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Analysis of Causal Relationship between Energy
Consumption, Production and Export in Domestic
Manufacturing Sector’

Suyi Kim*

ABSTRACT : This study analyzed the mutual causal relationship between energy consumption,
production, and export for manufacturing industry in Korea. The Korean manufacturing industry was
divided into nine industries and panel data was constructed from 1991 to 2013. The panel Granger
causality test method developed by Demitrescu and Hurlin (2012) was used along with the Vector Error
Correction Model. This analysis showed that there was Granger Causality from production to energy
consumption, from exports to energy consumption. However, Granger Causality was not established in
the opposite direction. Therefore, this result supports the conservation hypothesis of Qzturk (2010) that
energy-saving policies in the manufacturing sector can be implemented without adverse effects on
production or exports in short-run. There is a long-run cointegrating relationship between production,
energy consumption, exports, labor, and capital in the Korean manufacturing sector. Furthermore, the

energy consumption contributes to the increasing of production in long-run equilibrium relationship.
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L M2
U Alxde o wrkeke gel 2, Aweteh 28 v5  seee g vls
o] t+2 " OECD=7IEHE £2 0131 PSS AUAE gol nlshe 54
& 7HAIAL Q= oA A] tha] fdFolot. wheba] 2| 7] 5 eke o ol A R R AL )
< FEiuRhe] A7 2 = Al o B o F= vIAAl e oAU AE
AdR] w2 ] A=A | A] = -2t A ZHFoll v A 48] 9] 53.9%

(20159 712) & AHAIBIAL Qlrt. mhbA] ] Al = <] Oﬂbixl ] o] ggtelehE St
o2 At A Y ok A 7| SR} oS- Aol A il T 88kar At IhA| ok

SHARE Tk o | e R o] Aol old FFe SA1°l tsiA= 2ol
A7V e o2 3k ZAIA 710l thgt ARbAQl A= ZF 27 R S8 A HHE U ¢
oheel sha Aol A 3= Atk SFARE =] T @t A= Lee and Yoo (2016), £+
°](2015) & Z|oll AJ2HE ATt

Lee and Yoo (2016)0f| 4= oA A 4x8]2F GDPALo]of| A5 1k 7} AR h=
A& BTl Qi 1140](2015)9 4= oFAlot 67 =2 t o= gt vijd &
34l o]5 A9 9] GDPL} o K| Aololl = AT AapiA 7 EA T Ae
th. o]5 Aol A ARERE HolBle = 7F A ¢ lbﬂxl*ﬂlﬁl‘rGDPOH et dlelE
&3ttt SHAEE oF =712] GDP= Al =T EAsk= Zlo] ofyzh, AH|A
PSR 35T T e e Ut —‘?LT'I}O] EAfste o] A5 Hig LR 9

U A 48] GDPREE] A% AdHAIE Sl Al2d 22 AuAgAe k=

-
Py

>

s @%73 A1 58 0 St 201 439 Sk olch World Banke
Zo] X3k ulFo] OECDHE

(28.5%), TE,'(ZZ.I%) E(17 6%)HTHs Do) =0 22220 45.9%E 2|51 9k
o= H46.8%) T} HlS:3t SFolth 121 A A2 S) Fa B F Shti o
YAkt Q2] 5 EulFo0] A S| STk Aolth 20134 7|20, w02 A
BFo}o] 45|52 34.1%, 1334 - M R4 5% vl 36.2%, £UTE] 4
o] 4=

g 5
o] FEHFE 50.0% 5, A oLl Ackan| 4] ol A 50% ol

o o
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i
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I 9 efH oA b b ool il G w13 4 ok
= Ao Selutebe] AR YL O R oA An], AL SE0) HE QLT
A% RASIA Tk 1 B A ] P ST 2 ol e

o aual Al 2GS 97 AF 0 & Lol 1991 A E 2013 d71A) Y dlo]E| & L=
Sk o)A Foma RET A4 Beke B A $O4E St 4
ESHEAR O 2 = 27| o g F A of| A= 34 E 7| K (cointegration technique) 7} VECM
(Vector Error Correction Methods)-& £3F FMOLS (Fully Modified Ordinary Least
Squares) S ARE-SF W, 7] Q1A 4] of| A= Demitrescu and Hurlin (2012)0]]
ol A 7ldt=l 1" Granger causality test B2 AF&-5H 1:},

