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Abstract

This study constructs panel vector autoregression (PVAR) and panel smooth transition vector
autoregression (PST-VAR) models, using the vector autoregression (VAR) model and the panel
smooth transition regression (PSTR) models, to evaluate the causality between renewable energy and
economic growth, both with and without considering economic scale.

Empirically, the data from 217 countries during the period 1990-2019 are used for estimation.
The empirical results show that, under the PVAR model, the economic growth rate has a
unidirectional causality effect on renewable energy, and it has a negative impact. In the PST-VAR
model that considers a threshold variable (GDP per capita), the economic growth rate has
unidirectional causality effect on renewable energy, and when the per capita GDP exceeds US$15,129,
the negative impact will turn into positive impact.

This study demonstrates that when a country’s economic scale (GDP per capita) is less than a
certain value, it may reduce the development of renewable energy while increasing economic growth;
however, when a country’s economic scale reaches a certain level, it will increase the country’s
economic growth. Significant positive impact on renewable energy.

According to the results of this study, it is inferred that when a country’s economic scale doesn’t
reach a certain level, the economic growth momentum mainly relies on traditional energy sources
with relatively mature technology and cheap prices. Therefore, in order to make the country’s
economy grow, it will be possible to reduce the development of renewable energy. While, when the
country’s economic scale reaches a certain level, the country’s capital and technology will help to
develop renewable energy. Therefore, when the economy grows, it will also drive the development

of renewable energy.

Keywords: Renewable Energy, Economic Growth, Vector Autoregression (VAR), Panel
Smooth Transition Regression (PSTR), Panel Smooth Transition Vector

Autoregression (PST-VAR), Granger Causality.
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Hieu and Mai (2022) 4% 7 80 18 & A4 B £ 1990-2020 F &9 B M 34T & A TR I LS AR
ROGBARMGEAR - BT BARRAEZORIDEHCHER ZEERKTRIE
W R B B A R RIBGR

Hung (2022) EA 2B ~ AR &AW E (&~ HEH ~ PE ~ 7B ) 1990-2020 F &)
TR ETEERRAGSTHERKOBERMGAR - ARERE T LHAERHNER - ZBAAR
42 B e GDP A L@ HE » PSR EMBR - LHEREXRRERINK 2-1 ¢

FiBFRXBRIFEAT TR BEAREHHFTRAR - WEETETEIH > EREFH
FWHRERAGERRN - A BEIRARBERRALTEREFROERMLEZEER B
I RIERE B IRZEHERABRILANE B FIETE E AR B EFER G4 5 R F ey B R

B R XBRIENF R Z 3y o
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F 2-1 ~ B A AE R LT Ak B R B %48 B SRR 2222

e (HRE) RRABR #A R BRIk B 3 Bf 1%
Uik L ST - PVECM »
Sadorsky (2009 G7 1980-2005 ., GDP — RE
adorsky ( ) * Panel Granger B R B #44% € e 23
Apergis and Payne 13 & 4t £ A4 ~ PVECM »
1992-2 ,
(2010) BRIE KFEB K 992-2007 F Panel Granger B 3 B {44 € REC S2ltlP
27 18 Uik L ST -~ PVECM -
M ki (2011 1997-2007 ., REC GDP
enegaki ( ) M Bl R * Panel Granger B R B #4x E “
4t kxS M€ ~ PVAR »
Yusufetal. (2011 30 18 OECD B’ % 1980-201 ,
usuf et al. (2011) 0 18 OECD B % 980-2017 % Panel Granger Bl % Bk 52 REC < GDP
Li d Moubarak ,
m 3?2012‘; ar ¢+ 1977-2011 4 | #5244 % ~ Granger B 2 M4k 2 REC © GDP
REC —-GDP
Halkos and T CHERZE)
a os(azn()l 4Z>eremes 36 B E RS/ BB FRE | 1990-2011 & Local linear estimator (RE; o CDP
(B#EFRAR)
Ito (2016) DR EREFTRR 2002-2011 Panel ARDL REC —GDP
REC < GDP
(®mIF )
GDP — REC
Isik et al. (2017) rTHHECERFHR - 1995-2012 % Emirmahmutoglu-Kose bootstrap (PHE >~ LHFH &R )
: S EB - B AA Granger B % Bl f42€ REC < GDP
A (ZRAF~ £H)
REC <+ GDP
(GxE)
EE
1. GDP R&ALEMmES# > RECREABAMRBHICEH -
2. MR- EKATERRMMG Aok TEaREMG  Hek s R GFER KA -

10 doi:10.6342/NTU202303461



F2-1~ BARBRAELERER R4 R EE (45)

Y& (HRE) MEBE A R R & B R B 14
GDP — REC
31 18 OECD B % (OECD ®)
Cho (2015) N 1990-2010 4 PVECM
49 18 3k OECD B % REC < GDP
(JF OECD B )
Amri (2017) 72 1990-2012 & Dynamic simultaneous-equation panel REC GDP
mri - <—>
T/ HETRE data approach
REC < GDP
Ozcan and Ozturk 17 18 Emirmahmutoglu- (16 BE#HER R )
. 1990-2016 F T
(2019) MEB K Kose bootstrap Granger B R B #4 4% & REC — GDP
(A
Giiney (2020) 20 18 FH A AT B R 1990-2015 4 Panel ARDL REC —GDP
Hhr AR T
Rahman and
Velayutham (2020) % 3 A E 1990-2014 Panel FMOLS - GDP — REC
y Panel Granger B 3} B 144 &
Dimitriadis et al. YeAr A2 ~ PVECM -~
68 18 B % Bl R 1992-2014 4 PR BT ) REC —GDP
(2021) Panel Granger B R B 445 €
Hieu and Mia 80 18 €. B3 B 1990-2020 4 Movement Quantile Regression REC GDP
(2022) R ) (MMQR) -
(8 - FAALHWE
Hung (2022) (B~ REBH ~ EPE ~ | 1990-2020 4 | Wavelet-based Granger causality method REC —GDP

FH)

3

1. GDP R & & m k%%

REC R& A AR RAALER -
HEoRTEGRRM G > FRok TEEERMME - HiRe & T RFEERMHE -

BAHRIR D AR -

11
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22 UAPIABAR R 547 B £ RE TR & AR K M 4 6948 B SRR

RE AR T PIEBA | o0 B A AR TR S A BT B 45 00 TRR RS 0 B @ AR
WAE 2 AE A PIAEAL R AT B ATE A G PIAE G B ARG R UE AR R ) S A ARIE
R SR 2N K 2-2 -

Wang and Wang (2020 ) 1£ A PTR # & &% 72 2005-2016 4 34 18 OECD B & & 4 fic 7 4E A
F g Rk F W A% 0 B AA GDP RAF LR (H W & bb) & PIE 4 e RAF BT
& A GDP /A SEPIEE » BARRERFE LA 1% BE&FERK 0003% ;5 §AH
GDP 7 #> i P45 4 B2 1] A A AR RAE A 8 LA+ 1% RUEE &5 &K & 0.091%; & A3 GDP
R EPIAER > BARREREEEHA 1% FELERK 0.166% © 55 0 G TILRZE
A RAE PR > BARRRER 2E LA 1% BELEERK 0.147% 5 AR TR E AN T AE
PItE R > BARRIER 2H LA 1% 0 AFELE KK 0.329% 5 & 48 T ALA2 B Rt v {8
PIMEEY > B ASSRIEA R84 1% @ #HEEHE R K 0083% °

Ullah et al. (2021) £ /A 7 PSTR A #F % 1995-2018 4 122 B H A fit Rk A & 91 42 75 A,
KOG TABAERREESFAFIEG R -ARET &R FLEERE AN TIER
BARRERAEE LN 1% BELEREK 0.104% ; Mg — BB LEREESNFIER -
BARBERESEA 1% BFELEHEREK 0258% c REABALRE FE— EKER > #Fiv
RBERRHEEHERKWEQLE -

Chen et al. (2021) £/ 7 PTR #A % 1995-2015 FHARHEZHEHEREKE S
Bife o AR ERZE (R A Polity [V EHRE » S BAF-10~10 2 F ) 2 P45 % 3 - #5088
EREREMBNAPIER > @FRKEBRA 1% BEBEERFEETH 1397% R E

