INTERNATIONAL
EnSEU CONGRESS OF
. ENERGY ECONOMY
20 | AND SECURITY




Y

. I'.C

ISTANBUL ENERJI VE YENILENEBILIR ENER]JI

TiICARET TABII KAYNAKLAR GENEL MUDURLUGU
BAKANLIGI

TURKIYE
ELEKTRIK
ILETIM A.S.

SEIGDAS [ Elder o OoTN00

“Gikyiiziiyle Arkadas” MI KULUBU

INTERNATIONAL CONGRESS OF ENERGY
ECONOMY AND SECURITY

PROCEEDINGS BOOK
14-15November2020/ ISTANBUL i TURKEY

Editors:
Seyfettin ERDOJAN
Ayfer GEDKKLK
Muhamad SHAHBAZ
AssistantEditor s:
Hande ¢al ékkan | Cihan Yavuz Tak |

ULUSLARARASI EERDERMK VE G| VENL

KONGRE SK

TAM MEBKMDKRKLER KKTABI
1415K a s @080/ ISTANBUL i T! RKK Y E

Editorl er:
Seyfettin ERDOJAN
Ayfer GEDKKLK
Muhamad SHAHBAZ
Yardéemcé Editorl er:

Hande ¢al ékkan | Cihan Yavuz Taxk |
Basém Pazel Rekl am, Danékmanl ék, Mat b
Yay éemAY alk@k
Dili T¢grk-e ve Kngilizce

ISBN: 978-605-785850-4

Bil di ri er te¢rl ¢ sorumlul uju



BKL KM K USGHANTFICBOARD

Adonis Yatchew, University of Toronto, Canada
Ali Kutan, Southern lllinois University, USA
T DAO ' 01 ATh . AOOGAEEO (AAg "AEOAO 6AIE 5
Amine Lahiani, LEQzUniversity of Orleans, France
Amjad Ali, University of the Punjab, Pakistan
Angeliki Menegaki, Agricultural University of Athens, Greece

Anthony Miloudi, La Rochelle Business School & CRIEF University of Poitiers,
France

Ashfaq Ahmad, Beijing Institute of Technology, China
Aviral Kumar Tiwari, Montpellier Business School, Montpellier, France
Ayfer Gedikli, Istanbul Medeniyet University, Turkey
Ayhan Orhan, Kocaeli University, Turkey
"AOah '1IPAOI ATh 'TEAOA 31 AEAI 3AEAT AA
Bassam Fattouh, UK
Berrin Tansel, United States
Bilal Karabulut, Gazi University, Turkey
Buerhan Saiti, Istanbul Sabahattin Zaim University, Turkey
"1 TATA ' UAgl %OOAEETh !'TAAT 1 O 51 EOAC
"ITTATO "1 11781 Oh )OOAT AOI 4AAET EAAIT 51
Daniel Balsalobre Lorente, Universty of Castilla -La Macha, Spain
David Roubaud, Montpellier Business School, Montpellier, France

David Weir, Northumbria University, UK

$00i 6Oh KApOg 931 AgOai h . Al gE +Al Al 51



Elman Nasirov, Azerbaijan Parliament, Azerbaijan
% OAE dOi AEl KAOEEh 4AEEOAAg . AigE +Al/
%OAAl 4ATAO +AOACEI h 931 AgOali "AUAUEA
&AOAE " Al AaAnh ,EITA #AOETITEA 51 EC

&3 0AO0 0O00OOAhh ' AUE 51 EOAOOEOUNK 44
Gary Campbell, Michigan Tech, USA
Gazi3 Al AE 5AAET h , ET EEPEI C 51 EOAOOEOU
George Filis, Bournemouth University, UK
(AA *EGp *AOiIipO +1 AT AAR (&1 CAOU
(AT El 11 0al OAhh %OAEUAO 51 EOAOOEOL
(AOAT - O0OAO %000g0OOI h 51 AROOAAOAOAOEAOD
Hassan Syed, BPP University, UK
Idris Demir, Istanbul Medeniyet University
Ilham Haouas, Abu Dhabi University, Abu Dhabi, UAE
llhan Ozturk, Cag University, 33800, Mersin, Turkey.
Jonathan A. Batten, Monash University, Australia
*1 01 - A OpCantos, AJhiverkit of Castilla -La Mancha, Spain
Kazi Sohag, Ural Federal University, Russia
Kerem Alkin, Medipol University, Turkey
Lean Hooi Hooi, Universiti Sains Malaysia
Leila Dagher, American University of Beirut, Lebanon
Lixiao Zhang, China
, OpO , 1 OOAOh 071 UOAAET EPR), Poitae@d Pod@dl - 1 £ 01 O
Research Centre for Tourism, Sustainability and Well -being (CinTurs),

University of Algarve, Portugal

Lutz Kilian, University of Michigan, USA

Ii
ENSCON20 |International Congress of Energy, Economy and Seguri



Mantu Kumar Mahalik, National Institute of Technology, India
Mehmet Balcilar, Eastern Mediterranean University, Turkey
-AEI AO 9i AAh 51 OAAg 51 EOAOOEOUR 4(¢
- AOEe 30AAhag wOOAEETh !''TAATT O 51 EOAC
Mita Bhattacharya, Monash University, Australia
Mohamed Eskandar Shah Mohd Rasid, INCEIF, Malaysia
Mohammad Mafizur Rahman, University of Southern Queensland, Australia

Muhammad Ali Nasir, Leeds Beckett University, UK

Muhammad Shafiullah, University of Nottingham Malaysia Campus, Selangor,
Malaysia

Muhammad Shahbaz, Montpellier Business School, Montpellier, France
MuhsinKar, NEg AA vi AO (Al EOAAT EO 51 EOAOOEOD!L
Murat Akkaya, Girne American University, North Cyprus
- O0OAO 9i 1 AEh ) OOAT AOGI #1711 AOAA 51 EOA
Ngoc-Sang Pham, Montpellier Business School, Montpellier, France
Nicholas Apergis, University of Piraeus, Greece
ECAO $Ai EOAAT KAEAOh $i UAA 571 EOAOO]
Oana Madalina Driha - University of Alicante, Spain
Obiyathulla Ismat Bacha, INCEIF, Malaysia
/| EOAU &8 4A1 0OgOAOAOh -EAAT A %AOO 4AAET I
vUIl Al $00¢cOT h ) OOAT AOI 51 EOAOOEOUN
Paresh Kumar Narayan, Deakin Business School, Australia
2AT AUAT 3A0Oah -EAAT A %AOO 4AAET EAAI 5
Ramzi Benkraiem, Institute of Finance, Audencia Business School, France
Recep Ulucak, Erciyes University, Turkey

i
ENSCON20 |International Congress of Energy, Economy and Seguri



Rui Alexandre Castanho WSB University Poland & University of Madeira
Portugal

217101 &AOOAOh 51 EOGAOOGEOU 1T £ 6AI1I AT A
Ruslan Nagarev, Sabahattin Zaim University, Turkey
Sakiru Adebola Solarin, Multimedia University Malaysia, Melaka, Malaysia
Saleheen Khan, Minnesota State University, Mankato, USA
3AAAOGOEAT 61111 AOh 51 EOCAOOCEOU T £ 'EO
Selahattin Dibooglu, University of Sharjah, UAE
3AUZEZAOOET %OAT gAT h ) OOAT AOI - AAAT EUAOD

Shaista Alam, Applied Economics Research Centre, University of Karachi,
Pakistan

Shawkat Hammoudeh, Drexel University, United States
Subhan Ullah, University of Hull, UK
Tariqullah Khan, Hamad Bin Khalifah University, Qatar
Thi Hong Van Hoang, Montpellier Business School, Montpellier, France
5600 31 UOAhRh -EAAT A %wAdkey 4 AAET EAAT 51
Vassilios G. Papavassiliou, University College Dublin, Dublin, Ireland

Victor Emilio Troster, Universitat de les llles Balears, Palma de Mallorca, Spain

Walid Mensi, Al Imam Mohammad Ibn Saud Islamic University, Riyadh, Saudi
Arabia

9AhAO (AADOABLRBREES 91 UUgl 51 EOAOOGEOUN
Yusuf Ali Kara, Bursa Technical University, Turkey

Zeynel Abidin Ozdemir, Gazi University, Ankara, Turkey

\Y
ENSCON20 |International Congress of Energy, Economy and Seguri



INTERNATIONAL
FNSCON L
) ENERGY ECONOMY
20 | AND SECURITY

DAVETLK KONUkKkMACI LAI

W Prof. Dr. Muhammad ShahbaBeijing Institute of Technology, Beijing, China

W Dr. David A. Fleming- Commonwealth Scientific and Industrial Research Organiza
(CSIRO),Australia.

W Prof. Dr. Soteris Kalogirou Cyprus University of Technology, Limassol, Cyprus.
W Prof. Dr. Henrik Lund Aalborg University, Denmark.

WProf. Dr.D6 Mar i s -CThe BdrtlettSchool of Construction & Project
Management, UK.

W Prof. Dr. Berrin Tansel Florida International University in Miami, USA.
W Prof. Dr. Gary CampbellMichigan Technological University, USA.

WProf. Dr. Cec?2 I|-Unverdtlade PaulistB, BrazZl.| me i d a

Vv
ENSCON20 |International Congress of Energy, Economy and Seguri



ICINDEKILER

Bfrorvm KURULU / SCIL.ENTIL.EL.C. BOARD.............. I

T, RKI'YEGDE PETROL TALEBI NITN FI'YAT VE GELIR E

ANALLL . Zo it i s 1
Prof . Dr . Er dal Tanas Karag?©l

Ar | . Gor . Muhammed Lehid G°r ¢l

Arl. G°r. Dr. ¥nder ¥zgg¢r

B¥LGESEL KONUTEWEKBSRINKRYT| KETI MI NI N BELTI RLEYI

MEKANSAL PANEL MERIL...LANALT ZI .. 11
Dr . ¥Lr. ryesi Arif lILdeli
NET-SI| FI' R KARBON EMI SYON HED.EFE.I..... CLVET24, LKELE

Asl & Sel vi

Do - . Dr. M™Mer Kiemlalnu

DYNAMIC IMPACT OF ENERGY PRICES ON GREEN PRODUCTIVITY IN EUROPEAN
UNION COUNTRIES......cooiiiiiies i avveeaaae 39

Assoc. Prof. Mehmet Demiral

Assoc. Prof. ¥zge Demiral

GELI LMEKTE OLAN | LKELERDE K| RESELLELMANI N ¢
Nel e TUN¢BI LEK

Recep ULUCAK

Vi
ENSCON20 |International Congress of Energy, Economy and Seguri



THE ENERGYGROWTH NEXUS REVISITED: AN ANALYSIS OF DIFFERENT TYPES OF
ENERGY .o i e 57

Thai-Ha Le
Sabri Boubaker

Canh Phuc Nguyen

SINOGU.S. STOCK MARKET VOLATILITY, ECONOMIC POLICY UNCERTAINTY, AND
FLUCTUATION OF GLOBAL OIL MARKET: AN EMPIRICAL ANALYSIS BASED ON TVP
SVEVAR MODEL....ccoiiiiiiiiiiiiiiiiiiiiis i eevvveniin 83

Dr. Tianle Yang
Fangxing Zhou
Dr. Min Du

Dr. Qunyang Du*

Shirong Zhou

EKOLOJI'K AYAK I zI' ¢ALI L MALARIL.NI.N...BI BLO7YOMETR

Do- . Dr. Recep Ulucak

Prof . Dr . Seyfettin Erdolan

ZAMAN SERI SI VERT MADENCT LT | T Y¥NTEMLERT ' L E
TAHMIE N o i e 121

M¢ge Akyol

Dr . ¥Lr. i yesi Emi ne U-ar

DOES ENVIRONMENTAL FOOTPRINT LEVELS CONVERGE BETWBROPEAN

COUNTRIESZ. . iiiiiiiiiiie i aeireeeiaeenans 133
Do-.Dr. Durmul ¢alré Yéldeéreém
Dr. ¥Lr. Jyesi | &l Demirtal

Do-. Dr . Seda Yél dér ém

Vil
ENSCON20 |International Congress of Energy, Economy and Seguri



VEGETATION MANAGEMENT STRATEGIES INTENDED FOR REDUCING ECONOMIC
LOSSES IN ENERGY TRANSMISSION LINES AND PREVENTING THE FIRE .RIBK3

Do- . Dr. Ersin G¢gngeor
Hatice Kaya

Ali Fuat Aslan

THE EFFECTS OF COMMODITRNANCIALIZATION ON COMMODITY MARKET
VOLATILITY i e eee iiaaaeeeeeennns 153

Dr. Shusheng Ding,
Mrs. Dandan Zheng,

Dr. Tianxiang Cui

Prof. Min Du

ENERJI ARZ G! VENLI | I NDE.....DEl.L.LT MI.N....Y ¥7Q !

Prof. Dr. Erdal Tanas Karag?©°|l

E!I’TI’M SEVI YEST ' LE ENERJT T:KET.I:..M.I.’.. Y8BE K ARBO
Do - . Dr . Seda Yél dérém

Do - . Dr . Durmul ¢alré Yél dérém

INFORMATION SECURITY WITH INTERNET OF THINGSRIVAL IN HOSPITAL
ENVIRONMENT: A BIBLIOGRAPHIC APPROACH.......ccooi i s 197

Wellington Ferreira Cipriano
Viviel Rodrigo Jos® de Carval ho
Fabricio Pelloso Piurcosky

Rodrigo Franklin Frogeri

ENERJI YOKSULLUlI U | ZERI.NE...B.I.R... NCE.L.E RE
Pro f . Dr . Seyfettin Erdolan

Do- . Dr. Ayfer Gedi kli

viii
ENSCON20 |International Congress of Energy, Economy and Seguri



INFORMATION SECURITY WITH THE INTERNET OF THINGS ADVENT IN HOSPITAL
ENVIRONMENTS: A BIBLIOGRAPHIC APPROACH.........cccoviiiiiiis s 223

Wellington Ferreira Cipriano
Vivi el Rodrigo Jos® de Carval ho
Fabricio Pelloso Piurcosky

Rodrigo Franklin Frogeri

IX
ENSCON20 |International Congress of Energy, Economy and Seguri



ENERGY ECONOMY
AND SECURITY

INTERNATIONAL
CONGRESS OF
'20

T! RKKYEGDE PETROL TALEBKNKN FKYAT VE GEI

SEKT¥REL BKR ANALKZ

Prof. Dr. Erdal Tanas Karag?l

Ankara Yéldéerém Beyazét | niversitesi,
erdalkaragol@hotmail.com

Ark. G°r. Muhammed kehid G°r ¢K

Ankara Yélderém Beyazeéet iniversitesi,
msgorus@ybu.edu.tr

Ark. G°r. Dr. ¥nder ¥zgg¢r

AnkaraYe |l déer ém Beyazeét iniversitesi, SBF,

oozgur@ybu.edu.tr

¥zeBu -al @ékmanén -20Inke | dCanmeamié i1-9i7n T¢r kiyednin petrol
sekto°orel bazda tahmin etmektir. Bu ama- dojrultusunda,
sektorel gayrasatGbYKMHYytveri h®sié Birlexkxmik Milletler,
tabanéndan temin edilmicktir. ¢tal ekmada serilerin dur aj
deji kkenl er araséndaki éerkbTfdsgtnil eklme t &dhmkmnsedIARRILKtSiém.
sektorel bazda, sanayi de, hanede ve hizmetlerde dej ikl
ulakem sekt®°r¢nde bahsi ge-en dejikkénleBuauvasandarhel
ener ji t¢keti mi, GSYKH ve d¢nya petrol fiyatl arénén
¢al ékmada, uzun d°nemde enerji talebinin gelir esnekl
Anahtar Kelimeler: Ener j i tal ebi, ekKb¢tenl ekme analizi, fiyat

INCOME AND PRICE ELASTICITY OF ENERGY DEMAND IN TURKEY:
A SECTORAL ANALYSIS

Abstract: The main goal of this study to estimate price and income elasticity afeoiand for Turkey on a
sectoral basis during the period 192017. For this purpose, sectoral energy consumption data are obtained from
the International Energy Agency, sectoral gross domestic product (GDP) data are gathered from the United
Nations, and widd oil prices are taken from British Petrol databases. Since the stationarity degrees of the series are
determined as I(0) or I(1) in the study, the cointegration relationship between the variables is investigated through
the ARDL Bounds Test. According tthe findings, a longerm relationship between variables is found on a
sectoral basis; industry, household, and services, while no relationship is determined between the aforementioned
variables in the transportation sector. However, a cointegratiotioredhip has been found between total energy
consumption, GDP, and world oil prices for the Turkish economy. In the study, the income elasticity of energy
demand is calculated as positive, and the price elasticity is estimated as negative in the long run.

Keywords: Cointegration, energy demand, income elasticity, price elasticity, Turkey
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GKRKK

Knsanl ar géenl ¢k hayatl arénén hemen her al ane
ul ak éma, aydenl at madan ¢retime kadedi hay &nem
kull andékl ar e el ektronik ar a- gere-1lerin K .
sajlayabi |l mek i -in akaryaket a, €s énma i -1 n
duymaktadérl ar. Ayréca, fakkmiekgliakaymatkilmaryam
duymaktadérl ar (Al'tenay, 2019) . Enerjinin b
kul |l anél mas ee keomneormiik thb¢skyestmemii |i Kki sinin de tat
konu ol maséna neden olektedk. ve ol maya da devam
il kel erin ekonomi k kal kénmayeé sajl amaseé, e k
yapéséndan ©°nce sanayi sektor¢negn, sonraseéendae
ge-mesiyle sajlanméxktér. Selkd®jréendaeniesg idgrdkle
gruplaréndan hane halkeé enerji teketiminin vy

Csereklyej 2016).

T¢e¢rkiye reikmondeni $zel | i kl e 2000061 i yeéllarén bakck
oranl aréna y¢ksek ener ji -2t0¢lk9e t y enli | adreé eaxrlaiské
ekonomi si yéll ék ortalama %5,2 b¢yeé¢rken (TCME
tek i minin yeéellék ortalama artéek orané ise %
T¢e¢rkiye ekonomi si nde20€elive ryjéil |tag ke tairmaisnéinnd ak9 7 1s
kekil 106de yer verilmicktir.

35000
30000
25000
20000
15000
10000

5000

et e e e e R Sl el el i i il R e T G G G G G ]

kekil 1: Te¢rkiyeddéensgRrenem2h et pie)t ¢k6w
Kaynak: British Petroleum (2020). BP Statistical Review of World Energy June 2020

T¢e¢rkiyednion

ce ol arak daha d¢gkegk gelir |
téeketi minion r

sekkSek epédmjazar @meloll dkilke a
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t¢ketilen enerjinin toplam i-erisindeki payeén

2017 d°neminde sekt®rel ener ji teketiminin ye
k°yl e ki, mdaaatydk esteiklte@mr ¢ener j i mi ktaré gi der e
fazla enerjinin te¢gketildiji sekt?or haline ge
ol arak wul akeéem ve hizmetl er sekt©°r ¢ndeKii ener
t¢e¢ketiminin toplam i -erisindeki payl aréna i se

0.6

0.5

0.4

0.3

0.2

0.1

0

Sanayi Ulasim Hane Hizmet

kekil 2: T¢rkiyedde sekt®°rel e2¥rji teogketi

Kaynak: British Petroleum (2020). BP Statistical Review of World Energy June 2020.

Hane bhkaeltkiémitng n toplam i-erisindeki payé 1970
gelindijinde %2061l ere kadar d¢gkmgkt or . G¢egncecel
ise T¢rkiye ekonomisinde t¢gketil ens esknterrjgmdaen
kull anél déjene ifade edebiliriz.

Artan enerji t¢ketiminin yanénda Tg¢grkiye ene
bajéemlé DbDlusktkhkadasé EnerTdr IRijOMers g everiltebiameé
enerji iyltkil wxeé&n &8 6 0skaekeéltdomad latt a dyéorl.uyBwa ned
enerji talebinin fiyat ve gelir esnekliklerinmn
enerji talebinin esnekl ikl eri pek nrimfigatveal & Kk ma
gelir esnekliklerinin °1-¢1d¢gjeé¢ -al éxkmalar Tg¢
bu -al ékma T¢rkekeoe&bnemesj ndéal ebjsanayn, gel ir
hane hal ke, ul akéem WV&L-2007V dMmee mier | siek t ARID&r i Shé
y°ntemiyle incelemiktir.

¢al ékmanén bir sonr aki b°1l ¢ myg¢ ener ji tal ebi
czetl emektedir. Kkinci bel ¢mde ver.i seti vV e
veriimektedir.Sa b° | ¢mde i se -alékma sonu-|landér él mécx

3
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I.LKTERAT! R ¥ZETK

Literatg¢rde petrol talebinin gel ir vV e fiya
bul unmaktadeér. Bu -al ékmal ar bajéemlé dejikke
almakta yadd opl am ener ji ithal aténé g%z ©°n¢gnde bu
sektorel ener ji talebinin de esneklikleri ar
arasénda yer al maktadeéer. Bu b°l ¢ md eeklikltimc el i k|
i nceleyen -al éekmal ar el e al énacak, sonraseénd
sonu-I|lar sunul acaktér.

Cooper (2003) , °nce¢ -al éxkmal a0 @0 ad&ndmi yeri
¢l kedeki ham petroijitmil eBiesimn uUypal amaneldel
etmi ktir. Elde edilen sonu-Ilara g°re, ¢l kel e
negatif ve inel asti k Doiljdeurj uy asnodnaunc,u n@{2@dbl vadk.e |
d°nemi i -1 npebtlr od | kiesdkeektii mi ni n t emel belirl ey
ampirikKk sonu-lara g°°re hem OECD ¢yelerinde
esneklijinin pozitif, fiyat esneklijJinin ise
¢l el nde gelir esneklijinin OECD ¢l kelerine
Ayr éca, uzun d°nemde esnekl ik kat sayéseénén
gor¢él megktegr . Gor ¢k WD 1IBegrdknzezmi20226)n iTsce KI YR
hem fiyat hem de gelir esnekl iJini hesapl amé:
gelir ve fiyat esnekl ikl eri bekl endiji gibi s
uzun d°nem sonu-1laré bir biartlsearyiéyslée atnd taanrl|eédeéerr.
Bununla birlikte, G°r ¢k ve ¥zge¢er (2017) yape
1975-204 d°neminde Ktalyadda petrol teketi mi, p
Pl kKki oy i ncel emi k| @rldeirri.n ¢uazluénk nth® nseormduec ulmidral i
gor ¢l megkt gr . Ayr éca, petrol talebinin hem fi
I statistiki ol ar ak anl amséz ol duju bul unmuck
sayél aréena g®°°rde jfiarbkellélrélkelnami kg% gt.erShin vd. (
i t ha lfigat & rgéimnesnekliklerinid o] r us al ol may akullanarBkDidhmimo d e | i
etmi Kkl erdir. Bu ama0ladojyell auvenedakrdemdnd 9 & n -
yararl anmmpkrakdadmonu-Il ar hem késa émeém de nu zpuen 1

ithal até ¢zerkisndenael dhejunia f?stetmektedir

Sekto°orel bazdaki -al ekxmal ardan Bose ve Shukl :

esnekl i jsenkt °tri¢cnadreetesnek, hane ve tarém sekt?©

Fiyat esnekl i k-LeBb, i b-@n & m=m,r € imnh d-& 86aolaraki tahmin 1 s e

edi | mi ktir. Kamer schen ve -1PoY8& ed® ne2mil0addan aAhl
4
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elektrik talebinin fiyat esnekIliJini araktermn

hane ve sanayi sekt°rl erinde talebin fiyat e
Ay r dnglastLotz ve Blignaut (2011) ise 1993 ve 2006 Y | ar & ar asénda G¢gne
el ektrik talebinin fiyat esneklijJini sadece s
esnekl i7Ji Il se sanayi ve ticaret sekt°rlerinde
Bur ken Ve Cserekl keiyi (20hekx)] eme32 dahi | et ti
-al ékmal arénda, enerji te¢gketimi ve gelir sevi
Kur mukl ardeér . El de etti kl eri sonu-|lara g°re,
dahil edilmed J i model de, enerji talebinin sekt©°rel
esneklijinin ise negatif (tarém sekt®°r¢ hari -
tahmincisini kull anar ak uzun d° ne2@e gérJ a mai k¢
esnekl iJini pozitif, fiyat esnekl iJini i se ne
beklentilerle tutarl edeér.

