|th. E3 7|F¥9] JF2 £4 tjidat A
of wet o2 A YeERGTHMcCarl et al., 2008; Attavanich and McCarl,
2014).

715HSEE AAE RES EEd] 247 o9 dqso] Stk
Kaufmann et al.(2011)9] AtolAs A7|HFB/AE 1=sto] CO%t

18 £

o A= GARCH Z 3 &-85to] EbAH|
T 7| FRAS BEote] AN rlan S Bastac
gt 2 Aol A

4) Attavanich and McCarl(2014)°]] W29, COy= C3 ZE91 tl 5, E3}, Uojl= FH 4
Al S HA L, C4 A2 &442 ol Y VIAA gtk 1Y 7
o] HAYsH= Aol A= COe et &44 121 f400f AR FTFE 1A
£ A0 2 Yeigt 3t A9 st 5(2015)0 W2 W, & AJ4to] 7] S st H-got=
A CO, &k T7H= & Ao 3340 IS vt



7\ WS A BN BREe Ageed BeageH, &
Aol MSHE 240 st
Il. B2
st 4R B WAL GFS BYT B 4750
O]Z]U} I R = EXV‘”*VJQ] %J’ﬁ"&liﬂr W5 e &

I

ARIMA(autoregresswe mtegrated moving average) 2y ARIMA 2§
J\95E RS 271 ARIMAX B, F45140} Aeiso) &
A5 7135E ARDL(autoregressive distributed lag) 282 A451%

jan

l

oh g 7)) HRER ohe WEHol 4 EAAC] JS
o]Z 4= Q17] W&o GARCH-M(generalized autoregressive conditional

heteroscedasticity in mean) 2@} 7|AH49 WS 1123 Just
and Pope(1978) 23Z o] &3 & EXPAAYS 7513

1. ARIMA 2

£ Ao A= ARIMA 23E 7]
< EAAMY Ho7h A &2]olghd d&go] £2 AFFo] 7] o]
o 2Ey e Ry 995 es

71EHhe AE EXPAYS AYshs #8 89 F OMOlE‘r 7]
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=RSkE AIAE ArR Wrgsy] o]97] hiZof Ao A[ZE A7}
Zleiste] gqiEiiez AR 2 FA9F & AFolA F25H

TS CO; B =ok= ATTA 7L 0.9 oo 2 mj & =2 Aog yehy &
A A (collinearity) EA7} ¥AIEr 4= Qlth. E3t CO, BE= YEFoZ
AL wE 7]eHekE Eghstal 17| dlwoll AlRE FAlE EA400A
ALt 712 28 (D 2



p q
A Yield, = a+ ) B;A Yield, _;+ Y v, s+, 1)
i=1 j=1
2. ARIMAX 2§
7|57 A EAAYA O] v A= 9 B4 6] flste] 712 2
(Dol 71¥¥4E F7ksto]l ARIMAX E3S A5t 712 239

Ol

ARIMA g H3to] -8 R152 Hhgste] 2P| Ay d52e
I =9 A

%9 %l Aol Q] WRolth J|FHSRE ¥ AY7I(4-109)9)
2L wF 193 37 F CO, s ARESHATHY Temp®t Prec
k7t emel A5erg ojujgitt) B3 2 AoME 002 523 7]
st Mg IHSIItS wEkd COE oA %e 23 %
COE Edoh= 2P 3)2& F&E3to] CO0 FF2 AHEU

A Yield, = a+ f]ﬁ AVYield, ,+27]u, jHOA Temp, + pAPrec, +u, )

j=

AYield, = a+ iﬁ,.A Yield, _, + Syju,,]. +ACO2, +0A Temp, + pAPrec,+u,  (3)
i=1 j=1

TRUAE g0 HFsA. 2F D= 23

€
HError Correction Term)< HFYSE Z

5) Attapanich, McCarl(2014)9] -+ vl=9] fid A7 E ARE-oto] 2HE EX|AYAH]
< E437] gEo 71&HEet CO, |FE SAlo AMSote] thaa41/4E siast