1 Q0] P tha Tt Pk 2ol s Aol 1 AT o) AAS Al s
ol 1A S Aol Sl A 4o SIS Ao S5
oA AE2 AAIRI:

)

OH

I, Maoin

—o

ol A 48]0} AR A 7H= ko] AL A= Ao A gler ol o
3+ A3 A0l AL oY A AR o) A 28 ZA| 2 thERo] 4 Yrh(Giles and Williams,
2000a, 2000b). E3] 1970t ol 712 THE 0|5 HZ2Ho g L7} o] o] A}
(Ozturk, 2010; Payne, 2010). 713 323} 0|47 29| = of 1] 2| 48|92} GDP A}o] 2]
Granger Causality 4] |11 %| 4k Hao] AR 4-E Asshizrl?ebs Ho] 2 =7
0] S ThD GDPol|A] o1 7] 41| 2.2 QLA o x| 4w g Mo = AR
o] A8 %] x| QR=The Tl S 744 1 9o, o1 X 4wl of 4 GDP O] ¢lakA|= of

1) Ozturk(2010)= H] 7FA] 7He& AAISEAL Qlek. B, o X 428]€} GDPIto A= obrdd delte Qict
+ ‘5 H7Hd(neutrality hypothesis)’©]tt. o]+= o x| 4:H]|2} GDPALo|of|l= oF+-E o o] glek= Aol
T} petA] offA|2nle] that Hekolut ity WBo] Aol olmat e BlAA| HThs Aol
ot B4, AR A oL R AR 2 AERO| causality 7} QIThH= ‘X271 (conservation hypothes1s)
ofc}. eI PHOI kL Fhk. of= ot A|2n] Mok Aol AAAR A2 AT mAA] eRzrh
Aolek AU, ouiA] Arlol Al A0 = Are] causality7t STk 4871 d(growth hypothesis)
olth. ARG AR A oz JES nHAE e, ouxAbg: ST FAd 7l
7198 4= YSAE B2t Zlolth UlA, oux]au|et AAAT e FEFY causality7} ATk
= JJE”“7}“(feedbaCk hypothesis)o]c}. ol 2|xB|&} AAVIE-2 oA AR, FAof FdFe
2 F¥Fs mRits Aot
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o] ARV Aae 4 Glrhs BoI% 1A 2 gl

S A AT ol o] Ak Alol ok A A7) AlE 0.2 o] o] ol
A %Q(Edwards 1998; Giles and Williams 2000a, 2000b; Lewer and Vanden Berg,
2003). 115 535 =R 9] shif= &% A% 7Hd(Export Led Growth Hypothesis)
ol ﬁxﬂﬂw Zofl T3 ELG /M-S SIFBHS dl= 9l 717) o] 20] 9Jrk(Giles
and Williams, 2000a). AH], =& 747(1]4 FQE ZjA)7| 1 A-A AL
ok 24, T8 de 27199 AL2SE skl 7Y A, o w2 Ve e
Fresta AR 2= *(E*W = Stk AR, &2 Rt a1 s SoiA
A Y S, S| AF2AES S she et AlS EASAIZITE YA, 52
] 3-9-910l| Ql= Aol S2kete 2 BAd S 7H 2t