Ener j i ekonomi si yazénénda, sekto°orel enerji t
bul unmaktadeéer, rifmkayageghr&myeal,@kema sayésé ol
b¢yeéKk bir k @ s mé da nedensel |l ik analizl erine
Karanfil, 2007; Kar ve Kéneéek, 2008; kahbaz v
2020). Ampirik litera ¢ r t aramasé sonucunda, yalnézca Ari :
sektorel ener ji talebinin gel ir vV e fiyat

¢al ékmaloaOR ® 0 @a ,d° ne mi i -in T¢grkiyebdbde sanayi
talebinn gel i r ve fiyat esnekl i klerini séraseéeyl a

zorunlu mall ar armds gmda esayakitkedkil ewled n muet ur .

Enerj i talebinin esneklikleri aJ] anahdamyglapeé m
-ok gelir esneklijini pozitif, fiyat esnekl i’
Fakat, sekt-Carleelk mbbhadd&ai esnekl ik parametresi
gesterdii]i go°r ¢l mekt @dii ri.l gBudnunsekelBaeplnereinear
enerjinin kullanéldéjeée sekt°rde ikamesinin bi
ol mamasé sayélabil mektedir.

2VERK SYEYTNKTEWE AMPKRKK BULGULAR

Bu -al ékmada, sekt %er efli yeante rg 9 n etkalliekblie20iidn i g ehl e sr

d°nemine ait¢t yell ek veri se&tti®r kUl leaare& ) mé kttsekre

GSYKH wve d¢nya -pétexkomlandn ybotalf #mé é vV e baj éms

belirl.éamekKttmba, ,s hane, hi zmetl er ve ul akém

al énmeéex, bununla birlikte, toplam enerji t al €
5
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verilerUl us | ar ar as,8Bi Eh e K mii xefBMshhRe®oledme e r | t abanl ar é€

el de edidlomiakt t mpamidami Kk d°n¢ig¢kegmleri yapeéel méxkt
¥ncelikl e, serilerin birim k°k ©°zellikleri (
Dejikkenl erin dur aj anl ék derecel eri, bu 1K
bel rI enmi ktir. Birim k°k testlerinin sonu-1aré€
vV e trendl i model | erde H§0) del( )6 il ren bisrolnaik il rir
g°stermektedir. Yani , Dbbaazzeé |saerré Ibeirr isnecvii yfeadrek tdz
Tablo 1: Birik k° Kestisonu -1 ar &
ADF Testi PP Testi

Deji kkenl Sabitli Model Sabitli ve Trendli Sabitli Model Sabitli ve Trendli

Model Model
(@) -0,801 -4,758" -1,515 -4,752™
(0] -1,887 -4,061 -2,759 -4,041
(0] -1,962 -3,702° -2,838 -3,677
(0] -0,674 -1,854 -0,683 -2,115
O 4 -0,360 -2,118 -0,425 -2,508
® 0,272 -2,381 0,302 -2,521
® -0,022 -2,208 -0,058 -2,208
® 0,795 -2,962 1,131 -2,881
® 0,514 -1,103 0,486 -1,435
A -1,546 -3,571° -1,545 -3,614"
00 -2,650 -2,407 -2,677 -2,444
Yo -8,168" -8,078" -9,597" -10,363"
Yo -8,644™ -8,672" -9,761" -14,046™
Yo -7,206™ -7,141" -8,370™ -10,903"
Yo -6,647" -6,561" -6,669" -6,561"
YO -5,288" -5,236" -5,288™ -5,235™
Y& -6,607" -6,589" -6,607" -6,654"
Y& -5,539" -5,493" -5,450™ -5,394"
Y& -6,842" -6,821" -8,362" -9,488"
Y& -6,483" -6,496" -6,495" -6,503"
Yo -5,649" -5,650" -5,646™ -5,651"
Yo "0 -6,317” -6,379” -6,317" -6,379”
Not: ", "ve™ séraseyla %l, %5 ve %10 i-in iYstsat ifsatrikk io paerlaam
temsil etmektedir.
Serilerin durajanl ék der ec@dnger ya dagy Jokansénngipin e al
gel eneksel ekKb¢t ¢nl ek me y°ntemleriyle uzun
anl akel maktadeéer . Bunun temel sebebi, rbodyg°nt
durajan ol masé durumunda wuygul anabilir ol maseéeé

6

ENSCON20 |International Congress of Energy, Economy and Seguri



(20012) 6nin gel i ktirdiiji ARDL Seéneér Testi y °i
deji kkenler araséndaki uzun M&MNemgel mi K kikn .ni B
da veri setimize uygunluju sebebiyle bu y°nte

Tablo 2. ARDL € ntestisonu -1 ar é

Denklemler Model Test Ksta Sonu-
0 Q0 D "0 ARDL (1,1,0) 6,823 Ekbe¢tenl ek
0 Q0 0 "0 ARDL (2,3,0) 4,679 Ekbe¢tenl ek
0 QM o ARDL (1,1,0) 4,827 Ekbe¢tenl ek
0 QWM 0 ARDL (1,0,4) 9,088" Exbe¢tenl ext
0O ; G 5 MO ARDL (1,1,1) 0,698 Ekb¢gt enl exkr
Not:45 g°zlem sayésé i-in ¢st kritik dejerler (%10, %5 v
ve Narayan (2005)'pdween” seélrdaes éeyd ial mbik,t i %5 ve %10 i -in i
gestermektedir. dre,r dwejdiekemtw&kroyadsaswe normal |l i k test] e
Tabl ok rodlean b eekk bngotdienlll ieikHmiers i sonu-|lareé g°ster
sonu-I|lara g°re, sanayi , hane ve hizmetler se
d°neml i bir i kKkini ol duju sonucuna ul akél m
di kkat e all @d@redéede greordiel er i n ekKb¢etenl eki kK ol du
sekt°r¢nde enerji t¢gketi mi, gelir seviyesi V €
ol madejée anl akeéel méxkteér . Bu akamadan sonr a, e
uun d°neml. kat sayélarén tahmininin yapél mas:
gerekmektedir. Tablo 3 ve Tablo 46te bu anal.
Tabl o 3: Uzun d°nem tahmin sonu-1aré@

Baj éml & Dej i e IF 5

(¢ 0,834 -0,053

(0] 0,837 -0,184

(¢ 0,404 -0,044

(0] 3,211 -0,233
Not: ","ve™ séraséyla %l, %5 ve %10 i-in istatistiki anlam d
Tabl o 36te modell ere ait uzun d°nem katsayeéel a
model de de talebin fiyat esneklijinin negat|
sekt°r¢nde tahmin edilen katsayrénémekitsetdati stF
esneklijinin katé ol masé@, enerji teketi minin
g°stermektedir. Bunun temel sebebi, enerjini
dejerlendirilebilir. Dibj @ar gpadmdarsnekmimi modehl
ol duju g°r ¢l mektedir. ¥zelli kle hizmetler sel

7
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-0k ¢zerinde olduju g°r ¢l mektedir.
el de edilennbul gul @ar @&y uné kil el duj u g
Tablo 4. Hatad¢, z e | mhodeésonu - | ar é
Bajémlé Deji Bajémséez De]j Kat sayeél a
Sabit Terim -3,641"
0 Y& 0,796
"00"Y -0,318"
Sabit Terim -2,641"
YO P -0,279"
Y&y 0,949"
0 Y& p -0,293
Y& q -0,550"
"00"Y -0,248"
Sabit Terim -0,190™
0 Y& 0,326"
"00"Y -0,265™
Sabit Terim -27,362"
Yo "0 0,150°
' Y0 "0 p 0,309™
© Y0 O ¢ 0,224
Y0 0 o 0,261"
"00"Y -0,366™
Not: ,"ve™ séraséyla %l, %5 ve %10 i-in
temsil etmektedir.
Tabl o 46te sektorl er i -in hata d¢ze
d¢zeltme teriminin dél mesé sgarta ksttiijkii
ul akél mekt ér . Yani , uzun d°nem
d¢zel mektedir; toplam t¢ketim model
yakl akék 4 akytd®r, ¢ hii-zinmmetil ea &kl akék
artéexlarén toplam enerji teketi mi,
mi ktaré ¢zerinde pozitif bir et ki si
arteklaréen hizmetl er sekt%or¢gndeki e
edilen bu son bulgu beklentilerle -

8
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3.SONUC¢

Bu -al ekmanéhO larmadc®eneld 7 1i - i n T¢e¢rkiyednion pet
esneklit er i ni sektorel bazda tahmser ieltemme kdn as é rBdie
d°neml i i li kkiyiARRLspSénenaebb dtn@emeée ndakideyar ar |
edilena mpi r i k gsPorneu - Isaerkat °r el bazda, esdepaykttenl kan
uzun d°nelnb i unimMuikktkuir . Buul nauknél na  sbsekrib &ilmkgtined, @ e - e n
deji kkenl er araskpdainlhes knaagti |. Zp maaplank ¢nérjr

t¢gketi mi, GSYKH ve d¢nya @etexkdlgt Enyakil ar on a
edi |l mi ktir. ¢al ekxmada, uzun d°nemde enerji t &
negatif ol ar &k ylae s &plnhakme ikt eaan.n negatif ve kat
deji kKimlere isjeirni teepkzowvenimedbir mal ol duj unu

El de edilen sonu-dakt, ©° rpeoll iftarkkal egdbdekiekdtdnajir kan g °

politikalareée tasarl amasénda ve yBumdanrsbngakie koy
-al ekmalsaerkda& r el enerji talebinin fiyat ve ge
keréel mal ar én et ki si di kkate al enabi |l ir. ¥z
dal gal anmal arénda esnekliklerin naséfléeénwdeanne
czerinde titizlikle durul masé gereken konul ar
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¥ZET Bu arakteérmada b°l gesel konut ve sanayi el ektrik
veri y°nt emi il e anal i z edi | mesi almar-dlankhakkatdak. i A
dayanan Vezir y°nt emi tercih edilmiktir. Anali z bul
belirleyicilerini tespit ¢zere kurulan modell erde mel
I roi araseéendaki et kil exki mi yansétan mekansa
ardéndan araktérmanén model | er i sabit €
ir. Anal i z kbutl gludtairmi blRdmgrws eb® lkpealudr ien ekd |
l ¢ etkilendijini gestermektedir. Ayr éca ¢
gesel konut elektrik t¢keyaménegmeb?hdese
t i mi iczerinde anlamlée bir etkisi yoktur .
e komku b°lgelerin sanayi elektrik te¢gket
e d¢gzeyli b°l gesel sanayi elektrik t¢gket
te b°l gesel sanayi elektrik te¢gketi mi 7 ¢
el ektri%nemlkietbhenli inilneyeinki ni n negfus, bel gesel s
I rleyicisinin ise sanayilexkme d¢zeyi ol dujunu bel.i
nahtar Kelimeler: B° | ges el konut elektrik te¢gketi mi, bel gesel s

—_— —
< X

SPATIAL DATA ECONOMETRICS ON THE DETERMINANTS OF REGIONAL RESIDENTIAL
AND INDUSTRIAL ELECTRICTY CONSUMPTION

ABSTRACT: It is aimed to analyze the determinants of regional residential and industrial electricity
consumption with fixed effects spatial panel datahmétin this research. Queen method, which is based on the
neighborhood relationship, was preferred as the weight matrix in the research. The existence of spatial error and
spatial delay was determined in the models established to determine the deterofiregitmal residential and
industrial electricity consumption. After determining the existence of spatial error and spatial delay reflecting the
interaction between NUTS Il regions, the models of the research were analyzed with fixed effects spatial
ecorometric estimators. Findings show that regional residential electricity consumption is positively affected by
residential electricity consumption of the neighboring regions. In addition, according to the analysis findings,
while income level, population dnurbanization level have a positive effect on regional residential electricity
consumption, electricity price does not have a significant effect on regional residential electricity consumption.
However, in the analysis findings, it is observed that tlggoral industrial electricity consumption is also
positively affected by the industrial electricity consumption of the neighboring regions. While income and
industrialization level have an increasing effect on regional industrial electricity consumptiamjzation,
population and electricity price do not have a significant effect on regional industrial electricity consumption.
Findings indicate that the most important determinant of regional residential electricity consumption is
population, and the mostnportant determinant of regional industrial electricity consumption is the level of
industrialization.
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GKRKk

1. D¢nya bavygmaeamad& ki r esel enerji tal ebi art
kadar . -te birden fazl a art maséeé bekl enmekt
end¢gstriyel ve konut ol mak ¢zere d°rt temel
ve sanayil sektorl eri -ojJu ¢l ke T -1in enerjir
enerjinin ana t¢keticilerdi ol an konut ve s
ol dujunu belirtmektediér38) SalEdreikt & ieldaaagii d ¢ 2 Ok
sekt°rlerinin t emel enerji kaynaj é ol mas
destekl enmesinde Ve yakam standartl arénén |
moder n toplum i -1in vazge-il mez ol maktadeér .
endgs |l er taraf éndan kull anél an topl am el
nitelendiril mektedir (Chunyang vd. , 2012: 12
teknoloji k aletlerin gg¢- kaynaj é ol masé, t e
adetler i-in depolanma °zelliklerine sahip o
vardeér (¢al makur & Knan, 2018: 72) . Bu ¢steén
daha fazla tercih edilen el eketsrlieknnmee] istéicna k\
aydenl atma gi bi t emel insan i htiya-1laréné Kk
yé¢zden, el ektrik talebinin belirleyiciler:

el ektrik talebinin projeekktsriiykontug kie-tiinmi nok D
elektrik te¢gketimine olan esnekl ikl eri pol it
uygul amal aré konusunda i1 pu-Ilaré sunmaktadeér
araktermacél ar leillekywen kf &ktk®ertlieri ng zerti ne od
demogr afik vV e I kKl i msel ol mak iczer e el ektri
Ekonomi k ol arak gelir d¢zeyi, elektri k fiya
al déeje fakt©otralleerbi elidket riil gi I i di r. El ektrik

kentl ek me, hanehal ké b¢gyeéekl ¢ ¢ ve negfustur.

sojuk ve sécak g¢n s ay e s eBajaliokrShambyem21841®, c a k| & k
Blazques vd., 2013:64850; Yayl acé vd.,2011:166) .

Hanehal ké gel iri ve elektrik fiyatée hanehal k
Ve el ektrik fiyatéyl a P lgi |l hanehal ké da
rasyoneédefi mkomemi k teoriye dayanmaktadeér
d¢zeyinin elektrik tegketi mi czerindeki et ki
kanall ardan il ki, creti mdeki b¢g¢yeéemenin endyg .
tekk ettii]i cretim s¢gre-1eri i-in elektrik
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sektorl eri ile elektrik te¢gketiminin art maseé

gerektirmektedir. Kkincisi, e k o ntormikkl eb ¢-yasl nee
makinel er | tekvik et mesi nden dol ayeé sretim
dé¢zeyinin y¢gksel mesi sonucunda televizyon, k
gi bi el ektrikli ara-1| ar gkhetkiumil minfe mgmtma a& n an
El ektri k fiyateée elektrik t¢gketi mi czerinde

t ¢cketi mi czerindeki et ki si ekonomi k gel i Kme|
uygunl ujuna BajAlbdbdaesr, 20Kbanl68) . El ektri k tg¢
fakt°r de kentlexkme d¢zeyidir. Hanehal kl ar e
daha kolay wulakma anl aména gel mektedir (Yin
daha fazla ek i mi ve el ektrikl:i aletlerin dejiktiri
faktorl er yézeéenden kentl ekmenin el ektrik

bekl enmektedir Elektrik t¢gketi mi czeri.nde et
Daha fazla n¢fusa sahip olan bir b°l ge daha
el ektrik t ¢cketi mi czerindeki et ki si pozit.i
b¢e¢yekl ¢ ¢ ve elektrik t¢gketi miniodeetoglumdee y en L
di kkate dejer bir ejilim hanehal ké bg¢yekl ¢
el ektrik t ¢cketi mi iczerinde artéreéece et ki si
k¢-¢l mesinin daha fazla konutkuydrainévenadahan
gel mektedir (Yin wvd., 2016: 2589) . Konut vV e
farklelek g°stermektedir. Bu farkl el éjén te
belirleyicil er i-ekbnamik, bderogrefik i vei k & 0 sng e | °czel |l ik

etkilenmesidir (Salari & Javid, 2016:638).

B°1l geni-enk osnoosnyiok yapésénén yaneksaobpami kowpmrpeéeba

b°l genin konut ve sanayi el ektrik te¢gketi min
ortaya -ékmaktadeéer . KI ki, el ektrik tegketim
beni msenmesinde mek©nsal yayélma etkisi ol ux
bir b°l gede yakayan ancak komku b°l gede - a
2013:558) . B°l gesel konut vV e sanay.i el ektr
etkilekimlerden etkilenip etkilenmedijinin t
t emel motivasyona bajlé ol arak arakxktil@r manén
b°l gesel konut ve sanayi el ektri k te¢gketi mini
test edil mesidir. Kkinci si ise b°l gesel k on
mekansal panel ver i y°ntemtiériéllanasa@adér z Ad
ama-|l aréna bajlé olarak Db°l gesel konut v e
D¢zey | bl gelekDl18rdekkbemi nde n2@@&Dbi t et ki
y°nt emi ile analiz edil mixktir.

13



Mot i vasyoné vkapasmaay-anargi ri kK b°l ¢m¢g hari- ar at

Giri ki takip eden i ki nci b°l ¢ mde arakter ma
|l iterat¢rden farklaré sunul maktadér. Ar dénde
ve y°ametméltmakt ader . l-¢nceg bel ¢gmde ampirik
vV e yorumlanmaktadeéer . Son ol ar ak sonu- bol
dejerl endirmelerde bulunul makta ve politika

1. LKTERAT!R

Kktilgadirat ¢rde elektrik t¢gketiminin belirle

Literatg¢rdeki araktermal ar arasénda-Bajall t ént a
& Shamayleh (2018 i b i araktermal ar el ekt respkindet ¢ k et i
makroekonomi k veril erden faydal anérl ar ken,

(2017) gi bi araktermal ar el ektrik t¢gketi m
faydal anméxl ardeér . Ayréca | iteratAlrtdéentMxy | vae
Ko-bulut (2014) gi bi arakteéermaceél ar topl am e
Bl azques Gomez vd. (2013) , Jordan vd. (2014
el ektri k te¢gketi mini belirleyen fakt°rleri I n

Tabl o 1: Literate¢gr ¥zet

Yazar D°nem Y°nt em Bulgular
¥rnekl
Arimah (1993) 19851989 Yatay kesit Bul gul ar a g°re konut el
veri analizi dej i Ki min t emel belirl eyl
Nijerya (21 ngfustur. Ayr éca bul gul ar
Eyalet) belirleyicisinin ticari f
t¢e¢ketiminin ana belirleyic
baké dohili sretilen geli
olarakw akl ék ol dujunu g°sterr
Yayl acé& 2006 Mekansal Bul gul ar T¢rkiyednion doj u
(2011) ekonometrik el ekt r i k t¢ketim modelll er
Ter kiyanaliz g°stermektedir. feylre&ka a i ku
(D¢ ze yéksek talep k¢mel enmel e
b°l gesinde yer al érken,
T¢e¢rkiyedbnin Doju Anadol u v
yer al maktadér
Chunyang vd. 19952008 Mekansal Bul gul ar ¢indin -o0oju b°lg
(2012) ¢i n (1 ekononetri belirgin zamansal ve mekai
1)) analiz seviyelerde i ken, yé¢ksek
¢indin dojusundaki bl gel e
Xai ve Hu 2009 Panel veri Bul gul ar a g°re kentl ekmer
(2012) ¢i n (1 analizi pozitif y°nl ¢ etkisi var
1)) fiyean emegati f yAnlr&cat lkeingdi¢
el ektrik te¢gkleei mayoppkindoh
bajl anténén dolaylé y°ng¢gn
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ol arak g°r ¢l mektedir.
Yu (2012) 19882007 Mekansal Araktérma bul gul aréna g°re
¢in panel veri pi yasal awina epzrji yoj unl
Kehir) analzi end¢gstrilerin toplam endg
t¢eketiminin topl am enerj
yojunlujunu artérmaktadeéer.
Blazques vd. 20002008 Dinamik Bul gul ar a ge°re konut el e
(2013) Ks p any panel verigelirin, n¢gfusun ve sécak
(47 K e¢analizi czerinde artérécée etkisi
be¢yéekl ¢ ¢ ve gaza eri kKim
czeeindgatif y°nl ¢ etkisi
Blazques 20012010 Mekansal Bul gul ar ni speten d¢gkegk g
Gomez vd. Ks p a n\ panel veri esnekl i Jini gestermektedir
(2013) (46 K e¢analizi araséndatkbohkhutt ¢ekbekmi ndek
mekansal bul ak ma et kisini
birlikte bulgular gel ir,
el ektrik t ¢keti mi czerind
elektrik fiyateé, gayésthi
el ektrik t¢keti mi iczerind
g°stermektedir.
Jordan vd. 19982009 Dinamik Araktérma bul gul aréna g°r
(2014) K's p any panel veri bel i rl eyi ci fka ktt & k e tkiommiunti n
(18 bt analizi Ayréca bulgul ar konut el e
d¢zeyi, sécakl ék aral ejeé,
su éséetece kul |l anma y¢zd
iszerinde arteéerece e trk Busnla
birlikte bulgularda el ektr
kullanma y¢zdesi ve en a
hanehal kénén y¢zdesinin ic¢
azaltécé etkisi g%zl enmekt
Al t ént a 1902011 ARDL ¢c¢Bul gul ara g°re ekonomik b
Ko-bul u T¢gr ki test d° nemde el ektrik t ¢keti mi
(2014) sahiptir.
Latif (2015) 19832010 Panel veri Bul gul ar el ektriek ekg kki m
Kanada analizi uzun d°neml i il i kkinin v
(D¢ zey bul gulara g°re gelirin ele
et ki si, elektrik fiyateéner
y°nl ¢ etkisi wvardér.
Khan ve Abbas 19782012 Panel Bu gul ara g°re gehirerve en
(2016) Pakistekbg¢gt grtoplam ve sektorel d¢zeyde
toplam ve analizi yoenl ¢ etkiye sahiptir. A
al te toplam ve sektorel d¢zeyd:
sektor czerinde negatif y°nl ¢ etk
Salari ve Javid 20052013 Statik ve Bul gul ara g°re gelgi¢rn, shaiyné
(2016) Bi r | et dinamik el ektrik te¢gketi mi czerind
Devletler panel veri hanehal ké be¢yekl ¢ ¢, el i ti
(51 eyalet) analizi g¢n sayésénén i se konut €
y°nl ¢ etkiye sahiptir.
Yinvd. (2016) 20052010 Statik ve Bul gul ara g°re gelir, kik«ki
dinamik beyekl ¢ ¢, konut el ektril
¢in panel veri kentl ekxkme konut el ektrik 1
K fair) analizi el ektrik fiyaténé mkaonutne
etkilemektedir.