288 =459},
6) ENSO, %@71 T 59 Mk 240 EYstglont, 741 O = FolotA] ot
o] A Aol Al Wit Qe LEo AordE SAHOR EAsHI

7) CO, 5=} 7] 27k0] ARPAL 0.422 &4 9.
8) Attavanich and McCarl(2014)2 CO7t Z& EX| A n]x]= J3ke 7732511
CO, & AYHSE 1ot
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AYield, = a+ ZgAneZd, #rE% Uy ;A CO2, +60A Temp, + uAPrec, @)
Q=
( )+Uz

u, , = Yield, | —a—vCO2,

3. ARDL 2%

T FHA a9E wHdsty] fIste] ARDL 23 (O} &40l
° Lk Ao} )40l AR} HapE HEgRl
9] FEA HIE wrgst= Aol Atk ETF ARIMAX
3 & EARAMEE CO, w7t A7HFBAE et
ARDL-ECM(Error Collection Model) 2% (6)&= &4Jof Z3loldch & &
A BAig ol Aet7] alE FEolA A7|H@HAE et B a1 st
A 2 B A& vl Frsty] flsiAlolth. ARDL X9 AAt
Ael2 AIC(Akaike Infomation Criterion), BIC(Bayesian Infomation
criterion) 1212 HQ(Hannan-Quinn Criterion)& AR&-sF%1th.

ofl
rlo
=

T S
A Yield, = a+ f]ﬁiA Yield, _,+ Y, 8,AC02,_,+ Y, 0, ATemp,_,

wizl k=0 m=0 (5)

+ ZHHA Prec,_, tu,

A VYield, = a+ ZBAYzeldt i+ EokAcogt pt 29 A Temp,

m =0 (6)
+ EGHAPrect,n+>\<’Urt—1)+”t

n=0

4. GARCH-M 2



(D-0)9] & EXB4AY Bt A0 (7)9] 245 £4HE 123 29
ojct.
AYieldth(-)-l-Xo?-Fut @)

Uf =¢; + 052”?71 + ¢30571

5. Just and Pope(1978) 2&

Y AH(McCarl et al, 2008; Attavanich and McCarl, 2014)
9] M5do] B EXABLMYO 2 Hato] nA= g
(8] Just and Pope(1978) H@-& F-Ao] Z3}s}
oh oA AAIRE o 2@ Zo] CO, %, 7 }ZF‘% S &
73RS AP XE ARSI 23 Q)04 £ (- EA]
d o] B WAAlolAL, K( . ) 7| THEY] BiEES =
Alojtt, E}E}H R () e B EXAAY Y 24N Yehdtt h(. )7 o
Aol eBE Just and Pope(1978) REFZ #A5H7] HsiA]
FGLS(Feasible generalized least squares)E ARg-3lojof sich,
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AVYield, = f(X.8)+ h(X,a)e ®
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V. =4Xt=

715 sh= A7|7to] AA FAH oz AYSH] wiEo] sk o]%Ql
1946958 2017A7HA] 9] A 5E ARESIIH. & EXRAM ARe &
AA 9 2715 A E8 (Korean Statistical Information System; KOSIS)®||
A SR, &t AeT AR 7R =7PISH ol HAlE
(National Climate Data Service System; NCDSS)°I|A $=35t%ict. &=
o A ¥ AR A7IQ1 404 10€7H4] A= Bt ARE ARES
At

40| AHEH CO, Ame HET AR ti4l o] § CO, 5k ARE
ARESEITE 7] 5 CO, B=7t & Aol Hok AHA 0= ol 97|
o]t}

(I8 1) 7] 5 CO, & FAMl
Eel: ppm

©
(s
[

%Q'\rB%%Q\@b%h’\rhb%@’\rb‘h%@";hb@:&’l«
B 5 Y 8 S BT O o 0% 0”7 A° AV AT A° AT B DY B S B 9 oF o o° o O
FEFFEFFFFEFS SIS FFFS IS

—— KGAWC ———NASA_GISS -~ KOR_est

Z: KOR_estz 2112| CO, 52t M| CO, 5= Bt H7|7HAE 08010 et ot
Az: 7|2 82 XE(Korea Global Atmosphere Watch Center; KGAWC), NASA GISS(Goddard
Institute for Space Studies)

