INTERNATIONAL
EnSEU CONGRESS OF
. ENERGY ECONOMY
20 | AND SECURITY




e

I'.C
iSTANBUL ENERJI VE YENILENEBILIR ENER]JI
TICARET TABII KAYNAKLAR GENEL MUDURLUGU
BAKANLIGI

TURKIYE
ELEKTRIK
ILETIM A.S.

SEIGDAS [ Elder o P, OISRV

Gokyiliziyle Arkadas™ Mi KULUBU

INTERNATIONAL CONGRESS OF ENERGY
ECONOMY AND SECURITY

PROCEEDINGS BOOK
14-15 November 2020 / ISTANBUL - TURKEY

Editors:
Seyfettin ERDOGAN
Ayfer GEDIKLI
Muhamad SHAHBAZ
Assistant Editors:
Hande Caliskan | Cihan Yavuz Tas | Fatma Erdogan

ULUSLARARASI ENERJIi EKONOMIi VE GUVENLIK

KONGRESI

TAM METIN BiLDIiRIiLER KiTABI
14-15 Kasim 2020 / ISTANBUL — TURKIYE

Editorler:
Seyfettin ERDOGAN
Ayfer GEDIKLI
Muhamad SHAHBAZ
Yardimci Editorler:
Hande Caliskan | Cihan Yavuz Tas | Fatma Erdogan

Basim Pazil Reklam, Danigmanlik, Matbaa ve Organizasyon
Yayim Yili: Aralik, 2020
Dili: Tiirkce ve Ingilizce
ISBN: 978-605-7858-50-4

Bildirilerin her tiirlii sorumlulugu yazarlarina aittir.
ENSCON’20



BiLiM KURULU/SCIENTIFIC BOARD

Adonis Yatchew, University of Toronto, Canada
Ali Kutan, Southern Illinois University, USA
Alper Aslan, Nevsehir Hac1 Bektas Veli University, Nevsehir, Turkey
Amine Lahiani, LEO-University of Orleans, France
Amjad Alj, 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
Baris Alpaslan, Ankara Social Sciences University, Turkey
Bassam Fattouh, UK
Berrin Tansel, United States
Bilal Karabulut, Gazi University, Turkey
Buerhan Saiti, Istanbul Sabahattin Zaim University, Turkey
Biilend Aydin Ertekin, Anadolu University, Turkey
Biilent Giiloglu, Istanbul Technical University, Turkey
Daniel Balsalobre Lorente, Universty of Castilla-La Macha, Spain
David Roubaud, Montpellier Business School, Montpellier, France
David Weir, Northumbria University, UK

Durmus Cagr1 Yildirim, Namik Kemal University, Turkey



Elman Nasirov, Azerbaijan Parliament, Azerbaijan
Emrah ismail Cevik, Tekirdag Namik Kemal University, Turkey
Erdal Tanas Karagol, Yildirim Beyazid University, Turkey
Fateh Belaid, Lille Catholic University
Firat Purtas, Gazi University, Turkey
Gary Campbell, Michigan Tech, USA
Gazi Salah Uddin, Linképing University, Sweden
George Filis, Bournemouth University, UK
Hab Jiri Jaromir Klemes, Hungary
Halil Altintas, Erciyes University, Turkey
Hasan Murat Ertugrul, Undersecretariat of Treasury, Turkey
Hassan Syed, BPP University, UK
Idris Demir, Istanbul Medeniyet University
Ilham Haouas, Abu Dhabi University, Abu Dhabi, UAE
Ilhan Ozturk, Cag University, 33800, Mersin, Turkey.
Jonathan A. Batten, Monash University, Australia
José Maria Cantos-Cantos, University 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
Luis Loures, Polytechnic Institute of Portalegre (IPP), Portalegre, Portugal -
Research Centre for Tourism, Sustainability and Well-being (CinTurs),
University of Algarve, Portugal
Lutz Kilian, University of Michigan, USA

I
ENSCON'20 | International Congress of Energy, Economy and Security



Mantu Kumar Mahalik, National Institute of Technology, India
Mehmet Balcilar, Eastern Mediterranean University, Turkey
Mehmet Yiice, Uludag University, Turkey
Meri¢ Subasi Ertekin, Anadolu University, Turkey
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
Muhsin Kar, Nigde Omer Halisdemir University, Turkey
Murat Akkaya, Girne American University, North Cyprus
Murat Yiilek, Istanbul Commerce University, Turkey
Ngoc-Sang Pham, Montpellier Business School, Montpellier, France
Nicholas Apergis, University of Piraeus, Greece
Nigar Demircan Cakar, Diizce University, Turkey
Oana Madalina Driha - University of Alicante, Spain
Obiyathulla Ismat Bacha, INCEIF, Malaysia
Oktay F. Tanrisever, Middle East Technical University, Turkey
Ozlem Durgun, Istanbul University, Turkey
Paresh Kumar Narayan, Deakin Business School, Australia
Ramazan Sari, Middle East Technical University, Turkey
Ramzi Benkraiem, Institute of Finance, Audencia Business School, France
Recep Ulucak, Erciyes University, Turkey

ii
ENSCON'20 | International Congress of Energy, Economy and Security



Rui Alexandre Castanho WSB University Poland & University of Madeira
Portugal

Roman Ferrer, University of Valencia, Spain
Ruslan Nagarev, Sabahattin Zaim University, Turkey
Sakiru Adebola Solarin, Multimedia University Malaysia, Melaka, Malaysia
Saleheen Khan, Minnesota State University, Mankato, USA
Sebastian Vollmer, University of Gottingen, Germany
Selahattin Dibooglu, University of Sharjah, UAE
Seyfettin Erdogan, Istanbul Medeniyet University, Turkey

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
Ugur Soytas, Middle East Technical University, Turkey
Vassilios G. Papavassiliou, University College Dublin, Dublin, Ireland
Victor Emilio Troster, Universitat de les Illes Balears, Palma de Mallorca, Spain

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

Yasar Hacisalihoglu, Yeni Yiizy1l University, Turkey
Yusuf Ali Kara, Bursa Technical University, Turkey

Zeynel Abidin Ozdemir, Gazi University, Ankara, Turkey

0\
ENSCON'20 | International Congress of Energy, Economy and Security



INTERNATIONAL
FNSCON L
) ENERGY ECONOMY
20 | AND SECURITY

DAVETLI KONUSMACILAR

« Prof. Dr. Muhammad Shahbaz - Beijing Institute of Technology, Beijing, China

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

«» Prof. Dr. Soteris Kalogirou - Cyprus University of Technology, Limassol, Cyprus.
«» Prof. Dr. Henrik Lund - Aalborg University, Denmark.