Akarsu (2017)

19902001 Mekansal
T ¢ r ki yverianalizi
(D¢ z ey

Bul gul ar , bel gel er araseén
varl éjénée g°stermektedir.
geci kmel eri | kentl ekme, g
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19902011

t ¢keti mi elektrik t¢gketi mi

Ter ki fiyatrd keltegktet i mi ni negati f
(D¢ z ey
Kwakwa 19712012 Ekb ¢t ¢1Bul gul ar elektrik te¢gketim
(2017) testleri, finansal gel i kme, karbon €
Mésar FMOLS ve uzun @ ne ml i i li kkinin var |l «
CCR bul gul ara g°re gelir, ken
tahmincileri eJ i t i m el ektrik t¢keti mi
sanayi |l ekme d¢zeyi el ekt
etkilemektedir. Bununla birlikte bulgatda fiyat ve karbor
emi syonun elektrik t¢gketi
edi |l memi ktir.
Liao vd. (2017) 19952014 Dinamik Tahmin bul-2gu20ard® ReOMi6nde ¢
panel veri konut el ektri ky aw&eltayd maje
¢in analizi az gelikmik kehirlerde i sce
Kehir) devam edecejini g°ster mekt
Al-Bajjali ve 19862015 Johans«BuIgulagrealgorekentle me , el
Shamayleh b¢egtenlcsu teéegketiminin elektrik t
(2018) ' r d¢n test ve var i ken, elektrik fiyatéel
vekt©er y°nl ¢ etkisi vardeéer
de¢zel t
modeli
Akarsu ve 19862013 Mekansal Sonu-1ar, kokul I u yakeénsa
Berke (2020) T ¢ r ki \ panel veri model e g°re farklé sonu-1 a
(D¢ z ey
Cabral vd. 2008:MZ- Dinamik Bul gul ara g°raiel gkti kkesi
(2020) 2018M12  mekansal Kebekeye bajlé hane sayés
Brezilya (5 panel verit ¢keti mini pozitif y°nl ¢ e
b°l ge) analizi t ¢keti mini negatif y°nl ¢ e
Lin ve Shu 20062015 Marjinal Bul gul ara g°re kiKki bakée
(2020) maksimum kentl ekme d¢gzeyinin elektr
¢in olabilirlik et ki si var i ken, el ektrik
K e hi r ) tahmincisi negatif y°nl ¢yre&dckd sibulvaul
yapénén optimizasyonunun
iyilekmeye katkéda bulundu
Su (2020) 19982018 Panel veri Bul gul ara g°re elektrik ta
analizi kent sel bl gel er araseéenda
Tayvan (21 negfus, gelir, kli ma sayés:
kKehir) dekek gelire sahip ol an
t¢keti mini pozitif yonl ¢
hanehal keé ekyekkegjtee kel i mi
etkilemektedir.
Literategr incelendijinde bel gesel konut vV e
analizinde vyatay kesit, panel ver i ve mekOo
g°r ¢l mektedirvemMekamalail ziprmaineltercih edil diiji
' iterate¢rden farkl él akmaktadér Bu nedenl er
t¢e¢ketiminin belirleyicilerinin Téegrkiye D¢ zey
Kki nlx%lIsgegsel konut ve sanayi el ektri k te¢gketi
araseéendaki me k ©n s al et kil eki mi de di kkate al

ol maseédeéer
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2. VERK, Y¥NTEM VE MODEL

Literateg¢gr, b°l geset ¢ keniumi wvien skaelaiyn | eyl iekitlrd rl
di kkat -ekmektedir. Gel ir d¢zeyi, el ektrik
hanehal keé beyekl 67 ¢, sécak Ve soj uk gén :
faktorl erdendirfipBpatéake®hbhaeetdahkgabegy ekl ¢ ¢
verilerine erikilememesinden dolayé bu dejiKk
Ayréca sojuk ve séecak g¢n sayéeésénén b°l gesel
arakteéermanére mdohi | ol amaméxt éer . Araxkter mané
kéesaltmal aré, taném ve kaynaklaré Tabl o 20d6de
Tabh o 2. Deji kkenlerin Taném ve Kaynakl ar é
Deji kkenl Taném Kaynak

Ires D¢zey 11 b°lgeltegkal TUKK

lindet D¢zey 11 b°l gelerin TUKK

lgdp D¢zey 11 b°l gelerin TUKK

lpri D¢zey 11 b°l gelerin TUKK

Ipop D¢zey 11 b°l gelerin TUKK

lurb D¢zely®lidel erinde kerTUKK

lind D¢zey 11 b°l gelerin TUKK

Tabl o 26deki deji kkenl er l ogaritmi k formlar
l ogaritmi k formlareé ile kull aneéluden esmekliinal i z
ol - ¢l eri ol arak yorumlanmaséné sajlar. Ayr éc
varyans ol ukumunu azaltmakta ve parametre teé
1993: 73) . Tée¢rkiyednin Degzieyellelkth 9 lkg etl ¢ekrea tnii
yél éndan ©°nceki ve 2018 yeéeléndan sonr aki v e
d°nemi-2R21080 70l ar ak bedOIr8 edMmnemi r i -ROO0OTMT¢er kiy
b°l gel er i °rnekl eminde konwmt bwee i saepgyrcileéerik
veri y°ntemi ile analiz edil miktir. Analizde
Model 1:ai AT "B o ai Qif a'QQAT anirQanén a6i @

- W (2)

Model 2: ¢ Q¢ QX0 "B @ ai Qif aQQAF aniTQINén ad6i ®

T Qe Q- , - >W ‘

(2)

Mo d e |l 1, bel gesel konut el ektri k te¢gketi mini |
Mo d e |l 2 shanlagg@seell ektri k t¢egketiminin belirley
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Modellerde yeralah s e mbol ¢ mek ©n s all geci kmeyi , & semboa

et mektedir. (1) v e (2) nolu exitlikteki W
ma ri sidir. Bajémséz bir dejikkendeki dej i Kir
yoll ardan izin vermesinden ve b°lgeler arase
araktermanén model |l erinin anal i 2innceni s dleirtci
edi |l mi ktir. Sabit veya tesadg¢gf.i bir model a
mekans al panel verinin tahmininde Genel Mo
Ol abilirlik ( ML) yakl akémlaré &ulslekn &lkrhak t N
GMMb6e tercih edil mektedir-56Bl)azdPBuwesar@xmez ma
yakl akéména dayanan sabit etkiler mekansal p

3. AMPKRKK BULGULAR

Sabit etkiler mekansal panel veri analizinindkk a mas énda aj érl ék matr.i

dOhi | edilir. Ardéndan ajérl é&k matrisin dOoOhi
analiz edil mektedir. En k¢-¢k kareler t ahmi
diren-1 L Mn atnensétklteérri. iLIM vsee diren-1.1 LM t e:

raporl anmaktader.

Tabl o 3. Me kans al Bajéemléeléek Test Sonu-1are
LM Testleri Model 1 Model 2
Kst. (Ol aséKst. (Ol asé
00 40.810 0.001 3.132 0.077
00 2 1.260 0.261 5.541 0.019
00 119.99 0.000 7.040 0.007
00 ¢ 80.441 0.000 9.448 0.002
Not : * LM testinin diren-1: formunu temsil et mektedir.

LM test bul gul aréna g°re %5 anlamleleéek dg¢z
mekans al hatanén varl éjé tespit edilirken, \
[

edi |l mektedir. Diren-| LM test beulMpuwlledr & 0ids
mekans al geci kme ve mekansal hatanén wvarl éj
bul gul arée Model 1 ve Model 2 i -in 1ki y°nt e

k¢-¢k kar el emekansagezikime ve sabit &tkildr mekamng¢ hat a t ahmin s
Tablo 46te raporl anmaktadeér.

Tabl o 4. Mekansal Analiz Bulgul ar e
Dej i t Model 1 Model 2
Bajéemlé dejikkenBajéemlée dejikken
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OLS Lag-SE Err-SE OLS Lag-SE Err-SE

a "QQn 0.469*** 0.138*** 0.242*** 0.363** 0.298*** 0.299***

(15.257) (4.88) (10.11) (4.950) (5.34) (6.76)
[0.031] [0.028] [0.024] [0.073] [0.056] [0.044]
& 01 ¢ -0.198** 0.078* 0.132%** -0.443** 0.011 0.044
(-2.229) (1.87) (2.98) (-2.152) (0.15) (0.54)
[0.089] [0.042] [0.045] [0.206] [0.077] [0.081]
an € n 1.092%* (.552%** 0.642*** 0.697*** 0.259 0.409
(40.983) (3.75) (4.20) (11.380) (0.97) (1.46)
[0.027] [0.147] [0.169] [0.061] [0.267] [0.279]
ani 1-0.088 0.024 0.027 0.142 0.101 0.110
(-0.826) (0.70) (0.46) (0.581) (1.61) (1.40)
[0.106] [0.035] [0.059] [0.244] [0.063] [0.079]
aQeC 2.453**  0.587*** 0.685***
(26.887) (5.54) (5.96)
[0.094] [0.106] [0.115]
& 0.420*** 0.083
(6.42) (1.06)
[0.065] [0.084]
Rho 0.380*** 0.217***
(5.75) (2.59)
[0.066] [0.084]

LR 391.318** 393.686*** 214.395** 216.926***

Not : Asimptoti k t i statistik dejerl eri parantez i - e
veril mi ktir. LR ise gkabkmerteki mranénéhoammkl
temsil etmektedir.*, ** *** sgraséyla %10, %5, ¢

Tabl o 46e g°re Model 1 i-in b°lgeler araseér

pozitif dej er all greacke kaid é e . e kBtur ikki rt ¢lk®et i mi ni n

t ¢cket i mi iszerinde arteéerece et ki si ol duj unu

anl aml él ek d¢zeyinde gelir, kentl ekxkme ve ng¢

pozitif y°nl ¢ Ardalkiizi bwlaguwléar énda el ektri k f

t ¢keti mi czerinde anlamleée bir etkisine rast

g°re mekansal hata y°nteminin daha uygun ol d

mekansalge ci kme tahmin Dbul gul aré mekansal genel

destekl emektedir. Tahmin bulgul aré araseéendask

t ¢cket i mi czerindeki etkinin anlamleéeleéek d¢gzey

Tabl o 46e g°r e Mordaes € n2d ai -menk alm®lad e leetrk i | e K i mi

teri mi pozitif dej er al maktadér . Bu, bir |

beol gel erdeki sanayi el ektrik te¢gketi mi szerin

Tabl o 46e¢s,péyie el sanayil ekme d¢gzeyi beol gese

y°nl ¢ etkilemektedir. Bununla birlikte, ana
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fiyatéenen b°l gesel sanayi el ektri k t¢hkieti m ¢

bul gusu Model 2 1 -in mekansal hata tahminci s
verecejini g°staermekteeldde . e dloldeen mne kansal g
mekansal mekansabht a bul gul ar é& il e benzekmektedir.

B°l gesel kto¢nkuett ienmierkitr iekn ©° neml | belirleyicis
teketiminin en °nemli belirleyicisi sanayi |
yansétan mekansal hata teri mi b°l gesel konut
elektrik te¢gketiminde daha belirgindir. Mo d e
et kil er mekans al hata tahmincilerinin bul g
farkl el ékl ar mekansal et ki yi I hmal c ejtéreai n
g°stermektedir. Sabit et kil er mekansal hat a
belirleyicilerinin anal i z edi |l mesinin arden
fiyatenéen b°l gesel konut eloejkrtudakn tviek ed o lmay |

ayreéel masé Tablo 56te ©°zetl enmektedir.

Tabl o 5. Dojrudan ve Dolayl é Etkiler

DejitDojrudan et ltDol ayl e Et k Toplam Etki

a "QQnR 0.143*** 0.078*** 0.220***
(5.21) (5.39) (6.81)
[0.027] [0.015] [0.032]
d 061 o 0.082* 0.048 0.130*
(1.84) (1.56) 2.77)
[0.045] [0.030] [0.073]
a1 é n 0.582% 0.327%** 0.909%**
(4.05) (2.87) (3.87)
[0.144] [0.114] [0.235]
ani "€0.025 0.014 0.039
(0.68) (0.64) (0.67)
[0.037] [0.022] [0.057]
Not: Asi mptoti k t istatistik dejerl eri apantbezrei-¢eries
verilnrmigtir** séraséeyla %10, %5, %1 anl aml él ek

Tabl o 506e g°re gelir d¢zeyi vezegpindendobpPit ge

dol ayl e anl amlé etkisi vardeér . Tabl o 5, bol
ngfusundan da °nemli °]l -¢de etkilendijini (
yanénda gelir d¢zeyleriimde ¢lztelrg edel zlagredt pel
varder . Tabl o 56te sabit etkiler mekansal g

d¢zeyinde komku b°l gelerin kentlekme d¢gzeyl
el ektrik tg¢ket etksiyokipz er i nde anl aml é
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ern toplumlar i-in vazge-ilmez bir Kkonum
ticar.i ol mak ¢zere d°rt sekt°rde kull anél
t°rl erinde di]jer esleekkttorrilkerleu lg ackeadndkalkda a @ ¢
kenma ve yakam gereksinimlerin karkeél anm
ktrik t¢ketiminin belirleyicilerinin bildi
erat¢rdeki vaa agxamaynal aft ektomiuk t¢oketi mini
eyi, el ektrik fiyate, gaz fiyat e, ne¢gfus
Skl ¢ ¢, sécak ve sojuk g¢n sayéeseée gibi

eti mindinl ebel ib9legeal er arasenda deji kkenl
Ktérmada T¢rkiyeodnin -200,1z8 ydonenbi® lig-eilrerk on

ktrik te¢gketiminion belirleyicilerd:i sabit
Il mi ktir.

i zin Il k akamasé ol an LM testi bul gul a
etiminin belirleyicilerini incel eyen mod
pit edi |l mi ktir. Bel gel er ar as eéndankal et ki
i kmenin tespit edilmesinin ardéndan ar acxkt
it et kil er mekans al geci kme tahmincileri
el 1 ve Model 2 1 -in b°l gkedregalarhastéeandla&t
(1N S T N S N Bu durum bir b°l gedeki konut ve
ut ve sanayi elektrik t¢ketimlerinden po
l' iz bul gul aréna gftrleergmdnirn dgZzleyeseln (K arsu
rinde pozitif y°nl ¢ et kisi var i ken, el el
aml e et kisi yoktur . Bununla birlikte anal
gesel saenyntlekmpozitif y°enl ¢ et ki si var
aténéen b°l gesel sanayi el ektrik te¢gketi mi
Ktkeulmgauwlogrreul t usunda bl gesel konut el ek
jeksiyono &sarémlamaktaam politika yapéceéel a
eyl eri v e mekansal etkil exkimler:i di kkat
écéel aréneéen hazérl ayacajé b°lgesel sanay.i

gel ersiann agyeilliek mee d¢zeyl erinin di kkate al m;
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¥ZETK¢ r esel al andaki karbonsuzl akma ve 4. sanayi devr
yané séra toplumsal yapé ¢zerinde de k°kten defjikim
ol ukturabil mektedir.e Nedtakeédfmasénthakiyord aketlefen kapsa
matirme harcamal ar énén, finansal kal kénmanén,
kterlerin etkileri incelenmae&tedl €k m&Gled i KmMme Kc v
k ekonomiibgryicwlesm i luislut é -gexrde bar éndéran Kol ot
e ve G¢gney Afrika ¢l kelerini kapsayan CIVETS |
yrs e- ahlié-kbma bul unmamaktader . ¢tal ékma kapsaménda,
émé kull anélarak késa ve uzun d°neml:i ilikkiler
imeler: Karbon Emisyonu, ARDL model, CIVETS.
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NET-ZERO CARBON EMISSON TARGET: CIVETS COUNTR IES

ABSTRACT: The combination of decarbonisation and the 4th industrial revolution create an opportunity in
future for zero carbon emissions within anticipation of radical change in economic and financial systerhs as wel
as in the social structure. Economic growth, research and development expenditures, financial development,
energy consumption, carbon dioxide emissions and other actors are examined as factors in achieving the net zero
emission targets. Although thereeastudies in the developed and developing countries, there are almost no
studies on carbon emissions on CIVETS group countries, which have a-gamwigg population with its

dynamic economies. Within the scope of the study, it is aimed to reveal shibibngterm relationships by

using autoregressive distributed lag bounds test.

Key Words: Carbon Emissions, ARDL model, CIVETS.

1. GKRKKk

Doj al ve doj al ol mayan nedenl ere dayanan ikl
-ékmaktadéran&€gfsesepluma@semmas el kaynaj é ise ¢
yer al an fosil yaket kull anémé ve sal énan

ormanseézI|l akt éer ma, sanayi s¢re-1eri vV e ener |
K¢reseved eiklmlei m dej i kiskilsitjeim s¢gozneur ci unnddea meekyod a n a
sosyee Kk o n o mi k yapée czerinde ciddi et kil er C
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deji kkenlerle birlikte daha sék bi-imde i nce

emi symen ase&viyelerinde meydana gelen ciddi a
ekonomilerinin kal kénma programlaréna ortaya
ortaya -ékarmaktadér (¥zen, 2019) .1 akaélnk éentnkai
kull anél maséné ve zararl é& gazlarén havaya s
¢evrenin bozul maséna neden olan fakt°rlerin
géevenlijinin sajl anmasé, -yel ver ens¢éecla dbed zeuyli mak avpe
b¢e¢yeme ve yexkil ekonomi kavraml ar é ortaya
sajlanabil mesi i -in -evresel parametrel ere
ger-eklexktirilebil mesinin saklanéaas&uhmaneEam
politikalaré ve -evre dostu alternatif teknoa
kéesa d°nemde kéesa d°nemde y ¢ ksek mal i yet
dejerlendirildijinde hem k¢meajl arhesnajdlea yéal bki

(Prato, 1998).

Ekonomil er I -in kritik bir unsur ol an ve er
denge kur may é ama-1| ayan ener ji ekonomi sind
faaliyetlerin gerdekléebitilmesil evegetiril me
( Demi r, 2007) . Enerji kull anéméndaki artecx
alternati f enerji kaynakl arénén kull anéemé d
topl umun vreefywdkammd@nkal itesinin artteéerel maseé
ol maktader (¥zt¢rk ve G¢glen, 2019) . Kuznet
birlikte ekonomi k gelikmenin ilk d°nemlerini
ekiizlsijiyle birlikte ekonomi Kk b¢ye¢meye bajl
azal maya bakl adée] oéitiilker kamglrimerkt gadakit ak é mé
yakl akémeéena, negfusunelkaal djaij éd & me yaik, | vaek esrrnmeei ndalr
ve Kkur umsal i ktisat ykkd mxteame Bpr idaai uyagkll amnéa
ger -ekl eken Ri o Konferanseéeé sonraseéenda kal k
araséndaki Ili kkinin incelenmesiKnagaeks| [Eqdmé
yakl akéména g°°r e, -evresel kirlilik d¢gzeyi

°nce arték g°zlemlenmekte ve belirld.i bir do°n
Kuznets Ejrisi kapsaménda ay aeéliannc e-l &Iné kdn?anl ear
farkl e sonu-Ilar el de edildijinden kesin bir

Robl edo ve Olivares (2013), CI'VETS ¢l kel er
t ¢cketi mi ve Gayri Safi Yur ti - i Ilbidraesng20¥5), ar as é
Méseéer 6da -evr esgkeromklbhgzmyylmma aveséndaki il i KKk
emi syonl ar &, ekonomi k bg¢gyé me, enerji t¢eketim
sorgul armak taa d(e2r0.18) , Te¢r ki gagribsdieyu rktink $ € |baa,k € khiak
bakéna d¢ken karbondioksit emi syonl ar &, fin
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enerji t ¢cketi mi, hidroelektrik t¢gketi mi, al t

Ve uzun vadel i ada ntaédicRa kialni kkdyi (2018) , Ko
karbondi oksit emi syonl arénda meydana gel en

yenilenebilir enerji, ener ji elodg uall Mdskit, a dgeerl .i
vd. (2019) , Encomazygddeanebguert ¢ ket i mi, kar
ekonomi k b¢gye¢gme ar as éndakktedimSadhaddis ed. (2018), i | i K
Géney Afri kadda Kehirl ekme Ve k¢resel |l ekme
etkilerinior t ay a k dSyhmankbtaazd évrd.. (2019) , Vi et namdbda

ekonomi k b¢gyeéegme araséndaki késa ve uzun vade
arakteéer Raktr-badedel ovil vd. (2020) , Cl VETS

emi syonlkar ébakleenakid¢ken Gayri Saf i Yurti-i

stoj u, br¢t sabit sermaye ol ukumu, endg¢stri
incelemektedirNat hani el vd. (2020) , CIVETS ¢l kel eri
ekonomikb ¢y ¢ me , ticaret a-éje ve ekolojile ayak
al maktader . ¢al @ékma kap skaanweébnodnad i lokrsu yt a egni rsiyk
kull anémé, dojrudan yabance yateéerémlar, bg¢yeé
vV e k ésa d°nem ilikkilerin ortaya -ékarteln

hakkénda bil gi verbuldg Kkitaern ysocornunal aen ndaek teadd d re.n

2. EKONOMETRKK METODOL OJK

Kktisat teorilerinin ge-erlilijJinin Ssénanm
ge-il meden °nce ik akamada el e al enan s e
gerekmektedir. k&S&esbnhepi ml maseEmmbk®tel tahminl
ol maséna neden ol makta ve anlamleé bir i KK
mevcut ol duju yanél géséné ort aResaran \@k200ljnakt ad
durajanl ek dé0Oécelee | (1) olan serilerin bir
sajlam(robust) sonu-1ar veren otoregresitf
koymaktadeéer . Durajan ol mamadan kaynakl é& sék
fargkdcoi kme wuzunlukl aréna sahip dejikkenl erl e
model i -er-evesinde, bajemlé& dejikkenin gec
kéeésméné oluktururken; bajémséz dejikkenl eri:
geci kmeyi (DL) olukturmaktadeéer (Paseran vd.
ve uzun d°nem ilikkilerin birlikte incelendi
g°re daha g¢-1¢ ve geée¢venilir sonu-1ar verebi
® | B | ® B 1 ® -

1)
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Kekl inde gesterilen ARDL model i nde geci k
belirl enmektedir (Sev¢e¢ktekMondehve kdpsgméedak

korel asyon, deji kKen varyans, spesifikasyon
tutarl e ol maséna gerekmektedir ( Mer t ve ¢aj
kesetsez hatamd¢ibel gme emeédalribkr @l Bel ledi | en

g°stermek ¢zere,

3w | B 1 30 B I 3w () ) -

(2)

Keklinde yaMeldabiel mékké&dinr ot ok orlerihderssprman v ar |
Fséeneér testi yakl akéména g°re seriler ar
incelenebilmektedir. # st ati sti k dej eri al t ve ¢st séneé
EngleGr anger veya Johansen tesolyaktamkeri znon
katsayeéel ar é

W | B I w B I w -

3)

Keklinde i fade edi |l mektedir. Uzun d°nem C
belirl endi kten sonr a model i n tanésal son.
belirl enmedk®redamlri. iKlegiskak i | er i n belirl enmesind
modeliO6 0 uzun d°neme ai't denkl emdeki kal éenteéel a
hata d¢zelt me model i olarak ifade edil mek ¢z
3w W B _3w B _ 3w _060 -

(4)

Keklinde g°sotlai dakmekfader edil en katsayé neg:
ol masé durumunda k &@s a d° nemde olukabil ecek
d°nemde ortadan kal ktéjénée belirtmektedir (Y
3.UYGULAMA
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¢cal éx
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arase
Endon
ortay
Dej i K
ver.i

varl é] éneén

t aneé

Tablol:CI VETS !

ma kapsaménda, karbondi oksit emi syonl a
cé yatéremlar (DYY), Gayri Saf i Yurti -
ndaki uzun vV e k e2s0al 8 d °yred nmh a 1 Kolombigaplsearmém
ezya, Méseéer , Terk29ae8vegéelGhaeg Raps BméE W
a -ékarélmasée ve -evresel Kuznets efjri
kenl ere ilikkin v e« CarbosAtdas VecOWoarld-iDRatay a B an

yayénl ama kaynakTgameéedajaink kud mlkeerl iarb i Il ong & rt

analize dahil edilmektedi. | kel er kapsaménda, el e al énan
arakteéer élemakeaene ¢tARDegr envidfe | d mjeé ti d

testleri Tablo 1.6de g°steril mektedir.