SEA|TE of| L ] A H| &} ap2- o] A of] t gt A= Eo
of offf A axH]of| P v A= o= =2 AL 2, Bl ZP%, LS s OM
2t U A = 23 7] wiizo|t) whebA =& S7PF AU A M| S7RE frieshkerte
FE FETEY A sl e =712 71§ s ol A Ay
A7t Stk 53] dh-& o EF 7“1]“”% Ol% HIEA Q] =7k A HHE:"Q}]EHXH
AN )| e 5 ‘ﬂ] o] & o =l o}
S H oA &S ALkl E‘r =3 71—‘? "41% oA doFgd A 2 A9

S Aol npebal = 4 Z 3 A Aol B Ak v E 4 9. o] o weis

4

of UNFCCCO] 7|3 Wsa Aol s &t 715 asig alnto] A5 Auad s a9
Sk R A Q) ek 2 AB] 18RRI AR A Q) G ol ehs TRl A Tl

#AS R

of| g A AH] =9 AA o tfgt d4t2+ Lean and Smyth (2010a, 2010b),
Narayan and Smyth (2009), Sardorsky (2011) 5-¢] $1t}. Lean and Smyth (2010a, 2010b)
L 52 67013, o] Aetel, Feo] e, 9k ARo-rlofebulol, Aleloh L tAre 2 ol
TA S EA519 =1 g AR 4 AZGDP, 4594 4= 2 9] ©t7| Granger Causality
£ 2 1E]al S0l M AAGDP, ¥ an|ofA A-GDP, &0 A e
H|, AZIGDPof 4| & AH]| 2 2] A7] Granger Causality S WA 5} %t} Lean and Smyth
(2010a) 9| A= WA of| A A 2 AH| 2 9] Granger Causality S 943 © 1, Lean and Smyth
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(2010b)ol A1 o] et Sla kA1 s} Fafsiehs Aol ek

Narayan and Smyth (2009)7} %3} Heiaole] TA] thshal 2k,
Sardorsky (2011)= o U{ 2] 212} Erefo]ebi mt euFAel 2| 3o] thatel 24519
c}. Sardorsky (20110l 4= 55 6 7= (012, o], a2k, vk, 712, ARg-r]ofe}
Hlo}, Alg]o}, UAE)o] that t7] 58ha 4 8F31=tl 2ol Al ol q x| 4=H], 4=} ol A
of| 1] R| 4H] 2 9] Granger Causality S 2H7A5}%Th.

SEA|HE H| a2 Z|Lof o] 22 A of of A A]4xr] o} A, TLe]al o] thsiA &
FHe 08 mEslo] AE ol T2 B sk A7Lr) A 2E ¢tk Sadorsky, 2011, 2012).
lﬂiur ojgfgt Aol A= FnlFol AL du| dR=7Hht 794 A o]l 54

ol A A Q= Ss=7kol fHE o] vk ©@Ro] itk 53] olJ A 44|, 7
A 9 A A ] A1) o120 e gelet A317)
" el & QoM = T titt 2=t i - S U AR S e R
offif 2122, A4AL, Telzte] A S BT 53] Seiuete] A2 ge o v}

A 971 4905 S Rolo] Sl ol A0 A 2 )] A1

T} AIE A 0.2 BAT 4 qlek A o] gk Q9] AE Al Hatste] i Hold
£ E5l0] BASHE 21 5 Ao that BI04 X 802 A Esks Zlolth. 53] o

& A £9)0] 21| Fo] o} o LM 2Hlet A, £EE FUH 0T EHTOZH
M AR ES o)n] Qs AT BE8 4= 9lon, o] of 2Bl Tk A4}

2 A= T et ot 2 2 lﬂ‘%ﬂ} A zAS o= At 230] |zt
(1991~2013) ofju]R| AR}, AAE Fro 7o) AFE o 3%A|E Panel Cointegration Techniques
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@} Vector Error Correction Model (VECM) Z12] 17 Demitrescu and Hurlin (2012) 9] =
Y Granger causality test2 AR50} 24351314} gt

i EXER Y PR I ERYSERESUREE R BRI
- Bk HlES, 124 - BlEES, 2, 7IEAR) L E Uiro] 9 HlolEE

FESG ]2 THo2M XA Lol u]iA - Bl glolq EAL Gole 8t

B I tof A 9] AYAFeH= Lean and Smyth (2010b)E w2 =4 AAAGHE o]|11=
AR10 2= AR(K), ZE (L), AU A &B|(E), +E(X) 5 47HA1E L=3hiTt 4014
A= v 22 SRS A er FAgk 4= Slth