BRI @ RKkESRA 1% BHIEHEERYEEE LI 0699% © LEERTH L
RBEREBRZSERE S BREBEF LR > AL ER B BIRMRHERR -

Wangetal. (2022) 4 F PTR A& % 2007-2017 48R 3 28 B B 4 AL R4 A 5 914855 g
R BB 0 AN GDP 1 AP % 8 - KR & RET © ¥ A GDP /MAFIER - A4
RERE A R EF 1% 0 &R K 0026% ;5 T & A GDP AW FIEes - BAGERER F
LA 1% AL & R K 0.039% ° K& & — Bl &) A GDP & — R KEEF i hoiR A 4 Ak
RAER R HEERRGIEQTE

e

12 doi:10.6342/NTU202303461



B bR F AT ka0 @A e A PIAE S Bt e AR AR TR LA AR R B AR B STRR P 0 ATAR A 84
PGB AIEAY GDP ~ H LA - BARREZEARAREIRE » A NRBEET HALEH
ARG R KO TE - BAA GDP 1F A PIAE % & -

13 doi:10.6342/NTU202303461



& 2-2 ~ DAPTABAR A A7 B AR AR TR T i K B P4 AR B STRBR B 32

Ea Figss | BARRELSERKMASIE ( REC T1% #)
HRBER 34 F4 Rk
(HEF) (e) g<cl cl<q<c2 q>c2
A3 GDP | GDP 10.003% | GDP 10.091% | GDP 1 0.166%
Wang and Wang 34 18
2005-2016 PTR Model
(2020) OECD
#RWACAZE | GDP 10.147% | GDP 1 0.329% | GDP 1 0.083%
Ve P48 4 3¢ B A RA LT R & WA R
HRBER 34 F4 Rk
(HERE) (e) q<c q>c
Ullah et al. B A RER REC 1T 1% &>
122 1995-2018 PSTR Model
(2021) EE GDP 1 0.104% GDP 1 0.258%
Chen et al. GDP 1T 1% i »
97 1995-2015 PTR Model RERE
(2021) REC | 1.397% REC 1 0.699%
Wang et al. 28 18 REC T 1% B >
2007-2017 £ PTR Model A3 GDP
(2022) BR 8 B GDP 1 0.026% GDP 1 0.039%
B
1. GDPRELFEm K% RECREBARBRAFLE I -
2. PTR RE4EFEEEFHEA > PSTR R A4 TFiFfHada gl o
3. cREAFIESE  qREFIEEENME > XA REFIEERA A cl ~ 2 &> Helwe2®
B R IR T KRR o

14 doi:10.6342/NTU202303461



FI3IF -HMAEF %

AERNBRARAERGEHR  FRATHRRRGEBZ IR - B THNBEE
A48 A ] 89 PVAR ~ PSTR & PST-VAR £ 4! o

31 EEH
3.1.1 FHEERTHRR

WY - REEFERE (Y) W EMHaE@FERKkE - A¥YGDP- £ 8 GDP AEH
GDP : K& A A AR (RE) 9B L& H A RERMEA £ (renewable energy consumption, % of
total final energy consumption ) & % 4 #& /& & /1 74 # F (renewable electricity consumption, billion
kilowat-thours) © AR AITRA B4 S A B S L &F &k F A B A RER R15 A X%
o 345 A A GDP (GDP) 1F & A 50 2 PIA% 4 48 7 AR 09 K32 % B (proxy variable ) e

A B ERR A E RGBT E RN AR AP S Apergis and Payne (2010)
Ozcan and Ozturk (2019)& Rahman and Velayutham (2020) % 51 72 & 4 #E R R & 75 &k B R B
B2 ABM X F - B EAMAR L GDP L& (K) ~ # A58 F (L) mEBTF AN S+
PATEARPY A M P REAS A FT AR bk o

PR A 4 B R S B B 7t R 4R 4T (World Bank ) A7 %844 &9 World Development Indicators

(WDI) ## & o 4% WDI &+ a9 A s R A £ FHMEH 1990-2019 5 ARG E

FHEA R 2 1990-2019 4 - 331 30 F 0 i B 2217 BERA R

312 4B T A
SR B 3-1 F 0 RBRG RSSO BAERERA EUREEREE ; B
GUA AL REBINBAERERER R AAMOEERER BB MHEARABR S GDP L%

B BB S o 5% P BAI R A GDP - i=1,... N AR ZE# > t=1,...,T
Bkl Rk BB EBAE K B & & s/ ME B AIC (Akaike information criterion ) $2 BIC ( Bayesian

information criterion ) & & °
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/ LEE 3 & o4 \

BRI B ARER E
( REit—].’ ey RElt—k )
Wt IR B R R

R ARREG B (Yie—1, ooe» Yie—i)
B A RMER % (RE,) < B E AR & GDP b &
‘BB mkE (Yit) <Kit—1' v Kit—k)

BRI SRR

(Lir—1, -, Lir_1c)
P4 4 Bt K k j

A3 GDP (GDP,,)

31 SRR

BAXRFHEHREEB TR LFEEHEREE (GDP growth rate) ~ A3 GDP (GDP
per capita) ~ % B GDP (nominal GDP) A K H GDP (real GDP) ; 4 feiR % € & €L15

H 4 fER1E A & (renewable energy consumption, % of total final energy consumption) A & & 4
fERE /15 #£ € (renewable electricity consumption, billion kilowat-thours) ; B A% # T & &
FHEAH A E GDP b % (gross capital formation, % of GDP ) MA R & A it 4848 (gross capital
formation, current USS$ ) 5 % 71 % # € & €045 % # -1 % (labor force participation rate, % of total
population ages 15+) AR %8 A 2 4% (Total labor force in a million counts) ( Apergis and
Payne, 2010 ; Ozcan and Ozturk, 2019 ; Rahman and Velayutham, 2020 ; Wang and Wang, 2020 ) °
AAREREHEREE - BERREAR - AR E GDP bEURFEH LR EYHRR
G TZRYBZERM B ABNHEESER -

i.AAREREAE (RE)
ARAF S ARAT AT S 1 B9 WDI B &R - B AR A 5T A R M2 B A SERILAE IR Y
BHgmbaymE oS REZR A ERRE RN - BARRER LN AR
RHEERUBARERN EEH/ T 100% °

16 doi:10.6342/NTU202303461



ingEmkF (Y)
ARAF A T SRAT 2540 9 WDI R B - 4875 sk % ¥ A R #1€ GDP AT — 88y ik %
A REZE G F4) GDP R REAT — F M E - 8F R KR E7 A GDP L —# GDP
M oA b —#7 GDP & %& 24 100% °

iii. A3 GDP (GDP)
MRAF R ARAT M 69 WDI B4R > A3 GDP TR kT8 AT 8) GDP > #HA
R B AT 6y GDP A& 0 JFBP 3% B &K AR © A GDP ¥ 73% B % GDP
AR LGHE E F A TR -

iv.E AW &R & GDP to & (K)

ARG RARATH A 69 WDI BHM R - T A AR & GDP b 57T Al R & &% ~ BUT B4
ERBEZ - MBRBREG FEAL AL GDP 9L R > bR B HKREABKARBF )
HpRERBEREMK BRI R & GDP Lb R EN A § £ 8 AN KRB ULZE & F GDP 44%8 &
F XL 100% ©

vE#EEE (L)
R RRATEAM ) WDL B S H S BRTHRHE—B 15 RREYRREAD
BEATZRE  BERAZBRABRYEENTH) - FHLAFENZEETF 15 R L
REATRZE & F A0 488 AR 100% ©

3.2 SR BARARE

A5 Granger (1981) ° BRI A7 & —# R # @42 (stochastic process) » H A7 & £ 69 B4}
Fo| e sa AP TR @ tH BB BE IR 2 - R > AP SRS S Mg ey > BB Ea
E-PIME 0 AP T # A € & -5 (stationary sequence ) ° 48 R B9 0 4u R -5 kK 2 05 R 04
0 WAL E P 44 0 RIS 5145 & JE 5 16 7 71 (non-stationary sequence ) * % F 77 4 BAR I,
% (unit root phenomenon ) ° B 4k » 24k M BRI 2 BoRH AT SRR ) T 4T AT » 2L7AL
THRER TS BT ATEERR 8% E L BB (spurious regression ) > i 75 & AR T
X (Enders,2014) °

