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%2 WIODEZ B4 7eie )

No. | Country No. | Country No. | Country No. | Country
1 | Australia* 12 | Spain* 23 | Japan* 34 | Russia
2 | Austria* 13 | Estonia* 24 | Korea* 35 | Slovak Republic*
3 | Belgium* 14 | Finland* 25 | Lithuania* 36 | Slovenia*
4 | Bulgaria 15 | France* 26 | Luxembourg* 37 | Sweden*
5 | Brazil 16 | United Kingdom™® | 27 | Latvia* 38 | Turkey
6 | Canada* 17 | Greece* 28 | Mexico 39 | Taiwan*
7 | China 18 | Hungary 29 | Malta* 40 | United States*
8 | Cyprus* 19 | Indonesia 30 | Netherlands* 41 | ROW
9 | Czech Republic* | 20 | India 31 | Poland*
10 | Germany* 21 | Ireland* 32 | Portugal*
11 | Denmark* 22 | Italy* 33 | Romania

*HHIMF (2018) SRR S e 78 2 SR
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3 HEA AR A AR R 2 R SRR B Ao bl (R STEE )

w5 FHAEREIE(E A &(1000 TT) PR A G4ERE TR 5 7 ER(%)
1995 2000 2005 2009 1995 2000 2005 2009
S A 58.0 65.1 68.7 79.5 1.028 1.015 0.986 1.153
BLHEF] 134.5 154.4 143.9 173.6 9.774 10928  9.038  11.029
Sl 1.9 3.0 6.6 22.0 0.056 0.079 0.177 0.604
PRANF!]na 8.3 9.6 17.0 14.9 0.565 0.854 1.378 1.328
] 969.2  1,140.6 1,255.6 1,544.4 10373 9.987 9.649  11.002
JIEVN 1,2103  1,302.6 1,325.5 1,348.0 8.680 8.571 8.200 8.824
rh B A 706.7 857.4  1578.6  2665.7 1.544 1.688 1.850 2.324
FEA T 1.3 1.5 0.3 1.0 1.131 1.014 0.239 0.803
FETT LI 9.2 10.1 11.1 20.1 0.399 0.474 0.465 0.891
{HE 106.6 151.0 263.5 514.2 0.572 0.806 1.353 2.885
28 5.7 17.0 26.0 29.2 0.415 1.210 1.684 1.816
isprian 88.1 131.9 159.9 287.1 1.353 1.751 1.877 3.682
E/DJens 0.1 0.1 0.4 0.9 0.036 0.041 0.157 0.350
AN 46.6 53.8 52.0 50.5 2.591 2.658 2.489 2.322
AT 270.5 259.1 213.8 305.4 1.989 1.804 1.442 2.275
B 34.1 56.1 91.8 151.2 0.276 0.445 0.744 1.399
il 13.0 15.1 24.1 34.8 0.796 0.743 1.072 1.575
&) oFF) 4.2 4.2 4.7 11.6 0.311 0.319 0.338 0.904
EIfEfEMEEE  186.2 386.6 514.0 710.8 3.466 5.997 7.091 8.934
ENpE 264.2 276.3 394.9 461.6 1.836 1.423 1.675 1.451
EHE 2.7 5.1 7.7 17.2 0.547 0.763 1.042 2.386
FEAH] 269.7 345.0 357.9 465.6 2.661 3.259 3.127 4.568
HA 4243 452.0 418.9 410.3 1.257 1.318 1.227 1.324
R 11.5 16.2 17.9 30.8 0.106 0.111 0.113 0.181
WAZL 1.3 12 1.9 3.8 0.245 0.230 0.247 0.516
&R 0.3 0.6 0.9 2.4 0.360 0.479 0.475 1.266
FIfR 4 10.6 10.2 12.6 13.1 6.155 7.072 7.266 8.609
HPHES 303.7 332.9 364.6 345.5 3.568 3.626 3.565 3.384
Sy LA 0.0 0.0 0.0 0.0 0.000 0.000 0.034 0.069
THi T 3.7 5.8 23.4 29.4 0.055 0.083 0.322 0.445
Vel 7.3 8.8 12.1 37.2 0.148 0.182 0.245 0.737
wHET 32.1 44.7 27.0 73.6 2.309 2.906 1.627 4.974
&S End 60.1 53.4 73.3 58.3 2.210 2.697 3.368 3.173
R 632.7 592.9 636.5 643.9 1.624 1.599 1.558 1.540
W& 17.6 16.6 17.6 21.8 1.732 1.611 1.569 2.135
W& 4EfE T 11.7 14.0 12.7 18.7 4.705 5.393 4.425 6.675
jdiidh 246.6 286.0 271.3 263.0 7.526 8.709 7.924 8.494
+HHE 132.7 118.3 151.4 158.0 3.940 3.040 3.391 3.267
=8 17.5 16.5 14.8 16.5 0.389 0.284 0.197 0.220
£ 1,8222  1,686.8 1,751.4 23082 1.510 1.285 1.307 1.884
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T4 BERCOHE AR S E S RERZE T bR )