SOl CO, B Ams 71449 7199 X (Korea Global Atmosphere
Watch Center; KGAWOOIME AlE-& ShLt, 19999 o] $HE Am AR&o] 7}
Sl 4= R SRS AAIE ARE Al Eeith (0" DS B2
KGAWCOIA AlEdh= $=9] CO, &2k NASA GISSOIA Alsdke AA 8



T CO, 5E= FA7F 528K co-movement) 0] &= A& & 4= Qlct. wet
Al 319 CO, 58t AIAl Bt CO, s A7 IFFTATT A& A2 9
AT} Johansen BHE FAL W 710] 47| FHUAZ BAlsh=r] AFL
e} #19] CO, 5=t AIA Bt CO, &= (1) FYoE Telo] 4
stoz % wgiel PrlaRnAle A9 S8 AR 43S 299
o} 2443 F ¥ Aolol= A7 H AT S AR EAEQI wet
Al o] BAIE &8st Tt IHA CO, FEE F7goto] EAof AL8SYTh
(& 1) CO, 5£9| Johansen 2XE ™ AN}
Hypothesized . . Critical Value _
No. of CE(s) Eigenvalue Trace Statistic G p-value
None 0.5775 17.4343 15.4947 0.0252
At most 1 0.1014 1.9255 3.8414 0.1652
. 8= CO, s MA Bt CO, s7te| H7|7dAS £ ZAute Of2fiet 2Tt
CRyop—; = —28.9705+3.1252C 2 54—, T4

(1.0909)  (0.0081)
Adjusted R? = 0.9990

(I 2)= A0l ARGE AR 7| 28AFolh 4717 B2t 39
YA ] Ht-2 10a T 378.9kgelth. & EXAPAIS mEHAL
= 124 282 B9 oF 33%4 "t o= 19609 o] & A& S
flsl AE7H A EXAMY ST & 82 7ol wEh EXAEAE
H2 7] F71517] izolt}h. Bt CO, $E+= 345.6ppme|H, Al7ko] 55
of wet wi2A F7FstaL vt ¥ 719 B == 19.2C0)|1 B
39S 1,082.8mmelty. EARE 21 AHEoHH, B, B4 Ik,
ALt AFERo gL 7144 "ok E3F B9 3Hnon-stationary) A
do| HFARA AAL=E TR 2), (E 3) D).

S
o
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M H268H MAs

H 2) BMXtRS 7| =SHE
Level Log 1st Difference

‘Yield CO, Temp | Prec Yield CO, Temp Prec
(kg/10a)| (ppm) | (C) | (mm) |(g/10a)| (ppm) | (C) | (mm)
Mean 378.9 | 3456 | 19.2 |1,082.8| 0.015 | 0.003 | 0.002 | -0.002
Median 436.8 | 340.4 | 19.3 |1,072.1| 0.008 | 0.003 | 0.001 | -0.020
Max 541.3 | 404.9 | 20.7 |1,675.2| 0.362 | 0.008 | 0.119 | 0.432
Min 158.0 | 3103 | 17.2 | 675.0 | -0.449 | 0.000 | -0.074 | -0.521
Std Dev 1242 | 285 0.67 | 2229 | 0.100 | 0.001 | 0.040 | 0.250
Skewness | -0.49 | 047 | -0.32 | 0.36 | -0.414 | 0.15 0.30 -0.1
Kurtosis 1.71 1.97 3.24 266 | 9747 | 2.35 3.08 2.02
Jarque-Bera | 7.854 | 5.793 | 1.428 | 1.888 [138.637| 1.529 | 1.146 | 3.019
Prob. 0.0197 | 0.0552 | 0.4895 | 0.3890 | 0.0000 | 0.4655 | 0.5637 | 0.2210
Ojb 72 72 72 72 71 71 71 71