17 doi:10.6342/NTU202303461



R BERAR T T A FE R BT ATE RN EMEGL e BRI T
TR RE AR o N AR AR B BB PR ) ( Abuaf and Jorion, 1990 ) © A& % 45 #% ADF-Fisher k4% & 0%
B4R B R T BB E » LA T A ADF-Fisher BARARE ¥k ¢

ADF-Fisher #¢#% EAR# €
A% AL A Maddalaand Wu (1999 )32 & 45 N 18 4% B & & ok 2 58 3L B AR M o & A8 ADF-

Fisher 42 & o H A% AMER 3% 4o
AY”_- (Z +ﬁl it— 1+ylt+z A)/lt—k+€lt ’ i:1,2,3,...N ’ t:1,2,3,...T (3‘1)

HEF oV, ARREDEH > AV, RE—E 20 BRI B 1 Akiia TR A
GBSt AR E S 0 o ARIEIR 0 B ARG AE  y t AR AR 0 5 R R AB Kk A
% 1 AIC (Akaike, 1974) ~ BIC (Schwartz and Rissanen, 1978 ) # R\ pri 4% 2 538 7% 1% 2938 >

:IJ-)’L

g B IR £ IR o ADF-Fisher R € 2MB3% 4 " HI S A ER ) AEERHIBHR LT ¢

Ho:ﬁlzﬁzzu.:ﬁl\]:ﬁ:o
H ‘B AE2%0 i=1,2,3,..N

e ST TR st E A ¢
P(A) = =2 Z?]:l lnpi ~x2(2N) (3_2)

A& 3% Maddala and Wu (1999) - #3HEP(A)ARM B B E 2N &9F F o & °

33MRAE A REFHE
Sims (1980,1982) # k& TR & A RGFHA > A A ST RN LG > AR S @
BF R - 7048 TR R SABAR L 1R a0 B RE B4 o 4t AR & B B EF A A X & Holtzetal (1988)
AR VAR BRI AR A6 > THRA R EH - BRE KBZEN A (k=1,...,K) 894t
Tkt o i=l, .. N ARET @ TR R A EE =1, T A% 55 > %5485 p> Al PVAR
8 — AT RoTd T
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Yie = a; + 25):1 Bij Yie—j + € (3-3)

Hy YV, ARB@ERBREE (69 kx1 MASBER Y, ; AREGTHRFE |
B kx1 2%% j ANAGEER o ARBTRERBEME | 09 kx1 IRERER
By BRETGEMREM | ¥ kxk %% j MNASHOGRER g & | B
kx1 2% £BLER

PN AEGBRAABRBERAEEREE  BAAI R B SHIAAE > ARAER &
BIRNFF RBP4 — R B R 2 A

L m@EBHMp THEM AIC £2] (Akaike, 1974) A& BIC # 8] (Schwartz and
Rissanen, 1978 ) %% » A AIC ~ BIC A%/ &AL A ) Bl #2 B ARSE © sbobh > & B KRB BIC
A AIC 2 A 2k -

3.4 Granger B X%

I PVAR BEAZ B h BB MU AN A S B EAXLE  TURBRNASHZH Y
Granger B & 14 (Granger,1969) ° Granger B R B4 & Granger (1969) &4 > A LG5
— R A5 9 A — bR 3l e A s %44 (lead-lag) Bif4 > sbRi 444548 2 Granger B R i
1% (Granger causality ) ° Granger B R 4T #1 A Wald i & # H £ X (3-3) #hHEMe, it

TR - mERBRARALY (j=1,..,p) 9t Fayth=K)EEHE & Wald R TIELE
BBRM > AT REENASHE FREN LY A Granger B R4 o £ F > Wald & 2 AR
+ & oBe o

3SHRAEAREHFHRE R

ERMAER XSS AHTEZT » TE PVAR A > i#4T Granger B R B 14 547 >
A dbAR B B A AR RAE A R &R Rk R 094 LA %A% (lead-lag) X B BB f2 - AFR L
PVAR #4  3% 5 4o F i o7 °

Yie =ay + Z?:l B11j RE;;—j + Z?:l Bizj Yie—j + Z?:l Bi3j Kie—j + Z?:l PiajLie—j + &1 (3-4)
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RE;; = ay; + Z?:l Bo1;RE;_j + Z?:l BozjYie—j + Z?:l Basj Ki—j + Z?:l Baaj Lig=j + &35 (3-5)

Eb i REWE > i=1,..,Nit REFMEE ¢ =1,.., T3 ay Aay A RIHHE R
B 6 W BIE 5 EEM j B ME AIC ~ BIC A% 5 e, KA £ ; RE K AB LR
AR Y REEERKE  KREEAMMRE GDP b F | LRESHEHEF o 3H43 B
ThEAEEREAE (RE) BaeBikE (Y) MO BRMAZ  REBEWNGZARAD
AT RE & RAo T AT- ©

o KHRALEREAFREATAHSERKFEV)ME
Ho * Pr11=Praz == P11, =0
H ' PBiags e Praj FREAO

o KREHERKEN)ATAHERRERFRE)NA !
HE * Bags = Pozz o= Pazj =0
HE * Bozay o Poaj RREHO

K31 BHERRMGZOETRER

X A
BERREARZHEEREFHE (RE =——Y) B8 HE
BEREEHABLERBEARZYE (RE€m—Y) B8 Hf

ZARRKM% (REe—>Y) %548 H} - H?
£ FH R M1 (RE «p—>Y) % RIE4E HY ~ HE

B RIR D AR -

36 48R TFRBBREFKE

A PVAR A A 2 B R B 44 9047 % 0 A X8 % B4 Gonzdlez et al.(2004, 2005 )#% i 2 PSTR
A EEENERROELERME (A¥YGDP) T AEERERAMRRERFTREHE KK
Ry AR AE -

ZiBE R HUR B R AR R RATE BT 0 RATT AORARIT BRI R AR AR - £
Bre i T RBEA Y » Ry BRAFBRE LSBT 28 Aoty K
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T fiE SRk R AR RO B2 R 6 K IR B AR 0 1 T B R KR - 2 A% R BL B A2 Hansen( 1999 )
& T 4k P14 (panel threshold model ) » 3% AV 8 A 74k B FIBFAF S Bk 2 o
Rl b AR FRE B 2R £ B @E4H - ZEATUAREHRGREEAE » AER Y
B BEBABAEAR RS RiB > SRR EEDPIER ) 84 —EEY
R BERERREEGI L (Hansen, 1999) - Gonzdlez et al. (2004, 2005) &2 T %A~
SCRERE G HGATHESE > BABER T T —ESRIRRE S ANHREFIERT
By ikiBiz - MmIEEMER — B E BB R K -

PSTR %! % — 8 B R (fixed effect) AR » H b A 18 57 45 B0 RS 2 18 5] ME) 38 R 85 1] 49
MG MG TR RNES R F— L AR T e — R T YRR -
HEBHAEERT @ A BT I AR A 3 B % B ™ R A 8 R Sy
F o 8 — 453 % B (transitition function ) 7 FR &9 7R B & ] 79 5] 55k B o a4 R BUE
BRI RAARREMZEAE  ALEHFEERAGRBRESEFTHEILAERARE - 5t
— ARG X AN PSTR AR AIFGMR B4R - SHAEFXERANE -4
PRGN R E Y SRR SN e REFEA G E I (Terdsvirta, 1994) -

AR RATLE QR R TR LSRRG BB @ A 58 PSTR A ZAREEHA

MR L - BAEEM > A AFRMAEEEA - N BRGIOFEZ g > Bit
BAEERE GRS Z MBS - Bk fede PSTR BA & R IERMRE 4t > B4
BAE BB GHRT > BEA AN+ EER > BEERNOENER TR -

%% Terisvirta (1994, 1998 ) &-F 7% #% #4242 A (Smooth Transition Autoregressive, STAR) >
AR AR % 4