| kel erine Klikkin Model Tahmin S

KOLOMBKYA
ADF Birim K PP Birinn KPSS Birim
Testi
Dej i Kkl 1) 1(1) 1(0) (1) 1(0) (1)
CO2 -1.225 -7.856* -1.234 | -7.937* 0.855 0.176*
EK -1.228 -3.349* -1.24** - 0.783 0.096*
DYY -2.445 -7.448* -2.36 - 0.839 0.265*
15.541*
GSYKH -4.019* - -4.026* - 0.22* -
GSYKHZ2 -4.326* - -4.012* - 0.331* -
SKD -4.354* - -4.305* - 0.260* -
ARDL (1,14233est Sonu-1|ar é
CO2(-1) 0.729* | DYY(-4) 0.021* |GS Y K(KBp | -0.001*
EK 0374 |GSYKH 0.03* | SKD -0.006
EK(-1) -0.258 | GS Y K(H) 0.0009 | SKD(-1) -0.004
DYY 0.009 | GS Y K(F2) 0.023* | SKD(-2) -0.006
DYY(-1) 0.0004 |[GSYKH2 -0.002* | SKD(-3) 0.004
DYY(-2) 0.008 |GSYK(HP -0.0007
DYY(-3) -0.004 | GS Y K(F2p -0.0008
Tané Testl eri
Breusch-Godfrey Test 0.389
Breusch-PaganGodfrey Test 0.816
Ramsey Reset Test 0.238
Kokull u Hata D¢zelt me Mode
CO2(-1)* -0.27** | D(DYY) 0.009 D( GSYKH 0.002*
1))
EK(-1) 0.115 | D(DYY(-1)) -0.026* D( GSYKH 0.001*
2))
DYY(-1) 0.036* | D(DYY(-2)) -0.017** D(SKD) -0.006
GSYKHB(| 0.054* | D(DYY(-3)) -0.021* D(SKD(-1)) 0.001
GSYKH?2| -0.006* [ D( GSYKH 0.03* D(SKD(-2)) -0.004
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1)
D(SKD) -0.013* |D( GS Y-KH -0.023*

1))
D(EK) 0.374 |D( GSY KH -0.002*

Uzun D°nem Tahmini
EK 0426 |GSYKH 0.2** SKD \ -0.048**
DYY 0.133* | GSYKH?2 -0.023**
Sénéin Test 2.834*
Késa D°nem Tahmini

D(EK) 0.374* |ID( GSYKH 0.03* D(SKD) -0.006**
D(DYY) 0.009 |D( GSY-KH -0.023* D(SKD(-1)) 0.001

1))
D(DYY(-1)) | -0.026* [ D( GS Y KH -0.002* D(SKD(-2)) -0.004**
D(DYY(-2)) | -0.017* [ D( GS Y-KH 0.002* CointEq(-1) -0.27*

1))
D(DYY(-3)) | -0.021* I D( GS Y-KH 0.001*

2))
Sénér Test. -4.96*

ENDONEZYA
ADF Birim K| PPBirim KPSS Birim
Testi
Dej i Kk ki 10 (1) 1(0) (1) 1(0) I(1)
CO2 -1.225 -7.856* -3.355* - 0.918 0.36*
EK -1.228 -3.349* -2.533 | -6.444* 0.891 0.419*
DYY -2.445 -7.448* -3.3* - 0.127* -
GSYKH -4.019* - -4.869* - 0.279* -
GSYKHZ2 -4.326* - -6.838* - 0.389* -
SKD -4.354* - -4.524* - 0.6 0.286*
ARDL (2,5,5,1,35est Sonu-1I| ar e
CO2(-1) 0.202 | DYY(-1) 0.012 GSYRE -0.001*
CO2(-2) -0.472* | DYY(-2) -0.035** SKD -0.033*
EK 1.103* | DYY(-3) -0.002 SKD(-1) 0.004
EK(-1) 0.611 | DYY(-4) 0.027 SKD (-2) 0.012**
EK(-2) -0.185 | DYY(-5) 0.026** SKD (-3) 0.02*
EK(-3) -1.453* |GSYKH 0.056* SKD (-4) 0.016*
EK(-4) 0.866** |GSYKH?2 -0.0005 SKD (-5) 0.009*
EK(-5) 0.641** |GS Y KH1 -0.0008
DYY -0.039 | GS Y K(F2p -0.002*
T a Meéstleri
Breusch-Godfrey Test 0.391
Breusch-PaganGodfrey Test 1.054
Ramsey Reset Test 1.444
Kokull u Hata D¢zelt me Mode
CO2(-1) -1.269* | D(EK(-2)) -0.054 D( GSYKH 0.003*
1))

EK(-1) 1.583* | D(EK(-3)) -1.508* D( GSYKH 0.001*
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2))
DYY(-1) -0.01 | D(EK(-4)) -0.641** D(SKD) -0.033
GSYKB(| 0.056* | D(DYY) -0.039 D(SKD(-1)) -0.059*
GS Y KHZ2| -0.004* | D(DYY(-1)) -0.016 D(SKD(-2)) -0.046*
1)
SKD (-1) 0.03 | D(DYY(-2)) -0.051* D(SKD(-3)) -0.026*
D(CO2 (-1)) | 0.472* | D(DYY(-3)) -0.053* D(SKD(-4)) -0.009*
D(EK) 1.103* | D(DYY(-4)) -0.026**
D(EK(-1)) 0.131 |[D( GSYKH -0.0005
Uzun D°nem Tahmini
EK 1.247* |GSYKH 0.044* SKD 0.0243
DYY -0.008 | GSYKH?2 -0.003*
Sénér Test. 6.717%
Késa D°nem Tahmini
D(CO2(-1)) | 0.472* | D(DYY(-1)) -0.016 D(SKD) -0.033*
D(EK) 1.103* | D(DYY(-2)) -0.051* D(SKD) -0.059*
D(EK(-1)) 0.131 | D(DYY(-3)) -0.053* D(SKD) -0.046*
D(EK(-2)) -0.05 | D(DYY(-4)) -0.026* D(SKD) -0.026*
D(EK(-3)) -1.50** | D( GSYKH -5.10E05 D(SKD) -0.009*
D(EK(-4)) -0.641* ID( GSYKH 0.003* CointEq(-1) -1.269*
1))
D(DYY) -0.039* ID( GSYKH 0.001*
2))
Senér Test. -7.917*
VKETNAM
ADF Birim K PP Birin KPSS Birim
Testi
Dej i KK 1(0) 1(1) 1(0) I(1) 1(0) (1)
CO2 -0.037 -4.,238* -0.053 | -5.235* 0.642 0.124*
EK 0.56 -4.795* 0.553 | -4.796* 0.635 0.165*
DYY -2.296 -5.087* -2.341 | -5.090* 0.189* -
GSYKH -3.247* - -3.238* - 0.108* -
GSYKH2 -3.038* - - - 0.117* -
2.913**
SKD -3.514* - -3.542* - 0.162* -
ARDL (2,3,3,3,33fest Sonu-1|ar é
CO2(-1) 0.496* | DYY(-2) -0.025** GS Y RH2) 0.002
CO2(-2) -0.184 | DYY(-3) -0.017** GS Y RH3) -0.016**
EK 1.457* |GSYKH 0.08 SKD 0.001
EK(-1) -0.162 | GS Y K(H) -0.338** SKD (-1) -0.014*
EK(-2) 0.918** | GS Y K(F2) -0.055 SKD (-2) 0.002*
EK(-3) -1.52* | GS Y K(FB) 0.258* SKD (-3) 0.006**
DYY 0.026 |GSY KRH -0.011
DYY(-1) -0.021 | GS Y KRHL) 0.027*
Tané Testl eri
Breusch-Godfrey Test | 1.184
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Breusch-PaganGodfrey Test 0.591
Ramsey Reset Test 1.079
Kokull u Hata D¢zelt me Mode
CO2(-1)* -0.687* | D(EK(-1)) 0.601 D( GSYKH -0.011
EK(-1) 0.693* | D(EK(-2)) 1.52* D( GSYKH 0.014*
1))
DYY(-1) -0.038* | D(DYY) 0.026 D( GSYKH 0.016*
2))
GSYKB(| -0.054 | D(DYY(-1)) 0.042* D(SKD) 0.001
GSYKHZ2l 0.002 |[D(DYY(-2) 0.017** D(SKD(-1)) -0.009*
1)
SKD (-1) -0.003 |[D( GSYKH 0.08 D(SKD(-2)) -0.006*
D(CO2(-1)) | 0.184 |[D( GSY K-H -0.202*
1))
D(EK) 1.457* |D( GS Y-KH -0.258*
2))
Uzun D°nem Tahmini
EK 1.007* |GSYKH -0.079 SKD | -0.005
DYY -0.055* |GSYKH?2 0.003
Sénér Test. 4,758*
Késa D°nem Tahmini
D(CO2(-1)) | 0.184 | D( GSYKH) 0.017* D(SKD) 0.001
D(EK) 1.457* | D( GS YH)M 0.08 D(SKD(-1)) -0.009*
D(EK(-1)) |0.601*| D( GS Y-RH ( -0.202* D(SKD(-2)) -0.006*
D(EK(-2)) 1.520* D( GSY KHZ -0.258* Cointeq(-1) | -0.687*
D(DYY) 0.026* | D( GS Y KILP Z 0.014*
D(DYY(-1)) | 0.045* | D( GSY K} 2 0.016*
Sénér Test.i -7.867*
MISIR
ADF Birii PP Birim K°% KPSS Biri
Testi Testi
Dej i KK 1(0) (1) 1(0) (1) 1(0) (1)
CO2 -2.409 -8.48* -2.654 -8.467* 0.908 0.387**
EK -3.167* - -2.867** - 0.843 0.412**
DYY -3.852* - -3.043* - 0.207* -
GSYKH -3.434* - -4.013* - 0.345* -
GSYKHZ2 -3.392* - -4.254* - 0.434* -
SKD -3.69* - -3.69* 0.664 0.369*
ARDL (5,5,5,153est Sonu-1ar é
CO2(-1) 0.226 | EK(-5) -1.275* GSYKH12 -0.002
CO2(-2) 0.178 | DYY -0.001 GSYKH2 -0.002*
CO2(-3) 0.13 | DYY(-1) 0.003 GSYKHER -0.001
CO2(-4) -0.087 | DYY(-2) -0.01 GSYK@EHA | -0.001*
CO2(-5) 0.876* | DYY(-3) 0.003 GSYKHER -
0.0009**
EK 0.022 | DYY(-4) -0.008 SKD 0.013**
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EK(-1) 0.195 | DYY(-5) 0.032* SKD(-1) 0.017*
EK(-2) -0.59 |GSYKH 0.079* SKD (-2) 0.013**
EK(-3) -0.278 | GS Y KH) 0.027 SKD (-3) 0.007
EK(-4) 1293 | GSYKH?2 -0.006*
Tané Testl eri
Breusch-Godfrey Test 1.434
Breusch-PaganGodfrey Test 0.704
Ramsey Reset Test 0.245
Kokul | D; Hat ame Model i
CO2(-1)* 0.323* | D(EK) 0.022 D( GSYKH 0.079*
EK(-1) -0.633* | D(EK(-1)) 0.850 D( GSYKH -0.006*
DYY(-1) 0.017 | D(EK(-2)) 0.260 D( GSYKH 0.005*
1))
GSYKB(| 0.107* | D(EK(-3)) -0.018 D( GSYKH 0.003*
2))
GS Y KHZ2| -0.014* | D(EK(-4)) 1.275* D( GSYKH 0.002*
1) 3))
SKD (-1) 0.052** | D(DYY) -0.001 D( GSY KH0.0009**
4))
D(CO2 (-1)) | -1.097* | D(DYY(-1)) -0.015 D(SKD) 0.013**
D(CO2 (-2)) | -0.918* | D(DYY(-2)) -0.026** D(SKD(-1)) -0.021
D(CO2 (-3)) | -0.788* | D(DYY(-3)) -0.023 D(SKD(-2)) -0.007
D(CO2 (-4)) | -0.876* | D(DYY(-4)) -0.032*
Uzun D°nem Tahmini
EK 1.954* |GSYKH -0.331* SKD 0.045*
DYY -0.055 |GSYKH?2 -0.162
Sénér Test.i 4.88*
Késa D°nem Tahmini
D(CO2 (-1)) | -1.097* | D(EK(-4)) 1.275* D( GSYKH 0.005*
1))
D(C02 (-2)) | -0.918* | D(DYY) -0.001 D( GSYKH 0.003*
2))
D(CO2 (-3)) | -0.788* | D(DYY(-1)) -0.015* D( GSYKH 0.002*
3))
D(CO2 (-4)) | -0.876* | D(DYY(-2)) -0.0265* D( GSYKH 0.0009*
4))
D(EK) 0.022 | D(DYY(-3)) -0.023* D(SKD) 0.013*
D(EK(-1)) 0.850** | D(DYY(-4)) -0.032* D(SKD(-1)) -0.021*
D(EK(-2)) 0.260 |D( GSY KH 0.079* D(SKD(-2)) -0.007*
D(EK(-3)) -0.018 |[D( GSYKH -0.006* CoinEq(-1) 0.323
Senéer Test. Sonu- | 4.882
T! RKKYE
ADF Birim K PP Birim K KPSS Biri
Testi
Dej i KKk 1(0) (1) 1(0) I(1) 1(0) 1(1)
CO2 -2.088 -6.231* -2.248 -6.215* 0.924 0.316*
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EK -1.88 -6.991* -2.016 -6.996* 0.925 0.230*
DYY -1.977 -6.413* -1.872 -12.319* 0.687 0.500*
GSYKH -6.752* - -6.750* - 0.064* -
GSYKH2 -6.416* - -6.399* - 0.221* -
SKD -5.893* - -5.815* - 0.048* -
ARDL (1,455457rest Sonu-1|ar é
CO2(-1) 0.005 | DYY(-4) 0.028 GS Y RH2) -0.0001
EK 0.504* | DYY(-5) -0.075* GS Y RH3) -0.0001
EK(-1) -0.301 |GSYKH -0.01* GS Y RH#4) | -0.0018*
EK(-2) 0.747* | GS Y K(H) 0.009 SKD 0.008*
EK(-3) 0.423* | GS Y K(F2) -0.002 SKD(-1) 0.001
EK(-4) 0.12 | GS Y K(F) -0.004 SKD(-2) 0.006*
DYY 0.001 | GS Y K(H) 0.008 SKD (-3) 0.003
DYY(-1) -0.009 | GS Y K(Fp) -0.006** SKD (-4) 0.0002
DYY(-2) 0.052* | GS Y KH 0.0012* SKD (-5) 0.006*
DYY(-3) -0.034* | GS Y K2H1) 0.0001
Tané Testl eri
Breusch-Godfrey Test 1.677
Breusch-PaganGodfrey Test 0.806
Ramsey Reset Test 1.074
Kokull u Hata D¢zelt me Mode
CO2(-1)* -0.994* | D(DYY) 0.001 |[D( GSYKH 0.001*
EK(-1) 1.495* | D(DYY(-1)) 0.028* |D( GSY KH 0.002*
1))
DYY(-1) -0.035* | D(DYY(-2)) 0.081*  D( GSYKH 0.001*
2))
GSYKH(| -0.006 | D(DYY(-3)) 0.046* ID( GSY KH 0.001*
3))
GS Y KH2| -0.0006 | D(DYY(-4)) 0.075* | D(SKD) 0.008*
1)
SKD (-1) 0.025* ID( GSYKH) -0.010* | D(SKD(-1)) -0.016*
D(EK) 0.504* |D( GS Y-KH ( 0.005 | D(SKD(-2)) -0.10**
D(EK(-1)) -1.292* |D( GS Y-RH ( 0.002 | D(SKD(-3)) -0.006
D(EK(-2)) -0.544* |D( GS Y-BH ( -0.001 | D(SKD(-4)) -0.006*
D(EK(-3)) -0.120 |D( GS Y-HH ( 0.006**
Uzun D°nem Tahmini
EK 1.502* |GSYKH -0.006 SKD | 0.026*
DYY -0.036* | GSYKH?2 -0.0006
Sénér Test. 7.797F
Késa D°nem Tahmini
D(EK) 0.504* | D(DYY(-4)) 0.075* D( GSYKH 0.001*
2))
D(EK(-1)) -1.292* ID( GSYKH -0.010* D( GSYKH 0.001*
3)
D(EK(-2)) -0.544* |D( GS Y-KH 0.005 D(SKD) 0.008*
1))
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D(EK(-3)) -0.120 |D( GS Y-KH 0.002 D(SKD(-1)) -0.016*
2))
D(DYY) 0.001 |D( GS Y-KH -0.001 D(SKD(-2)) -0.010*
3))
D(DYY(-1)) | 0.028* [ D( GS Y-KH 0.006* D(SKD(-3)) -0.006*
4))
D(DYY(-2)) | 0.081* I D( GSYKH 0.001* D(SKD(-4)) -0.006*
D(DYY(-3)) | 0.046* | I D( GSYKH 0.002* CointeEq(-1) -0.994*
1))
Sénér Test. -8.830*
GI NEY AFRKKA
ADF Bi ri PP Birim K° KPSS Biri
Testi Testi
Dej i Kkl 10 1(1) 1(0) (1) 1(0) I(1)
CO2 - - -2.695* - 0.850* -
2.651**
EK - - -2.911** - 0.521* 0.438*
2.873**
DYY -1.504 | -8.685* -4,938* - 0.513 0.181*
GSYKH -4.801* - -4.673* - 0.131* -
GS Y RH -4.666* - -4.536* - 0.219* -
SKD -6.229* - -6.225* - 0.095* -
ARDL (2,2,0202fest Sonu-1|ar é
CO2(-1) 0.531* | DYY -0.002 SKD 0.002
CO2(-2) 0.427* |GSYKH 0.003 SKD (-1) 0.01*
EK 0.98* | GS Y K(H) -0.007** SKD (-2) 0.007*
EK(-1) -0.254 | GS Y K(F2) -0.006
EK(-2) -0.623* |GSYRH -0.001
Tané Testl eri
Breusch-Godfrey Test 1.141
Breusch-PaganGodfrey Test 1.051
Ramsey Reset Test 0.51
Kokul | D; Hat ame Model i
CO2(-1)* -0.041 | SKD(-1) 0.020* |D( GSY-KEk 0.006
1))
EK(-1) 0.101 D(CO2(-1)) -0.427* | D(SKD) 0.002
DYY -0.002 | D(EK) 0.980* | D(SKD(-1)) -0.007*
GSYKBH( -0.010 | D(EK(-1)) 0.623*
GSYKH2 -0.001 |[D( GSYKH) 0.003
Uzun D°nem Tahmini
EK 2.458* |GSYKH -0.256 SKD \ 0.498
DYY -0.061 |GSYKH2 -0.035
Sénér Test. 3.958*
Késa D°nem Tahmini
D(CO2(-1)) -0.427* |D( GSYKH) 0.003 | D(SKD(-1)) | -0.007*
D(EK) 0.980* |D( GS Y-KH ( 0.006* | CointEq(- -0.041*
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1

D(EK(-1)) 0.623* | D(SKD) 0.002 : |

Sénér Test.i -5.722*

*,** seraséyla %5 ve %10 °nem d¢gzeylerini ifade et mek
tal ékma kapsaménda ele alénan ¢l kel er - er - €
sonu-laré incelendijinde, karbondi oksit emi !
d°nem dejerini Kol ombi ya, Mésér ve G¢gney Af
y°nde etkilerken; Endonezya ve Vietnamdoda i
et kil ediiji go°r ¢l mektedir. Enerj i k uihin ané mé.
karbondi oksit emi syonl ar énén Ki mdi ki d°nem
G¢ney Afrikabdda istatistiksel ol arak anl aml é
olarak anlamlée ve negatif y°ndancé& ky dtedi & inl
Ki mdi ki ve ge-mi kK d°nem dejerl eri karbondi o
KolombiyaveMé s ér 6da i statistiksel ol arak anl aml é
Vietnam ve T¢rkiyedde istpitndei eski |l eotliajriakg®
Gayri saf.i yurti - hasél anén kKimdi ki ve ge-
Ki mdi ki d°nem dejerini Kol ombi ya, Endonezya
pozitif y°nde et kivieer&eemey VAffertinkaard d aT ¢irskti aytei s
negatif y°nde et kQalyerdii jgafg®°ryumteiktiedhaseéel an
ge-mi kK d°nem dejerl eri karbondi oksit emi syo
i statisti ksevle oploazriatki fanylcanndlee et ki | er ken, Kol
T¢rkiyedde i statisti ksel olarak anlamlé ve
katma dejerin «kimdiki ve ge-mik d°nem deje
d°nem dej ezyian,i Neensdéorn,e T¢r ki ye ve Gegney Afrik
pozitif y°nde etkilerken, Vi et nambda i stat

etkilemektedir.

kekiCUSIUM ve CUSUMSQ Grafiiji

Kolombiya Endonezya Vietnam
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G¢e¢ney Afri ka

D

Terkiy

Tablo 1.6de el de edilen uzun d°nem tahminind
Endonezya, Vietnam, Mésaerst aTirskiikaseve oGamayk
y°nde etkil emektedir. Dojrudan yabancé y
Kol ombiyadda istatistiksel ol arak anl aml e ve
i statisti ksel ol arak ekl bemméktwedi me g aSteirfma y
karbondi oksi't emi syonl ar éne T¢e¢rkiyeodde i st
etkil emektedir. Kol ombiya ve Endonezyab6da ¢
anlamlée ve pozitid&l,angawyr rkarseafiini ywuritsie- ii shast
negatif sonu- vermektedir. Kol ombi ya, Endol
al éndéej éenda e K b¢t enl ek me il i Kkisinin ge - e
bekl enil dijit atiibst inlegaltidl|l areak sanl amlée ol du]j
Meésér el e -saélnéénrd étjeesntdianeF g°re serilerin exkbgt
ge-er |l i ol madej é vV e hat a d¢zel t me kat sayeé:
belirlenme k't edi r . Tem ¢l kel er i -1 n tané testl er
incelendijinde; hi-bir ¢l kenin tahmin sonu- |
spesifikasyon hataséna rastlanmazken, kekil
adéjendan parametre tahminlerinin istikrar Kk
4. SONUC¢

tevr e, ekonomiyle Dbirlikte dojrudan/ dol ayl &
Geli kmik olan ¢l kel erde -evre fakt°r¢ ekono
olan ¢ 1 kel er de -evre kalitesinin daha Iy h a
s¢rdegreglebilir ol maséyla ekonomi k gel i kmi kI i
kaynak kull anémé arasénda -elikkiler meydana
ol arak séenéflandéreéelan Kol ombiya, Endonezya
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ol kel eri dejerlendiril mektedir. Baj eml é d e

kull anél érken bajéemséz dejikkenl er oda@gir ak en
saf i yurti - haséela ve karesi ve sanayi kat
araséendaki i li Kkinin ortaya -ékarél maséeneéen
ol kel erde ge-er | i ol up ol madEg &melln b mzcwell nrann
ekonomi k et ki si, bexkeri/ doj al ser maye kaye
baréendérdéj éndan el de edil en sonu-1| ar én

belirl enmektedir. lretimde ve n¢igéuditaekneydhbas

etkil emekte ve buna @ratfjd e ydwwam&r ak eétko pri kmh arr
etkilemektedir. Ek olarak, gelirin belirli bir noktaya gelene kadar karbondioksit

emi syonl arénda arték yaratacae] ayaecajbéinée niofka
-evresel Kuznets ejrisinin uzun d°nemde Kol
s°yl enebil mektedir.
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ABSTRACT: Inthe studywe try to explore whether changes in ¢
green productivity trajectories using a-gdar (19952018) annual panel data set of 22 European Union (EU)
countries. Adopting a productidmased (supphgide) approach, weefine green productivity,e., the dependent
variable, as the gross domestic product (GDP) per unit of emelated carbon dioxide (GPemissions. The
independent variablég., energy inflation, is proxied by the domestic consumer price indexiartargy sector.

Our control variables include technological competitiveness, trade openness, deindustrialization, and
environmental tax revenues. In the empirical part, according to the key statistics of some recent tests, we follow
a panel data analyspocedure based on the nonstationary, esession dependent, and heterogeneous panel
data modeling. After confirming a cointegration relationship between variables, we estimate tanlong
elasticities using dynamic ordinary least squares (DOLS) amy udified ordinary least squares (FMOLS)
estimators. Results reveal that energy inflation is positively associated with green productivity meaning that
increasing energy prices tend to encourage ersaging green technologies. This evidence is comgistih

the development that many developed countries have decoupled their economic growth performances from
emissionintensive energy use since the global energy shocks in the early 1970s. Our study concludes that
governments should support businessamfirove energy efficiency and green productivity especially when the
energy prices are persistently increasing. Thiswiim strategy may benefit both environment and producers.
Keywords: Energy prices, Energy inflation, Green productivity, Heterogenpaunsl, EU countries.