A FAERER 21000 TT) HAeEfRREEEHEEFEEEH (%)
1995 2000 2005 2009 1995 2000 2005 2009

S AR 72.7 85.5 108.1 125.7 1.289 1.310 1.194 1.337
BELHEF] 120.9 136.7 119.0 143.1 5211 5.744 4.342 5.871
Sl 27.4 44.5 66.0 74.1 0.806 1.251 1.614 1.875
I RIEE! 7.5 8.5 14.6 13.4 0.769 1.062 1.495 1.462
i) 9359  1084.5  1129.5  1453.3 9.210 8.826 9.006 9.709
JIEN 924.0 9347 10259  1122.1 8.065 7.443 6.926 7.491
o B A 600.2 770.0 12645  2257.8 1.551 1.694 1.839 2.255
FEA BT 2.6 3.4 1.9 2.7 1.402 1.559 0.919 1.236
FETT LRI 14.5 18.6 21.3 30.7 0.732 0.881 0.929 1.416
{HE 244.0 302.7 395.8 582.2 0.957 1.191 1.605 2.568
£ 17.9 26.2 36.0 37.8 1.041 1.555 1.724 1.952
EEEBC 109.9 163.1 208.5 308.7 1.467 1.804 1.810 3.019
FyhEen 1.1 1.7 23 22 0.435 0.594 0.692 0.806
pEN; | 453 522 57.2 55.6 2.509 2.643 2.486 2.504
AR 306.9 308.0 293.2 386.8 1.925 1.811 1.490 2.081
HEE] 108.4 166.4 221.4 254.2 0.784 1.029 1.171 1.784
il 21.4 30.1 41.9 55.2 1.004 1.159 1.362 1.734
&) oFF) 11.2 15.9 17.8 21.3 0.793 1.011 0.982 1.451
EIEErga 172.4 314.6 4452 646.8 3.729 6.852 6.422 7.818
ENpE 2472 268.4 396.8 476.7 1.698 1.449 1.618 1.500
T 6.2 10.8 16.3 29.4 0.803 0.947 1.114 2.139
FEAF 299.2 396.0 410.7 501.8 2.328 2.754 2.657 3.649
HA 558.5 586.1 567.6 533.8 1.341 1.388 1.355 1.473
R 54.3 64.8 84.6 89.9 0.501 0.516 0.587 0.663
AL 3.0 43 53 6.6 0.393 0.586 0.611 0.772
B R R 3.6 3.7 3.4 4.4 2.209 1.747 1.317 2.035
FIRR 4 10.0 9.9 12.4 12.7 3.675 3.733 3.195 3.920
HPEES 274.7 330.1 367.0 344.6 3.247 3.005 2.960 2.958
R 0.6 0.8 0.8 0.9 0.630 0.780 0.686 0.989
{ T 40.4 55.1 64.0 74.0 0.883 1.156 1.252 1.483