Vie = &; + Poxie + B1%ie9(Qie; V5 €) + & (3-6)

G(qi;v;0) BB K > q ABIEEH > yABBRE » c AP - #KIE Granger and Terisvirta
(1994 ) |, Terasvirta (1994 ) ,Jansen and Terdsvirta (1996) &9t > G(-) B i 4E H# - H
LB EOE (2 B
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G(qu;vi©) = (1 +exp[—y [Tl (g —¢])]}) T » £y >0 Bey <y < <Scp (3-7)

EXARX T GEc=(cp, ) ARESLH R m A SV 2HyB e EIHUC()
BFE >y 5 oo B FHEG()W BT AR o SbBF > AR 91 Hansen 89 4¢ 47 PTAE AR Y
(Hansen, 1999) #8F » ZHBIE KX 9EN > o F KX A7 ¢

Vie = a; + Boxie + B1xied(qies ©) + €t

1,if qiy =
B ) = | i; qe 2 (3-8)

£y > 00 GOBFEMEE R > RSN S ILREE - E2GRGO)MMN 0~1 20 -
Bt heEssEs By A Bo+ P

—fZ R e die R BEE m=1 & m=2°m=1 B 4% A B A A (Logistic model ) >
AR I TRy R EEE cq=c > G() =05 " qALEEERF G()=1:q%
BEBERF GO =0qBELcEH  GOERO~1 W TFFLBRL - ko (3-7) Aiw - B 3-2
HARIE m=1 BF > LUK ) 69 4458 L AT 4g ) o 3R R BB AR -

1, ifqe>»c

G(qi;c) =405, if qie =c
0, if qit <c

(3-9)

(@)
1
o

—

08

06|/

of

Transition function G(q;; ¢)

//mN mmmmmmmra; ]
/02
—— =10
j;> y=100

-8 i -4 2 0 4 8

Threshold variable g;;
ZoH OB ¢ VEF B 4T A GeoGebra & # -
3-2 ~m=1 Z A
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'gl m>1 E%:— ’ ?‘%%ﬁé’gi;igfélzﬁ%x @?g%ﬁﬁﬁi%é{b o LA m=2 %g'ﬂ: ’ &b;}%ﬂ&%&%ﬁ%;}sgg{ﬂ
#41 (Exponential model ) > #3% ¢ < c Ay#HL /MK - HH [ R FRE 6950k E
AR B = MAHE > ko [E 3-3 Ao

1, if qie Kciorqy>c
G(qi; ¢) =40.5, if Qi = cLor q = Cy
0~0.5, if c1<qiu <cy

(3-10)
Cl = 60 ’ C2=140
5 .
§ 0.8
S
c
.g 0.6
g
= 04 \/_> y=0.0005
S
= 0.2
e __ » y=0.005
= 5 y=005
0 50 100 150 200
Threshold variable g;;
Zok R VEH B 472X GeoGebra & % -
3-3 ~ m=2 Z #HH A
PSTR B A %8R Bl 64 FIAE & ] > AL A &5 Ao F Ao ¢
Vie = @ + Boxie + Xy BjxieG(qies 755 ¢;) + € (3-11)

FHBIBG) BEFRRX (35) R j=1,.. rREFE r+1EBH > Zm=l B4
By BT &S RGOHEA > BPT %4 Hansen (1999) £ x2 % EF1EE AN -

23 doi:10.6342/NTU202303461



3THRTFRBBEFRAZRE

#R4% Gonzdlez et al. (2004,2005) > PSTR AR 6y 31 6045 Z B F 58 » 1RG4 © Wit
HAE ARG~ ERAS MBI E (m=] A m=2) » REEEHEGPIEHR (j=1....,
r) o BN EBRAEFZAE  FmRAe FHT

PH— s AEHRE (fMHERE)

A PSTR A Z XGRS FRETFR AR E BB LT BIFRHEEA - o
REM LM > B PSTR A AR E A BT A B FEHEA AT - K&K
20 E R 0 A B LR AR A e SR B F 0 SRR LR A 23R 4R B e R AR A
B Bl g RS AL

PSTR # 7 TT 45 e e Z A2 R Hy - y = ORH) - By = 085 AR > A8 B e A& € >
BT ESH AERMESE (¢) > LR BEBRT 0 Bk B AT & —EIREHR
& % ° Davies (1977,1987) & &R T 2B A8 - Ki14 649 # 40 Luukkonen ~ Saikkonen #v
Terdsvirta (1988) ~ Andrews #v Ploberger (1994 ) A& Hansen (1996) % f& &R /- 5] /& A F
RETARGREF K AR PR T ERAEF IR E 00 ik 7 MEAR 2 B3k y=0" i
$HG ) BT—ABEM > ATRERMMAE  BHH7EK (34) H_AXATHHEH K

Yie = &; + Bo Xie + P17 Xt Qir + - + BinXieQip + & (3-12)

B BB BYHIRE &, = g + RpBixi > R R A — &8 R Mtk X - 45k
FRX (A My AHERT BRI RER(3-10)Z B = =p, = 04T LHEME &
fEBERTREAE ) = (e} BB —MEDERX > R eBERSB I RER -
T RBR AR I 0 AR A LM St BT o AT AREX (3-9) PR TR RHR - A
TG HBIBBEAZ LM 4318 o LM St 2R TRERF 7 H#IEAF &#itE 0 B8
o F PR

i Vi =Pxy+e 5 HEREFIF (RSS,y)
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XeVit

Yit = Vit —

T
i G = B+ (xfpqy — 2L BOWIC) 4 g 485 £ o Ao (RSS,)
- Xt Xit
Xie = Yit — T
- XeVit
Yit = YVie — T

iii. FH#i&  LM=TN (RSS, — RSS;) / RSSy~x2,
F %3t % 1 LMp={ (RSS, — RSS,) /mk}/{RSS,/ (TN-N-mk) }~F[mk, TN-N-mk]
FEFE B R E) o) LM 43t 2 0 A B A S 2 JE 42 M B 14 (Luukkonenetal.,1988) 275 -

TH= s RRBANZER
FLAGRAEREMNE > BAESANPEHRBEY (m=1 A m=2) - REHRPF
IR S B2 — B LGRA  B S ik ey B A — AR B A Bk a9 4= BT @ (Cross section ) B
PREG R A 3] B A A 848 © Lundbergh etal. (2003) 42 4R R4 T8 #5480 % ( Time Varying
Panel Smooth Transition Regression, TV-PSTR) * REATEH —HMH R > HA R TF -

Vie = a; + (BioXie + B11%ie9(Qies; V15 €1)) +
f(& v CZ)(:BéOxit + B21%ie9(Qits V1; C1)) + &

(3-13)
HP o fORBB AN ARG EH > RLTH I LR (3-13) LBEAH TR
Vie = &; + (B1o + Paof (& V2 c2)xie +
(Bir + Bor f(&V2562)) %30 9(Qie; Vs €¢1)) + €t
(3-14)
BEABBIORICTHELHUAE R fOREWT
f&72c) = (1+ exp(—y2 st — c2p)) (3-15)
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BTRABERAE BEEfORRET-HEAPDRMX > BHTEX (3-13) BHRAA

FTHAF
Yie = @i + BioXie + By Xiet + B3 xipt? + -+ B x;pt"
+(BsoXic + BrraXict + - + Bonxiet™) g (qics vii 1) + &
(3-16)

% m=1> TV-PSTR £ 7% % B 3H#d%s ; % m=2" TV-PSTR 3 (cpy +¢pp) /2B P 0 3
DU 6 7 N AT > o B 3-3 AT ©

BT RZX (3-13) 2y, R EAHATUBRBREF X (3-16) ¥pf==pp = =Pop =
0 MHEREA —ROAFIER - R BEEATHRE ) =) Bk —B AP EMKX@T
FERERHB S EILN o TR T H RAR @A T i a0 W E BB T 7T L B ik
IM %43t & F—F BT RERA (3-13) PHEEXRER  RAA G FEBRBENZ LM 43T E -
LM %3t 2R T > TURE > A8 G A 2hk 9 FF 43t & A& B B E A (2hk, TN-N-
2k (h+1) - (m+1) ) B9 F 43t & -