« Prof. Dr. D’Maris Coffman - The Bartlett School of Construction & Project
Management, UK.

« Prof. Dr. Berrin Tansel - Florida International University in Miami, USA.
« Prof. Dr. Gary Campbell - Michigan Technological University, USA.

% Prof. Dr. Cecilia M. V. B. Almeida - Universidade Paulista, Brazil.

Vv
ENSCON'20 | International Congress of Energy, Economy and Security




ICINDEKILER

BILIM KURULU / SCIENTIFIC BOARD ......cccutvuneenernneenneenneenessneeneeenessneesneennns i

TURKIYE’DE PETROL TALEBININ FiYAT VE GELIR ESNEKLIKLERI: SEKTOREL BiR
AN ALIZ. ottt ettt eeeeneeneeseasensensansasensensansasensensencansesensensancnns 1

Prof. Dr. Erdal Tanas Karagol
Ars. Gor. Muhammed Sehid Goriig

Ars. Gor. Dr. Onder Ozgiir

BOLGESEL KONUT VE SANAYi ELEKTRIK TUKETIMININ BELIRLEYIiCILERI UZERINE
MEKANSAL PANEL VERI ANALIZI «uveneenienieeieeeeeseeeeneeeensensensensasensensensanes 11

Dr. Ogr. Uyesi Arif igdeli

NET-SIFIR KARBON EMiSYON HEDEFi: CIVETS ULKELERI v..vvvevereeneenneeneennennes 24
Aslh Selvi

Doc. Dr. M. Kenan Terzioglu

DYNAMIC IMPACT OF ENERGY PRICES ON GREEN PRODUCTIVITY IN EUROPEAN
UNION COUNTRIES ..uuiiiiiiiiiiiniiieiitiiietiieeeieesineeiecesaccinccssccsssccnnccnnes 39

Assoc. Prof. Mehmet Demiral

Assoc. Prof. Ozge Demiral

GELISMEKTE OLAN ULKELERDE KURESELLESMENIN CEVRE UZERINE ETKILERI.. 51
Nese TUNCBILEK

Recep ULUCAK

Vi
ENSCON'20 | International Congress of Energy, Economy and Security



THE ENERGY-GROWTH NEXUS REVISITED: AN ANALYSIS OF DIFFERENT TYPES OF
1] 0 1 57

Thai-Ha Le
Sabri Boubaker

Canh Phuc Nguyen

SINO-U.S. STOCK MARKET VOLATILITY, ECONOMIC POLICY UNCERTAINTY, AND
FLUCTUATION OF GLOBAL OIL MARKET: AN EMPIRICAL ANALYSIS BASED ON TVP-
SV-VAR MODEL ..etuuuiiniiiiiniiiieiieeiiueiiateiaeeiaeeisneesacessssssscsssssssscssssnssnns 83

Dr. Tianle Yang
Fangxing Zhou
Dr. Min Du

Dr. Qunyang Du*

Shirong Zhou

EKOLOJIK AYAK iZi CALISMALARININ BiBLIYOMETRIK ANALIZi.......c.ccccu.u...... 107

Doc. Dr. Recep Ulucak

Prof. Dr. Seyfettin Erdogan

ZAMAN SERISI VERI MADENCILIGI YONTEMLERI iLE TURKIYE iCIN KARBON AYAK iZi
TAHMINT <ttt et et e et e et e teeaeeneeneeaneeanennaesneannnan 121

Miige Akyol

Dr. Ogr. Uyesi Emine Ucar

DOES ENVIRONMENTAL FOOTPRINT LEVELS CONVERGE BETWEEN EUROPEAN
COUNTRIES? .etiuiiiiiiiiiiiiieiiietiietiiateiaeeiseceiscesscessecessccssccsscsssscssncennces 133

Do¢.Dr. Durmus Gagri Yildirim
Dr. Ogr. Uyesi Isil Demirtas

Doc¢.Dr. Seda Yildirim

vii
ENSCON'20 | International Congress of Energy, Economy and Security



VEGETATION MANAGEMENT STRATEGIES INTENDED FOR REDUCING ECONOMIC
LOSSES IN ENERGY TRANSMISSION LINES AND PREVENTING THE FIRE RISK ..... 143

Dog. Dr. Ersin Giingor
Hatice Kaya

Ali Fuat Aslan

THE EFFECTS OF COMMODITY FINANCIALIZATION ON COMMODITY MARKET
VOLATILITY e ttttiiiiiiiitiiiitttiiitteiitetiiteetinseecisncessssccssssccssssccsnscscnnnns 153

Dr. Shusheng Ding,
Mrs. Dandan Zheng,
Dr. Tianxiang Cui

Prof. Min Du

ENERJI ARZ GUVENLIGINDE DEGISIMIN YONU.....cuvuieninieininienineeeneneenenens 179

Prof. Dr. Erdal Tanas Karagol

EGITIM SEVIYESI ILE ENERJI TUKETIMi VE KARBON EMISYONU iLISKiSi ........... 184
Dog. Dr. Seda Yildirm

Doc¢. Dr. Durmus Cagri Yildirnm

INFORMATION SECURITY WITH INTERNET OF THINGS ARRIVAL IN HOSPITAL
ENVIRONMENT: A BIBLIOGRAPHIC APPROACH ......cccciiiiiiiiiiiiiiinnniiiiinnnnns 197

Wellington Ferreira Cipriano
Viviel Rodrigo José de Carvalho
Fabricio Pelloso Piurcosky

Rodrigo Franklin Frogeri

ENERJi YOKSULLUGU UZERINE BiR INCELEME .. ...ceueueeeeneeeeneeeenensessncasancns 215
Prof. Dr. Seyfettin Erdogan

Dog. Dr. Ayfer Gedikli

viii
ENSCON'20 | International Congress of Energy, Economy and Security



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

Wellington Ferreira Cipriano
Viviel Rodrigo José de Carvalho
Fabricio Pelloso Piurcosky