Y= f([(”’Lit’Eit’Xit’ V) )

o] 3JHEA A= Fdl olE W ol A7 HAE EASH] HslA panel
cointegration techniques-2 A-8-5} 324} S}t panel cointegration technique= Z|L0j o]
U x| 4=H|(energy consumption)@} AJAHoutput) 2] WA E EA5H=1] o] o] &5 11
QItH(Apergis and Payne, 2009, 2010; Chen et al., 2007; Lee, 2005; Lee and Chang,
2008; Lee et al., 2008; Mahadevan and Asafu-Adjave, 2007; Mehhara, 2007; Narayan
and Smyth, 2008, 2009; Narayan et al., 2007; Sadorsky, 2009a, 2009b, 2011). Tt

cointegration 2] A7} WA = H, OLS, FMOLS 52 E3l4] ol& H4E 7+ A7) 4
o] THAIS BAT 22 9l

=TT =2 T Re-

Yir = Brikis + Boilis + Bsieie T Buiiy T v+ €54 2
i=1,....N,t=1,...,T

2] 3] HEAA]S VECM X & (Engle and Granger, 1987) 0.2 &AlshH th-2-37 2}
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+ 2’75477]'Ae77t7j+ Z’VSSiijitfj+’756ielt71 T U
j=1 j=1

A = 2B (first dlfference) S oJu|shH, g= Z(lag lengthy) S 9 w| gk
y= A2 GDP2] 21H¥
kv A1 Z}E(capital formatlon)_J 2
1= ==(labor force)®] 215
e+ ol x| AH](energy consumption)QJ 2IOHS

= e 2O

Al
=

Al
=

v~= error term

VECM-2 3t E3 A5(cross sectional specific coefficients)2} Z-xH(residuals) 2]

S AFA(cross sectional correlation)2- 112517 913} SUR technique WHH - -8
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bck
H Aol A= HEE 7o) w7 Qi A 1S B41517] 93} A] Demitrescu and Hurlin
(2012)9] .JOHH W sd Granger causality testE ARSI TE Demitrescu and
Hurlin (2012)2 47}Z] EH.J causality S A A5} +=1] & o] 4]+= Homogenous
Non Causality (HNC) 7}d-& 0]-83tc} o] 7148 pof| A y 22 of i3t 7| 2] t}t}ﬁ]
ol B e A ool o] /1A A Sl Hhet ¢ i

o AbgaT)

K K
Yir = a;+ Z’ng)yi,tfk—"_ Eﬁgk)xi}tfk—i_ei.t “4)
k=1 k=1

NNe] Aklel 7717ko] TAE w2}y ] AA G ABUAZ HASHE Aolck. &

£ AR U3 QL0 a, 4,1 FAE AGgolt. o] 7HaE AF] SlaiAl e
AR L gt ek
Hy:5,=0  Vi=1,..,N ®)

B, = (A, e, B 013, B ARJHR Aolsir). wheba] AR A o)A BE g,
ol 0ol2hs AL w0l Al y 2 o] 1A} ZAIA] G=the RS vt
olo] Tt R HI-S Theat 2k

H,:B,=0 Vi=1,....,NV
Bi=0  Vi=N+1,,N (6)

o] 4L kefo < N,/ N < 10] grEE Tk AL 71 2] & mE o] it A
227k0] 00] Eojopar FELrdo] AeE Tt wrek 17etE Alggko] 00] ok cross
sectiono] ZA|3tchd L7 7)1 zhE o)

o] 2|3t A& K5} 915} Demitrescu and Hurlin (2012)-2 N7 2] cross section ]|
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(# 2) B2el2 85
e Ae y Ay k Ak

Statis-| Prob. |Statis-| Prob. |Statis-| Prob. |Statis-| Prob. |Statis-| Prob. [Statis-| Prob.