PR - BREFFIEEHEZRE

AEESHEY KM ARTEEERXFTEFA L HEZFFHIER (j=1...,r) °
HAVBEF A (3-6) FaF 2K (3-7) » B A PSTRBEA K Tt Y i H %R
BARBER POy R EMRAE - £F K (3-6) F 0 RAVE AERE r=1 > F%ERIE 0 BFH
BEAEFRKX (3-11) FEAT =2 9BRFRE - Bk TieFZ LA (3-6) E—FHEEAHT 7

AR

Yie = a; + Poxie + ﬂ{xit91(q1'1t; Y€1) + ﬁéxitgz(qizt; Y2: C2) + &t (3-17)
BAAGH q g TUARMB S L TURRE S - LB BBR Ty, =0 F1K

BREERAIERE BER > WEAEEATFA=MBER 5 AW ZBFARE§— LEAT
B HEMELRBESEBBRAL > WHETHETPIEYHEr-

FHEIM AT 2O D A BT R TR BAREg,(q5 v )W — RS R BA
BB R IR g, (qh; v25cp) 0 ML F AR, (3-11) A#Hp@iF £ -
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Vie = @i + B X + Bi %101 (@i vii ) + Birxiegd + Brsxi(9P) + 4 Bt (9P) + i

(3-18)

MEEEMATEGLZE BBRXELA, B3y = = Psm =0° BHBBEEAT R Z

TrHEIMAHE-HTUTATITLRFELT K E > WEKITENEGET N A2, 0
F[mk, TN-N-2-K (m+2) ] (Lundbergh et al.,2003) -

3SR PFRAB R E A REHFARA R

AR (3-4) B (3-5) 9t @ 2 A RGEFEA - B (3-6) AFAALS r BB HY
MK THERwe T4 FiEditges g RGHEELD > AKX FAHAF

K K K K
Yie = ap; + 2 P11k REjt—i + 2 B2k Yie-k + 2 Pisk Kit—k + 2 Biak Lit—xk
k=1 k=1 k=1 k=1
T K K K K
+Z (Z Biikj REi—x + 2 Biakj Yie-x + Z Biskj REi—k + Z Biakj Yit—k) Gi(qic 5 vj 3 )
j=1 \k=1 k=1 k=1 k=1

+E1it
(3-19)
K
RE;; = ay; + . ﬁz1kRELt kt ﬁZZlet kt Z B3k Kit—x + Z Baak Lit—k
r K K
+ Z (Z B21kj REit— + 2 Baakj Yie-k + 2 B3k REit— + Z Baax; Yit—k) Gi(qic 5 vj 5 )
j:1 k=1 k=1 k=1 k=1

+&t

(3-20)

F£ (3-19) 1 (3-20) X ¥ > BAREREA R AEE R K F 609 B R M ABRRAT 545314
BREBEENE  Bldo > 5 PrtBian 2i=1Gi(qie S vy 5 ¢), k=1, K safbetthiims
AT ATHBARREARKBEREREREYY  IBBLEEREARFILEHERKEY
° % BoaktBoonj 2i=1Gi(qic 5 v 5 ), k=1, .. Kbt B BmERENT A8 HERKE
BHRERLRRERRNEE  EBEBEREREFLARLARREARYE - gHEBLT T
BRIy BARRERFAGEREEFLAEGHE RN A -
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% H S B T S B BUE A R (3-19) 2 (3-20) X P HMBSBOANEH BT
W B R MGE AR AN GRS T8 RERHEA LR D R 2B % IE T 8RR
B BAE[ R HEEF > (3-19) # (3-20) X F 2 EJBORBEY R ENE > LrFey B R B
BB P VAR BEA Y RARE BRI RS - Bt 3 88 g, (BRAFE T M ALY
GDP) & E R L #E st A e > BBAnHRe &8 REFE 25314 R1E 5 A
RE)— A o
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FA4F - FRERATH
4.1 &% B2 KL 4t
FEANTEBAZARA > G T RARE AR TR - R8RS 8B % 2 4L
AT AT EROLE AN B O THH ~AREE - ROME - RAME R EGBRE
FEfad o R 4-1 AL AR B L HRITER -
& 4-1 > BAGBAE S R

il T R RAME ROME REAH EREGH
RE (%) 24.146 23.680 97.42 0 2.274 55.085
Y (%) 3.584 4339 86.827 -28.002 1.157 3514

GDP (£7t)  15480.13 1901495 123678.7 118.33 1.996 7.825
K (%) 24.126 7.222 69.473 0 1.272 6.879
L (%) 60.657 9.586 94.3 0 -0.165 4242

LN
. RE: BARRERE Y 8FKREZE GDP: A¥GDP; K: EAMAK & GDP tb
2. BB 2884

BB D AR BATHEE -

4.2 AR R E

F AT R AR A R AT A T R B R X & TR 9 BUE AT B ARMR T 4% s ADF-Fisher
WARBRIR TR BMREBEZRCTERT -

B LW RECGRATREEER (FEE)  HIBIARHFEER (ZE) &
ERERhk 42 Fiow > BARRERAE (RE) 185 REE (Y) ARERKETHREELE
BBE O REBMAF AZETH -

% 4-2 ~ ADF-Fisher B4Rt &%

G 31 %hita P-Value
RE 2733.3986 0.0000**
Y 566.0401 0.0000**
K 644.56 0.0000%**
29
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L 1340.060 0.0000%*%*

EE
1. RE: BARRRBERE Y &% KkKk%E 5 GDP: A¥GDP; K: &AM K
L GDP % L $&HsmEk .
2. F o~k sk BIR KB E KL 10% ~ 5% B 1% T #% -
3. A% 12884
BORRIR D AR B AT -

AIMEMEAREHFHEAUTE
4.3.1 % % 5 i B4R

4T PVAR 547 AT > B rk3R %1% A 888 4% - APF R 4K A Andrews and Lu (2001) %4
GMM # ! A7 32 4 89 Moment and Model Selection Criteria (MMSC) 45 % #]E7 - MMSC #84 &
AMEAL R B B FEAZ & > Bp i 8 & £ A ( Akaike Information Criteria * AIC) ~ B K EE#
A (Bayesian Information Criteria > BIC ) & Hannan-Quinn 3R & #& | ( Hannan-Quinn Information
Criteria * HQIC ) ° f& %45 i /& 4% B 800F » LA 64 1) 7 2 A 2 # B AIC ~ BIC & HQIC # /)
BAENF A RIEW BRI -

RIE&K 43 T4 %1% 1 #A69 MBIC £-376.8254 > /%44 2/ 3/ 4 #169-295.0976 / -
202.0708 / -105.6819; %1% 2 #769 MAIC %-45.1203> /%44 1 /3 / 4 $769-38.2903 / -38.0617
/ -25.0333; s t4 > %14 1 #4869 MQIC %-164.5559> /%144 2/ 3 / 4 #349-138.7368 / -99.7353
/ -55.4872 -

BN %% 1 #1169 MBIC & MQIC % A w#itb s 2 b $l o ey > AR B E T RE%
B A | BIBITREE R oM - A HAICHRAEZIA 2 B AT HMKE  BIC
RAGEERELL AIC BRI S RN EFRAEBHAS -

& 4-3 RABERIBER

e LK 14 MBIC MAIC MQIC
1 -376.8254  -382903  -164.5559
2 2950976  -45.1203  -138.7368
3 2020708  -38.0617  -99.7353
4 -105.6819  -25.0333  -55.4872

TR AR B TR -
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432 FHBERTH
FERRAA GBS 1 #9150 TIER PVAR (1) EAMKTEA o & 4-1&4-2 KT 4>
B SHBRFAEZT  HARREAFHNEERRFOVELETRE SHRKF MBS 0N
BARRERFERAMPE BT BARREAFAZERKFHFLEEQO R R4 -
4-1 R 42 XLk 4-4 BHEARRERFE (RE) ~ &FnkFE (Y) £%48H p=18F
PVAR (1) #AfEH&R ¢

}’it = (Xll - 0'021RElt—1 + 0.974}’,1_1 + 0'028Klt—1 + 0.175th_1 + 81”_- (4‘1)

RE;, = ay; + 0.417RE;;_, — 0.095Y;,_, — 0.218K;,_, — 0.433L;;_; + &5, (4-2)

% 4-4 ~PVAR (1) BAEHLEF

RE Y
S8 14 %1 i P-value 1431 12 AR P-value
RE (-1) 0417 0.051 0.000%%** -0.021 0.024 0.380

Y (-1) -0.095 0.044 0.029** 0.974 0.021 0.000%**
K (-1) -0.218 0.064 0.0071*** 0.028 0.029 0.324
L (-1) -0.433 0.134 0.001%%** 0.175 0.074 0.018**

AIC -38.2903

BIC -376.8254

3

. RE: BARBRERE Y &FREFE I GDP: A¥GDP: K: BEAHR &
GDP L% ;L $#5mE .