Rodrigo Franklin Frogeri

IX
ENSCON'20 | International Congress of Energy, Economy and Security



ENERGY ECONOMY
AND SECURITY

INTERNATIONAL
CONGRESS OF
'20

TURKIYE’DE PETROL TALEBININ FIYAT VE GELIR ESNEKLIKLERI:
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Ozet: Bu caligmanin temel amaci 1971-2017 dénemi igin Tiirkiye’nin petrol talebinin fiyat ve gelir esnekliklerini
sektorel bazda tahmin etmektir. Bu ama¢ dogrultusunda, sektorel enerji tiikketimi verileri Uluslararas: Enerji Ajansi,
sektorel gayrisafi yurtigi hasila (GSYIH) verileri Birlesmis Milletler, diinya petrol fiyatlari ise British Petrol veri
tabanindan temin edilmistir. Calismada serilerin duraganlik dereceleri 1(0) ya da I(1) olarak tespit edildigi i¢in
degiskenler arasindaki esbiitiinlesme iliskisi ARDL Siir Testi ile tahmin edilmistir. Elde edilen bulgulara gore,
sektorel bazda, sanayide, hanede ve hizmetlerde degigkenler arast uzun donemli iliskinin varlig1 tespit edilirken,
ulasim sektoriinde bahsi gecen degiskenler arasinda herhangi bir iliski bulunamamistir. Bununla birlikte, toplam
enerji tilketimi, GSYIH ve diinya petrol fiyatlarinm uzun dénemde esbiitiinlesik oldugu tespit edilmistir.
Calismada, uzun dénemde enerji talebinin gelir esnekligi pozitif, fiyat esnekligi ise negatif olarak hesaplanmisgtir.
Anahtar Kelimeler: Enerji talebi, esbiitiinlesme analizi, fiyat esnekligi, gelir esnekligi, Tiirkiye

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 of oil demand for Turkey on a
sectoral basis during the period 1971-2017. 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 world oil prices are taken from British Petrol databases. Since the stationarity degrees of the series are
determined as 1(0) or 1(1) in the study, the cointegration relationship between the variables is investigated through
the ARDL Bounds Test. According to the findings, a long-term 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 cointegration relationship 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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GIRIS

Insanlar giinliik hayatlarmin hemen her alaninda enerjiye ihtiya¢ duymaktadirlar. Issnmadan
ulasima, aydmlatmadan iiretime kadar hayatin her alaninda enerji tiiketilmektedir. Insanlar
kullandiklar1 elektronik ara¢ gereclerin sarj edilebilmesi i¢in elektrige, ulasimlarini
saglayabilmek i¢in akaryakita, 1sinma i¢in dogalgaza, elektrige veya komiire ihtiyag
duymaktadirlar. Ayrica, fabrikalar liretim yapabilmek i¢in ¢esitli enerji kaynaklarina gereksinim
duymaktadirlar (Altinay, 2019). Enerjinin bir ekonomide iiretimde yogun bir sekilde
kullanilmas1 enerji tiiketimi-ekonomik biiylime iliskisinin de tarih boyunca pek ¢ok arastirmaya
konu olmasina neden olmus ve olmaya da devam etmektedir.

Ulkelerin ekonomik kalkinmay1 saglamasi, ekonomilerinin tarim sektdrii agirlikli {iretim
yapisindan Once sanayi sektoriiniin, sonrasinda ise hizmetler sektdriiniin baskin oldugu yapiya
geemesiyle saglanmistir. Sektorel enerji tiikketimleri agisindan bakildiginda ise diistik gelirli iilke
gruplarindan hane halki enerji tiikketiminin yogun oldugu ifade edilebilmektedir (Burke and
Csereklyei, 2016).

Tiirkiye ekonomisinin de 6zellikle 2000°1i yillarin basindan itibaren yasadig: yiiksek biiyiime
oranlarina yiiksek enerji tiketimi de eslik etmistir. 2002-2019 yillar1 arasinda Tiirkiye
ekonomisi yillik ortalama %35,2 biiyiitken (TCMB, 2020), ayn1 donemde toplam birincil enerji
tiiketiminin yillik ortalama artis orani ise %4,2’dir (British Petroleum, 2020). Ote yandan
Tiirkiye ekonomisinde enerji tiiketiminin 1971-2017 yillar1 arasindaki sektorel dagilimina ise
Sekil 1’°de yer verilmistir.

Sekil 1: Tiirkiye de sektorel enerji tiiketiminin goriiniimii (ktoe), 1971-2017.
Kaynak: British Petroleum (2020). BP Statistical Review of World Energy June 2020.

Tiirkiye’nin gorece olarak daha diisiik gelirli bir iilke oldugu 1970’11 yillarda hane halki enerji
tiketiminin diger sektorlere nazaran oldukca yliksek oldugu, 6zellikle hizmetler sektoriinde
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tiiketilen enerjinin toplam igerisindeki payinin ¢ok diisiik oldugu ifade edilebilmektedir. 1971-
2017 doneminde sektorel enerji tiiketiminin yasadigi doniisiim de Sekil 1°den anlagilmaktadir.
Soyle ki, sanayi sektoriinde tiiketilen enerji miktar1 giderek artmis ve 2000 yili sonrasinda en
fazla enerjinin tiiketildigi sektor haline gelmistir. Sanayi sektoriinlin yasadigi artisa paralel
olarak ulasim ve hizmetler sektdriindeki enerji tiiketimi de giderek artmistir. Sektorel enerji
tiiketiminin toplam igerisindeki paylarina ise Sekil 2°de yer verilmistir.

0.6

0.4

0.3

0.1

Sekil 2: Tiirkiye 'de sektorel enerji tiiketiminin toplam icindeki payr, 1971-2017
Kaynak: British Petroleum (2020). BP Statistical Review of World Energy June 2020.

Hane halki tiiketiminin toplam igerisindeki pay1 1970’lerde %50’nin tizerinde iken 2017 yilina
gelindiginde %20’lere kadar diismiistiir. Glincel sektorel enerji tiikketimi acisindan bakildiginda
ise Tiirkiye ekonomisinde tiiketilen enerjinin yaklasik tigte birlik kisminin sanayi sektoriinde
kullanildigini ifade edebiliriz.

Artan enerji tiiketiminin yaninda Tiirkiye enerji ihtiyacinin karsilanmasi acisindan disariya
bagimli bir tilkedir. Uluslararas1 Enerji Ajansi verilerine gore Tiirkiye 2017 yil1 itibariyla toplam
enerji ihtiyacinin yaklasik %86’sin1 ithalat yoluyla karsilamaktadir. Bu nedenle Tirkiye icin
enerji talebinin fiyat ve gelir esnekliklerinin yorumlanmasi 6nem arz etmektedir. Her ne kadar
enerji talebinin esneklikleri pek ¢ok ¢alismanin konusu olsa da sektorel enerji talebinin fiyat ve
gelir esnekliklerinin 6l¢iildiigli ¢alismalar Tiirkiye ekonomisi i¢in sinirh sayidadir. Bu baglamda
bu ¢alisma Tiirkiye ekonomisinde sektdrel enerji talebinin gelir ve fiyat esnekliklerini, Sanayi,
hane halki, ulasim ve hizmetler sektorlerinde 1971-2017 donemi i¢in ARDL Sinir Testi
yontemiyle incelemistir.