K T 15.0 30.3 32.8 57.5 0.363 0.595 0.650 1.103
EHE T 35.5 51.1 39.1 79.2 2.265 2.630 1.826 4.253
& End 50.2 45.7 64.7 59.3 2.206 2.673 2.984 2.767
R 501.5 351.9 4575 526.6 1.800 1.859 1.746 1.748
H &5 16.1 16.9 18.7 24.2 2.025 2.003 1.866 2.304
W& 4EfE s 11.1 13.2 12.8 17.8 2.848 2.944 2.594 3.346
jadiidh 211.5 257.1 231.1 230.4 6.546 7.804 6.344 7.305
+HHE 129.8 133.1 166.6 166.5 3.076 2.385 2.503 2911
=8 38.2 443 42.1 36.9 0.805 0.754 0.722 0.717

EH 2,173.6  2,306.7 24564 2,776.6 1.716 1.537 1.506 1.988

\0
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FEEERE - FFEEEZ R R
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R AR R LR E R EEEE TR -
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FEigFBhattacharya et al. (2016) » E LT
HERME - LB EAIE L SE R
R R A BRI S IR R B
HEGHG  GBYRETEALRGR G - Al
= F|Fpanel FMOLS (Fully Modified OLS) /5
EET R GG - DU EUEHEERIAR
T ERE R T AT BB R 2 AR R B -
R EARSCE SIS 1 BRI A4t
ARE » fiiPedroni (2000; 2001)f#E HAYFMOLS
75 7 B HY B AR o A B Al ST = ey AR
(endogeneity) K 7% #H E# (serial correlation)A[H]

B EREETAERE -

By SBEAIRAERSHR - H
GDP - K - L ~ NREP ~ REP#JEH{ [l WIODZ 5}
J& » [MINREC K RECRIIF]FH 25 B #% A Hi5i 2l
EBECWIODE L B 17 (8 5 (0568 T & 258 —Hii
) PSR E A B (In) iR -

HR A SCE R Ry 40 B SRR EORE - B &
BHIE G ERRAIRTRE - JoiE T AR fg g B AL B
ERRE - ROV EBEMMESSR - A F R
EFEFRFHLLC (Levin, Lin and Chu) &IPS (Im,
Pesaran and Shin W-stat)#panel BfRfGE  {FA
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5 BEIERRORWTTER)

AR EAiE|
GDP B'EGDP > £ [E %4 H GDPERLAGDPEFEH
K HEHEAFE
L ZEIEFENE
NREP EEAEIFHEMREIRERHE
REP FERAEEREHE
NREC HEHIEFHAEMREFEEE
REC HEHAAERER SR

76 Panel BEARARE SR (AR HEEE)

Level — S

LLCH%E IPSHzE LLCH%E IPStzE

GDP -4.679%* 0.953 -13.176** -1.76**
K -0.395 7.07 -3.757%* -2.561%*

L -7.565%%* -0.248 -1.639* -3.975%%*
NREP 0.651 3.908 -11.188%** -6.439%%*
REP 0.663 3.159 -18.516** -14.872%*
NREC -0.723 0.96 -5.804%*%* -6.794%*
REC -0.686 3.155 -16.1%* -13.108**

it - MURAE 0% /KA T BB URAES% B E /KA T R -

ZorHlevel{HERSY - BEPAA —(EGDPHILAYLLC (g A# B2 H BR - 5 Zra 88U
MERAFAERERY - HIPSIERHEMR - th  —fEESREEERES -
SUEAEE RN EER  MAE—FEZETE > W 0 RTYIH TR IR & R e &

R HEOSREERATTICER)

A e T RERE THE T RENR S B
GDP - K ~ L » NREP - REP GDP - K~ L » NREC * REC

Pedroni Residual Cointegration Test

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

Panel v-Statistic -2.13 -1.54
Panel rho-Statistic 4.09 3.39
Panel PP-Statistic -2.85%%* -3.95%%*
Panel ADF-Statistic -5.16%* -4, 59%*
Alternative hypothesis: individual AR coefs. (between-dimension)
Group rho-Statistic 7.3 6.35
Group PP-Statistic -2.68%%* -4 28%*
Group ADF-Statistic -4.6%* -4.95%*
Kao Residual Cointegration Test
ADF -4.93%%* -4 81%*