2. BHRFAHBFIREEZL 1LY -

3. ke RIR R BEE KR 10% ~ SHR 1% T HE -

4. FeR# 2884 -

EHRIR D AR BATEER o

A X7 &R Granger B R M5 £ % R AT AALBEELMA > LR K 45 77 AR
Bor o SO KET » BARRRARREEAEESELQR NG Lo EFRES
B 0 B ) B0 T AETRAE PR R 8 -
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% 4-5 ~ Granger B R i the € &6 R

Granger B & B fain € Chi-square P-value
Y - RE 4761 0.029*%*
RE -»Y 0.772 0.380
3

l. RE: BARRBRERE Y BFERKE -
2. K wE kxSRI FBEEKEL 10% ~ 5% A 1% T % -
AR RIR T KR BATERE -

44 R T RBBEAFRUETE

& 454 Sims( 1980, 1982 )FF 4% i 89 VAR # A & Gonzalez Terasvirta and van Dijk (2004,
2005) Fr#iiey PSTR A » R BARRRER FAREHERKEMGRARMM%E > 2 F X1
G B-A3¥ GDP 2 E Mo - ANHEARE > s A BERRE R G #ELTE 2
KUBE > ARAHELEREHRZ FBET 0 ®RE AR PST-VAR AL R -

44.1 Fl 5 M E

AFRAFAE A Wald Test (LM )~ Fisher Test (LMF) & LRT (LRT) =4 R H 4k € F

o DR R ARG R AT A AIFREMNG 0 ZIEF AR A 4IRS SR
(PST-VAR) # & €4 BT FIBAE > TN RIEBATERE 0T -

BWR 46 P& B —HMBAERRERR 8B RKFHBLERER FEREF R
KFE2 % > & WaldTest (LM) -~ Fisher Test (LMF) & LRT (LRT) =48 % A EH A &
F A IRt o AR & R B Wald Test (LM )~ Fisher Test (LMF) ~ LRT (LRT) #9#43t &
DA B 19X fEHRAKET RS REELRE £% (84)  REABLEERER R
(RE) BZ&BFHmKFE (Y) TIRARBEREE > AL —NBARRER X - &Fnk
RAF /RGBT AR Z R IR -

& 4-6 ~ Bl H AR T

H, : Linear Model (r =0)

H; ' PST-VAR model with at least one Threshold Variable (r > 1)
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B A RERAER & &R E %

Ty ik
m=1
%= P-value %3t = P-value
Wald Test (LM) 64.082 0.000%** 33.489 0.000%*
Fisher Test (LMF ) 16.229 0.000%*> 8.370 0.000%**
LRT (LRT) 64.963 0.000%** 33.728 0.000%**
m=2
%3t = P-value Y3t = P-value
Wald Test (LM ) 79.089 0.000%*> 58.895 0.000%*>
Fisher Test (LMF ) 10.063 0.000%** 7.428 0.000%**
LRT (LRT) 80.437 0.000%*> 59.638 0.000%*>

L3N
1. rA&REIBIEES > m KEME LA -
2. IM R &EX?43 2 LMFRAF 432 LRT K&k t 43t g -
3. F ks wik R R BAE KL 10% ~ 5% A 1% TR % -
4. HRAE 2884

TR ARR R BAT R -

442 EZHILBA

FRE BB AT G M5tk 32 T R EF R - 4R A A (PST-VAR)
AREEZOLETERRE PR EMQEME o PUEICE T AEA B M B on 47
EE o MER G EAE R A AR EE A EATERE o KA R S B R A fo 35 B
ABARTRI TR - TREAMZRIFRMEMAET > HAIRKEE & EER] (Akaike
Information Criterion, AIC ) #Fu R ¥ #71% & % A] (Bayesian Information Criterion, BIC) % 3F{51%
BRSAARPIEER -

Bk 4-7 P40 0 DB RETRIE A F AR AR R % 38F > AIC ~ BIC 43t 24£ m=1 B} %
A m=2 0 HEHFE m=1 HBIBLBEA W RETH Rk F AR AAEY R AIC » BIC 43t &4
m=1 B 5 /N7 m=2 0 HFEE m=1 HRRER > BPRAARLZIRER S BHREAEA -
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R 4T~ BB AE R

BARERER ‘R EE
Ty E
m=1 m=2 m=1 m=2
AIC 0.058 0.075 1.396 1.404
BIC 0.068 0.086 1.407 1.415
B

1. X AIC & BIC & #R] » BAM N EHEL -
2. FRABL 12884 -
Bk RR D KA R B AT -

443 P EST

ML AR TG 0 Ko B R ERER A AR R ISR E > SRR AT E
& > 4% A Wald Test (LM) ~ Fisher Test & LRT (LRT) = ## & ¥ % °

& 4-8 RBEAUH BB ABEBGRT - R PTEEE LM~ LMF & LRT =# T4
RZpEEREE FEATRELABUFLEE —E-FFSE R (r=1) 2 E &% Bk
ARz ABEN BRI EREESL 1 (1=1) -

% 4-8~ & M EHEARE (r=1)
Hy,: PST-VAR with r =1

H; * PST-VAR with at least v > 2

BARRRER R &k %
I
%t & P-value %= P-value
Wald Test (LM ) 4.685 0321 7.901 0.095*
Fisher Test (LMF) 1.153 0.330 1.947 0.100%*
LRT (LRT) 4.690 0321 7.914 0.095*

3
1. KRk B BB m KA E S BES -
2. IMK&x?#%3t2  LMFR&R F#4:tZ ) LRTRER t#3TE °
3. # ek sk RIAR R BAE KB 10% ~ 5% B 1% T #% -
4., FRAE 2884 -

BB D AR BATEE -
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4AA BB EHERELE
WMIFATE R E i€ ~ BEBBBEAR PR SHE A =TGR ELER > A ik
AL AHBEAEAY (m=1) ~FIEHESS 1E (r=1) > BA XX 4-3~4-4 T -
Yit = Qqj + ﬁllREit—l + ﬁlZYit—l + ﬁ13Kit—1 + ﬁ14Lit—1
+ (B21REjt—1 + BozVie—1 + BasKie—1 + BaaLic—1) X G(GDPy 5 v 5 ¢)
+&1it
(4-3)
REit = ay; + P11RE;t—1 + B12Yie—1 + B13Kit—1 + BraLic—
+ (B21REjt—1 + BozVie—1 + BasKie—1 + BaaLic—1) X G(GDPy 5 v 5 ¢)
+&5
(4-4)

£ RE,RABARBEAE YV A REHEREE I RE_, Yoy~ Ky 1 Ry B
REGG M) BARBRERAF EBREE - AAMAL GDP L ERFH L 0FG6( )
REBHRE yREBBREL S cAPIEM -

@EXATE  BE oM RER AT EERYHBE - UAY GDP (GDP) £ 4 71
B AR R-ER B ERRERFE (RE,.,) ~ B& MO8 ERk%

(Yieoq) » MG H-AARBRERE (RE,) ~ 8FmkE (V) IHE - BLRR
FREREERERZSTE R E 49 AT o
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% 4-9 ~ PST-VAR B A fEH & R