%?Pﬁ@ }i— /\Pﬂ'ﬁ}@] B8 49 01 2] 3)7](spurious regression)
=0

7} CO, iEﬂ Aol F7Fste AEel AUt wEbA Al ]Oﬂx}ﬁ":é—' 01515_}
a2 BB S EASH] fsiAe AR eHEAdE A7dstolok gt 11
2 tiF2e] AP Aol M= P A= Aeotal A= EXAYAHS
= BA6IGIth & AFolM = AAE AR M oRE AESH] Hst
o] Augmented Dickey-Fuller(ADF) ©|<* H*A} Phillips-Perron(PP) T
AT AREZ AT B4 A BE A= FAIE AASH] flst
of AARIE FHsIHh

A EARAMI T COpmz Tlol A5kl EPES AlIAEE
At 2y 13+ AR o] Fofl= ADF A3 PP AR A3 Z5 <t
AALE Uetth 7123 432 ADF 3783 PP Ad44
Al A GOl

o Mo
R D
LS

2

o
fs

i)

ox



(2 3) Bl A8z

Level Log 1st Difference
C C+T
(intercept) (intercept+trend) < e
ADF Statistic -1.4188 -1.070378 -9.4360 -7.8145
Vield P—valge‘ 0.5682 0.9263 0.0000 0.0000
PP Statistic -2.0387 -1.8977 -9.7419 -10.0408
P-value 0.2700 0.6453 0.0000 0.0000
ADF Statistic 9.1788 -2.2301 -4.1646 -7.5006
o, P—valge‘ 1.0000 0.4657 0.0015 0.0000
PP Statistic 7.9758 -2.2687 -3.9449 ~7.4986
P-value 1.0000 0.4449 0.0029 0.0000
ADF Statistic|  -5.7123 -6.5525 -8.4634 -8.3832
Temp P—valge_ 0.0000 0.0000 0.0000 0.0000
PP Statistic -5.6680 -6.5799 -22.1042 -21.7990
P-value 0.0000 0.0000 0.0001 0.0001
ADF Statistic -6.3183 -6.5443 -7.8321 -7.8815
Prec P-value 0.0000 0.0000 0.0000 0.0000
PP Statistic -6.2639 -6.3705 -22.5906 -23.0787
P-value 0.0000 0.0000 0.0001 0.001
Z 1. ADF THIZ ZH1 PP T2 HHO| HRIH Hy2 "THZ0| EXHSIC 0|Ct

2. %10%, ** 5%, *** 1% SAHN 24

GARCH-M £4& 9Jsto] 2 &2 ARCH 514— 24519} 1
U ARCH-IM 8423 B E 2F-2 ARCH 237} Q= Ao Yehygth
(& 4 FZ=).

(E 4) ARCH LM 2MZ1t

Lag 1 3 3
Obs. *R-squared 0.1483 0.3953 0.5724
ARIMA (1) p-value 0.7002 0.9412 0.9892
@) Obs. *R-squared 0.0001 0.2834 0.8242
p-value 0.9919 0.9631 0.9755
ARIMAX (3) |Obs. *R-squared 0.0033 0.3638 0.9958
CO; |p-value 0.8546 0.9476 0.9629
(4) |Obs. *R-squared 0.0319 0.3622 0.9913
ECM |p-value 0.8580 0.9479 0.9633
®) Obs. *R-squared 0.5292 0.7148 1.2602
ARDL p-value 0.4669 0.8697 0.9390
(6) |Obs. *R-squared 0.7677 0.9371 1.7571
ECM |p-value 0.3809 0.8165 0.8816




B BT CO, FEI} 1) HYOR BolZo] AR
S7ke] A1 FRBAS A 9 BAE 4
3} 8 EXABAT CO, BE Aol 3713 FAT U

I 5) Johansen XL ZH

Hypothesized . - Critical Value _
No. of CE(s) Eigenvalue Trace Statistic 5% ST Teses p-value
None 0.3323 27.9538 15.4947 0.0004
At most 1 0.0010 0.0742 3.8414 0.7853