ittt MURIEI0%REE KA T BEEE - *URAES %R E/KE T R -
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S Hora & () =4 2 AT R R (F & 5
it DLR(12)FUFBE R 2 ME = - &
H1Pedroni Residual Cointegration Test?F 7{[E 1% £
R EPH4ERAERES  3ERAMLE
& M H—{EKao Residual Cointegration
Test » 45RBHLEES » HIL » ASCHE WI{E
ARSI A LB SRR -
TEREERER Y » AL EFSF Apergis
and Payne (2010)AY{i02% » & 5LFFpanel FMOLS
fliat & BA5E % - #EE A Hpanel ECM (error

correction model)fEAYE {5 25 52 8 ] Y LA SRl
- T8 Ry E A R E SR K AETR(E
FEREE TR B R AR SRARE » R T RR AR EHTHED
77 - ECMIATERR B IR - (e eSS RAE
RETRELE AL RE TRV I GDPIR A E &
JEFFAEMERE IR (E F & 22 GDPIE AV 2 - 2
FERETREY(E IR 2 GDPRYSZE

R HBE RS ER RERS
BHLORRNRREE - (R PSR
& GDPA A EE T IEH AR A

78  Panel FMOLSEHIFH Lt K AF @ ESER © A EE ARSI (E H (AT Tt 2 )

FMOLS &I MG R

GDP = 0.795*K + 0.043*L + 0.365*NREP + 0.006¥*REP

(19.189%%) (0.461)  (6.671%*) (0.370)

Panel [R5 A6 E (5455

AGDP, AK, AL, ANREP, AREP,
AGDP, , 0.6622%* 0.1345%* 0.0717* 0.1836%* -0.0737
AK,, -0.1307* 0.6743%* -0.0953* -0.1443 0.4094
AL, -0.127* 0.012 0.3678%* 0.0614 0.2633
ANREP, , -0.0034 -0.0047 0.0604* 0.1515%* 0.5799%*
AREP, , -0.0067 -0.0049 0.0062 -0.0091 -0.0665
C 0.0159%* 0.0063%* 0.0059%* 0.0054 0.0401**
ECM,, -0.068 1% 0.042%* 0.0009 0.1172%* -0.118

ik P MURAEV0%EHE KA T BERE - *MURIES%IE KL T HEE - ECM2BURBEETEHRS

$(error correction term) e

%9  Panel FMOLSRIFEME(LGT M INRMRERR - REOHERT & BRI

FMOLS &I M flEH4E R

GDP = 0.790*K + 0.746*L + 0.136*NREC + 0.015*REC

(19.57%%) (14.83%*) (8.61%**) (1.42)
Panel (RIS E s 45 5%
AGDP, AK,

AGDP,, 0.6349%* 0.1938%*
AK,, -0.1885%* 0.6831%*
AL, , -0.1642%* -0.0167
ANREC, , 0.0087 -0.0341%*
AREC, , -0.0191 -0.0059

C 0.0194%* 0.0049%*
ECM, , -0.0001** -0.0001

AL, ANREC, AREC,
0.09927* 0.7011%* 0.4097*
-0.1303% -0.3651%* -0.0612
0.3288%* -0.0439 -0.1494
0.0148 -0.1365%* 0.1055
-0.0016 0.0038 -0.1205%
0.0077%* 0.0082 0.0348%*
-0.0002% -0.0002%* -0.0003

it P MRRIEIO%REE KA N B » **URIESWEE KE T BEE - ECM2BURSEE RS

#(error correction term) e
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REIR & B R MRS FEFAVIEF £ MRE
HEEEZGDPIEFEE » HEKRETH
HARER S Eg /N ZGDP Y IEFZE -

ERRHIEET 4R - BUBEITFERYH R %
HEEEE - Azam et al. (2015)53HENE KB
pann - A RETRH B B S e g H R E R
% 1B BRI SE I AR B R B HIES R — 2
{B[ERFAzam ez al. (2015) /RS 22 B0 S JERE &
EEEEARLR - M EEAREFNE - A
MHEENGERKE - Aim b EESONEH
EAGEUHEARFHENMGE R EE -9
HIERRAY 7= S o Bl Azam et al. (2015 )5k FHHYEE
BB EEARR - AR HEEEE
EAREEAR -