BAERERE (RE) wEmk®x (V)
5 3 E3 ¥4 12535 t 43t B % 12535 t 43t
1 Bi1 0.9823 0.0027 364.4962% %% 0.0051 0.0048 1.0624
RE(—-1
B1 0.0310 0.0044 7.0708%:% -0.0300 0.0088 J3.4110%%*
1) Bia -0.0663 0.0212 23,1322 0.4164 0.0454 9.1648%#*
Y(—1
Bon 0.0756 0.0251 3.0098%% 0.0387 0.0706 0.5482
1 Ba1 0.0076 0.0069 1.0950 -0.0031 0.0184 0.1674
K(—1
Bsa -0.0053 0.0104 -0.5064 -0.0531 0.0318 -1.6690%:
1 Bas -0.0069 0.0062 -1.1054 0.0224 0.0108 2.0702%x
L(—1
Bas -0.0026 0.0047 -0.5502 0.0082 0.0129 0.6385
c 15,129 14,323
% 0.7841 5.5872
2%

. TR P F-1IRESREL 18 -
2. ks wE e BIR R BEE KL 10% ~ SHR 1% T EE -
3. BRARBL 12884

ARAR | AR B TR -
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445 BB BREB X BE

hok 4-10 BRERBT > B ARRER R AR S BB G PIEME c A 15,129
A2 #IRRE y A 07841 ° SbREA T 5 AREES © @45 A GDP /I 15,129 £ Tk
A3 GDP K3 15,129 A AMEAFIBER] « 3 5B t BAERTE Ky 9By "By, A
Ligoq 81 B, B0 0 RS 1%BERET » ZRBENER -

AR R R ARG A G PIAERE ¢ A 14323 A X Bk v A 5.5872¢
AR T 5 A MAE RS 0 45 A GDP /It 14,323 £ Uk A¥ GDP K7 14323 £ 7tk
BPIEGR - £ ¥ PSS —BHBLERERN RZOGH B, X (AT BLERES -

411~ 4-12 5 RE B AR RAE A R AL ik F AR F) & F 064 4 Hoka B 14
FA1 412 THEATFEXR

4 A3 GDP (GDP) /I\# 14323 A 7Ubf » BARRER R S HEl R kEFOPE
% ¥ A 00051 LB E L RBEE 5 ™mE A GDP (GDP) A7 14323 A Lbf > B AR
EREHGHHEERRFNBEGHA00249  LBEFLEREE

F A3 GDP (GDP) /A 15,129 Auly » @Bk F S SHH B ERREAZHBE
%8 #4-00663 BIbHE L 1%15 ©AKET % & A3 GDP(GDP) A% 15,129 £ 7T
BEAEA 00093 0 BB ETNA 1 DBREKRETRE -

HERERTR @HFREFHBLERREAZEAEGRRMG - L+ g —B&HK
WAL (A GDP) E— R KRR FEZBRLERkEFHBARRERAZZI YT aGE
B

& 4-10 ~ AARRRMER F 2 G BB METE

A3 GDP c < 15,129 c > 15,129
R R B 143 143
RE(-1) 0.9823 %% 1.0133%%%
Y(-1) -0.0663%** 0.0093 %%
EE
1. % AHLGHBH REZZEMA > ¢ HFIHEME A GDP (GDP) > #5E Fuy 37
-1 AREAT—HA -

2. kxS RIAR R BEEKEL 10% ~ 5% R 1% T BE% -
3. tRAR 2884

BORARIR AR B AT
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F 411~ BERKEZGBAAHMELZE

A¥) GDP c < 14,323 c > 14,323
R R B 143 (¥ 58
RE(—1) 0.0051 -0.0249
Y(-1) 0.4164%%* 0.4551
3
1. %A LGEBHEY ZIBEME > c APIEMEAY GDP (GDP)  #HR T ay#F

-1 AR EAT—HA -
2. kol sk Rl R R BRAE KA 10% ~ 5% 1% F#% -
3. HA$ 12884
BARIR - AR BATHIE o

4.5 3t

AERUARARAERZEARER DR BAERBEER BERE - BEARARFEHE
9 G BRI 0 A AR R L4 AR B R B R 2 A8 B SBR PR AT A R P AR B R P AR A
HRERERARMZERIN > AT GAER—RZER - AT L= kA8 B SRR > AL
AR RAER R BN FEZER -

Apergis and Payne (2010) #F % 1992-2007 FHk B 47 ~ &L ~ "o % 13 B8R E Kk
BRe B AR HRETEmEZ M B RG> LABRBEHF AT A RBBERS
AT RHEB R FERG BB R RE A ECM A - 2530 5 A BRI #6F0 875 A%,
KA EG R R % o AXH A PVAR B A 547 1990-2019 4 Apergis and Payne (2010) #t
REHHREY ~ B -0 E 3 MEERERER R A AR REETH R &6 B R ML > A5
ER ARG EAREA B R 1% > ¥ Apergisand Payne (2010) Z A R R 2 RER AR RE -
XK ARXFAER Z G~ AR RERERANK 412 ¢

Ozcan and Ozturk (2019 ) 4£ A 7 Emirmahmutoglu-Kose bootstrap Granger & 3 B 4% %€ >
S P B B BEEE 17 EHEBE R 1990-2016 4 B £ LR A0 48085 A K 2 69 B4
BABERF AT AT RGLBERFHATBEREHEAER G B LA LR RE B2 RE
RERER > BARRHHAFETEREKZHEGIEREA B RMAA - EEMER > K%
BTGB EBETHARREEENMHHLETRMABIK > HLEBLERE » HAER
BB E R R A ZH R K © AXFI A PVAR B A 54 1990-2019 % Ozcan and Ozturk
(2019) PR FE -~ &F -~ 2HFF 17 B BEEEHEERLEH R K69 R RMA%
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FiF& R ARG ERER R R ML > 149 Ozcan and Ozturk (2019 ) Z K & F 48R o 2% Uk

Rahman and Velayutham (2020) # %% 1990-2014 F#AF] & hvdr ~ EFE ~ BBH ~ BX
Fi3E B BB R ¥ A8 32 B R 0 B A REVRIAAE ~ R T B A AR RO A A 4 R R B9 B A
SLAR FAE A AR RAR A 2 B BT AT R AABRR 5 By A 0 A By AR AR B DATERGE TR 4 B
& Z 7T REME o 3% 204E A Panel Cointegration Test ~ Panel FMOLS #v Panel Granger B & B 1%
W FRRERBT > &R B ERRAAEE £ B R % - AXAH PVAR #42
SH 1990-2019 4 Rahman and Velayutham (2020) ARt R ey Hhodr ~ EPE ~ BAH ~ 24
IR EWFELEHERARFARREEHEREKZH R RG> ATIRERAREH
B A B R 14 0 14492 Rahman and Velayutham (2020 ) &% k¥ B AERA £& B R
HZARERFAARR « ZXREAXAER Z G~ HEARAREREZRAN K 4-14

* 4-12 ~ ABFR & R $2 Apergis and Payne (2010) = tb#

R B3 S
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REHAameEd B R G & AY GDP A7 15,129 £ UEF » &5k FH B 4 ERER
R A A B & 6y B éy BOR B % > sbAE AL RN 456 & fefi 3R (Conservation hypothesis ) ©

AR REERIBET > F—BREBRRME (A GDP) BN - 47 5 &5 . f o) B 85§ A T S
WHl BARRZER D AW B EHEHERAEE—RRER > BEIRETERKHEFLER
FBEZERBE - AR RERIEE > RIEFERAEBINE > @FREHAEEERE
HATE R BE B ERER > R EEZRETE Rk > A TR HAEERGERE
g —HEERERRET > ZABRAYETNE LRGP HZRERFERR  Bbg 8k
REM BT €wE A ERROER -

ARG B H B RS ROA #4847 89 World Development Indicators & 4} & > B & %
ER LA F 54 BERZEAR - o FAARAERZHBARRERAR - 8BHERKE - A
¥) GDP~ & Ak & GDP L R R 58 S R o R tb F 55 A 9.57%~3.15%~7.80%~23.75%
B 49.86% 2k R H R EZ BRE RS A LA BYE R BN & B R AT 2 EREAZ B o s
AARESFBERARBLEERACTERKBRMAIAIMUBRER  HEA - FHAREHR
AN EAT A A REREHATAEEAZINAMMNE  REEEMTAEABLEREH
GRS BERRETSEMEE -

41

doi:10.6342/NTU202303461



23 UK

Ftiak - BlpaE ~ REY (2019) © BT~ 5 B8 AR R 2 ] 6y JE SR M SR B 4 &) B R B
1% FinTech f5#tuy /A & - £H4TEF > 70 (4) > 38-61 -

AP E (2016) c DERFTHEAEHRELEAZHBEAEL - B 2R ALRZERAL
FIt e

F(2021) - KB EALEARBEAEN MGZIES- NGB ETFAHAE HBREATHE-
PR L e Lo A

Abrigo, M. & Love, I. (2016). Estimation of panel vector autoregression in Stata. The Stata Journal,
3,778-804.