JEL Codes:F64, H23, 013, 044, Q50

INTRODUCTION

Human activities are affecting the global ecosystem both directly and indirectly.
Environmental pollution which typically comes in different types including air, water,
soil/land, noise, and light pollution is a global problem as it affects all regions of the world.
These concerns focus on carbon dioxide {C@missions for two reasons: First £0
emissions are the largest soufeeound 75%)f global greenhouse gas esi@s Second,
human activities related to burning fossil fuels for industoiduction, electricity/energy
generation, and transportation are responsible for moste@@ssions (EPA, 2020; IPCC,
2020). Consistently, both international and national gebcformulated to limit greenhouse
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gas emissions artd mitigate climate change in a broader aspeate been regarding cleaner
production as one the key pillarstbk low-carbon green economy. Therefore, understanding
the dynamic nexus between enedfffciencyand its predictors is crucial in the integration of
environmental quality and sustainable economic development.

Trends in historical data show that large increases in global oil prices in the 1970s caused
huge output losand inflation especiallyin developedcountriesthat wereusing imported oil

inputs intensively in their production (Jorgenson, 19&Igwever, after the 2000s, larger
increases in global oil prices have been followedniych milder effects on output and
inflation (Blanchard andRiggi, 2013).This observation shows that tdgnamicinteraction
between energy use and energy prices (besides other factors) can wedkdn libveen

output and productichasedCO, emissions Indeed,everincreasing energy prices tend to
improve enegy efficiency by encouraging countries to invest in research and development
activities on energgaving technologiesand green product development and/or product
upgrades. Consistently, there are studeg (Blanchard and Riggi, 2013) pointing to a
smaller share of oil in productiofand consumptionin the2000s compared to tHE70s

while explaining why more recent oil prishocks have not caused such economic crises as
they did in thel970s. Therefore, increased energy prices are expectesttice energy
intensity and C@emissions. Although some previous research has examined the link between
energy prices and green growd#spects within energy efficiency, emissions mitigation,
renewable energy use, structural chamge, for industrializeddevelopedcountries €.g the

Austria case of Friedl and Getzner (2003), the Canada case of He and Richard (2010), and the
United Stdes case of Troster et al. (2018)), thera sige research gap in the exploration of

the direct link between energy inflation and green productiespeciallyin resourcepoor
developedtountries.

In particular, if energy prices keepcreasing, one would intuitively expect this energy
inflation encourageenergy productivity from both demand and supply sides as businesses
adopt green management practices and use more esgngyg technologies while customers
prefer greener goods arskrvices produced with lesser energy. Besides these internal
motivations, most countries have been increasingly involving in global programs siheh as
Kyoto Protocol and Paris agreement that are committed to preecenvironment and
mitigate the emisens of key pollutants suclas CO, greenhouse gases. On the other hand,
there is a unique need to explore how EU countnege accomplisied their (infinished
greening transformationlhe relevantstudiesin the existingempirical literature, however

sean to be focusing on the large emitter countries rmyiding evidence mostly related to

the determinants of emission&iven the alarming level ofglobal CO, emissions the
relatively successful green productivity trajegtof EU countries has some lessons for other
countries.Addressing the importance of thew-carbonglobal green economythis study

aims to contribute to the relevant literature by examining the dynamic impact of energy prices
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on the green success expegerin 22 EU countries over the period of 192918 The
remainder of the paper is organized as follo®sction 1 outlines the green productivity
approach, Section 2 introduces sample, model, and data while Section 3 is devoted to
empirical analysis. Thetudy concludes with a brief discussion of findings in the last section.

1. GREEN PRODUCTIVITY

A countryodos economic growth is the increase
certain period. GDP is the vakaglded created through the produetaf goods and services.
By definition, economic growth is a key mea

from a given set of inputs including labor, physical capital, and natural resources. Therefore,
economic growth can be achieved throughegithsing more inputs and using these inputs
productively or both. An economic growth component created by productivity increase is
related to green growth which means producing more by using lesser relsaseceinputs

and thus emitting lesser GO

A simple twofactor version of the aggregated Cebbuglas production function can be
mathematically shown as equation 1

Y=AKN'(H)"% (0 @ B @)

whereY represents aggregate output whfleand L are vectors of the amount of physical
capital and labor inputsUnder this specification, the stock of natural resourdds ig
included in physical capital while labor input covers human capitabé well. TheA term,

a Y
growth in TFP is measured as a residualthe part of GDP growth that cannot be explained
by changes in the set of inputs, and seeramological progref©ECD, 2020).

(0 @@ ¥ , repreents the total factor productivity (TFP). Technically,

Traditional measures of productivity growth have two shortcomings because of neglecting
environmental impact. First, increased natural resource use is wrongly interpreted as
productivity growth. Second, pollution caused by production is not considerech as a
(undesired) output of the productipnr o c e s's ( C8r étaln2815).CBnsistentty,g u e z
there is an increasing need to adjust TFP and economic growth by environmental pollution
and pollution abatement. Following the environmentally adjusted TFRPagpofC8 r d e na s
Rodr 2 guez within @a productiodsdd6CR productivity aspect and separating

1In the studythe lastreference year is 2018 sinitds the most recent available year covered in the databases
More specifically, emissions measurae usually provided ona one to two-year lagged basis. Thus, the
existing statistics fothe year2019 are yet not certainffinalized andthe current estimated valueged to be
crosschecked.

21t should be considedthatin addition to itsechnological progresdsterpretationincreasesn TFP also reflect

the effects of changes inther concepts such amanagement practs, organizational change, general
knowledge, network effectspillovers from production factors, adjustment costs, economies of scale, the effects
of imperfect competition, and measurement errors (OECD, 2020).
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natural resources from physical capital inputs in equation 1, GDP gmnvien by TFP
growthduring acertaint time can besegregatg asin equatian 2

pinyY In E ImuHL In K pmin' N o EATFP
- eYE L = + v e— + Q(N + (2)
t t pt u
t u W H
GDP growth Adjustment for CO , Change in human capital  Chang e in pysical Change in natural TFP change adjusted
emission abatement and labor contribution capital contribut ion  resource contribution by CO ,emission
CO2 emission-adjusted GDP growth Change in factor inputs

In equation 2E denotes energselated CQemissions andEATFP is the environmentally
adjusted TFP based on €@missions in the production process wHilsymbolizes the
relevant elasticities of the GDP growth. For examrﬁ&),(the GDP elasticity of the pollution
measured by Cgemissions is the tradsff between producing more and emitting IeEke
greater elasticity of GDRvith respect to emissions¥f) means that GDP growth is more
dependent on emissions and the cost of the abatement of emission caused by the production is
higher.An increase IrEATFR , i.e., the residual, is the share of £€€émnissionsadjusted GDP
growth that cannot be explained Whetincrease in the use of factor inputs. Therefore, for a
given input use,EATFP increases when GDP increases or when emission decreases. The
emission abatement term which measures variations in the e@fssions expressed in
equivalent GDP growth takespasitive value when emission decreases and a negative value
when emissions increase ircartaint time. In this notation, green growth means green GDP
with less CQ emission based on energy productivity.

2. SAMPLE, MODEL, AND DATA

Our samplecovers a 24ear (19952018) annual panel data set of 22 EU countridge
selectedEU countries since they, as a whole, have a relatively higher green productivity
performance comparei the other countries/regions. As Table 1 exhibits, the average pro
environmental performance of EU countriparticularly in terms of environmental policy
stringencymeasureand environmentallyelated tax revenués relatively higher than those of
other individual countries that are among the largest emitteng gfobal CQ fluxes.

Table 1: Environmental Performance of the Largest Emitters

EU-22 China USA India Russia Japan
Average

3 EU countries included in the sample are Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, ltaly, Latvia, Lithuania, Netherlands, Poland, Portugal, Slovak Republic, Slovenia,
Spain, Sweden, United Kingdn Even the United Kingdom withdrew from the EU on 31 January 2020, it is
included due to the study covers the 19952018 period. Bulgaria, Croatia, Cyprus, Luxembourg, Malta, and
Romania could not be included due to data unavailability is some variables.
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Environmental Performancé (2018)

Overall environmental performanc 74.27 50.74 71.19 30.57 63.79 74.69
index

Energy (power) related CQ 55.74 4559 46.3 17.66 33.88 16.8
emissions performance index

Availability of EmissionsMitigation Policies* (19952018)

Total (cumulative) number ¢ 166 156 332 150 41 166
policies

Stringency of Environmental Polies™* (19902015)

Environmental policy stringenc 1.99**** 089 165 0.73 058 181
index

Environmentally-Related Tax Revenudé& (19942018)

All tax revenue based othe total 2.68 0.84 0.88 1.15 -- 1.58
environment, % GDP

Note: Period arenot equal for all countries. Faéne overall environmental performance index, Switzerland has
the highest score (87.42) and Burundi has the lowest score (27.43) in 180 countries. ****; Data are not available
for Estonia, Latvia, Lithuania.

Sources: *: YCELP, CIESIN, and WEF (2018); **: New Climate Institute (2020); ***:
OECD 2020.

Our study builds on a modéhat links green productivity GreenProd to energy inflation
(Eninf) as well as a varied seX)(of control variables within a panel data framekvorhe
relevant basic model is representeeéquation 3.

GreenProg, =, +4 Eninf +bX +e (3)

Wherec denotes crossection unitsj.e. countries¢ = 1, é), ahd? demote<a linear
trend in time unitsi.e.years{ = 1995, é ) Al4d is the rdyressidn constant
ande is the error term. Our study focuses on the paranfetehich explains the effect of
energy inflation on green productivity together with the effe@s ( i = R of éothes
predictors such as technological progress, opssnn industrial development, and
environmentalpolicy included as control variables based on the previous findings of the
relevant empirical studies. In our case, we represent technological progress by technological
competitiveness TechCompét in exports while openness is proxied by trade openness
(TrOpern). Consideringhe servicedominated economic structures of many EU countries, we
take deindustrializationDeindusj to reflect the declined industrial activities in the sampled
EU countries. Under the melimited availability of data, we use environmental tax revenues
(EnvTay as an indirect proxy of environmental policy. Therefore, our final regression model
takes the following fornseenin equation 4.

a,+ BIn(Eninf ) + m(TechCompe) +li{ TrOpen

In(GreenProg,) = +b,In(Deindust ) +4n( EnvTax) -+,

(4)
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All variables are analyzed in their natural logarithmic forms to interpret the corresponding
coefficients as elasticities. We expéet (= Ol n ( Geg)e/e @IPre o Bbrbé positive
whereas the other vari abl e sedor @rlegativé sigo astthee s
relevant studies using similar variables have provided different evidence. The proxy
indicators and measures of the variables in equation 4 are represented in Table 2.

Table 2: Variables, Descriptions, Sources, and Key Statist

Symbo Definitd.i Measur e Source

Dependent wvariabl es

GDP per unridl a

GreenP Green pro CQemissions. C OECD (2
Uni ted States
kil ogr am.

Explanatory variabl e
Enl nf Energy inCPIltheeergy se OECD ( 2
2015=100
Control wvariables
TechCo Technol o RCA indekech Aut hor
competiti product s cal cul at
exports UNCTAD (
Tr Open Trade ope Total trade WB-WDI ( 2
services. %

Deindu Deindustr Val-ackded in se¢e OECD (2
t ov alauded e d

EnvTax Environme Tax revenue. OECD ( 2
t abxases and to

Vari a Me a n Ma Xx i mum Mi ni mur
GreenpP 4.930 14. 908 1.076
Enl nf 77.337 122.833 20.897
TechCompe 0.856 1.647 0.282
TrOpen 98.231 226.041 37.108
Deindust 69.003 81.079 55.511
EnvTax 2.702 5.372 0.956

Note: Missing data points up to three years in some series have been estimated by theanereigg based
extrapolation and interpolation when the series change stablasado shock in missing years.

3. ANALYSIS
3.1.Key Statistics and Correlations

Before proceeding to the regression analysis, descriptive statistics and correlation matrix are
reported in Table 3. Correlation coefficients reveal that gmeductivity GreenProd is
considerably correlated (0.613) with only energy inflati@ml(f). The weak correlations
between predictors can be considered as a sign of the absence of the multicollinearity
problem. Yet, we tested the regression modehfditicollinearity problem using the variance
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inflation factors (VIF) and found VIF values around 1 indicatingrtit®ishessof the model
estimation to produce reliable results without a multicollinearity concern.

Table 3: Descriptive Statistics and Correlion Matrix of Variables (CxT=N=528)

In(GreenPro In(Enin In(TechComg In(TrOpe In(Deindus In(EnvTa

d) f) el) n) t) X)
Descriptive Statistics
Mean 1.512 4.288 -0.221 4.504 4.231 0.963
Maximum 2.702 4.810 0.499 5.421 4.395 1.681
Minimum 0.073 3.040 -1.266 3.614 4.017 -0.045
Std. dev. 0.422 0.367 0.377 0.410 0.082 0.245
Correlations
In(GreenProc
) 1
In(Enlinf) 0.613 1
In(TechComg
el 0.345 0.321 1
In(TrOpen -0.068 0.251 0.105 1
In(Deindus} 0.529 0.394 0.142 -0.306 1
In(EnvTay 0.048 0.066 0.013 0.004 0.102 1
Centered VIF ValuegDependent variabién(GreenProd)
In(Enlnf) 1.539
In(TechCompat 1.116
In(TrOpen 1.348
In(Deindus} 1.504
In(EnvTay 1.012

3.2. CrossSection Dependence an8tationarity

Estimators are efficient if the variables in panel data are stationary. Statiowaiitl means

that properties of series do not depend on the time points of the observations, can be detected
through a variety of panel root tests. Tiret-generation panel unit root tests assume €eross
sectional independence while the secgederation tests take possible cresstion
dependency into account while controlling series for stationarity (Baltagi and Pesaran, 2007).
Therefore, we need to ebk the series for crosectional dependenag order to determine an
appropriate unit root test. We control the variables for the @®stsonal dependence through
Breusch and Pagansg 19 8 0) Lagrange Mul tiplier (LM),
P e s asr(2004) crossectional dependence (CD), and Bajusted CD (Pesaran et al.
2008) methods which test a null hypothesis of no esestion dependence. These tests may

be applied to eithethe individual series of variables or to tih@odel based on theesiduals
produced by panel estimation. Results from the first consideration are reported in Table 4.

Table 4: Results of CrossSection Dependency Tests
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BreuschPagan LM Pesaranscaled LM Pesaran CD Bias-adjusted CD

Intercept
In(GreenProd 321.420*** 4.207*** -1.593* 153.247***
In(Eninf) 368.348*** 6.390*** -2.206** 41.776***
In(TechCompét 326.152*** 4 427 -2.552*** 145.545%**
In(TrOpen 384.916*** 7.161*** -1.666** 161.378***
In(Deindus} 472.532%** 11.237*** 0.677 146.392***
In(EnvTay 322.950*** 4.278** -2.332%** 93.777**
Intercept and Trend
In(GreenProd 338.296*** 4.992*** -1.512* 145.098***
In(Eninf) 380.936*** 6.976*** -1.933** 41.060***
In(TechCompét 362.985*** 6.141*** -2.180** 133.999***
In(TrOpen 393.734*** 7.571%** -1.636* 150.735***
In(Deindus} 450.977*** 10.234*** 0.321 138.052***
In(EnvTaxy 371.094*** 6.518*** -2.027** 88.414***

Note: *** ** and * show that statistics are significant at the level of 1%, 5%, and 10% respectively.

Results of the applied tests, except that of the Pesaran CD tlegDi@indus}, strongly reject

the null hypothesis of no cresgction dependence. Besawf the presence of cressctional
dependency, the secogeéneration unit root tests ameore useful in our cas&@herefore, v

apply the CADF (CrosSectionally Augmented Dickelyuller) and PANICCA (Panel

Anal ysis of Non St atnd Goammoni Corgponents ol Crdédectoly ncr at
Averages) tests that are proposed by Pesaran (2007) and Reese and Westerlund (2016),
respectively.

Table 5: Results of CADF and PANICCA Stationarity Tests

CADF
Variables Intercept Trend and intercept
Level First difference Level First difference
In(GreenProg -2.010 -2.820*** -1.958 -2.801**
In(Eninf) -2.163 - -2.340 -
In(TechCompe@t -2.268** - -2.308 -3.644***
In(TrOpen -2.030 -2.559%** -2.215 -2.632*
In(Deindus} -2.210 -2.629*** -2.017 -2.828**
In(EnvTay -1.720 -2.562*** -1.821 -2.826**
PANICCA (Idiosyncratic Components)
Intercept Trend and intercept
Variables Pa Po PMSB P, P, PMSB
In(GreenProg 0.590 0.586 0.274 0.511 0.553 0.661
In(EnlInf) -0.468 -0.544 1.096 1.612 2.185 2.876
In(TechComp@t -1.924** -1.570 -0.895 -0.876 -0.802 -0.606
In(TrOpen -0.628 -0.580 -0.263 -1.642 -1.406 -1.101
In(Deindus} -0.089 -0.087 0.031 -0.009 -0.009 0.023
In(EnvTay 0.588 0.691 1.331 0.534 0.582 0.630
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Notes *** ** and * show the stationarity of series at the level of 1%, 5%, and 10%, respectively. PMSB
denotes panehodified SargarBhargavaest

The results of both CADF and PANICCA unit root tests show that the series of examined
variables ardhe first-difference stationary, I(1). Therefore, our analysis procedure proceeds
with cointegration tests.

3.3. Homogeneity and Cross$ection Dependence of Estimation Model

As previously stated, crosection dependence test statistics might also be computedhieom
residuals produced by the model estimation. This is actually needed to determine -the best
fitting method for the cointegration analysis. We control the constructed model for the
homogeneitiheterogeneity by the delta test proposed by Pesaran and atam@p08)
followed by thecrosssectional dependence examination through the Brelagan LM,
Pesararscaled LM, Pesaran CD, and bedjusted CD tests. The results in Table 6 show that
the estimation model embodies both heterogeneity and-seati®n @pendencyroblems.

Table 6: Homogeneity and CrossSection Dependency of the Model
Tests Statistics
Homogeneity Delta_Tilde 15.549*** (0.000)
Delta Tilde adj 18.324*** (0.000)
BreuschPagan LM 636.382*** (0.000)
CrossSection Dependenc' Pesararscaled LM 18.860*** (0.000)

Pesaran CD 17.551*** (0.000)
Biasadjusted CD 32.912*** (0.000)
Note:***showst he st atistical significance at the | evel of

3.4. Cointegration Test

A cointegration test is conducted to explore the {nngrelationship between nestationary
variables. In our case, by also considering thesesestion dependency of the model, we
apply Pedroni (1999; 2004) tests and the panel bootstrap cointegration test proposed by
Westerlund and Edgerton (200Results are reported in Table 7.

Table 7: Results of Panel Cointegration Tests
Pedroni (199, 2004) Tests

Tests Intercept Intercept and trend
Panel vstatistic 0.105 (0.458) 3.172*** (0.000)
Panel rhestatistic 2.106 (0.982) 2.333 (0.999)
Panel PPstatistic -1.646** (0.049) -4.254*** (0.000)
Panel ADFstatistic -1.953** (0.025) -4.463*** (0.000)
Group rhestatistic 4.103 (1.000) 3.478 0.999
Group PPstatistic -1.524* (0.064) -11.576*** (0.000)
Group ADFstatistic -1.495* (0.067) -6.386*** (0.000)

Panel Bootstrap Test
Tests Intercept Intercept and trend
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LM statistics 17.994 37.871
Bootstrap probability (0.969)*** (0.513)***
Asymptotic probability (0.000) (0.000)
Note: *** ** = and * show that statistics are significant at the levels of 1%, 5%, and 10%, respectively.

Probabilities are in (parentheses). Lag selection is basateoBchwarz Information Criterion (8). Panel
bootstrap test is based on 1000 replications.

Overall results of the cointegration tests coherently support the presence of a cointegration
relationship between variables included in the model.

3.5. Estimation of LongRun Relationships

Consistently, we estimate the longn elasticitiesthroughthe heterogeneityadjusted and the
pooledweighed applications of the Fully Modified Ordinary Least Squares (FMQIn8)
Dynamic Ordinary Least Squares (DOLS) estimators. Results reported in 8edleal a
positive relationship between green productivity and energy inflation.

Table 8: FMOLS and DOLS Estimations of LongRun Elasticities

FMOLS
Intercept Intercept and trend
Predictor Coefficient t-stat. p  Coefficient t-stat. p
In(EnlInf) 0.469***  41.764 0.000 0.097*** 3.247 0.001
In(TechCompet  -0.042 -1.575 0.116 -0.087** -2.129 0.034
In(TrOpen) 0.265*** 11.262 0.000 -0.097*** -2.486 0.013
In(Deindust) 0.474** 43.539 0.000 -0.195*** -6.091 0.000
In(EnvTax) -0.229*** -13.078 0.000 0.015 0.411 0.681
R2=0.928 R2=0.979
DOLS
Intercept Intercept and trend
Predictor Coefficient t-stat. p  Coefficient t-stat. p
In(Enlnf) 0.429*** 9.761 0.000 0.165*** 6.022 0.000
In(TechCompet -0.214*** -3.351 0.001 -0.317*** -5.817 0.000
In(TrOpen) 0.125* 1.902 0.059 -0.143* -2.184 0.032
In(Deindust) 1.561*** 6.696 0.000 0.956*** 4,796 0.000
In(EnvTax) -0.239***  -4.757 0.000 -0.062 -1.646 0.104
R2=0.991 R2=0.998

Note:*** ** ‘and *showt hattat i sti cs ar e si gnjafnidc alnOt%,a tr etshpee cltei vweell sy

4. FINDINGS AND CONCLUSION

Addressing the alarming level of the global environmental pollution driven by hindaced
COz emissions, our study is motivated by the questibwhy recent fluctuations in energy
prices tend taresult in morelenient impacts in economic growth compared to the sharp
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economicshrunk inespecially resourepoor developed countrieturingthe 1 9 7 Oilspiice
shocks. In particular, we aimed to explore whether the increased energy prices motivate firms
to produce withlesser energy use ithhe case of EU countries that have been apparently
succeeding in the mitigation of the productimesed C@emissims. To this end, our study
adopted a supplgide (productiorbased) approach and examined the dynamic impact of
energy prices on green productivity by modeling the heterogeneous, nonstationary, and cross
section dependent panel dataset of 22 EU countoestife 1995018 period. After
confirminga cointegration relationship between the proxies for the dependent variable (green
productivity), explanatory variable (energy inflation), and control variables (technological
competitivenesdrade opennessdeindustrialization andenvironmental tax) we estimated the
long-run elasticities using dynamic least square estimators.

Our results showed thanergy priceswere positively associated with green productivity
meaning that energy inflatiotends to acourageenergysaving green technologies. This
evidence is consistent with the development that especially industrial countries have
decoupled their economic growth performances from emissiensive energy use since the
energy shocks in the early 1970%is evidence suggesthat governments should support
businesses to improve energy efficiency and green productivity especially when the energy
prices are persistently increasg. Additional findings reveal that technological
competitiveness and environmentalx trevenues are negatively associated with green
productivity. Deindustrialization is found as the key driver of green productivity while the
impact of trade openness is unclear.
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Bu -alfgrhkaye, ¢in, Endonezya, G¢ney Afri ka, B
Meksika, Filipinler, PeruMa | e z y a, Pol onya, Hi ndi stan ol mak ¢
197062016 d° nemi panel veri y °© nptzeemli etkibieijdnadiz k ¢ r e s
etmektedirBunun i -in k¢resellekme il e kontrol edi |
edi |l mektedal ékmayda clai,t er at ¢rden fakl é ol arak

g°st eekgopksayak izibaj éml € deji kken Deljak&klenkal | amal:
il i kkiyi tespebi kkemek® k -1 @as tebtleriuly gué avvegahg h e Kk m
sonfrauzun d°némmlmmedalyakElkeamometri k uygul amal ar é
baga&yr.i saf.i y urvtei -kii khia sbéad kaé (gGESYYrKiHnNis(aG3 Y KHI)r t i -
ekol oj i k ay & kéerszeilehirigeaekolojik Gayak izini azatt €] € sonu-1 ar é
edi | mBiuntai rekol oj i k ayak i zi a-éséndan -evresel
sonucuna ul akél méxter.