Calismanin bir sonraki bdoliimii enerji talebinin esnekliklerinin hesaplandigi c¢alismalari
ozetlemektedir. Ikinci béliimde veri seti ve ydntem tanitilmakta ve ampirik sonuglara yer
verilmektedir. Son boliimde ise ¢alisma sonuglandirilmistir.
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1. LITERATUR OZETIi

Literatiirde petrol talebinin gelir ve fiyat esnekliklerini tahmin eden bir¢ok calisma
bulunmaktadir. Bu caligmalar bagimli degisken olarak dogrudan toplam enerji talebini ele
almakta ya da toplam enerji ithalatini géz 6niinde bulundurmaktadir. Fakat son donemlerde
sektorel enerji talebinin de esneklikleri arastirmacilar tarafindan siklikla incelenen konular
arasinda yer almaktadir. Bu boliimde, oncelikle toplam petrol talebinin/ithalatinin esnekliklerini
inceleyen caligsmalar ele alinacak, sonrasinda ise sektorel bazdaki ¢alismalardan elde edilen
sonuclar sunulacaktir.

Cooper (2003), oncli calismalar arasinda yer alan makalesinde, 1979-2000 doénemi igin 23
tilkedeki ham petrol talebinin fiyat esnekligini kismi uyarlama modelini kullanarak tahmin
etmistir. Elde edilen sonucglara gore, iilkelerin biiylik bir kisminda talebin fiyat esnekliginin
negatif ve inelastik oldugu sonucuna ulasilmistir. Diger yandan, Cho vd. (2011) 1971-2005
donemi ig¢in 51 tilkedeki petrol tiikketiminin temel belirleyicilerini arastirmistir. Elde edilen
ampirik sonuglara gore hem OECD iiyelerinde hem de Asya iilkelerinde talebin gelir
esnekliginin pozitif, fiyat esnekliginin ise negatif oldugu hesaplanmistir. Bununla birlikte, Asya
tilkelerinde gelir esnekliginin OECD iilkelerine gore ¢ok daha biiyiik oldugu goriilmiistiir.
Ayrica, uzun donemde esneklik katsayisinin kisa doneme kiyasla daha biiyiik oldugu
goriilmiistiir. Gortis ve Tiirkoz (2016) ise 1970-2013 donemi i¢in Tiirkiye’deki petrol talebinin
hem fiyat hem de gelir esnekligini hesaplamislardir. Calismadan elde edilen bulgulara gore,
gelir ve fiyat esneklikleri beklendigi gibi sirasiyla pozitif ve negatif olarak bulunmustur. Kisa ve
uzun donem sonuglari birbirleriyle tutarlidir ve hata diizeltme katsayis1 anlamlidir.

Bununla birlikte, Goriis ve Ozgiir (2017) yapisal kirilmalar1 dikkate aldiklar1 ¢alismalarinda,
1975-2014 doneminde Italya’da petrol tiiketimi, petrol fiyatlar1 ve gelir seviyesi arasindaki
iliskiyi incelemislerdir. Calisma sonucunda serilerin uzun dénemde birlikte hareket ettikleri
goriilmiistiir. Ayrica, petrol talebinin hem fiyat hem de gelir esnekliginin uzun dénemde
istatistiki olarak anlamsiz oldugu bulunmustur. Kisa donem esnekliklerinin ise gecikme
sayilarina gore farkliliklar gosterdigi belirlenmistir. Shin vd. (2018) Giiney Kore’deki petrol
ithalatinin fiyat ve gelir esnekliklerini dogrusal olmayan ARDL modelini kullanarak tahmin
etmislerdir. Bu amag¢ dogrultusunda, 1991-2016 yillarin1 kapsayan c¢eyreklik verilerden
yararlanmiglardir. Ampirik sonuglar hem kisa hem de uzun vadede petrol fiyatlarinin ham petrol
ithalat1 lizerinde asimetrik bir etkisinin oldugunu gostermektedir.

Sektorel bazdaki galigmalardan Bose ve Shukla (1999), Hindistan’daki elektrik talebinin gelir
esnekligini ticaret sektdriinde esnek, hane ve tarim sektorlerinde ise kat1 olarak hesaplamistir.
Fiyat esneklikleri ise tarim i¢in -1,35, hane i¢in -0,65, ticaret igin ise -0,26 olarak tahmin
edilmistir. Kamerschen ve Porter (2004), ¢alismalarinda 1973-1998 donemi igin Amerika’da
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elektrik talebinin fiyat esnekligini arastirmiglardir. Esanli denklem modelleri sonuglarina gore,
hane ve sanayi sektorlerinde talebin fiyat esnekliginin negatif oldugu sonucuna ulagilmistir.
Ayrica, Inglesi-Lotz ve Blignaut (2011) ise 1993 ve 2006 yillar1 arasinda Giiney Afrika’daki
elektrik talebinin fiyat esnekligini sadece sanayi sektorii icin negatif ve anlamli bulmustur. Gelir
esnekligi ise sanayi ve ticaret sektorlerinde pozitif ve istatistiki olarak anlamlidir.

Burken ve Csereklyei (2016), 132 iilkeyi Ornekleme dahil ettikleri genis kapsaml
calismalarinda, enerji tiiketimi ve gelir seviyesi arasindaki iliskiyi incelemek i¢in bir¢ok model
kurmuglardir. Elde ettikleri sonuglara gore, ikinci dereceden olmayan ve birincil kat1 yakitlarin
dahil edilmedigi modelde, enerji talebinin sektorel bazda gelir esnekliginin pozitif, fiyat
esnekliginin ise negatif (tarim sektorii haric) oldugu goriilmektedir. Campbell (2018) ise ARDL
tahmincisini kullanarak uzun doénemde Jamaika’daki elektrik talebinin (1970-2014) gelir
esnekligini pozitif, fiyat esnekligini ise negatif olarak bulmustur. Elde edilen ampirik sonuglar
beklentilerle tutarlidir.

Enerji ekonomisi yazininda, sektorel enerji talebinin belirleyicileri konusunda pek c¢ok calisma
bulunmaktadir, fakat Tiirkiye {izerine yapilan calisma sayist oldukca azdir. Bu g¢aligmalarin
biiylik bir kism1 da nedensellik analizlerine dayanmaktadir (bknz., Terzi, 1998; Jobert ve
Karanfil, 2007; Kar ve Kinik, 2008; Sahbaz ve Yanar, 2013; Usta ve Berber 2017; Gorus,
2020). Ampirik literatiir taramas1 sonucunda, yalnizca Arisoy ve Ozturk (2014)’un ¢alismasinda
sektorel enerji talebinin gelir ve fiyat esnekliklerinin tahmin edildigi goriilmiistiir.
Calismalarinda, 1960-2008 donemi icin Tiirkiye’de sanayi ve hane sektorlerindeki elektrik
talebinin gelir ve fiyat esnekliklerini sirasiyla pozitif ve negatif olarak hesaplamistir. Elektrik
zorunlu mallar arasinda sayilabileceginden fiyat esnekligi oldukga diisiik bulunmustur.