Abuaf, N. & Jorion, P. (1990). Purchasing Power Parity in the Long Run. The Journal of Finance, 45
(1), 157-174.

Alkhrs, M., Miah, F. & Qudrat-Ullah, H. (2020). A Systematic Review of the Relationship Between
Energy Consumption and Economic Growth in GCC Countries. Sustainability, 12, 3845.

Amin, S.,B.,Khan, F. & Rahman, M., A. (2022). The relationship between financial development

and renewable energy consumption in South Asian countries. Environmental Science and

Pollution Research, 29, 58022-58036

Amri, F. (2017). Intercourse across economic growth, trade and renewable energy consumption in

developing and developed countries. Renewable and Sustainable Energy Reviews, 69, 527-534.

Apergis, N., & Payne, J. E. (2010). Renewable energy consumption and growth in Eurasia. Energy
economics, 32 (6), 1392-1397.

Chen, C., Pinar, M. & Stengos, T. (2021). Determinants of renewable energy consumption:

Importance of democratic institutions. Renewable Energy, 179, 75-83.

Cho, S., Heo, E. & Kim, J. (2015). Causal relationship between renewable energy consumption and
economic growth: comparison between developed and less-developed countries. Geosystem

Engineering, 18 (6), 284-291.

42 doi:10.6342/NTU202303461



Colletaz, G. & Hurlin, C. (2006, August 24-28). Threshold Effects in the Public Capital Productivity:
An International Panel Smooth Transition Approach [Conference presentation]. 61th European

Meeting of the Econometric Society.

Dimitriadis, D., Katrakilidis, C. & Karakotsios, A. (2021). Investigating the dynamic linkages among
carbon dioxide emissions, economic growth, and renewable and non-renewable energy
consumption: evidence from developing countries. Environment Science and Pollution Research,

28,40917-40928.

Fouququ, J. & Hurlin, C. (2007). The Feldstein-Horioka puzzle: A panel smooth transition regression
approach. Economic Modelling, 25, 284-229.

Gonzalez, A., Terasvirta, T. & van Dijk, D. (2004). Panel Smooth Transition. Regression Models and
Application to Investment under Credit Constraints. Working Paper, Stockholm School of

Economics, Stockholm, Sweden.

Granger. C., (1981). Some Properties of Time Series Data and Their Use in Econometric Model

Specification. Journal of Econometrics, 16, 121-130.

Glney, T. (2020). Renewable energy consumption and sustainable development in high-income

countries. International Journal of Sustainable Development & World Ecology, 28 (4),376-385.

Halkos, G. E. & Tzeremes, N. G. (2014). The effect of electricity consumption from renewable
sources on countries' economic growth levels: Evidence from advanced, emerging and

developing economies. Renewable and Sustainable Energy Reviews, 39, 166-173.

Hieu, V.M. & Mai, N. H. (2022). Impact of renewable energy on economic growth? Novel evidence
from developing countries through MMQR estimations. Environmental Science and Pollution

Research, 30,578-593.

Holtz-Eakin, D., Newey, W. & Rosen, H. S. (1988). Estimating Vector Autoregressions with Panel
Data. Econometrica, 56 (6), 1371-1395.

Isik, C., Dogru, T. & Turk, E. S. (2017). A nexus of linear and non-linear relationships between
tourism demand, renewable energy consumption, and economic growth: Theory and evidence.

International Journal of Tourism Research, 20 (1), 38-39.

3 doi:10.6342/NTU202303461



Kahia, M., Omri, A. & Jarraya, B. (2021). Green Energy, Economic Growth and Environmental
Quality Nexus in Saudi Arabia. Sustainability, 13 (3), 1264.

Lin, B. & Moubarak, M. (2014). Renewable energy consumption-economic growth nexus for. China.

Renewable and Sustainable Energy Reviews, 40, 111-117.

Menegaki, A. N. (2011). Growth and renewable energy in Europe: A random effect model with
evidence for neutrality hypothesis. Energy economics, 33 (2), 257-263.

Nan, S.,Wang,Z., Wang,J. & Wu,J. (2022). Investigating the Role of Green Innovation in Economic
Growth and Carbon Emissions Nexus for China: New Evidence Based on the PSTR Model.
Sustainability, 14 (24).

Omri, A., Mabrouk, N., B. & Sassi-Tmar, A. (2015). Modeling the causal linkages between nuclear
energy, renewable energy and economic growth in developed and developing countries.

Renewable and Sustainable Energy Reviews, 42, 1012-1022.

Ozcan, B., & Ozturk, I. (2019). Renewable energy consumption-economic growth nexus in emerging

countries: A bootstrap panel causality test. Renewable and Sustainable Energy Reviews, 104,

30-37.

Ozturk, L., (2010). A Literature Survey on Energy-Growth Nexus. Energy Policy, 38, 340-349.

Payne, J. E. (2010). A Survey of the Electricity Consumption-Growth Literature. Applied Energy, 87,
723-731.

Rahman, M. M., & Velayutham, E. (2020). Renewable and non-renewable energy consumption-

economic growth nexus: new evidence from South Asia. Renewable Energy, 147, 399-408.

Raza, S. A., Qureshi, M. A., Ahmed, M., Qaiser, S., Ali, R. & Ahmed, F. (2020). Non-linear.
relationship between tourism, economic growth, urbanization, and environmental degradation :

evidence from smooth transition models. Environmental Science and Pollution Research, 28,

1426-1442

Sadorsky, P. (2009). Renewable energy consumption, CO2 emissions and oil prices in the G7
countries. Energy Economics, 31 (3), 456-462.

4 doi:10.6342/NTU202303461



Tariq, G., Sun, H., Haris, M., Javaid, H., M. & Kong, Y. (2018). Energy Consumption and Economic
Growth: Evidence from Four Developing Countries. American Journal of Multidisciplinary

Research, 7 (1).

Terasvirta, T. (1994). Specification, Estimation, and Evaluation of Smooth Transition Autoregressive

Models. Journal of the American Statistical Association, 89,208-218.

Terasvirta, T. (1998). Modeling Economic Relationships with Smooth Transition Regressions.

Handbook of Applied Economic Statistic, 229-246.

Ullah, A., Zhang, Q., Raza, A., S. & Ali, S. (2021). Renewable energy: Is it a global challenge or
opportunity? Focusing on different income level countries through Panel Smooth Transition

Regression Model. Renewable Energy, 177,689-699.

Wang, Q. & Wang, L. (2020). Renewable energy consumption and economic growth in OECD

countries: A nonlinear panel data analysis. Energy, 207, 118200.

Wang, Q., Dong, Z., Li, R. & Wang, L. (2022a). Renewable energy and economic growth: New
insight from country risks. Energy, 238.

Wang, Q., Dong, Z., Li,R. & Wang, L. (2022b). Revisiting renewable energy and economic growth-

Does trade openness a matter? Environmental Science and Pollution Research, 30,31727-31740.

Wang,Z.X.,Hao,P. & Yao,P.Y.(2017). Non-Linear Relationship between Economic Growth and

CO, Emissions in China: An Empirical Study Based on Panel Smooth Transition Regression

Models. International Journal of Environmental Research and Public Health, 14 (12),1568.

Yusuf, B., Metehan Y. & Sefer U. (2011). Renewable Electricity Generation and Economic Growth:

Panel Data Analysis for OECD Members. International Research Journal of Finance and

Economics, 66, 59-66.

45 doi:10.6342/NTU202303461