Anahtar Kelimeler: K¢resell ekme, ¢evre Sorunl ar e, Ekol

The impact of globalization on the Environment in Developing Countries
ABSTRACT

In this study, we investigate the environmental impact of globalization in fitleseloping
countries over the period from 1970 to 20T6Be countries are Brazil, Chile, China, Colombia,
Egypt, India, Indonesia, Malaysia, Mexico, Peru, Poland, Philippines, South Africa, Thailand,
and Turkey, respectivel To this end an environmental Kuznets a& model controlled by
globalization is followedContrary to the prevailingterature, the most comprehensive indicator

of environmental damage, the ecological footprint, was used as the dependent variable in the
study. In order to determine the relasbip between the variables, firstly unit root tests and
cointegration tests were applied and then the-teng coefficients were estimated. As a result

of econometri@pplications it has been obtained that per capita gross domestic product (GDP)
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and the square ofper capita gross domestic product (GDP) increase the ecological footprint,
while globalization reduces the ecological footpriag, it is concluded that the environmental
Kuznets curve hypothesis is not valid @éase theecological footprintis used to represent
environmental degradation.

Keywords: Globalization, Environmental degradation, Ecological Footprint

GKRKK

K¢resell ekme hareketii ekonomi k, kel tegrel, S
etkil emektedir ( Haynan, ¢ 2®10ilndes . y¥&Rannakta ol a
insanl éja yeni ol anakl ar sunmaseéneéen yaneée s é
sorunl arén ise daha genik -apta etkild@ ol mase
biri de -evrd PfdrogrelB8gred13, s. 171

K¢resell ekmenin etkisiyle son kérk yeélda dg¢gn
yakaméxkeek ekonomi k b¢gyegme il e enerji kul I an
b¢ye¢mesine katkéeda bulZnmesktlyr Cevartesa1 vt dh.h
b¢eyeéekl ¢kt eki k € s me enerjinin cretimi ,Bud®nygk;
i Kl emlerde en -ok biridreBul yadbkeétil ayakéybamagaeal
oksijenle bird@akgaz&eblbdanincdill sfeosi | yakeéet |l ¢

kaynakl anan atmosfere sesal gsaaferutmlgdarecanéé kamn ma k
(Sweeney, 2000, s.20).

Yapéel an araktérmal ar sonucu, karbon emisyonl
nedeniyle gelikmekt e ol ahbilinmektéde (Kiealid ve Lang2013¢ n d a n
s.189. Bunoktadag el i k mekt e ol an ¢l kel egénl @reimnizn taelkm:
nedeniyle k¢resell ekme gelikmekte ol an ¢l kel
pazarl ardan enerji tasarrufl u teknolojiler (
gel i kmekte ol an ¢l kel ermhi ¢eaermi skuéd hamiaha
emi syon seviyelerini d¢kegrmel erine yardiémcé o

ShahzagdMahalik, 2017 5.4).

¢cal ekmada Il iterat¢taéniemakbgd salmirealg sezergeasl
(EF)dej i kkeni kull anél maktadér. Literat¢rdeki vy
bozul mal ar & g#/zelneinsl yeormel ka rié- iknu |l | a#/éd nmeéskytocerrl. a r EEf

g°re -evredeki bozul mal ar & dW@ucak vekApepgs,201B,8. ol ar
21-27; Ulucak ve Lin, 2017, s.33343).

1. Model , Ver i Seti ve Y°ntem

Anali zde kull anél an panel veriler ekol ojik
(ekonomi k k¢gresel |l ekmek ¢ rseoseglall e kmea)e swed | lkeikkne , b ¢
hasél adan ( GD®a)l eklbuakgmred k tkanké&krt.e ol an (JKelrie 1 | e s
s e - B&RiDowJonesEndeksit ar af éndan | isteleseméedgélhndme el a
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g°ryeapél MaktéedTklre&kr y e, ¢i n, Endonezya, Géeney A
Tayland, Kolombiya, Meksika, Filipinler, Peru, Malezya, Polonfidistardd é Anal i z i - i r
19702016g° z1 em ar al €5 enwmearidIlm kmaddelveol ukt ur ul muck

1%e ¢ 117" $qi T 3§11+ 8 (1)
ModeldeEF ekol oj i k ayak i zini, GDP ki?ki kbabaran:
gayrisafi y ur t temsilietmékeedir€OFal e ¢ m Kk kteonpelsainsiek ¢ r es el |
yanie K ono mi k, sosyal ve politiik ek grekd eldli ek ma =Haq
al énan ¢l keleri, t=1,¢éé, T zamané g°stermekted
Bu -al ékmada uzun d°nem katsayélar én tdilemhmini
panel DOLS (Dynamic Ordinary Least Squar e) )
Ordinary Least Square) y°ntemleri dikkate al é
Tablol.Bi ri nci Nesil Panel Birim Kok Test.i Bul gul ar e
+
Fischer
o Degiskenler LLC IPS ADF Fischer PP
LEF (EKOLOJIK AYAK Tablo
iZi) 1.15762 1.52184 27.0694 32.1288 16de
(0.8765) (0.9360) (0.6196) (0.3616) dort
LGDP (GSYIR) -0.01527 398457 187012 17.3950 fa rl ke
(0.4939) (1.0000)  (0.9460)  (0.9675) pane
birim
LKOF (KURESELLESME k °© k
TOPLAM) -3.61176%** 1.91431 22.1156 22.6766 testi
(0.0002) (0.9722) (0.8498) (0.8283)
Not: Parantez i¢i degerler olasilik degerlerini gostermektedir. ***, ** * 951, %5 ve %10 anlamllix
diizeylerini gdstermektedir. HO bir birim kék var (duragan degil) ve H1 birim kék icermez.
kull anél mékt ér . L EiFn cseelr & mEGNIPH) Fischerr ADmve PP tetin ¢
ol aseéel ek dejerl erine bakéel déej énda, seviyel el
rededi |l ememi Kt ir. Bu nedenl e, r&kérial énmapantde
i -in bok hipotez reddedil mi ktir.

Johansen Fisher pawglul armbgtyel seme-Laséi Tabl

Tablo3.J ohansen Fisher Ekb¢tenl ekme Testi

Oz Deger istatistigi Olasilik iz Istatistigi Olasihik
0 344.6%%* 0.0000 191.3%%* 0.0000
1 197.8%*x* 0.0000 82.78%*x* 0.0000
2 129.0%** 0.0000 58.67%** 0.0013
3 83.25%** 0.0000 42.74%* 0.0617

Not; **% *% *05], %5 ve %10 anlamlilik diizeylerini géstermektedir.



Ekol oji k ayak i zi il e model de el e al énan a- ék
mevecuttur. B u il i1 kki de uzun d°nem e K be¢tenl ek me
gerekmektedir. Bunun i-in FMOLS ve DOLS ek bg¢

Tablo4.Pan el FMOLS ve DOLS Sonu-1I| are

FMOLS DOLS
Degiskenler Katsawvi t-istatistik Katsavi t-istatistik
LGDP 0.086341%** 11.22175 0.086013 0.606240
LGDP? 0.012980* 1.814281 0.027087*** 2.952422
LKOF -0.154158*** -19.86837 -0.161019%**  .3.724802

Not: *¥# *¥ *05] 95 ve %10 anlamlilik diizeylerini gostermektedir.

FMOLS aoruwal ¢$&DPe kat sayé istatistikinolanaka np cazmAtgirdi@ e a e
GDP’pozi ti f @HH ulfiup detllenekiedirr e d

K¢resell ekmenin etkisini bkOF d e] emk & mii il Wl e me dl ¢
k at ssaigtaistikiolarakk nl aml € ve negat i fk ¢kraetssed Yl éyanemada mi r
ayak izi czerinde azalak&goaéeskild eemki sievvar @z

vadede olumlu etkilemektedir

2. SONUC¢

tal edgmar ki ye, ¢in, Endonezya, G¢ney Afri ka, B

Me ksi k a, Filipinler, Per u, Mal ezy a, Pol onya,

197062016 d° nemi panek¢vesel ly@emmemilrer idg U ee ke li r e
Sonu-1lar ekolojik ayak i zinin gelirdeki artecx
bel irli bir y¢ksekl i kten sonr & hipote2imingemmiUd o Kkt as ¢
Kekl iinldiekkliest ekl e me mekt elarikr,.r e & gd £ 2 @yniesnadnelk-i ar

ekolojik ayakizini azalej ené g° s Yaairkme ktseedilrek me ekol oj i k &
azal t ecyearbaitrmaet knlldey ad &y | | dame t e 8 urimesmekiay iklee kK t i
sajl amaktadeér .
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Abstract: This study revisits the nexus between energy consumption and economic growth by considering different
types of energy use, namely, total energy use, fossil fuel energy use, andbterewvesigy use. For this purpose,
dynamic fixed effects estimator (DFE) is applied to autoregressive distributed lag (ARDL) model which is built
upon an extended version of Neoclassical production function. This study examines a global sample of 16§ countr
during the period 1998014, classified into three subsamples of countries based on different income levels. Overall,
we find that, in the short run, the uses of total energy and fossil fuel energy significantly and positively contributed
to higher inome in both total and per capita terms. Meanwhile, the growth effects of renewable energy consumption
appear to vary across different subsamples. In the long run, the impacts of energy on economic growth are mostly
insignificant for subsamples. This supfsoenergy conservative policies without harming economic growth.

JEL Classifications: Q43.
Keywords: Energygrowth nexus; Renewable energy; Panel data analysis; DFE ARDL; Global sample.

1. Introduction

The role of energy sources is undisputed. It isr®rgy that mankind conquered the universe for
the first time.From natural factors such as wind, water, fire, sunlight to-made energy
sources such as electricity, gas, gasoline, atomic en@rgsgy is essential for human activities
andplays a vercritical role in the development @ny country around the worl@&nergy isnot
only an indispensable element of many economic sechatsalsohasa great influence on
economy, politics, cultur@ndsociety.
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Since energy has a vital rolerfdevelopment and affects most of human, |de emerging
problem facingthe world economyas well ashuman being is global energy crisidowever,
fossil fuel energy sources are limited\s such, lte issue of production, consumpticend
managementf enegy resourcess noted and paid special attention in many countries. The
problem of saving and finding alternative types of energyafsslong been set-urthermore

the negative effects caused by energy are @dsoimentedin parallel with the benefitalways
comes is an immeasurable danger if energyateased The risk of destroying humanity and
destroying the earth is always warned by scientdtd. to mention the energy loss leads to
catastrophic pollution, destroying the entire environment targe scale and very difficult to
recover.

In this regardthe development and use of renewable energy sources is the most appropriate
direction because it is less risky, contributing to increasing domestic supply, reducing
dependence on imported energgurces foreign import, thereby ensumg national energy
security (Le et al, 2019) Moreover, encouraging the development of renewable energy
investmentexpects tqorotect the environmerandreduce the impact of climate changjace it

helps reduce gredmuse gas emissioasd contributesowards a green, modern energy growth.

In a nutshell, developing renewable enemgxpects to make an important contribution to
economic growth, promote local soe@conomic development, contribute to protecting
environmet, and to join hands with global efforts to limit global warminGreen energy
development today is the trend of the world, rapidly changing the structure of energy industry.
Many countries have urgently developed and implemented green energy develsipategies

and policies with a longerm vision, focusing on human resources, sci¢aecknology and
financecredit towards developing a leearbon, sustainable and environmentally friendly
economy

Given the importance of energy securitye researclon the use ofireen and renewable energy
sources such as biomagegothermalsolar and wincenergy is an absolute necesgiBaulch et

al, 2018) However, despite the voluminous studies conducted on the egergyh nexus, the
relationship between renewable energy and economic growth has not received proper attention in
the academic literature his study aims to provide further insights irttee energygrowth nexus

by considering different types of energy use, namely, total energy use, fossil fuel energy use, and
renewable energy use. For this purpose, we cordiuwmic fixed effectestimator (DFE)Yo
autoregressive distributed lag (ARDImodel that was an extended version of Neoclassical
production function. Besides examining a global sample of 107 countries, the study also
investigates three subsamples of countries
latest classification.
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The results suggest that, in the short run, the uses of total energy and fossil fuel energy were
significant contributors to higher income in both total and per capita terms. This finding was
observed for both the global sample and three subsamples. Orhénehand, the impacts of
renewable energy on economic growth seem to be differ across subsamples of countries. The
Granger causality analysis shows bidirectional causal relationships between energy consumption
and economic growth at levels. However, in gapita terms, the results reveal stronger causality
running from economic growth to energy use. This finding appears to be consistent with the
finding in the long run that, the effects of energy on economic growth are mostly insignificant
for the three dosamples. This result supports the energy conservative policies that countries can
reduce the use of energy without harming economic growth.

The rest of the study is organized as follows. Section 2 reviews the related literature on the
energygrowth nexusfocusing on the recent studies over the past decade. Section 3 presents the
data, model and methodologies. Section 4 reports and discusses the empirical results. Section 5
concludes and suggests some policy implications.

2. Literature review

Since thepioneer study byKraft and Kraft (1978)the literature on the nexus between energy
and economic growth has been voluminougekeral perspectivetates thathe nexus between
energyconsumption and economic growth can be theoretically explained usinbyfpotheses,
which have different implicationsn the usage a#nergy(e.g. Apergis and Payne 2009; Ewing,
Sari,and Soytas 2007; Ozturk 2010; Payne 2Q1€) 2016; Le and Quah, 2018; Fang and Le,
2019. The first hypothesis i6§ Ne u t lr yapg a tt hy eich degodes a siuation wheexists no
relationshipbetween energyse and outputin a country In this caseany regulations on the
consumptionamount of energyould have negligible impaan economic outpufThe second
hypothesis isO Gr o wt h  hwhjlo refare t® ithaudidirectional causality running from
energyconsumptiorto economic outputin this scenaripenergy uses considered as crucial
contributorto economic development. Thisplies that restrictions on energy useould have
unfavourable effecten the overalleconomicgrowth and development of the count@n the
other hand, expansive energy police® necessary for sustainable incremenoutput and
henceeconomiagrowth The third hyothesisp Cons er v at i,esuggesisnidiredtidna s i s 6
causalityrunningfrom economic outpuib energyuse.This relationshipefers tothe situation in
countriesthat are not highlyeliant on energy.This hypothesis implieghat we can adopan
approach to reduce the energy demanthout harmingeconomic outputThe fourth hypothesis
isO Feedback ,whiclpestablishes a feédback causdigpween energgonsumption
and economioutput. Thishypothesis suggestbatenergy and outpudre nseparablevariables
sinceeach one of them has simultaneous impacatthe other.In this regardreducedenergy
consumptiorwould have negativeffects on economic output
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The empirical literature, however, hpovided mixed and conflicting evidenaan the nature of
causal relationship betweesnergy consumption and economic growifhis reasons for
discrepancy inthe results of the past studiesould be attributabldo the use of different
methodological approachedifferentinvestigationtime periodsjn addition to the heterogenous
nature ofthe study areaandcountriesregardingclimate conditions, economic development and
energy consumption patterns.

Specifically, while there are many studies find the evidenaenafiredional causality running
from energy consumption to economic growtar example,Altinay and Karagol (2005jor
Turkey; Solarin 201) forBot swana (the worl doés ) anungberoft pr oc
studies brought evidence ahidirectional causaly from economic growtho energy uséfor
instanceKraft and Kraft(1978 for the US;Cheng and Lai (1997) fdraiwarn Zhang and Cheng
(2009) for China Souhila and Kourbali (2012) for Algeride (2016) for15 subSaharan
African (SSA) countrigs On the other hand, some studies fouadbidirectional causality
between theetwo variables(for instance Apergis and Payne (2009) for six Central American
countries in the short rurShahbazet al @011 for Portugal; Sadorsky (2012) far South
American coutriesin the short rup Meanwhile, a relatively fewer number of studies observed
an insignificant relationship between energy use and economic ¢ftpekample, Oh and Lee
(2004) for Korea in the short run; Stern (2010) for the US in the lorjg run

Furthermore, some studiesen showed mixed findings in their study samples. For instance, on
examining the energgrowth nexus fodl SubSahara African countriegkinlo (2008)found a
feedback causaeklationship between energgageand economic growth for Gambia, Ghana and
Senegalwhile no causality for Cameropote D'Ilvoire Kenya Nigeria and TogoOn the other
hand, unidirectional causality is confirmed fromoromic growthto energy consumption in
Congo,Sudan and Zimbabweimilarly, Saidi et al (2017) examinele direction of causality
between energy consumption and economic grdartia global panel of 53 countries during the
period 19902014 and observed different causality patterns across the subsamples. Specifically,
a bidirectional Granger causatlationshipbetween economic growth and energy consumption
was foundfor the global panehnd African and Middle East countries both in the shartand

long run. Meanwhile, unidirectional causalityruns from energy consumption to economic
growth for the European courds both in the shortinand long run.

Compared to the large volume of literature on the engrgwth nexus that looked at the
consumption of primary energy, the studies focussing on other types of energy are much fewer in
number. This is partly attribable to the unavailability of data on different types of energy use in

the past. However, the trend has seen a recent increase in the number of researches conducted in
this theme, particularly over the past ten years (see, for instdpeegis and Payne€010a b,

2011; Narayan et al, 2019; Le et al, 2020). For instalgergisand Payn€2010a) documented
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shortrun and longrun bidirectional causality between renewable energy consumption and
economic growthfor 13 countries within Eurasiduring the perod 19922007 Apergis and
Payne (2010b) showed bidirectioniitikage between renewable energy use and economic
growth in both the short run and the long run for twenty OECD countries over the periéd 1985
2005,confirmingt he O6f ee d b ac k 6 aidyayoet(20Edodursentedidpeetior@li s
causality betweethese two variables both the short run and the long riam six countriesn
Central America during 1982006 Narayan et al (2019) examined the causal structure between
different types of petroleum consumption and economic growt23dndian state panetsver

the period 1982013 andfound that stable longun relationshipsexist betweeneconomic
growthandonly severaktypes of petroleum products

Overall, the existing studies on examining the nexus between economic growth and different
types of energy consumption are not only relatively few in number but also have some
shortcomings. First, a very scarce numbé studies looked at several types of energy for
comparison. Second, most of the studies employed similar and conventional approaches in time
series or panel data analysis. Third, most of the studies focussed only on a limited number of
countries or a maber of provinces/states within a country. In this regard, this study aims to
provide further insight about the nexus between energy and economic growth by looking at
different types of energy. Our study contributes to the literature in four dimensiosts.we
considered three kinds of energy, namadyal energy use, fosdiliel energy use, and renewable
energy usdor comparisonSecond we applied an advanced econometric technique to a well
defined testing framework, i.e.dynamic fixed effects estiator (DFE) is applied to
autoregressive distributed lag (ARDL) model built upon an extended version of Neoclassical
production functionThird, we examine global sample of 107 countriess well as viahree
subsamples of countrietassifiedbased on dierent income levelandcover a reasonably long
period 19%i 2014 (19 years)As such,our study is mucimorecomprehensive compared to the
previousstudies. With this comprehensive approach, we hope to provide-depth analysis on

the controversialelationshigs between the two variablésr policy implications.

3. Methodology and data

In order to investigate theslationship betweeenergy consumption on economic growts

study applieshe neeclassical economic growth modgke Solow (1957), Mankiw, Romer, and

Weil (1992)). In which, the labour and capital are assumed to exhibit diminishing marginal
returns in the long run, while technological progress is assumed to be exogenohs grthwith

rate. The extended version of the fabmssical production model, which was used in several
previous studies (e.g., Shahbaz, Khan, and Tahir (2013), Shahbaz, Zakaria, Shahzad, and
Mahalik (2018), Le and Nguyen (2019)), is employed to construetestimation model.
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Specifically, output is a function of technology, capital formation, financial development, and
extends to energy use (or energy consumption), as follows:

@ 0 060 0O°YQ [1]

where:Y is real domestic outpu# is techndogical factor,K is capital,L is labour,ECis energy
consumption, an@is error assumebl(i.i.d) (independent and identically distributed) o e
represent the elasticities of output to capital, productivity growth of labdlly, @nd energy
consumption, respectively. For model [1], the feassical production function issed(w

pNw @ ® p . The model assumehato is the technological progress (presenting in
productivity growth) with the growth ratg;

0 0Q70 2]

where0 is the constant tim@variant; F is the part of technological progress produced by
exogenous factors, andis as the elagtity of function of exogenous factors.

According to Shahbaz et al. (2013), the technology in the extendedZnlgtas production
functioncan be assumed to kadogenously determined by the levels of financial development
and trade openness. Several sedglihave documented the important roles of financial
development in economies growth (see, for instance, Le et al, 2016; Le, 2016;-Diitcisu

Ispir, & Yetkiner, 2017; Ibrahim & Alagidede, 2018; Le and Fidaam, 2018; Ruiz, 2018; Le et

al, 2019) througlti) the accumulation of physical and human capital (Pagano, 1993), and (ii) the
effectiveness of resource allocation (King & Levine, 1993a, 1993b), and (iii)) may be through the
positive impacts on spilbver effects of capital flows (Alfaro, Chanda, Kale®@kzcan, & Sayek,

2004; AzmarSaini, Law, & Ahmad, 2010; Hermes & Lensink, 2003). Meanwhile, the crucial
role of trade openness is also documented in endogenous growth models (se8&izeaad
Romer (1991a), RiverBatiz and Romer (1991b)). It is mosthgreed that trade openness might
improve domestic productivity through innovation and technology development (Le, 2016;
Shahbaz et al., 2013) and economies of scale through specialization (Nguyen, Su, & Nguyen,
2018) thus it can enhance the productiaihd technological advancement (Le, 20T&jerefore,

trade opennessT(ade and financial developmenED) are incorporated intthe function of
technological progress in Eq. [2] fmlow:

5 80V Jm®  [3
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in which: TradeandFD represent trade openness and financial development, respectiasig.

“ are the elasticities of technologl advancemertb tradeopenness and financial development,
respectively. With the assumption@s @ @ p, the equation [3] iputinto equation [1]

as follow:

» 0 0 06'Q° "Yi KOO 0YQ [4]

In order to control for heteroscedasticity, both sides of Eqg. [4] are taken logatitigh (
Moreover, with the logged variables, the coefficients from estimsitould be interpreted as the
elasticities of output to the changes in corresponding input factors. As a result, the linearized
neoclassical production function from equation [4] &panel datanalysiss as follows:

® ® TOu 10 1YYOOO OO f OYY 1 — - [5]

in which: i, t denote countryi at yeart; wandf are coefficients] and—are countryfixed
effects and yeatfixed effects;- is residual term. Y, K, L, Trade, FD, and EU present taal r
domestic output, total capital stock, total labéorce, total trade value, financial development,
and total energy use. All variables are in logarithms forms.

Eq. [5] is used for aggregatedataanalysis @ll variables are aggregate valuékhe estimations

for per capita analysis are alsonductedIn this step, the impact of laborgmainsconstant by
dividing both sides oEq. [4] by populationin orderto transform this equation in peapita

terms. As the same procedures with the aggeegdata analysis, in order to control for
heteroscedasticity, all the variables are taken logarithm and then the coefficients from
estimations could be interpreted as the elasticities of output per capita to the changes in
corresponding input factors. Thieearized neeclassical production function from equation [4]

for per capita analysis is as follows:

“ dee 18Q Tadi ®OQNIFQQ 16Q6 T — - [6]

where:ceandf sare coefficients; the logr cases of factorsy( k, trade, fd, eurepresenty, K,
TRADE FD andEU in per capita terms, respectively.

In this study, total GDP (constant 2010 US$) and GDP per capita (constant 2018r&&Ren

from World Development kiicators database (WDisWorld Bank) to proxy for real output and

real output per capita, respectively. The capital stock at constant 2011 national prices (in mil.
2011US$) isacquiredfrom Penn World Tables (PWT 9.1) to proxy for capital statle.divide

the capital variabléey total population (in millios) also takerfrom WDIs to calculate for capital
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stock per capita. The ratio of trade to GDP (®iltiply by total GDP, both takerfrom WDIs, to
obtaintotal trade valuewhichis thenused to divideéby total population tattaintrade value per
capita.