7 EXYUYL COstel F7Id A2 Of2Het 2Tt
Yield, =a+vCO2, +u,

1.2

Mz

ogt
A

ARIMA 282 Box-Jenkins®] HH=S 0

B X437+ ACF(autocorrelation functlon)

rlr ‘
il
)
ol

N,
[
_O‘L
(e -
i
rE
g}

O

>y

4
(partial autocorrelation function= FAAHOZE A HE HH5S HA
th. AIC g3} SC(Schwartz Criterion) #= 3&3F 23 ARIMA(,1,1) &2
Bol 7 Aet Ao g EAFSIT webA ARIMAQ,LD) BFS 71&
BYPor Heolil 7| FHSE AT ARIMAX RS F7dtqlth 24
A= (E 69 Zrt

F3Z230] 2" 71 23y ()] Hste] 7FHSE Zt 2
(2-@7F 2 A€ol ¥ & 0% ‘/}E}"}‘:} 719] Wokg2 1Y
(-4l A 1% SAIFEONA T35t AR FA =Y.
S7he B EXYAMY skt o+ 474]7} U= Aow
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A7l Aog Ueht BHEIL gHel 2oz vehget

ARIMAX 23 ()04 €O, Mok EARCE 054 ggtont,
COsZ TH3HA) b2 B ()] Hldte] myo] Heio] w2 HoE ¥
He9ick. B EQGAT OS] 7| FFBAE et 2Y @A
QALAYE BAHOR RIS g Ao Uit (O, HEY
wsle =3 57 42 Rt gre ﬁﬂi deRdth 2o 23 ()

F= TARE ‘%711—1 % 13«1 Hﬂﬂgoﬂ Oq‘% = ‘ﬂ:‘% A0 2 FAd

I 6) ARIMA, ARIMAX 2 2MZut

ARIMA
(Base Model) BRI

(1) (2) (3) CO;, (4) ECM

c 0.0164** 0.0146%* 0.0382* 0.0378*
(0.0082) (0.0068) (0.0181) (0.0225)

-5.8216 -5.7177

A CO2 (4.8738) (6.3318)
A Temp 0.9644%** 0.9891*** 0.9817#**
(0.3018) (0.3136) (0.3380)

A Prec -0.0733 -0.0677 -0.0673
(0.0554) (0.0566) (0.0567)

-0.0035

ECM 0.0489)

MAC) -0.4145%* -0.4335*** -0.4549%* -0.4488***

(0.1101) (0.1073) (0.1050) (0.1183)

Adjusted R? 0.0745 0.2027 0.2227 0.2106
F-Statistic 3.8156 5.4497 5.0126 4.1133
(Prob.) (0.0269) (0.0007) (0.0006) (0.0014)
LR 66.6789 73.0248 74.4589 74.4634
AIC -1.7938 -1.9162 -1.9284 -1.9003
D.W stat 1.8287 1.8708 1.8867 1.8905

Z1.*10%, ** 5%, *** 1%
Z 2. Co-integration Equation:
Yield, =—16.0119+3.7416 CO2, +u,
(1.5911) (0.2720)
Adjusted R? = 0.7260
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ARDL 239 2= A" AIC, BIC, HQ #h& FXSHAth(&E 7) %
). Al k] 27t E}— 5-7ol= BICE 7122 g Attt
423 ARDL(I 0,0,00 33+ ARDL-ECM(1,0,0,0) Z&o] A== gl

o

T EY B BB L AR Zeoke Aol 7P ARt
Ao= b}E}‘;IE}.
(2 7) ARDL 2% ME4S {3t AIC, BIC, HQ
Model | AIC | BIC | HQ
ARDL
ARDL(1, 0, 0,0) ~1.8682 ~1.7036* ~1.8031*
ARDL(1, 0, 0, 1) -1.8757 -1.6783 -1.7976
ARDL(2, 0, 0, 0) ~1.8669 ~1.6694 -1.7887
ARDL(1, 0, 1, 0) -1.8513 ~1.6539 -1.7732
ARDL(2, 0, 0, 1) -1.8770* ~1.6466 ~1.7858
ARDL-ECM
ARDL(1, 0,0, 0) -1.8486 ~1.6511* ~1.7706*
ARDL(1, 0,0, 1) ~1.8550* ~1.6246 -1.7638
ARDL(2, 0, 0,0) ~1.8417 -1.6113 ~1.7606
ARDL(1, 0, 1, 0) -1.8290 ~1.5087 -1.7379
ARDL(1, 1,0, 0) -1.8215 -1.5912 -1.7304