Methods . . . . . .
tic | ** | tic | ** | tic | ** | tic | ** | tic | ** | tic | **

Null: Unit root (assumes common unit root process)

5.6830.000

20.237/0.406 |-4.818] 0.000|-2.399] 0.008 |-5.912] 0.000 |-2.352] 0.

Levin, Lin & Chu t*

Null: Unit root (assumes individual unit root process)

Im, Pesaran and | 7041 766 | 6 151/0.000|-0.614]0.270 |-5.261] 0.000|-1.307] 0.096 |-4.916| 0.000
Shin W-stat
ADF - Fisher 1,1 20310, 676 | 74.419] 0,000 | 18377] 0.431 |60.610] 0.000 [23.772] 0.163 |57.765| 0.000
Chi-square
PP - Fisher
. 27445 | 0071 |613293 0000 | 2354 | 0.169 [100270] 0000 | 36446 | 0006 | 84551 | 0.000
Chi-square
l Al T Az
Mehods Statis-| Prob. |Statis-| Prob. |Statis-| Prob. |Statis-| Prob.
tic | ** | tic | ** | tic | ** | tic | **

Null: Unit root (assumes common unit root process)
Levin, Lin & Chu t*]-1.845]0.033 | -2.614]0. -5.568/0.000|

Null: Unit root (assumes individual unit root process)

Im, Pesaran and | 1o7 16 651 1:2.71510.003| 3.366 | 1.000|-5.271] 0.000
Shin W-stat

ADF - Fisher 1, occ | 05 [34300| 0011 | 780 | 0981 | @105 | 0000
Chi-square
PP - Fisher 1101 | 0918 | 2140 | 000 | 7636 | oot |128147| 000
Chi-square

AAE WSl 1(1) s Q"]o}oﬂﬁ} olFTI(1)

wlo] 9l=%] Pedroni (1999, 2004 o 23)3kqTt
Pedroni ‘g 345 5ol 4 %% 7R o] FA S Alggic. ofuf ﬂ—rﬂ’g% o|&4
ol WdojjA] AR o] QJX] Yth= Aolth o|F st A= 37 within-dimension

(panel tests)1} between-dimension (group tests) .2 Ul ch.
AZ AT <3 350 A H] Gk EARS B % 117)0) £ ol 4 2742) 57
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H(Panel ADF-Weighted Statistic, Group ADF-Statistic)©] 5%2] 7|2t of| 4| 547 o]
Qthe AL oF 4= 9tk U 2] 17)9] E7eKPanel PP-Weighted Statistic)-& 10%2] 7] 2}
ol A Elo] ik wfebd BAR 715 3714 0.2 45817 $lslo] Kaoo] B
A%-2 A5 Kao BHE AZolAE FAEE0] 91 ek F57H4e] 1%9)
Zrloll 4 71ZFEl o). mhebA) o] 7%l eJatr AlA|e WaEo] BHE Ho] olrk 7
el webA o] @l A5 ATHE HhEko 2 A7 AR) FRRAl] it 548 AEsi,

[ex]
3
H

R

N

(B 3) 382 43

Alternative hypothesis: common AR coefs. (within-dimension)

Weighted

Statistic Prob. Statistic Prob.