The financial development index is collected from Financial Development Index of IMF (FDI
IMF), which isregardedasa goodproxy of financial development in a countf@virydzenka,

2016. A higher value of this index means highevel of financial development. In order to
examine different geects of energy use, the following three measures are used including total
energy use (kg of oil equivalent), total foskiel energy use (kg of oil equivalent), and total
renewable energy use (kg of oil equivalent). All three variables are collected\fis In per

capita analysis, these variables are dividgtbtal population tabtain different types aénergy
consumption per capita, respectively. Data definitions, calculations, sources, and descriptions are
presentedn Table 1

[Please insert Tabll here]

Subject to the availability of data from three sources (WDIs, PWT, and\#B), the empirical
analysis isperformedfor a panel data set with annual data i@7 economies (s€Eable Ali
Appendix for the list of countrigsduring the period 1992014. Our study samplethus ha a
large number of crossections (N=107 countries) but relatively longer time dimension (1996
2014, i.e. T=18 yearsMoreover, three subamplesof countries classifiethy income levels
including 34 low and lowermiddle income economies (LMEs), 33 uppmiddle income
economies (UMESs), and 40 high income economies (HHEs)alscexamined to account for the
heterogeneity of the nexus betweasmergy consumption on economic growth for countries at
different stage®f econanic developmentTable 2presentghe correlation matrixoetween the
aggregated variables considered in our baseline model

[Please insert Table 2 here]

The first step of the empirical aosssécyosal s i nv
dependence (CD) test to examine the existence of-sext®nal dependence in all logged
variables (for both aggregate and per capita variables). The results in Table 3 show the existence

of crosssectional dependence all aggregate anccpgrpi t a vari ables. The Pe
(Z(t-bar)) unit root test, IaPesararShin unitroot test (Im, Pesaran, & Shin, 2003), Fistygre

unit-root test (Choi, 2001), Lewihin-Chu unitroot test (Levin, Lin, & Chu, 2002), and Haris

Tzavalis uniroot test (Harris & Tzavalis, 1996) are then applied to examine the stationarity of

the variables. The results in Table 3 show that most of variables are stationary in first difference
(this is strongly evidenced by the consistency of all the unit ro) teghile some variables are
stationary at level (i.e., FD) and others are not.
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[Please insert Table 3 here]

Next, the Grangercausality tesby Dumitrescu and Hurlin (2012) ismployedto examine the

causal linkage between energy consumption and econorgiowth. Table 4 shows the
bidirectional causality between these two variables, both in aggregate and per capita terms. The
only exceptional case is between the first difference of energy per capita and the first difference
of GDP per capita (in log). Thistudy then performs panel cointegration tests including Kao
cointegration test (Kao, 1999), Pedroni cointegration test (Pedroni, 1999), and Westerlund
cointegration test (Westerlund, 2005) to examine the cointegration relationships among the
variables.

[Please insert Table 4 here]

The results in Table 5 show the existence of Jangcointegration between the variables in the
equations of both aggregate values and per capita values. The estimations of dynamic panel data
are usually applied with difference system GMM estimators, but the existence of cointegration
makes these estimators inappropriate. As such, for our study, the existence of cointegration
among variables in combination with the stationarity of the variables at different levels justify
the wse of autoregressive distributed lag model (ARDL) as the most appropriated estimator
(Abdullahi, Bakar, & Hassan, 2015; Bildirici, 2014; Odhiambo, 2009).

[Please insert Table 5 here]

Furthermore, ARDL model allows us to identify shtatm and longerm dfects by including

lags of dependent and independent variables regardless whether regressors are endogenous or
exogenous (Pesaran & Shin, 1998; Pesaran & Smith, 1995). With the potential existence of
country fixed effects and time fixed effects, the dymafixed effects estimator (DFE) is used

for ARDL model. The DFE ARDL model will not only detect the shmm and longrun
influences of regressors, but also deal with the fixed effects. Moreover, the bias of this estimator
is reduced to zero when the Brndimension of the panel is large, which is suitable for our panel
with relatively long time period (18 years). For the robustness check of the estimation results, the
fully modified OLS (FMOLS) model (Pedroni, 2001) and canonical correlation regression
methods (Kakade & Foster, 2007) are also performed to estimate the baseline models. The
results are reported in the Appendix.

4. Results
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The influences of energy consumption on economic growth (aggregated analysis) estimated by
DFE ARDL for thefull sample ad three suisamplesarepresented ifable G

[Please insert Table 6 here]

In terms of total energy consumption (EU), the results in Table 6 show some interesting findings

on the impacts of energy consumption on economic growth in the short run andgharioln

the short run, the results show that total energy consumption has positive effects on economic
growth for the full sample, and the subsamples of HIEs, UMEs (significant), and LMEs
(insignificant). The results are consistent with the findingsnfrprevious studies such as
Carai ani , Lungu, and Dasctlu (2015) for Pol ar
China, Le (2016) for lowncome countries in Africa.

Our study thus adds new global evidence on the positive impacts of total enengypbos on
economic growth in the short run, especially for HIEs and UMEs. In the long run, the results
show significant and positive impacts of total energy use on economic growth for the global
sample, but insignificant effects for the three -samples.Total energy consumption has
positive influences in HIEs and LMEs, but negative impacts in UMEs. The results are mostly
consistent with previous studies. For instance, Chang and Fang (2016) find that the total energy
consumption has positive impact on Bemic growth for Taiwan over the period 197011.
Ouedraogo (2013) show that energy consumption has positive influence on economic growth in
the long run for 15 countries in West African States over the period2@@®. Tang, Tan, and
Ozturk (2016) addhat energy consumption contributes to economic growth in Vietnam over the
period 19712011.

However, the results are somewhat different from those in some previous studies. Alshehry and
Belloumi (2015) documented that the economic complexity does notitmpaet on economic
growth in the short run for Saudi Arabia over the period 12@10. Interestingly, the negative

(but statistically insignificant) impacts of total energy consumption on economic growth in
UMESs suggest that energy consumption is notigedrof economic growth in most of UMEs
during the period of study.

Regarding total fossil fuel energy consumption (EUfossil), the results show that fossil fuel
energy consumption has significantly positive impacts on economic growth for the global
sample,and the subsamples of UMEs, and LMEs in the short run, while having positive but
insignificant influences for the group of HIEs. The positive impact of fossil fuel energy
consumption (or nonenewable energy consumption) on economic growth for the foiplea

and subsamples of UMEs and LMEs are consistent with the findings from many previous studies
(e.g., see Caraiani et al. (2015), Tiwari, Apergis, and Olayeni (2015), Destek and Aslan (2017)).
Meanwhile, the insignificantly positive impact of fossil fueslergy consumption on economic
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growth for HIEs in this study has brought new evidence on the unimportance of fossil fuel
energy in the long run for HI Es6 economic de
consumption appears to have significantlysipee impacts on economic growth for the full

sample, but this positive impact is not statistically significant in the case of threamsyltes.

The results indicate that while fossil fuels in general would still be a critical input for economic
growth in global stance, it may play varied roles across different income country groups.

About renewable energy consumption (EUrenew), the results show that, in the short run, it has
significantly positive impacts on economic growth for the full sample and UMEie having
significantly negative effects for HIEs and insignificantly positive influences for LMEs. The
results mean that increases in renewable energy consumption would contribute to economic
growth, especially in UMEs and LMEs, while reducing thenecoic growth in HIEs in the short

run. The positive impacts of renewable energy use on economic growth in the short run are
properly consistent with the findings from previous studies. Tiwari et al. (2015) find that
renewable energy consumption has positimpact on economic growth in the short run for 12
subSaharan African countries over the period 22011. Destek and Aslan (2017) indicate that
renewable energy use has positive influence on economic growth in Peru during the perod 1980
2012. The restd in our study thus provide a comprehensive empirical evidence on thewhort
influences of renewable energy consumption on economic growth for a global sample in addition
to three different income country groups. In the long run, the results showhéhaise of
renewable energy has significantly negative impact on economic growth for the full sample,
while having insignificantly negative effects for UMEs and LMESs, and insignificantly positive
influence for HIEs.

The results regarding the impacts okergy consumption on economic growth based on per
capita analysis are presented in Table 7 for the full sample and threaraples.

[Please insert Table 7 here]

In the short run, the estimations show consistent impacts of energy consumptions on economic
growth. Energy consumption has significantly positive impacts on economic growth, both in per
capita terms, for the full sample and all the three subsample® &athe vein, fossil fuel energy
consumption has positive impacts on economic growth for the full and three subsamples.
Meanwhile, renewable energy consumption has significantly positive impacts on economic
growth for the full sample and UMEs, while havisignificantly negative effects for HIEs and
insignificantly positive influences for LMEs.

In the long run, the results ihable 7show consistent influences of energy consumption on
economic growth for the full sample. Energy consumption and fossil hegbg consumption
appear to have significantly positive impacts on economic growth, while renewable energy
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consumption seems to have significantly negative effects. Meanwhile, the results for the three
subsamples are mostly insignificant in three regdilenergy consumption has positive effects

for HIEs and LMEs, while negative impacts for UMEs; (ii) fossil fuel energy consumption has
positive influences for the three sebmples; (iii) renewable energy consumption has positive
impact for the group of HEs and negative impacts for the groups of UMEs and LMEs.

Finally, we conducted theobustness check of the estimation reshitsperformingthe fully
modified OLS (FMOLS) model (Pedroni, 2001) and canonical correlation regression methods
(Kakade & Foster, 2007) to estimate the baseline models. The @®dé&ntedn Tables A2 and

A3 of the Appendixconfirm the consistency of the results abed by performing DFE ARDL
method in a qualitative manner. We may thus conclude that our findings are relatively robust to
different estimation methods.

5. Conclusions and Policy Implications

In this study,the energygrowth nexus was revisited by coreiohg different types of energy use,
namely, total energy use, fossil energy use, and renewable energy use. The empirical analysis is
conducted by applyingynamic fixed effectestimator (DFE}o autoregressive distributed lag
(ARDL) modelthat was builbbased on an extended version of Neoclassical production function.

In addition to a global sample of 107 countries, the study examines three subsamples of countries
classified by different income groups. The results indicate, in the short run, the usés of t
energy and fossil fuel energy significantly and positively contributed to higher income in both
total and per capita terms. This finding applies to both the global sample and three subsamples.
On the other hand, the effects of renewable energy agpebe varying across different
subsamples of countries. The Granger causality analysis reveals that there are bidirectional
causal relationships between energy consumption and economic growth at levels. Meanwhile, in
per capita terms, there seems to bergfer evidence that economic growth Granger causes
energy use. This appears to be consistent with the finding in the long run that, the impacts of
energy on economic growth are mostly insignificant for the three subsamples. This supports the
energy conseantive policies without harming economic growth.

Some policy recommendations are proposed as foll&ivst, there is a needlo exploit and
maximizethe availability offuel and energy resourcés economic development. Furthermore,
competitivenes®f the energy market needs to be nurtured and enhanced (for instance, through
openness and innovatipmotonly for the domestic market but al$or the regional and world
markets.Secondin implementing the Green Growth Strategy roadmapgtheernmenshould

have a mechanism and polici¢s encourage more investment in renewing technological
processes in production and consumption and inmpgognergy efficiencyto reduce energy
consumpbn per GDP Third, studying and having appropriate policies and mechanisms to
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encourage the use of renewable energy sousces, asvind, solar tide and bio energyln the
short term, due to high investment and technological innovation costspghef usingthese
types of energy and fuels is still highs suchthe governmenneeds t@rovide more incentives
such asprice subsidies and tax reduction to reduce burden for investotise long term, it is
necessary to develop renewable energy to gigdueplace existingpolluting energy sources
Fourth raising awareness for people in using and saving enengye importantlymake it
become a culture and a sense of voluntariness and i, in the context of a market
economy institution, it isnecessary to maximize the economic instruments and financial
mechanisms for investing, exploiting and using energy sources efficiently and economically
Furthermoreit is critical to mobilize resourcesespecially internal capitato invest energyn
exploitation and production according to market principlésst but not leastt is necessary to
monitor the implementationf energy resource developmentaccordance witltlimate policy

of reducing greenhouse gas emissions.
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Tablel. Variables definitions, calculations, data sources, and descriptions

Variable  Definitions Calculations Sources Obs Mean Std.Dev. Min Max
Variable in total
Y Real Output Log of GDP (constant 2010 US$) WDIs 2,033 25.17 1.89 2156 30.42
K Capital stock Log of Capital stock at constant 2011 nationa PWT 2,033 13.22 1.78 9.37 18.09
prices (in mil. 2011US$)
L Labour force Log of total labour force WDIs 2,033 15.63 1.48 12.05 20.49
TRADE  Tradeopenness Log of total trade value WDIs 2,033  29.20 1.89 2535 33.89
FD Financial development Log of Financial Development Index FDI-IMF 2,033 -1.24 0.74 -3.93 0.00
EU Total energy use Log of Total energy use (kg of oil equivalent) WDIs 2,033 23.68 1.68 20.38 28.75
EUfossil  Total fossil energy Log of total fossil energy use (kg of oil equivalent) WDIs 2,033 27.76 195 23.16 33.22
consumption
EUrenew Total renewable energy Log of total renewable energy use (kg of oi WDIs 2,033 26.38 1.82 20.47 31.25
consumption equivalent)
Variables in per capita
y Real output per capita Log of GDRper capita(constant 2010 US$) WDIs 2,033 8.70 143 5.35 11.63
k Capital stockper capita Log of Capital stockper capita at constant 2011 PWT
national prices (in mil. 2011US$) 2,033 10.57 1.23 6.58 12.72
trade Trade per capita Log of total trade valueper capita WDIs 2,033 12.74 1.71 8.26 17.66
eu Total energy useper capita Log of Total energy useper capita (kg of oil WDIs
WP P quivmem) V g Pia (kg 2,033 7.22 0.96 4.88 9.15
eufossil  Total fossil energy Log of total fossil energy useer capita (kg of oil WDIs
consumption per capita equivalent) 2,033 11.30 1.39 6.19 13.66
eurenew Total renewable energy Log of total renewable energy useer capita (kg WDIs
consumption per capita of oil equivalent) 2,033 9.92 1.22 3.69 12.89

Note: WDIs is World Developmentndicators database (World Bank, version Arp/2019); PWT is Penn World Table, version 9.1; FIMF is Financial
Development Index database, IMF; the total trade value is calculated by multiplying Trade (% GDP) from WDIs with hominal GI®al energy use is
calculated by multiplying Energy use (kg of oil equivalent per capita) from WDIs with total population; total fossil energysa is calculated by
multiplying Fossil fuel energy consumption (% of total) with Energy use (kg of oil equivalent per capita) antal population; total renewable energy
use is calculated by multiplying Renewable energy consumption (% of total final energy consumption) with Energy use (kg dfemjuivalent per capita)

and total population.
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Table2. Correlation matrix

Correlations between aggregated variables

Correlation Y K L TRADE FD EU EUfossil EUrenew
Y 1.00
K 0.97*** 1.00
p-value 0.00
L 0.70%** 0.76*** 1.00
p-value 0.00 0.00
TRADE 0.94*** 0.90*** 0.55%** 1.00
p-value 0.00 0.00 0.00
FD 0.72%** 0.66*** 0.18*** 0.79%** 1.00
p-value 0.00 0.00 0.00 0.00
EU 0.93%** 0.93*** 0.85%* 0.84** 0.54* 1.00
p-value 0.00 0.00 0.00 0.00 0.00
EUfossil 0.93%** 0.94x* 0.73%** 0.86*** 0.66%** 0.95%** 1.00
p-value 0.00 0.00 0.00 0.00 0.00 0.00
EUrenew 0.56%** 0.56%** 0.77%** 0.42%* 0.15%** 0.64** 0.47*** 1.00
p-value 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Correlations between per capita variables
Correlation y k trade FD eu eufossil eurenew
y 1.00
k 0.95%* 1.00
p-value 0.00
trade 0.93%** 0.89%* 1.00
p-value 0.00 0.00
FD 0.82%** 0.80%*** 0.77*** 1.00
p-value 0.00 0.00 0.00
eu 0.89%** 0.86%** 0.84*** 0.76%** 1.00
p-value 0.00 0.00 0.00 0.00
eufossil 0.86%** 0.87%** 0.81*** 0.78*** 0.92%* 1.00
p-value 0.00 0.00 0.00 0.00 0.00
eurenew 0.14%* 0.06%** 0.09%*** 0.06%** 0.08*** -0.11%** 1.00
p-value 0.00 0.01 0.00 0.00 0.00 0.00

Note: *, **, ***denote statistical significanceat 10%, 5%, 1%levels, respectively.
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Table3. Crosssectional dependence tessuls and Stationarity tésesuts

Variable CDtest | CIPStest | IPStest | Fisher test LLC test HT test Variablein1st | CDtest | CIPStest | IPS test Fisher test LLC test HT test
in level difference

Statistic CDtest CIPS* Z-t-tilde - Inverse Adjusted Rho (2) CDtest CIPS* Z-t-tilde- | Inverse chi Adjusted Rho (2)

bar chi- t* bar squared t*
squared
Aggregated variables
Y 299.8*** | -2.040** 11.76 199.6 -1.855** 9.073 yY 71.79%* | -2.916** | -15.00*** | 1010*** -20.25%** -36.02%**
K 291.5** | -1.653 20.82 669.2%*+* 0.448 10.56 YK 29.54** | -1.674 -0.135 3453 -5.772%** -3.856%**
L 199.4*+ | -1.781 8.257 416.4*** -3.147** | 9.045 YL 3.950%* | -3.021%** | -12.48** | 1009*** -9.900*** -43.60***
TRADE | 314.0** | -2.373** | 12.39 42.54 -2.347*%* | 7,983 YTrade 187.7+* | -3.585** | -18.90*** | 1388*** -19.47%* -56.86***
FD 141.9%* | -2.817** | .5841** | 680.9%** -6.501*** | -10.60*** | YFD 27.84* | -4.624** | -23.00%** | 2669*** -21.27%* -74.88**
EU 122.0*** | -2.075** 7.176 168.6 -0.670 6.679 YEU 15.45* | -3.901** | -20.97*** | 2054*** -14.79%** -60.21*%**
EUfossil | 81.05** | -2.257** | 6.217 223.6 -0.749 5.553 YEUfossil 16.22%** | -4,130*** | -21.42%** | 2141*** -17.05%* -58.63***
EUrenew | 149.1*** | -2.042** 6.855 136.2 -3.515%** | 5.769 YEUrenew 3.498** | -4.056*** | -20.72%** | 1937*** -16.97*+* -55.89%**
Per capita variables

y 243.3** | -2.067** 9.080 232.6 -3.665** | 8.091 Yy 70.06*** | -2.835** | -14.60*** | 9755 -19.98* -35. 74+
Kk 230.8* | -1.288 14.79 726.1%* -2.783** | 10.13 Yk 24,73 | -1.646 -0.993 307.8*** -6.794r+* -5.025***
trade 309.2%* | 2296 | 11.21 46.32 -2.851%* | 7.415 Ytrade 187.4*** | -3.553** | -18.86*** | 1381*** -19.46%+* -56.76***
eu 43.98** | -2.161*** | 5.810 161.8 -0.508 3.246 Yeu 15.59%** | -3.893*** | -20.83*** | 1994*** -14.64*** -60.05***
eufossil 33.02%** | -2.217*** | 5378 233.8 0.259 2.068 Yeufossil 16.45%* | -4,124%* | -21.35%* | 2094*** -17.08*** -58.75%**
eurenew | 49.18%* | -2.076** 3.091 220.6 -5.128** | 4.727 Yeurenew 3.641%* | -4.048** | -20.67*** | 1934*** -16.68*** -55.79%**

Notes In CD test: Under the null hypothesis of crossection independence, CD ~ N(0,1),-palues close to zero indicate data are correlated across panel groups. In CIPS test (Pesaran Panel

Unit Root Test): HO (homogeneous noistationary): bi = 0 for all i. InIPS test (ImPesaranShin unit-root test): Ho: All panels contain unit roots, Ha: Some panels are stationary. In Fisher test

(Fisher-type unit-root test): Ho: All panels contain unit roots, Ha: At least one panel is stationary. In LLC test (Lekin-Chu wnit-root test): Ho: Panels contain unit roots, Ha: Panels are

stationary. In HT test (Harris Tzavalis unit-root test): Ho: Panels contain unit roots, Ha: Panels are stationary.**, *** denote significance at 10%, 5%, 1% level¥ EO AEOOO AEAZAOAT AA

Table4. Granger causality testsuls

Granger non -causality test of Dumitrescu & Hurlin (2012)

X does not GrangercauseY Y (GDP)does not Granger YX Variable YX does not GrangercauseYY | YY does not GrangercauseYX
X Variable (GDP) causeX
Z-bar p-value Z-bar p-value Z-bar p-value Z-bar p-value

Aggregated variables

EU 15.16%** 0.000 25.64%** 0.000 YEU 0.563 0.573 5.864*** 0.000
EUfossil 13.03** 0.000 29.82%** 0.000 YEUfossil 2.214* 0.026 4.475%* 0.000
EUrenew 12.96%** 0.000 17.04*** 0.000 YEUrenew 2.702%** 0.006 4,792+ 0.000
Per capita variables

eu 13.91%* 0.000 24,71+ 0.000 Yeu 0.178 0.858 5.751%** 0.000
eufossil 12.77%* 0.000 23.50%** 0.000 Yeufossil 1.611 0.107 4.738+** 0.000
eurenew 13.84*** 0.000 15.14%** 0.000 Yeurenew 2.863** 0.004 4.282+** 0.000

Note: The Granger norcausality test of Dumitrescu & Hurlin (2012) is used, HO: X does not Grangegiuse Y, H1: X does Grangeause Y for at least one
panelvar (country). *, ** *** denote statistical significance at 10%, 5%, 1% levelsrespectively. n/fa mears the test cannot be performed.
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Tableb. Cointegration tests

Model: f(Y, K, L, Trade, FD, Energy | Kao test Pedroni test Westerlund test
use); Energy use= Dickey-Fuller t Phillips-Perron t Variance ratio
EU -1.708** -3.732%** -2.815%**
EUfossil -1.957** -4 ,525%** -2.870%**
EUrenew -2.206** -3.854*** -2.762%**
Model: f(y, k, trade, FD, energy use | Kao test Pedroni test Westerlund test
per capita ); energy use= Dickey-Fuller t Phillips-Perron t Variance ratio
eu -1.415* -3.450*** -2.286%*
eufossil -1.317* -4 47 2% -2.441%**
eurenew -1.942** -4,331*** -2.290**

Note: In Kao test for cointegration: Ho: No cointegration, Ha: All panels are cointegrated. In Pedroni test for
cointegration: Ho: No cointegration, Ha: All panels are cointegrated. In Westerlund cointegration test: Ho: No
cointegration, Ha: Some panels are ggegrated. *, **, *** denote statistical significance at 10%, 5%, 1%
levels, respectively.n/a means the test cannot be performed.
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Table6. The influences of energy consumption on economic grewtgregated analysis (DFE ARDL estimations)