Enerji talebinin esneklikleri alaninda yapilan ¢aligmalar degerlendirildiginde, ¢aligmalarin daha
cok gelir esnekligini pozitif, fiyat esnekligini ise negatif olarak hesapladiklar1 goriilmektedir.
Fakat, sektorel bazdaki ¢alismalarda esneklik parametresinin sektorlere gore farkliliklar
gosterdigi goriilmektedir. Bunun sebepleri arasinda ilgili sektoriin enerjiye olan bagimliligi,
enerjinin kullanildig1 sektdrde ikamesinin bulunup bulunmamasi ve tiiketicilerin bilingli olup
olmamas: sayilabilmektedir.

2. VERI SETIi, YONTEM VE AMPIRiK BULGULAR

Bu caligmada, sektorel enerji talebinin gelir ve fiyat esnekliklerini hesaplamak i¢in 1971-2017
donemine ait yillik veri seti kullanilmistir. Bu dogrultuda, sektorel enerji tiiketimi, sektorel
GSYIH ve diinya petrol fiyatlari calismanin bagimli ve bagimsiz degiskenleri olarak
belirlenmistir. Calismada, sanayi, hane, hizmetler ve ulasim olmak {izere dort ana sektor ele
alinmis, bununla birlikte, toplam enerji talebinin de esneklikleri tahmin edilmistir. S6z konusu
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veriler Uluslararas1 Enerji Ajansi, Birlesmis Milletler ve British Petroleum veri tabanlarindan
elde edilmistir ve dogal tabanda logaritmik dontisiimleri yapilmistir.

Oncelikle, serilerin birim kok oOzellikleri geleneksel ADF ve PP testleriyle incelenmistir.
Degiskenlerin duraganlik dereceleri, bu iki testten elde edilen sonuglar degerlendirilerek
belirlenmistir. Birim kok testlerinin sonuglari Tablo 1’de gosterilmistir. Sabitli model ve sabitli
ve trendli modellerde elde edilen sonuglar serilerin 1(0) ve I(1)’in birlesimi olduklarini
gostermektedir. Yani, bazi seriler seviyede duraganken, bazilar1 birinci farkta duragandir.

Tablo 1: Birik kok testi sonuglar:

ADF Testi PP Testi

Degiskenler Sabitli Model Sabitli ve Trendli Sabitli Model Sabitli ve Trendli

Model Model
Etoptam -0,801 -4,758"™ -1,515 4,752
Esanayi -1,887 -4,061" -2,759" -4,041
Enane -1,962 -3,702™ -2,838" 3,677
Enizmetier -0,674 -1,854 -0,683 -2,115
Evtasim -0,360 -2,118 -0,425 -2,508
Yiopiam 0,272 -2,381 0,302 -2,521
Ysanayi -0,022 -2,208 -0,058 -2,208
Yiane 0,795 -2,962 1,131 -2,881
Ynizmetier 0,514 -1,103 0,486 -1,435
Yiiasim -1,546 -3,571™ -1,545 -3,614™
PF -2,650" -2,407 2,677 -2,444
AEtopiam -8,168™ -8,078™" -9,597™ -10,363"
AEsanayi -8,644™ -8,672" 9,761 -14,046™
AEpane -7,206™" -7,141" -8,370™" -10,903*
AEpismetier -6,647"" -6,561""" -6,669"" 6,561
AEyia5im -5,288"™ -5,236™ -5,288"" -5,235™"
AY opiam -6,607 -6,589™ -6,607"" -6,654"™"
AYsanayi -5,539" -5,493™ -5,450"" -5,394"*
AYpane -6,842" 6,821 -8,362""" -9,488"™
AYpizmetier -6,483™" -6,496™" -6,495" -6,503™"
AYuiasim -5,649 -5,650" -5,646™" -5,651""
APF 6,317 -6,379"™" -6,317"" 6,379
Not: *, ™ ve ™ sirasiyla %1, %5 ve %10 igin istatistiki anlam diizeyini gdstermektedir. A ise fark operatdriinii

temsil etmektedir.

Serilerin duraganlik dereceleri géz Oniine alindiginda, Engle-Granger ya da Johansen gibi
geleneksel esbiitlinlesme  yontemleriyle uzun donemli tahminlerinin yapilamayacagi
anlasilmaktadir. Bunun temel sebebi, bu yontemlerin sadece degiskenlerin birinci farklarinda

duragan olmasi durumunda uygulanabilir olmasidir. Fakat, 2000’li yillarin basinda Pesaran vd.
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(2001)’nin gelistirdigi ARDL Smir Testi yontemi ile farkli duraganlik derecelerine sahip
degiskenler arasindaki uzun donemli iliskinin arastiritlmast miimkiin hale gelmistir. Bu ¢alisma
da veri setimize uygunlugu sebebiyle bu yontemi kullanmistir.

Tablo 2: ARDL simr testi sonuclari

Denklemler Model Test istatistigi Sonug¢

Etoptam = f Veopiam» PF) ARDL (1,1,0) 6,823 Esbiitiinlesme vardir.
Esanayi = f (Ysanayi, PF) ARDL (2,3,0) 4,679" Esbiitiinlesme vardir.
Enane = f Ynanes PF) ARDL (1,1,0) 4,827" Esbiitiinlesme vardir.
Enizmetier = f (Ynizmetier» PF) ARDL (1,0,4) 9,088™" Esbiitiinlesme vardir.
Eviasim = f Yuagums PF) ARDL (1,1,1) 0,698 Esbiitiinlesme yoktur.

Not: 45 gozlem sayist i¢in st kritik degerler (%10, %5 ve %1 anlam diizeyinde) sirastyla 4,347, 5,207 ve 7,197 dir
ve Narayan (2005)’den elde edilmistir. *, ™ ve ™ sirastyla %1, %5 ve %10 igin istatistiki anlam diizeyini
gostermektedir. Her model otokorelasyon, degisen varyans ve normallik testlerinden sorunsuz bir sekilde gegmistir.