5549 » Apergis and Payne (2011)58 F 2585 Ak
£~ HAERFHE - EEEANSE I ER
IR ET G A EENERBEG - WH
ZEF|—(E P o RSO Emi AR E s N & E
KE - BRI REBA RN E Z MHFE TR
HAstr H R R BRI - (EIEEHIKE - EEH
HYER Ty > JEFFAEMERE TR B F AR R R B GDPHY
HHAEE - (HGDPHIEFAMAE A A 5
2> WHARFZEANEE  SOHEE
KE > JEEAEMRETRE AR R EE ¥ GDPZ

HEEZE > [HGDPHIEH AR B 4 58
TRHHE RV BERTIE A2 - th#iSadorsky
(2009) 2% AU ASE NG 7 A F A gEJEUH B
YRR, - S E—DlatiFEEREEAR
[EIRIRE % A em e BN B I > W& R
BEREN A B -

ERNGERES  BRERES > —&M
5 REARAERLGES - NI E
aAERETRE S R o AR A ERE R HE
AR EHREIAOR KR - ERRAIAT R BLUA SIS
REIR % FE AT RE AR - R
BRI RE ST &R B G 0 AR R BE R
Fi% > BRORESRAVEET T g H BT Zr SnrY
TR o HEM R RIRETHYIT A © BEAD - FHFEaE SR
R - EHE R EREERERE REERRAL
7 o HNESEOR RS B ER - A EERE
R ABCOHE > HA G5B A FEAEY
e M AR R AR R [ERY - S5 AR RE
TR > RERER > Rtk — b 8k
TR o

ASLHE—25 R 5 5 LAIMF (2018)f{R3% f
TRREW 7T Ry U HE B R K A3 Th R RAH - 03
B sHE R Bl Et - WA e B R 2 il T4
REHMFTIOLRI > FIE PR Z (TSR

710  Panel FMOLS/ufE B N E ST R AL HAe IR A (AT TR EE)

FMOLS &I Ml 4E R

GDP = 0.7747*K + 0.204*L + 0.0585*NREP - 0.0014*REP

(21.218%%) (0.241%*) (0.992) (-0.115)

Panel (RIS E s 45 5%

AGDP, AK, AL, ANREC, AREC,
AGDP,, 0.9193%* 0.258%* 0.2869%* 0.1386 0.4562
AK,, -0.201%** 0.589%* -0.2197%* -0.075 0.2878
AL, , -0.2376%* -0.1101 0.5079%* 0.05 0.3353
ANREC, , -0.0381 -0.0104 0.0477%* 0.0559 0.6146%*
AREC, , -0.0059 -0.0059 0.0052 -0.0142 -0.0795
C 0.0104%* 0.0066** 0.002 0.0052 0.0329
ECM, , -0.0829%* 0.0746%* 0.0095 0.0481 -0.1767

it T MURIEL0%BE KLE T B - ARIESWEBE KE T B - ECM2EI R EILHES

#(error correction term) e
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11 Panel FMOLSSHEEI R IR E 45 + B REIR G B (AT STREE])

FMOLSEH5E M ffET45 3

GDP =0.7191*K + 0.7494*L + 0.074*NREC + 0.0288*REC

(14.159%%) (15.771%%) (3.739%%) (2.426*%)

Panel (RIS A e iz 4528

AGDP, AK, AL, ANREC, AREC,
AGDP, 0.8828%** 0.3226** 0.3266** 0.8169%* 0.8401%*
AK,, -0.2734%* 0.5715%* -0.2799%* -0.3065 -0.0557
AL, -0.3599%* -0.0585 0.4777%* -0.0964 -0.3386
ANREC, , 0.0466* -0.05%* 0.0167 -0.1133* 0.1166
AREC, , -0.0227%% -0.009 -0.0082 -0.0157 -0.1712%*
C 0.0145%* 0.0059%** 0.0042%* 0.0018 0.0243*
ECM, , -0.0002%* -0.0001%** -0.0002%** -0.0003 -0.0004

it P MRRIEI0%EE /KA N B **URIESWERE K N BEE - ECM2BURSEB RS

#(error correction term) ©

BHAIRI2K RS - [ER100] 53 - (EILHER
x> LIEEEAERE - BERREIFFANE

% o NI RS TPy AR RE TR & B s R 3
R A AR E -

=)