Panel v-Statistic 0.318 0.375 0.377 0.353

Panel rho-Statistic 1.156 0.876 0.738 0.770

Panel PP-Statistic -0.536 0.296 -1.357 0.087

Panel ADF-Statistic -0.815 0.207 -2.082 0.019

Alternative hypothesis: individual AR coefs. (between-dimension)

Statistic Prob.
Group rho-Statistic 1.749 0.960
Group PP-Statistic -1.260 0.104
Group ADF-Statistic -2.650 0.004

Kao Cointegration Test
Null Hypotesis: No Cointegration
t-Statistic Prob.
Augmented Dickey-Fuller -3.683 0.000

2= Automatic lag length selection based on SIC with a max lag of 3, Newey-West automatic
bandwidth selection and Bartlett kernel, Null Hypothesis: No cointegration, Trend
assumption: No deterministic trend

3. A7IAF3A

(0]

=
A3

= S5to] glstiich AIAE Mes
9] g}elst7] £ CM 241 A =3813. ofof thgt 2414
= <BL 3 [>of A= o] Qlth error correction term (v,4) 2] AlG=gko] BAH 02 &
OJ8lal £5(-) 9] & Holal glo v s M AIA G50 A7 o= g o =gt 7]
2R QIIPHA| 2= A, =5, olUA|an], o] AAbS7HE ettt & 4= qlck

o o
M

2
=

Ao O

oZi
N
i)
rO
rO
=
2
2
ru{m
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Panel Fully Modified Least Squares (FMOLS)E E314] 4] (2)¢f tijgt 2]

of| gt A2 <32 4>0f Ykt Qi A A atol| ofshH ke ARRat WA A S

HO|T 9T}, T THE 0 R 4, 1 TR0 R o | 4H|e} ATAE Kol itk o]
gt ] 0] Aol 1 19%2] 7] zkedollA] Alzlo] SAKS] fol e wol gl
B AvLE aj| 4| HH o] 1% Z718HHE AJAk] 0.662% 27 Vel 4=20] 1% <751
Aite] 0.256% S71%teE 53] ofuA]e] Aol offvA|aH]7E 1% S7Fstd AYite]
0.191% 271310}, T2l 150 7oz A4gho] BAE 0.2 §ofe}4] glot B}
AR A= 2 EA oA = AR A2 WE)7] St ol Al 200] |xt el
o) A|0] AR 52 AR Ko

7142

OFAI] AR 91 A48 Slrh AL olnlstul, o] efhA|
249 ol = 587 S SI0It= Aofth 53] U= =gt FYasm
A Aze] 4t ES BAE B3 Gl R B BAjo] 2= 0 ARolt)
(# 4) 7| Z2g&A 4
Variable Coefficient Std. Error t-Statistic Prob.
k 0.662 0.054 12.254 0.000
l 0.019 0.044 0.440 0.660
e 0.191 0.062 3.080 0.002
x 0.256 0.026 9.986 0.000
R-squared 0.989 Mean dependent var 12.878
Adjusted 0.988 S.D. dependent var 1.321
R-squared
S.E. of regression 0.142 Sum squared resid 3.572

4. @71 AB/A

A4k A H R oH], 2F, AR, e E T 8 Bgrof gt @] lzkA|of iRt A=
<3t 5>0f A|A|E| o Qlet EARPH 2 QFof| Al Ay gl v} o] Demitrescu and Hurlin
(2012)9]] 28 A] 7i9tE 9'd Granger causality testS A3 T}

oYR|avlE T4 A EE, o x| 4H] F7h= Wit S7HE FUSHA] et
SAITE AYAE 57 k= o J A &M S7HE R o]= 99% 2 Al E7kol Al f-2 5t
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% 7k ol U R 4H| 715 kel o] 4] 99%2] A7t A f-2] 5t o]
A 4] 742 95%9] AlE 3ol 2E S7HE RS gtk Tk ES et
AS7he W A 02 ofjuR|an] S7HE R S E I AR o