Tablo 2’de kurulan bes model icin egbiitiinlesme iligkisi sonuglar1 gosterilmektedir. Elde edilen
sonuclara gore, sanayi, hane ve hizmetler sektdriinde bahsi gecen degiskenler arasinda uzun
donemli bir iliskini oldugu sonucuna ulasilmistir. Bununla birlikte toplam enerji tiikketiminin
dikkate alindigi modelde de serilerin esbiitiinlesik oldugu goriilmiistiir. Aksine, ulagim
sektorlinde enerji tiiketimi, gelir seviyesi ve petrol fiyatlar1 arasinda uzun dénemli bir iligskinin
olmadig1 anlasilmistir. Bu asamadan sonra, esbiitiinlesme iliskisinin bulundugu modellerde,
uzun donemli katsayilarin tahmininin yapilmasi ve hata diizeltme mekanizmasinin kurulmasi
gerekmektedir. Tablo 3 ve Tablo 4’te bu analizlerden elde edilen sonuglar yer almaktadir.

Tablo 3: Uzun donem tahmin sonuclari

Bagimh Degisken Yektorel PF

Etoptam 0,834 -0,053"
Esanayi 0,837 -0,184"
Enane 0,404™* -0,044
Ehizmetier 3,211 -0,233"

Not: *, ™ ve ™ sirasiyla %1, %5 ve %10 icin istatistiki anlam diizeyini gdstermektedir.

Tablo 3’te modellere ait uzun donem katsayilar1 gosterilmektedir. Ampirik bulgulara goére, dort
modelde de talebin fiyat esnekliginin negatif ve kati oldugu goriilmektedir. Fakat, hane
sektoriinde tahmin edilen katsayinin istatistiki olarak anlamsiz oldugu goriilmektedir. Fiyat
esnekliginin kat1 olmasi, enerji tiikketiminin fiyattaki degisimlerden ¢ok fazla etkilenmedigini
gostermektedir. Bunun temel sebebi, enerjinin zorunlu mallar arasinda yer almasi olarak
degerlendirilebilir. Diger yandan, tiim modellerde talebin gelir esnekliginin pozitif ve anlamh

oldugu gériilmektedir. Ozellikle hizmetler sektdriinde hesaplanan katsayinimn diger sektorlerin
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¢ok tlizerinde oldugu goriilmektedir. Uzun donemli sonuglar degerlendirildiginde, bu ¢alismadan
elde edilen bulgularin beklentilerle uyumlu oldugu goriilmektedir.

Tablo 4: Hata diizeltme modeli sonuclar:

Bagimh Degisken Bagimsiz Degiskenler Katsayilar
Sabit Terim -3,641™"
Etoplam AY;optam 0,796™"
HDT -0,318™"
Sabit Terim -2,641""
AEsanqyi(—1) -0,279™
AYsanayi 0,949
Bsanayt AYsqnayi(=1) 0,293
AYsanayi(=2) -0,550"
HDT -0,248™"
Sabit Terim -0,190™"
Enane AYhane 0,326™"
HDT -0,265™"
Sabit Terim 27,362
APF 0,150
APF(-1) 0,309
Enizmetier APF(=2) 0,224
APF(-3) 0,261
HDT -0,366™"

Not: ", ™ ve ™ sirasiyla %1, %5 ve %10 igin istatistiki anlam diizeyini gdstermektedir. A ise fark operatdriinii
temsil etmektedir.

Tablo 4’te sektorler icin hata diizeltme modeli sonuglar1 yer almaktadir. Dort modelde de hata
diizeltme teriminin olmas1 gerektigi gibi negatif ve istatistiki olarak anlamli oldugu sonucuna
ulagilmistir. Yani, uzun donem dengesindeki herhangi bir sapma kisa bir siire sonra
diizelmektedir; toplam tiiketim modeli i¢in 3 ayda, sanayi sektorii i¢in 4 ayda, hane sektdrii igin
yaklasik 4 ayda, hizmetler sektorii i¢in ise yaklasik 3 ayda. Bununla birlikte, gelir seviyesindeki
artiglarin toplam enerji tiiketimi, sanayide kullanilan enerji miktar1 ve hanede kullanilan enerji
miktart lizerinde pozitif bir etkisinin oldugu gorilmektedir. Ayrica, diinya petrol fiyatindaki
artislarin hizmetler sektoriindeki enerji talebini azaltmadigi; aksine artirdigi goriilmiistiir. Elde
edilen bu son bulgu beklentilerle ¢elismektedir.
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3. SONUC

Bu calismanin amacit 1971-2017 donemi ig¢in Tiirkiye’nin petrol talebinin fiyat ve gelir
esnekliklerini sektorel bazda tahmin etmektir. Bu ama¢ dogrultusunda, seriler arasindaki uzun
donemli iligkiyi tespit edebilmek i¢in ARDL Sinir Testi yaklasimindan yararlanilmistir. Elde
edilen ampirik sonuglara gore, sektorel bazda, sanayide, hanede ve hizmetlerde degiskenler arasi
uzun donemli iliski bulunmustur. Bununla birlikte, ulasim sektoriinde ise bahsi gegen
degiskenler arasinda herhangi bir esbiitiinlesme iliskine rastlanmamustir. Ayrica, toplam enerji
tilketimi, GSYIH ve diinya petrol fiyatlarmin uzun donemde esbiitiinlesik oldugu tespit
edilmistir. Calismada, uzun donemde enerji talebinin gelir esnekligi pozitif, fiyat esnekligi ise
negatif olarak hesaplanmistir. Fiyat esnekliginin negatif ve kati olmasi enerji talebinin fiyattaki
degisimlere sert tepki vermedigini ve zorunlu bir mal oldugunu gostermektedir.