RER Y P EAGDP Z [ &0 45 4 m] R R Bl %
EREUHBEEARE - WRIFTR - REFES
P4 AEJRELGDP R £ B R R B (R > H
FEFAMERE R & B R EGDP 2 [l 741 2 m] (R
Bk > Ho o JEFEAMRERN G EH RN E
HIRARFZE > 2000 H AR A& 2 H R R
RAFERARZE - —&ERER > BHiA
SUHTFESH R AT AR RERY AN B A RE T = L AT

FERASE T IR HYER 77 > RI2PHUREER
HYIERE A MERE IR B GDPH IE A& > HEL
BREIEHARERL AR E - AR
RN RRIRARRE G - #% > HEE—F
HEEREER S ERE - MRIBFUR > JEHEAE
PERETR s P AR RE TR & B SUR R AR
ERE MEBRNEHIEHEAMERSERLE
e HEARRAEEE S -

712 Panel FMOLSHAZS IR N A EER © A AE R H (R FE R )

FMOLS &I Mt 4E R

GDP =0.8519*K + 0.0458*L + 0.3225*NREP + 0.1719*REP

(8.301%%)  (0.240)  (2.690%**) (2.719%%)

Panel (RIS E g 45 5%

AGDP, AK, AL, ANREC, AREC,
AGDP,, 0.3587%* 0.0495%* -0.1235 0.1011 -0.38
AK, -0.0377 0.8432%* -0.0304 -0.0956 -0.3459
AL, 0.0007 0.0261 0.1326 0.2449% -0.1395
ANREC, , 0.2581%* 0.0154 0.1094 0.4994%* 0.4185
AREC, , -0.0166 0.0013 0.011 0.0149 0.0759
C 0.0232%* 0.0031%* 0.0119%* 0.0023 0.0562%*
ECM, , -0.1505%* -0.0059 -0.01 0.0202 0.3137*

it P MRRIEI0%REE KA T B - ARSI KE T BEE - ECM2BURSEE RS

#(error correction term) e
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713 Panel FMOLSP & 15 N ARMRE SR + EOHERER S B(ANTITHEED)

FMOLS & 58 M {5455

GDP =0.9966*K + 0.734*L + 0.316*NREC - 0.0269*REC

(17.86%%) (5.268%%) (14.081%%)  (-1.348)

Panel (RIS A e iz 4528

AGDP, AK, AL, ANREC, AREC,
AGDP,, 0.4421%* 0.0354 -0.1056 0.4717%* -0.3347
AK,, -0.1182 0.8473%* -0.0438 -0.0267 0.1724
AL, -0.0682 0.0297 0.0948 0.0757 -0.0797
ANREC, , 0.0067 0.0148 0.0255 -0.0709 0.1857
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Renewable Energy Consumption-Income Nexus under
Value Added Trade

Jin-XuLin' Cheng-Yeng Yeh® Kuei-Feng Chang’  Shih-Mo Lin*’

ABSTRACT

This study constructs a multi-country input-output model based on the 1995-2009 World Input-Output
Tables compiled by the European Union, together with energy account data, to estimate the renewable
energy embodied in the final demand of all 40 countries or areas in the tables. These estimates together with
other socio-economic accounts are then used to estimate a panel data causality model to test the relationship
between renewable energy consumption and economic growth. For renewable energy consumption, two
estimates are used in the estimation of the panel data model. The first estimate is the direct renewable
energy inputs for domestic industrial production. The second estimate is the embodied renewable energy
in the final demand of a specific country. Our estimation results and the causality analysis from the panel
data model indicate that, for developed countries, both the non-renewable and renewable energy inputs
associated with domestic production do not exhibit causal relationship with economic growth. However,
non-renewable energy embodied in final demand does have a two-way causal relationship with economic
growth. Furthermore, economic growth will push up developed countries’ demand for renewable energy
directly and indirectly. These results partially support the argument of environmental Kuznets curve theory
that, environmental consciousness will grow following economic development up to a point to increase the
demand for low-pollution energy and, eventually, improve the quality of the environment.

Keywords: Renewable energy, value-added trade, economic growth, multi-country input-output model.
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