HHAE éfﬁ%l"i‘?i, FE /e AN S7RE TRl ST ESTE S

1__
e A 2 Ak A

=3 07]"“ OH*SPU% e5s7he AdA R 7= %‘%1‘3}-

ol 7] 28] Z717F AL Z7HE kSR QEAI Tl AT 2717k ol 2] n] E74E 6
5he 21 Ozturk (2010)) 12 741 Sgrebe. web ol U 2] Aot gato] 4]
2919] ol ofui3t o I urs}A] QLo o]sE 4 ks HAH AIAEE
A3t o] AL A= Lee and Yoo (2016)2] ZA1}9}= t} 2t} Lee and Yoool A=
oL x| &H] 2} GDPZoll= A% Q1A 7 ATkl shiet. shAI R Al 29 0 = fH Rt
B ATolAE ARSI of x|l ze] arel kA skl 4
S7Fe} ol R axn] F7HS) AT ATmA A 0|9} gt WAL - Sh=t] =

F7P7 oA 2] B71E el e ol A ] 5717455 7HE SR ok
The 212 o] JA| HE 7HE o] sty wheha] of g #] dof A& o] g=Zof| ofu gl o
U 40 4 oI Sl 42 febd A ] oA
HoF QA o] BE0] Aol 4-50] 2 AH< YT 1]A A ol mt A<

o114 ot 4319] 25 o] A Ele)

ikd

(&# 5) B7] 2lattA 24

Null Hypothesis: W-Stat. Z-Stat. Prob.
k does not homogeneously cause y 3.054 0.831 0.406
y does not homogeneously cause & 3.347 1.157 0.247
I does not homogeneously cause y 5.903 4.003 0.000
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Null Hypothesis: W-Stat. ZStat. Prob.
y does not homogeneously cause ! 8.320 6.693 0.000
e does not homogeneously cause y 2.948 0.713 0.476
y does not homogeneously cause e 5.494 3.547 0.000
z does not homogeneously cause y 4.660 2.619 0.009
y does not homogeneously cause z 14.040 13.061 0.000
! does not homogeneously cause k 5.596 3.661 0.000
k does not homogeneously cause [ 4.809 2.785 0.005
e does not homogeneously cause k 2.360 0.058 0.954
k does not homogeneously cause e 6.210 4.345 0.000
z does not homogeneously cause k 7.975 6.309 0.000
k does not homogeneously cause z 3.953 1.831 0.067
e does not homogeneously cause ! 12.062 10.859 0.000
! does not homogeneously cause e 4.846 2.826 0.005
x does not homogeneously cause ! 1.892 -0.463 0.643
! does not homogeneously cause = 5.163 3.179 0.002
z does not homogeneously cause e 8.688 7.103 0.000
e does not homogeneously cause z 4.013 1.899 0.058

o2 1991356 20139 7HA] Ak A, g, oflu]
A, 2 H S ‘Lﬂlﬁ%%‘%ﬂ@ﬁ A5k E} 94 VECME 53t ‘71 ek

S g%l 71045‘}% Rﬁlﬂ 710455 Etﬂ, FEOI AR

o] 7]ofHeh= ARk oAb Fe] ST AR 9] Aol 71ofshs e
7] 291 QA 42 Demitrescu and Hurlin (2012)9] 2J3jjA] 7jat
Granger causality testE ARg-510] o U A[axu| @} Yak, 2R, ey, 3 7H) A Q1)
AE sk A i 20 S7ks A au| 9 S7HE 7P T ol Y
A &H] 8] 7P A E S7HE Bl a5 AARe] STl A o | A4
B]2] 71 & S7HolA ol U A 4] F7h2 o] UeFe] Granger causality 7} S -2
helshltt. mhebA Az dol] tiel ofjuf A]axu] d ofol| tigh 215 A& o] A= of YAt
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o B A 7] 3413 W 4o] Ik Ea 105 o M ol <] Aok H B e FHIA
A 2202 Bk e A 0.2 ABBof 5, 215 of 2 ok 7] 4w at Aol sk 4
S0 2 lok 8t Zlolth o] 2 B Fuf A= o] o X SjEEg WA 4740
2= 71505} o8 S ATEA o] g sl 3 Rolt