Elde edilen sonuglar, politika yapicilarin sektorel farkliliklar1 da géze alarak daha efektif enerji
politikalar1 tasarlamasinda ve yiirtirliige koymasinda yol gosterici olacaktir. Bundan sonraki
caligmalarda, sektorel enerji talebinin fiyat ve gelir esnekliklerinin hesaplanmasinda yapisal
kirilmalarin  etkisi dikkate alnabilir. Ozellikle petrol arzi krizlerinde ya da fiyat
dalgalanmalarinda esnekliklerin nasil ve ne derecede etkilendikleri arastirmacilar tarafindan
tizerinde titizlikle durulmasi gereken konular arasinda yer almaktadir.
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OZET: Bu arastirmada bolgesel konut ve sanayi elektrik tiiketiminin belirleyicileri sabit etkiler mekansal panel
veri yontemi ile analiz edilmesi amaglanmaktadir. Arastirmada agirlik matrisi olarak komsuluk iligkisine
dayanan Vezir yontemi tercih edilmigtir. Analiz bulgularinda bolgesel konut ve sanayi elektrik tiiketiminin
belirleyicilerini tespit iizere kurulan modellerde mekansal hata ve mekansal gecikmenin varligi tespit edilmistir.
Diizey II bolgeleri arasindaki etkilesimi yansitan mekansal hatanin ve mekansal gecikmenin varliginin tespit
edilmesinin ardindan arastirmanin modelleri sabit etkiler mekansal ekonometrik tahminciler ile analiz
edilmislerdir. Analiz bulgular1 bdlgesel konut elektrik tiiketimi komsu bolgelerin konut elektrik tiiketiminden
pozitif yonlii etkilendigini gostermektedir. Ayrica analiz bulgularina goére gelir diizeyi, niifus ve kentlesme
diizeyinin bolgesel konut elektrik tiiketimi iizerinde pozitif yonlil etkisi var iken, elektrik fiyatinin bolgesel konut
elektrik tiiketimi tizerinde anlamli bir etkisi yoktur. Bununla birlikte, analiz bulgularinda bolgesel sanayi elektrik
tiketiminin de komsu bolgelerin sanayi elektrik tiikketiminden pozitif yonlii etkilendigine rastlanilmaktadir. Gelir
ve sanayilesme diizeyi bolgesel sanayi elektrik tiiketimi {izerinde artirici etkiye sahipken, kentlesme, niifus ve
elektrik fiyati bolgesel sanayi elektrik tiiketimi iizerinde anlamli etkiye sahip degildir. Analiz bulgular1 bolgesel
konut elektrik tiiketiminin en 6nemli belirleyiginin niifus, bolgesel sanayi elektrik tiiketiminin en Onemli
belirleyicisinin ise sanayilesme diizeyi oldugunu belirtmektedir.

Anahtar Kelimeler: Bolgesel konut elektrik tiiketimi, bolgesel sanayi elektrik tilketimi, mekansal ekonometri

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 data method in 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 determinants of regional 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
econometric 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 and urbanization 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 the regional 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 consumption, urbanization,
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 most important determinant of regional industrial electricity consumption is the level of
industrialization.
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GIRIS

II. Diinya savasindan bu yana kiiresel enerji talebi artis egilimindedir ve bu egilimin 2035’e
kadar iicte birden fazla artmasi beklenmektedir. Toplam enerji talebi, ulasim, ticari,
endiistriyel ve konut olmak {izere dort temel sektorle iligkilidir. Bu sektorler arasindan konut
ve sanayi sektorleri ¢ogu lilke icin enerjinin birincil tliketicileridir. Enerji Bilgi Ajansi
enerjinin ana tiiketicileri olan konut ve sanayi sektoriiniin temel kaynagmin ise elektrik
oldugunu belirtmektedir (Salari & Javid,2016:637-638). Elektrik giicii konut ve sanayi
sektorlerinin  temel enerji kaynagi olmasinin  yaninda ekonomik kalkinmanin
desteklenmesinde ve yasam standartlarinin iyilestirilmesinde 6nemli rol oynamakta ve
modern toplum ig¢in vazgecilmez olmaktadir. Belirli bir donemde yerlesim yerleri ve
endiistriler tarafindan kullanilan toplam elektrik giicti, elektrik tiiketimi olarak
nitelendirilmektedir (Chunyang vd., 2012:126). Elektrik, iyi bir enerji tastyici olmasi,
teknolojik aletlerin gii¢ kaynagi olmasi, temiz ve kolay kullaniminin olmasi ve teknolojik
aletler i¢in depolanma O6zelliklerine sahip olmasi gibi diger enerji tiirlerine gore iistiin yanlari
vardir (Calmasur & Inan,2018: 72). Bu iistiinliiklerinden dolay: diger enerji tiirlerine gére
daha fazla tercih edilen elektrik, egitim ve halk sagliginin yaninda beslenme, sicaklik ve
aydinlatma gibi temel insan ihtiyaglarini karsilamaktadir (Khan & Abbas, 2017:1160). Bu
ylizden, elektrik talebinin belirleyicileri {izerine yeterli bilgiye sahip olmak gelecek donem
elektrik talebinin projeksiyonu i¢in ¢ok Onemlidir. Elektrik tiikketiminin belirleyicilerinin
elektrik tliketimine olan esneklikleri politikacilara i¢ tiiketimi azaltmada ne tiir politikalar
uygulamalar1 konusunda ipuglar1 sunmaktadir (Jordan vd., 2014:950). Bu sebepten dolay1
aragtirmacilar elektrik tiiketimini etkileyen faktorler iizerine odaklanmigslardir. Ekonomik,
demografik ve iklimsel olmak {izere elektrik tiiketimini etkileyen bircok boyut vardir.
Ekonomik olarak gelir diizeyi, elektrik fiyatlar1 ve sanayilesme diizeyinin de igerisinde yer
aldig1 faktorler elektrik talebi ile ilgilidir. Elektrik talebi ile ilgili demografik faktorler
kentlesme, hanehalk: biiytlikliigii ve niifustur. Elektrik talebini etkileyen iklimsel faktorler ise
soguk ve sicak giin sayisi, ortalama sicaklik degerleridir (Al-Bajjali & Shamayleh,2018:1311,
Blazques vd., 2013:649-650; Yaylact vd.,2011:166).