ARDL 233} ARDL-ECM 289 24231 (& 8)3} Zth ARDL &
g 2HET & EXAA AL Wi SAHRR fot Aoz u
ERdT. A719 & B wskE2 5719 & EAAPAY weket
()2 AT Sl= AR UEEH. 7129 Mo SAHCE R4
gt Aoz yetor, 249 Aol 371= ARIMAX Zgof H]st]
Tk WA YeRgAleE 2 2po)7F Qle A2 YERT. 1 9] CO, M}
&5 deT HekES AR FoshA g2 AR EA4H

ARDL 2% 2423} 7‘01 ARDL-ECM 2 £423 & EXBLHY
HghE o] AR Hies BAM SR Rolot, & B HskeTt <
()2 A7 Sle A= —Eéﬂﬂ%q. 7129] ¥sh& = ARDL 233} 2
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H 8) ARDL 2 2MZ1t

ARDL(1,0,0,0) ARDL-ECM(1,0,0,0)
) 6)
c 0.0501* 0.0443
(0.0262) (0.0273)
) -0.2661* -0.2410%*
A Yield(—1) (0.1082) (0.1135)
-7.8694 -6.4322
ACO2 (5.7523) (6.0750)
0.9222%* 0.8818***
A Temp (0.2792) (0.2851)
-0.0506 -0.0498
A Prec (0.0433) (0.0434)
-0.0464
ECM (0.0613)
Adjusted R? 0.1910 0.1856
F-Statistic 5.0727 4.1463
(Prob.) (0.0012) (0.0025)
Log Likelihood 71.7141 72.02665
Akaike Info criterion -1.9061 -1.8864
D.W stat 22113 21771

. *10%, ** 5%, *** 1%
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(O3 2) & EXP4LbY Hatge| HEY

0 P

1947 1950 1953 1956 1959 1962 1965 1968 1971 1974 1977 1980 1983 1986 1989 1992 1995 1998 2001 2004 2007 2010 2013 2016

M EXLHYO) HSEE E EXYLY Heks Bo o HAE M&Eoto] AbtorRitt

4 = 2= YEg
T2of| Just and Pope(1978) BB Ar&oto] & EX|AP4H] ] HE/0]
13RS H)ol QaiA Bstet=A] EASHI 71dHSY s
o EXYA Q] B 4] AT (R

7H & EXAMY Q] WE Aol mlAls @2 BAR AR ALY
e (& 10T 2o 94 E 1009 ZAZHE 4 Q
et 23} gtgoiA] 2 HY HEoA B0 AgH AY
BAHCE FootA] 2 ZA o= UERtt o]gh g
EXPAZ 71849 HEo] HAdE

Pope(1978) LLHol|A] B T4 EARTEA ] At 7SR 2 AR
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(E 9) Just and Pope?2| Y EX|MA N BHREH FHZI}
without ECM with ECM
C 0.26504%** 0.0727*
(0.0851) (0.0379)
-27.8636** -1.9963
ACO2 (11.1742) (4.2562)
1.0486%** 0.3118**
A Temp (0.3182) (0.1242)
0.1040% =0.1017%***
APrec 0.0612) (0.0308)
-0.1992**
ECM (0.0920)
Adjusted R? 0.1940 0.5888
Log Likelihood -571.0067 -536.9155
Akaike Info criterion 16.4287 15.48330
D.W stat 2.7375 2.0666

F (B 109 BMELE 7IERIZ MESIH FGLSOIA

(E 10) Just and Pope?| 4 EX|MAtN 2ADS =HZ 0t
without ECM with ECM
c ~1.2520 ~1.3439
(1.1986) (1.0383)
301.6364 335.3320
ACO2 (265.6041) (232.8845)
-15.0860 ~14.6623
A Temp (12.9884) (11.1367)
-2.4153 0.5253
APrec (2.0147) (1.7011)
-1.6922
ECM (2.2956)
Adjusted R? 0.0047 -0.0039
F-Statistic 1.1092 0.9315
(Prob.) (0.3517) (0.4512)
Log Likelihood -197.6037 -1856.2035
Akaike Info criterion 5.7601 5.4343
D.W stat 2.6549 2.7182
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N
la
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0152 B}