B AT AR 53] A2 0] o x| ], o, Ak gke] ATAE A
© 2 WU Qlehzs] 1 0107t ik B3] Fuf Alwle SEFEY RS o) Rolgt
3 ofu 2| chasm| gl 50] Falo] o] A4kl 947] uEolch. wheba o]k o %] tha
u] 13 ol Tiek ThE sk of U 4 AoFA Bo] AR Aol Aa) 2.2 0.2 2§84 7} 74l o]
thol Hlof gk olefst o) Eo]  ATE o)A Sl girka & 4= ik s
A)zq) AAH BAo] ARl o] EXLO 2 AR AL Fech. wrebA] g5 o Hlo]
E7h 22w A Aol ek B4 ) B A vhgbalE Ao 2 Btk shAu |
AN T AT FFIA R GA R

o

o _l

o rlr
HURS

—lﬂ

(2 H 1) VECM EAZn}

Coefficient | Std. Error Coefficient |Std. Error Coefficient | Std. Error

¢ 0.044%** 0.012 G 0.013 0.010 G -0.016* 0.009
Y11 -0.108 0.108 Yor1 -0.063 0.097 | %, 0.131 0.084
V1o -0.026 0.119 Yo1a 0.040 0.107 | 70 -0.125 0.093
Yo | 0.310%%* 0.090 Yoor | 0.256%%* 0.081 | vy 0.143** 0.070
Vy99 -0.090 0.086 Tyas -0.003 0.077 | 7509 -0.078 0.067
Y | 0.402%%* 0.124 Yoa1 0.221** 0.111 | 754, | 0.280%** 0.096
Y39 -0.012 0.121 Yo3a -0.051 0.109 | 53 0.047 0.094
Ma1 -0.065 0.057 Yoar 0.016 0.051 | 7y 0.006 0.044
Yo | “0.149%%* 1 0.056 Voun 0.003 0.050 | vy | -0.105%* 0.044
51 0.112** 0.045 Y51 | 0.138%** 0.041 | v, | 0.105%** 0.035
Yisa -0.043 0.049 Yosa -0.046 0.044 | s, -0.051 0.038
Y6 -0.043** 0.019 Yog -0.012 0.017 Yoo | 0.042%** 0.015

R-squared 0.205 R-squared 0.206 R-squared 0.351
Adj. R-squared 0.15 Adj. R-squared 0.151 Adj. R-squared 0.306
Sum sq. resids 1.143 Sum sq. resids 0.927 Sum sq. resids 0.693
S.E. equation 0.085 S.E. equation 0.076 S.E. equation 0.066

F-statistic 3.726 F-statistic 3.742 F-statistic 7.801
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Coefficient Std. Error Coefficient Std. Error

¢ 0.019 0.016 e 0.071%*** 0.019
Y -0.209 0.152 Y11 0.714%** 0.178
o 0.143 0.168 Ys12 -0.633*** 0.196
Vo1 0.402%** 0.127 Yso1 -0.154 0.148
Vizo -0.008 0.121 Yson 0.189 0.141
Viz1 0.222 0.174 Ysa1 -0.033 0.203
Vizo -0.030 0.171 Ys32 0.490** 0.200
Yiar -0.278*** 0.081 Y1 0.017 0.094
Vo -0.111 0.079 Vo2 0.078 0.092
Vst 0.038 0.064 Y551 0.054 0.075
Vyso 0.059 0.069 V552 0.004 0.080
V6 -0.022 0.027 Y6 0.016 0.031
R-squared 0.15 R-squared 0.235
Adj. R-squared 0.091 Adj. R-squared 0.183
Sum sq. resids 2.273 Sum sq. resids 3.096
S.E. equation 0.12 S.E. equation 0.14
F-statistic 2.552 F-statistic 4.452

ZF: 1) leg length= 2(SIC 7]=)
2) *= 10%, **= 5%, ***= 1% 7]ZF9olA {293
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