Dep. var: Y Full sample HIEs UMEs LMEs
Short-run effects
EC term -0.0923***  -0.0918*** -0.0963*** ! -0.1163*** -0.1173** -0.1119** { -0.1172** -0.1122*** -0.1248** | -0.0776*** -0.0787** -0.0820***
[0.0088] [0.0088] [0.0090] [0.0157] [0.0159] [0.0158] [0.0163] [0.0164] [0.0167] [0.0145] [0.0142] [0.0143]
D.K 0.4529***  0.4257**  0.4935*** 0.7739**  0.7826**  0.8788** | 0.6309***  0.5872**  0.7404** | 0.1593**  0.1517***  (0.1835***
[0.0394] [0.0399] [0.0394] [0.0839] [0.0851] [0.0832] [0.0789] [0.0796] [0.0787] [0.0554] [0.0549] [0.0554]
D.L 0.0717 0.0756 0.0315 0.1609** 0.1660** 0.1759** -0.0175 0.0029 -0.0797 0.0075 -0.0104 -0.0115
[0.0483] [0.0483] [0.0489] [0.0763] [0.0763] [0.0766] [0.0754] [0.0751] [0.0758] [0.1041] [0.1035] [0.1039]
D.TRADE 0.0846***  0.0854***  0.0897*** 0.1372**  0.1377**  0.1447** | 0.0824***  0.0829***  0.0940*** | 0.0490***  0.0472***  0.0480***
[0.0044] [0.0044] [0.0045] [0.0072] [0.0073] [0.0070] [0.0082] [0.0080] [0.0081] [0.0071] [0.0071] [0.0071]
D.FD 0.0086* 0.0094* 0.0096* 0.0544*+*  0.0553***  0.0549*** | 0.0039 0.0047 0.0027 0.0053 0.0061 0.0061
[0.0050] [0.0050] [0.0050] [0.0119] [0.0119] [0.0119] [0.0109] [0.0109] [0.0111] [0.0064] [0.0064] [0.0064]
D.EU 0.0851*** 0.0339* 0.1226%* 0.0304
[0.0112] [0.0174] [0.0203] [0.0191]
D.EUfossil 0.0449%* 0.0214 0.1073*** 0.0218**
[0.0077] [0.0137] [0.0168] [0.0104]
D.EUrenew 0.0176*** -0.0140* 0.0378*** 0.0121
[0.0059] [0.0072] [0.0108] [0.0126]
Cons. 0.8568***  0.7667**  1.2045** 1.5936**  1.6314**  1.7496** | 1.3799**  1.2134**  1.6083** | 0.3772 0.4338* 0.6027**
[0.1624] [0.1589] [0.1662] [0.3280] [0.3246] [0.2900] [0.2853] [0.2937] [0.3063] [0.2630] [0.2466] [0.2822]
Long-run effects
K 0.1295** 0.0700 0.1291** 0.4652**  0.4879**  0.5285*** | 0.2974**  (0.2713**  (0.2986*** | -0.1085 -0.1310 -0.0940
[0.0653] [0.0692] [0.0628] [0.1371] [0.1346] [0.1381] [0.0891] [0.0943] [0.0846] [0.1200] [0.1224] [0.1108]
L 0.4153*+*  0.3796***  0.5628*** -0.0418 -0.0372 -0.0313 0.4382**  0.3668***  0.4554** | 0.4671* 0.5557** 0.6449***
[0.1146] [0.1096] [0.1058] [0.1701] [0.1656] [0.1692] [0.1454] [0.1413] [0.1311] [0.2567] [0.2419] [0.2214]
TRADE 0.1530***  0.1608***  0.1919*** 0.1087**  0.1116**  0.0755** 0.1244*=*  0.1101** 0.1233*** | 0.3262***  0.3353**  (0.3547**
[0.0244] [0.0244] [0.0248] [0.0321] [0.0328] [0.0376] [0.0431] [0.0449] [0.0411] [0.0500] [0.0495] [0.0492]
FD 0.1411**  0.1387**  (0.1432*** -0.1892** -0.1885** -0.1621* 0.1862** 0.2173**  0.1966** 0.1771* 0.1697* 0.1713**
[0.0517] [0.0519] [0.0502] [0.0834] [0.0820] [0.0835] [0.0803] [0.0836] [0.0776] [0.0897] [0.0880] [0.0852]
EU 0.1471** 0.1341 -0.0361 0.2002
[0.0683] [0.1118] [0.0862] [0.1600]
EUfossil 0.1994*** 0.0898 0.0727 0.0964
[0.0511] [0.0840] [0.0838] [0.0946]
EUrenew -0.1207*** 0.0487 -0.0854 -0.0639
[0.0324] [0.0354] [0.0544] [0.0831]
N 1926 1926 1926 720 720 720 594 594 594 612 612 612

Note: Standard errors are in [J;*, **, *** denote statistical significance at 10%, 5%, 1% levelsespectively.
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Table7. The influences of energy consumption on economic grovr capita analysis (DFE ARDL estimations)

Dep. var: y Full sample HIEs UMEs LMEs
Short-run effects
EC term -0.0973**  -0.0946*** -0.0994*** | -0.1112*** -0.1110** -0.1058*** { -0.1195*** -0.1146*** -0.1251*** ! -0.0877*** -0.0850*** -0.0875***
[0.0083] [0.0084] [0.0085] [0.0150] [0.0152] [0.0151] [0.0154] [0.0155] [0.0158] [0.0134] [0.0133] [0.0133]
D.k 0.4449%*  0.4216%*  0.4731** 0.8369***  0.8472**  0.9276*** | 0.6891**  0.6552**  0.7897*** ! 0.0758 0.0630 0.0858
[0.0391] [0.0399] [0.0394] [0.0818] [0.0836] [0.0813] [0.0756] [0.0760] [0.0753] [0.0548] [0.0549] [0.0547]
D.trade 0.0836***  0.0855***  (0.0897*** 0.1369***  0.1379***  0.1445** | 0.0837***  0.0848**  0.0955*** | 0.0435***  0.0431***  (0.0442***
[0.0045] [0.0045] [0.0045] [0.0073] [0.0073] [0.0071] [0.0080] [0.0079] [0.0079] [0.0070] [0.0070] [0.0070]
D.FD 0.0067 0.0080 0.0076 0.0529***  0.0540***  0.0538** | 0.0027 0.0039 0.0016 0.0041 0.0053 0.0051
[0.0050] [0.0051] [0.0051] [0.0120] [0.0120] [0.0120] [0.0109] [0.0108] [0.0111] [0.0064] [0.0064] [0.0065]
D.eu 0.0943%** 0.0409** 0.1230%** 0.0422**
[0.0114] [0.0174] [0.0202] [0.0192]
D.eufossil 0.0483*** 0.0246* 0.1062*** 0.0236**
[0.0078] [0.0136] [0.0167] [0.0104]
D.eurenew 0.0190%** -0.0127* 0.0383*** 0.0141
[0.0059] [0.0072] [0.0107] [0.0125]
Cons. 0.4329**  (0.3520**  (,5832*** 0.4647**  0.4381**  0.4905*** | 0.4939***  0.4165**  0.5743** | 0.2966***  0.2837**  0.4078***
[0.0612] [0.0624] [0.0611] [0.1468] [0.1632] [0.1340] [0.0956] [0.1094] [0.1060] [0.0908] [0.0815] [0.1056]
Long-run effects
k 0.2137**  (0.1739**  (0.1995* 0.2780** 0.2978** 0.3039** 0.3422%*  0.3254**  0.3343** | 0.0621 0.0484 0.0368
[0.0592] [0.0633] [0.0584] [0.1318] [0.1306] [0.1354] [0.0825] [0.0868] [0.0798] [0.0922] [0.1002] [0.0935]
trade 0.1433**  0.1392**  0.1740*** 0.1237*=*  0.1244**  0.0960** 0.1129**  0.0919** 0.1112%* | 0.3177**  0.3239***  (0.3373***
[0.0216] [0.0221] [0.0221] [0.0335] [0.0344] [0.0388] [0.0392] [0.0406] [0.0373] [0.0401] [0.0422] [0.0401]
FD 0.1684**  (0.1599**  (0.1667** -0.1729**  -0.1746**  -0.1518* 0.2039***  0.2343**  0.2096*** | 0.1732** 0.1645** 0.1734**
[0.0500] [0.0514] [0.0494] [0.0874] [0.0872] [0.0890] [0.0789] [0.0820] [0.0776] [0.0792] [0.0814] [0.0798]
eu 0.0623 0.1002 -0.0434 0.0311
[0.0642] [0.1120] [0.0843] [0.1264]
eufossil 0.1456%** 0.0644 0.0591 0.0296
[0.0502] [0.0869] [0.0824] [0.0851]
eurenew -0.1230%** 0.0440 -0.0698 -0.1075
[0.0316] [0.0367] [0.0531] [0.0795]
N 1926 1926 1926 720 720 720 594 594 594 612 612 612
Note:. Standard errors are in []; *»* % denote statistical significance at 10%, 5%, 1% levels respectively.
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Appendix

Table Al. List of countries

40 High Income Economies

Argentina Czech Rep. Hungary Netherlands Slovak Rep.
Australia Denmark Ireland New Zealand Slovenia
Austria Estonia Israel Norway Spain
Belgium Finland Italy Panama Sweden
Canada France Japan Poland Switzerland
Chile Germany Korea Portugal United Kingdom
Croatia Greece Lithuania Saudi Arabia United States
Cyprus Hong Kong Luxembourg Singapore Uruguay

33 Upper Middle Income Economies

Albania Brazil Gabon Malaysia Peru
Algeria Bulgaria Guatemala Mauritius Romania
Armenia China Iran Mexico Russia
Azerbaijan Colombia Jamaica Namibia Serbia
Belarus Costa Rica Jordan North Macedonia Thailand
Bosnia &

Herzegovina Dominican Rep. Kazakhstan Paraguay Turkey
Botswana Ecuador Lebanon

34 Low and Lower Middle Income Economies

Bangladesh Cote d'lvoire India Mozambique Sri Lanka
Benin Egypt Indonesia Nepal Sudan
Bolivia El Salvador Kenya Nicaragua Tanzania
Cambodia Georgia Kyrgyz Rep. Nigeria Togo
Cameroon Ghana Moldova Pakistan Tunisia
Congo, Dem. Reg Haiti Mongolia Philippines Ukraine
Congo, Rep. Honduras Morocco Senegal

Note: the income classification is followed the classification in World Development

Indicators, World Bank.
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Table A2. The influences of energy consumption on economic growthAggregated analysis (robustness check)

FMOLS Panel FullyModified OLS

Dep. var: Y Full HIEs UMEs LMEs
K 0.57*** 0.59*** 0.60*** 0.65*** 0.72%** 0.70*** 0.39*** 0.40*** 0.39*** 0.64*** 0.64*** 0.71***
t-stat 266.6 239.6 235.3 107.6 1211 103.8 1535 108.8 128.3 204.9 186.5 178.3
L 0.15*** 0.16%** 0.28*** -0.25%** -0.18*** -0.00*** 0.39*** 0.39%** 0.49*** 0.41%** 0.34%** 0.42%**
t-stat 39.01 69.65 41.67 -4.22 3.38 6.26 34.77 45.33 25.57 39.53 75.24 41.93
TRADE 0.13*** 0.13*** 0.13*** 0.13*** 0.13*** 0.14%** 0.17*** 0.17*%** 0.17*** 0.09*** 0.10*** 0.09***
t-stat 230.7 239.9 240.2 104.5 109.8 129.1 166.1 159.1 162.9 132.3 149.7 125.4
FD 0.07*** 0.08*** 0.07*** 0.09*** 0.08*** 0.09*** 0.08*** 0.08*** 0.07*** 0.05*** 0.06*** 0.06***
t-stat 73.19 74.73 75.56 49.28 51.73 45.77 44.19 44.36 40.47 32.86 32.75 4453
EU 0.12%** 0.19*** 0.08*** 0.09***
t-stat 70.53 55.87 56.33 9.01
EUfossil 0.10*** 0.16*** 0.04*** 0.08***
t-stat 86.21 62.34 34.84 51.01
EUrenew -0.01%** -0.07*** 0.03*** 0.03***
t-stat -4.41 -30.25 16.99 8.26
CCR- Canonical Correlation Regression methods
Dep. var: Y Full HIEs UMEs LMEs
K 0.57+** 0.59*** 0.61*** 0.65*** 0.72%** 0.70*** 0.40*** 0.40*** 0.39*** 0.66*** 0.63*** 0.72%**
t-stat 153.1 139.2 143.46 67.89 79.82 78.01 85.46 61.69 67.27 113.8 99.57 103.6
L 0.16%*** 0.18*** 0.29*** -0.23*** -0.15 -0.00** 0.38*** 0.39%** 0.50*** 0.41%** 0.36*** 0.42%**
t-stat 22.82 38.68 26.4 -3.85 -0.05 1.93 17.12 26.81 16.88 27.8 42.26 28.11
TRADE 0.13+** 0.13x** 0.13*** 0.13*** 0.13*** 0.14%** 0.17*** 0.17%** 0.17*** 0.09*** 0.10*** 0.09***
t-stat 116.9 122.6 112.8 49.95 54.9 56.8 82.88 78.67 72.3 71.55 80.55 67.29
FD 0.07+** 0.07*** 0.07*** 0.08*** 0.07*** 0.08*** 0.08*** 0.08*** 0.07*** 0.05*** 0.06*** 0.06***
t-stat 43.79 41.51 45.63 28.64 28.58 29.27 28.96 26.55 25.46 18.09 16.48 2412
EU 0.12%** 0.18*** 0.08*** 0.08***
t-stat 40.73 26.53 35.18 8.82
EUfassil 0.09*** 0.15*** 0.04*** 0.08***
t-stat 43.26 25.82 19.7 29.33
EUrenew -0.01 -0.07*** 0.03*** 0.01**
t-stat -0.62 -13.13 10.75 254

Note: *, ** *** gre significant levels at 10%, 5%, 1%, respectively.
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Table A3. The influences of energy consumption oeconomic growthz Per capita analysis (robustness check)

FMOLS Panel Fully Modified OLS

Dep. var:y Full HIEs UMEs LMEs
k 0.57*** 0.59%** 0.63*** 0.61*** 0.65%** 0.73*** 0.53*** 0.54*** 0.52%** 0.54*** 0.56*** 0.61***
t-stat 270.3 280.7 286.6 148.7 135.3 133.3 149.7 121.9 141.0 170.7 231.1 224.9
trade 0.14%** 0.14*** 0.15%** 0.12%** 0.12%** 0.14%** 0.18*** 0.18*** 0.19*** 0.13*** 0.12%** 0.13***
t-stat 212.4 223.4 248.7 85.56 95.55 110.4 169.3 152.4 183.8 117.2 142.5 140.4
FD 0.08*** 0.08*** 0.09*** 0.09*** 0.09*** 0.12%** 0.06*** 0.05*** 0.05*** 0.08*** 0.09*** 0.08***
t-stat 51.53 73.03 60.98 37.19 49.25 42.06 19.45 30.95 25.06 31.91 45.66 37.88
eu 0.15*** 0.20*** 0.2 0.13%**
t-stat 86.00 74.38 55.67 17.04
eufossil 0.12%** 0.17%** 0.08*** 0.09***
t-stat 101.9 81.21 40.05 53.35
eurenew 0.02%** -0.09%** 0.03*** 0.14%**
t-stat -3.48 -32.18 15.63 13.34
CCR- Canonical Correlation Regression methods
Dep. var:y Full HIEs UMEs LMEs
k 0.58*** 0.6*** 0.63*** 0.64*** 0.68*** 0.74*** 0.53*** 0.53*** 0.52%** 0.56*** 0.56*** 0.61***
t-stat 210.9 218.9 217.8 119.6 107.2 107.5 111.0 79.62 96.07 134.8 1935 175.0
trade 0.14%** 0.14*** 0.15%** 0.12%** 0.12%** 0.14*** 0.18*** 0.18*** 0.19*** 0.12%** 0.12%** 0.12%**
t-stat 130.5 141.4 148.1 47.68 59.44 61.66 104.8 94.39 109.7 76.6 93.48 87.86
FD 0.07+** 0.07*** 0.09*** 0.08*** 0.08*** 0.12%** 0.06*** 0.05*** 0.05*** 0.08*** 0.09*** 0.08***
t-stat 31.34 44.62 38.54 19.28 25.28 24.69 13.52 21.21 16.59 21.37 30.83 25.25
eu 0.15*** 0.2 0.12%** 0.14%**
t-stat 51.26 43.15 35.5 9.16
eufossil 0.17%** 0.16%** 0.08*** 0.09***
t-stat 69.8 50.56 26.7 42.68
eurenew 0.02x** -0.09%** 0.03*** 0.14%**
t-stat -3.40 -18.51 7.57 6.59

Note: *, ** *** gre significant levels at 10%, 5%, 1%, respectively.
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ABSTRACT: This paper investigates the correlations among-8iScstock markets, economic policy
uncertaing (EPU) and global oil market. Specificly, by adopting a T$#¥##+VAR model this study
analyzes the dynamic effects of volatility of stock price in China and U.S. markets, EPU index, and
volatility of oil price in OPCE from 2003 to 2020. It is found that tugrelations among China and
U.S. stock markets and the global oil market exist though time varying and in different ways.
Generally, effects in sherterms are stronger compared with median@long terms. Most of the
effects are positive which meanattluctuations strengths each other across the five markets, except
for the five variables across five markets show correlations to each other in both short terms and long
terms. Compared with China stock market, the US stock market show stronger iorpduesglobal
oil market. The increasing economic policy uncertainty of the two countries both strengthen the
fluctuation of global oil price, though the effect by China is weaker. Further, the impact of EPU on the
stock markets is strengthened during ghabal turbulent events such as the financial crisis and global
COVID-2019 pandemic.
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1. Introduction

Crude oil can be considered as some of nmopbrtant energy given its dominant role

in the energy market (AlvareRamirez et al., 2003; Yu et al., 2008), especially when
the global economy has entered into agtigbalization stage which is featured with
more institutional risks and uncertaintiesckigll, 2020; Li, 2019). The worldwide
turbulent events show great impact on global economy which also trigger the negative
expectation in global capital and oil markets (Donadelli et al., 2017; Albulescu, 2020).
Specifically, both the Asian financial turihan 1997 and the U. S. financial crisis
evolved from subprime mortgage crisis in 2008 witnessed the sharp dropping of stock
and the oil prices one after another. During the spreading of CQ9lpandemic
period in 2020, the breakdown of negotiations leetwv Russia and OPEC led to a
continuous plunge in oil price and continuous meltdown in the U. S. stock market.
Based on the crucial facts, an important line of inquiry in international resource
economics has been seeking to understand the relationshipsebeinternational
stock and oil markets, and their correlation with masronomic environment (Kang

and Ratti,2013; You et al.,2017; Fang, 2018).

The study aims to advance our understating of impacts among international stock
markets, global oil marketsnd EPU, taking U.S. and China as the research contexts
which are most important representatives of developed and emerging economies in
the world. Existing studies have so far focused on correlation either between stock
market and oil market, or one of thearkets with economic institutions (Brogaard
and Detzel, 2015; P8stor and Veronesi, 20
both the economic policy uncertainties and fluctuations of oil price strengthen the
stock volatility (Brogaard and Detzel,2015if&elli and Paladino,2010). However,
there are very few studies examining the dynamic correlations among three of them in
a systematical way. In order to fill this research gap the study ask the question as:
What are the correlative effects among stockketavolatility and EPU between
China and U.S, and fluctuation of global oil price?

We approach this research question from a theoretical basis that highlights the
correlations among stock price, oil price and economic policy uncertainties under the
contexts between U. S. and China. We set the research context between the emerging

84



economy(China) and advanced economy (U.S.) for this study. We focus on the
effects of systemic risks brought by econo
2013). We also focus on effects of the fluctuations of oil price on economic policy
uncertainties due tids leading inflation pressure and changing the expectation of oil

output (Bastianin et al., 2016; Kormilitsina, 2011). The correlation between the
fluctuation of oil price and stock market volatility is examined due to the former

change the expectatiof the capital market.

To test our arguments, we use T8R-VAR models, with the data of China's stock

market volatility, U.S. stock market volatility, U.S. economic policy uncertainties,

China's economic policy uncertainties and fluctuations of OPEC ailgece, from

January 2003 to June 2020. Our findings provide strong empirical evidence for the
arguments as an explanation. The finding show that U.S. stock market volatility has a

positive impact on fluctuations of oil price, while it is much small@hva time

|l agging by Chinads. The findings also show
on the stock market is significantly higher by the shock of the global pandemic of
COVID-19 in 2020 compared with other historical financial crisis.

This stwly makes contributions to the study of international capital market research
and international energy economics. The research contexts integrate the most
influential emerging and advancedonomiesand it succeeds in proving the capital
markets of the greédwo economies are deeply interacted, and their economic policy
uncertainties affect both of the markets though in different extents. Our study also
provides the evidence that global oil price plays a crucial role between the two capital
markets and it ab affects their economic policies in a mutual way

2. Literature Review

A plethora of studies have attempted to reveal the effects of economic policy
uncertainties and stock price volatility, most of which agree that the economic policy
uncertainties leadot r i sk premium of stocks (Brogaard
Veronesi , 201 2; P8stor and Veronesi , 2013,
Hoque and Zaidi, 2019). Brogaard and Detzel (2015) find that the increasing of
uncertainties of economic pojidead to the decreasing of stock market returns while
increasing of stock volatility. It is found that the impacts of government policy
adjustments on stock prices i s negative (P
announcement of policy adjustmdeads to significant falling of stock prices. The
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extent of government policy uncertainty is significantly related to the volatility of
stock prices. P8stor and Veronesi (2013)
government policy change and fitigat political uncertainties lead to risk premium,

which could be increased when the economic is weak. Campbell and Shiller (1988)
find that changes brought by economic uncertainties only affect the cash flow and
dividend payment methods of firms, but als@ve impact on the expected return of
stocks, which ultimately strengthen the volatility of the stock market.

Crude Oil has been considered as an essential major international commodity in
global economy (AlvareRamirez et al., 2003; Yu et al., 2008)s A result, the
fluctuations of the oil price are highly related to various commaodities in the society.
The change of oil price directly affects the prices of various commodities and society
(Barsky and Kilian, 2004). In addition, the fluctuations of cruddle prices may
increase the uncertainties of crude oil production and consumption, which affect
investment behaviors and the whole economy (Pindyck, 2003). Though the
understanding on world crude oil market has been greatly deepened, the fluctuations
of ail price are still difficult to predict (Smith, 2009). Morana (2001) uses GARCH
characteristics to explain and predict the shemn oil price by adopting bootstrap
method. Baumeister and Kilian (2016) find that oil price fluctuations are accompanied
by external political events (such as conflicts among OPEC members or oil wars). It is
believed that the demand of oil is the major determinates of oil price fluctuations
(Barsky and Kilian, 2001; Barsky and Kilian, 2004; Kilian and Park, 2009; Kilian and
Murphy, 2012) in previous researches. The supply of oil was proved to be important
as well (Lynch, 2002; Baumeister and Hamilton,2019). In terms of analysis method,
due to its effectiveness in prediction of oil prices fluctuation VAR (vector
autoregressive) lsabeen one of the most influential analysis models in this area
(Sadorsky, 1999; Lee and Ni, 2002; Baumeister and Kilian,2012; Baumeister et
al.,2013; Caldara et al., 2019), though many others also use the general equilibrium
model to examine the impactsolight by oil price fluctuation (Leduc and Sill,2004;
Bodenstein et al.,2011).

Crude oil price has also shown significant influences on stock market (Sadorsky,
1999). Cifarelli and Paladino (2010) find that the fluctuation of oil price are
negatively relatd with stock prices. It is found that the fluctuation of crude oil price
in global driven by the demand and supply in the global market contribute to the long
term returns of the stocks in the U.S. stock markets (Kilian and Park, 2009), though
Zhang (201Y believes this impact is rather limited. However, a large oil shock will
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have a significant impact on the stock market. Cifarelli and Paladino (2010) argue that
speculation plays an important role in the global crude oil market. Due to the impact
of oil price fluctuation on the economic inflation and growth, the speculations in
commodity market are active which also lead to the volatility of stock price in the
stock markets. Sadorsky (1999) discovers that oil price and its fluctuation affect
actual returrrate of stocks. Compared to interest rate the fluctuation of oil price can
better explain the actual stock returns.

Since crude oil is an essential commodity in an economy, the fluctuation of its price
will also bring great uncertainty to maeegonomy anaconomic policy. Barsky and
Kilian (2004) found that crude oil price has a significant impact on exchange rate,
inflation and interest rat e. Bj Brnl and et
fluctuation on the macroeconomic instability of the Uditetates, and believed that

oil price shock was the regular source of economic fluctuation. Simultaneously, oil
plays an important role in stabilizing the U.S. economy (Nakov and Pescatori, 2010).
During the crisis, international oil price shocks will letadinflation pressure and
output decline in oil importing countries (Bastianin et al., 2016), which causes policy
makers to worry about how to deal with crude oil price shocks, forcing policy makers
to make a tradeff between stabilizing inflation and taut gap, resulting in higher
policy uncertainty (Kormilitsina, 2011).

The current studies on crude oil prices and its fluctuation are mainly from the view of
developed economies. However, with the increasing demand for energy from
emerging economies, thateractions in economic and financial markets between
emerging economies and developed economies has become increasingly active. The
phenomenon leads researchers to highlight the dynamic correlation among stock
market, crude oil market and economic poliaycertainties between emerging and
developed economies, calling for a shift of research focus on pair wise correlation to a
simultaneous correlation among three of them toward the dynamic reality. In addition,
the existing researches seem to neglect igeifeant systemic risk with the
consideration of ti me evolvement . I n fact,
policy preferences, and financial market risk contagion also constantly change. Based
on the above analysis, this paper aims to studyctreelation among the stock
volatility and economic policy uncertainties, and fluctuation of global oil price under
the contexts of China and U.S. market. A FT8P-VAR model is applied for the
examination on the above mechanisms and effects.
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