Z=A9 toksl g9 d=gL Hrtslr] Yot EE 9] dZ(out of
sample forecasting) 4 st¥Th @7 &S Frlslr] Yol 4
1946-2015¢19] At=E ol-&sto] BP= F7gort. 18l 49 g

ol &3t FF 2d(2016-20179)e AIESHA. AL & AAIYF} o
3= Hlasto] d&9e BrIsH 471 dEEE B7ksH] AsiAe
1946-20079 9] A=E °]&3sta] XFS F4% & 109(2008-20179)=
A =stdct. od&2 H7l= RMPSE, MAE ¥ Theil Inequality Coefficient
e 7102 AFEEHYTH10)

40| ARGE RYE9 @] A& #4247 CO, 5%, 712, A5
2 2% HH9%t ARIMAX 28 (3)9] RMPSE, MAE, Theil Inequality
Coefficient gto] 7Fg 22 ZA o= EAESIH &, ARIMAX 23 (3)°]
7] d&=o] 7 w2 ALoE EAEHIY 7SS HHge BP0

7SS B 92 712 R (1) B dlSeo] 2 AoR "}F)r
ok §35] COE ¥ o] COE RHYPsHA Y2 BPH o=
o] =A Ukt T, QA vhdet 29 (D)2 (62 B ]
go] ¥4 g2 ZeE "}E]r‘f;\}‘jr. Rupstd =2y (42 (62 d71 A7

% FUAE 1517] dzolt.

ot

10) RMPSE =

1 &K 5
MAE= 3| Vi~ V|
TL=1

Theil Inequality Coefficeint = \/



(B 11) 27| 052

7H2016-2017)

oy RMPSE MAE Theil 1.C.

AFE:'\)"A 36150 15,6259 0.0176

@ 5.6342 27.3371 0.0268

ARIMAX c%)z 1.5308 7.3405 0.0076

E(éﬁ/l 1.9062 7.8683 0.0094

) 16925 76772 0.0083

ARDL E(CGKA 41153 18.9556 0.0200
7] d&y grrdde & 1292 2o A7) dEgo] 7MY =2 By
L 715H4E 183 ARIMAX 28 (3)02 EAE it} waba] ARIMAX
=9 0 /51 37100 2% 30 713 948 A0 s
RIS 290 29 (6F 29 O PIEPAS Lokokd

ke mY () Hlstel d5 ol e A0 Uehgt. et 7S

A= B FHIAS 2o £HS] 2eio] FHHE, S5 ARDL
290] 3% WAL 2 (59 2ol B (@] viatel o=o]
=2 208 EAESIY, A7 B7H4FBAE T 29 69 9
90| § 2 202 FAHUL B @53 Zo] 7|FHSE
P2t BFo] 7|FHeE WYsHA] g2 Y o

]3] g &Fo] &2 A
Fol IA 2> 2ol vlsf a5
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H 12) 7| 652 ¥7K2008-2017)

23 RMPSE MAE Theil I.C.
AFEIJ\)AA 5.9009 27.2616 0.0286
) 7.9781 35.8204 0.0387
)

ARIMAX 0, 4.6951 21.5301 0.0242
@ 4.7671 21.9774 0.0246

ECM ' ‘ '
(®) 7.3096 34.9283 0.0387
ARDL ©) 4.9535 19.8929 0.0244

ECM ' ‘ ’

Vi. 22

2 A= 715 W) 2= A EAAAHS O )]

g

wadae] 2 A EAYAT 00, BEE A71F3RAT U
A0 Uekgth, 48 BE BYol4 CO, MRS & B
shgol Y mIXA) e A0 B ol COH A AAt] &
Aoz G AN, WHoRE GFL WA Rtk AL
AAFEE. A7) HE7) 80 Mok EXAAY WSheel QK)o
oS TN Aoz BT T, 44

o 9 vz Yo Aoz HAFL}
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