Hanehalki geliri ve elektrik fiyati hanehalki elektrik tiikketiminin iki ana belirleyicisidir. Gelir
ve elektrik fiyatiyla ilgili hanehalki davraniglari fayda maksimizasyonu ve tiiketici
rasyonelligini iceren ekonomik teoriye dayanmaktadir (Salari & Javid,2016:638). Gelir
diizeyinin elektrik tiikketimi iizerindeki etkisi ii¢ farkli kanal {izerinden agiklanmaktadir. Bu
kanallardan ilki, iiretimdeki biiylimenin endiistriyel firmalar1 elektrik kullanimini artirmaya
tesvik ettigi lretim siirecleri i¢in elektrik vazgegilmez bir girdidir. Endiistriyel ve ulasim
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sektorleri ile elektrik tiikketiminin artmasi iilkenin ekonomik biiylimesinin hizinin artirilmasini
gerektirmektedir. Ikincisi, ekonomik biiyiimenin sermaye birikimi ve elektrikle calisan
makineleri tesvik etmesinden dolayr iiretim aktiviteleri genislemistir.  Uciinciisii, gelir
diizeyinin yiikselmesi sonucunda televizyon, klimalar, elektrikli 1siticilar, kisisel bilgisayarlar
gibi elektrikli araglarin kullaniminin artmasi elektrik tliketiminin artmasina yol agmaktadir.
Elektrik fiyati elektrik tiiketimi iizerinde belirsiz etkiye sahiptir. Elektrik fiyatinin elektrik
tilketimi tizerindeki etkisi ekonomik gelismenin diizeyine ve alternatif enerji segeneklerinin
uygunluguna baghdir (Khan & Abbas,2016:1168). Elektrik tiiketimini etkileyen bir diger
faktor de kentlesme diizeyidir. Hanehalklar1 i¢in kentsel alanda yasamak elektrik sebekesine
daha kolay ulasma anlamina gelmektedir (Yin vd.,2016:2589). Kisacas1 kentlesme, elektrige
daha fazla erisimi ve elektrikli aletlerin degistirilmesi i¢in daha yiiksek talebi ima eder. Bu
faktorler yiizlinden kentlesmenin elektrik tiiketimi {izerinde artirict1 etkisi olmasi
beklenmektedir Elektrik tiiketimi iizerinde etkisi olan bir diger demografik faktor de niifustur.
Daha fazla niifusa sahip olan bir bolge daha fazla elektrik tiiketecek ve dolayisiyla niifusun
elektrik tiiketimi {izerindeki etkisi pozitif yonlii olacaktir (Su, 2020:741). Hanehalki
biytikliigii ve elektrik tiiketimini etkileyen bir diger demografik faktérdiir. Modern toplumda
dikkate deger bir egilim hanehalk: biyiikligiiniin gittikce kiiclilmesidir ki bu durumun
elektrik tiiketimi iizerinde artirict etkisi vardir. Bunun nedeni hanehalki biiyiikliigiiniin
kiigiilmesinin daha fazla konut yeri ve daha fazla elektrikli araglarin kullanilmasi anlamina
gelmektedir (Yin vd., 2016:2589). Konut ve sanayi elektrik tiikketimi bolgeler arasinda
farklilik gostermektedir. Bu farkliligin temel nedeni konut ve sanayi elektrik tiikketiminin
belirleyicilerinin  bolgenin  sosyo-ekonomik, demografik ve iklimsel 6zelliklerinden
etkilenmesidir (Salari & Javid, 2016:638).

Bolgenin sosyo-ekonomik yapisinin yani sira komsu bolgelerin sosyo-ekonomik yapilar1 da
bolgenin konut ve sanayi elektrik tiiketimini etkileyebilmektedir. Bu etki iki farkli sekilde
ortaya c¢ikmaktadir. 1lki, elektrik tiiketim davramisinda ve elektrikli cihazlarin
benimsenmesinde mekansal yayilma etkisi olusturan komsular taklit etme yetisi iken, ikincisi
bir bolgede yasayan ancak komsu bolgede c¢alisanlarin varligidir (Blazques Gomez vd.,
2013:558). Bolgesel konut ve sanayi elektrik tiiketiminin belirleyicilerini mekansal
etkilesimlerden etkilenip etkilenmediginin tespiti bu arastirmanin motivasyon unsurudur. Bu
temel motivasyona bagli olarak arastirmanin iki temel amaci vardir. Bu amaglardan ilki
bolgesel konut ve sanayi elektrik tiiketiminin belirleyicilerinde mekansal etkisinin varliginin
test edilmesidir. ikincisi ise bolgesel konut ve sanayi elektrik tiiketiminin belirleyicilerinin
mekansal panel veri yontemi ile analiz edilmesi ve karsilastirilmasidir. Arastirmanin
amaglarina bagli olarak bolgesel konut ve sanayi tiiketiminin belirleyicileri Tiirkiye’nin
Diizey II bolgeleri 6rnekleminde 2007-2018 donemi igin sabit etkiler mekansal panel veri
yontemi ile analiz edilmistir.
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Motivasyon ve amagclar1 kapsayan girig boliimii hari¢ aragtirma {i¢ boliimden olugmaktadir.
Girisi takip eden ikinci boliimde arastirmaya rehberlik eden literatiir ve arastirmanin
literatiirden farklar1 sunulmaktadir. Ardindan ikinci bdliimde aragtirmaya iliskin veri, model
ve yontem tanitilmaktadir. Ugiincii boliimde ampirik bulgular tablolar esliginde sunulmakta
ve yorumlanmaktadir. Son olarak sonu¢ boliimiinde ampirik bulgular dogrultusunda
degerlendirmelerde bulunulmakta ve politika onerileri sunulmaktadir.

1. LITERATUR

Iktisadi literatiirde elektrik tiiketiminin belirleyicilerine yonelik ¢ok sayida arastirma vardir.
Literatiirdeki arastirmalar arasindan Altintas & Kogbulut (2014), Kwakwa (2017), Al-Bajjali
& Shamayleh (2018) gibi arastirmalar elektrik tiiketiminin belirleyicilerinin tespitinde
makroekonomik verilerden faydalanirlarken, Arimah (1993), Blazques vd. (2013), Akarsu
(2017) gibi aragtirmalar elektrik tiiketiminin belirleyicilerinde bolgesel verilerden
faydalanmiglardir. Ayrica literatiirde Yaylact vd. (2011), Xai & Hu (2012), Altintas ve
Kogbulut (2014) gibi arastirmacilar toplam elektrik tiiketiminin belirleyicilerini incelerlerken,
Blazques Gomez vd. (2013), Jordan vd. (2014), Liao vd. (2017) gibi aragtirmacilar konut
elektrik tiiketimini belirleyen faktorleri incelemislerdir.

Tablo 1: Literatiir Ozeti

Yazar Doénem ve Yontem Bulgular
Orneklem
Arimah (1993)  1985-1989  Yatay kesit Bulgulara gore konut elektrik tiiketiminde mekansal
veri analizi degisimin temel belirleyicileri kentlesme diizeyi, gelir ve
Nijerya (21 niifustur. Ayrica bulgular ticari elektrik tiiketiminin ana
Eyalet) belirleyicisinin ticari faaliyet diizeyi, endiistriyel elektrik

tilketiminin ana belirleyicisinin ise imalat faaliyet diizeyi, kisi
bagi dahili iretilen gelir, yerlesim alan1 ve Kainji barajina
olarak uzaklik oldugunu gostermektedir.

Yaylaci vd. 2006 Mekansal Bulgular Tirkiye’nin dogu ve bati bolgeleri arasindaki
(2011) ekonometrik  elektrik tiiketim modellerinde onemli bir fark oldugunu
Tiirkiye analiz gostermektedir. Ayrica bulgulara goére elektrik tiiketiminde
(Diizey 11I) yiksek talep kiimelenmeleri Tiirkiye’'nin kuzey bati

bolgesinde yer alirken, diisiik talep kiimelenmeleri
Tiirkiye’nin Dogu Anadolu ve kuzey dogusundaki bolgelerde
yer almaktadir.

Chunyang vd. 1995-2008 Mekansal Bulgular Cin’in ¢ogu bdlgesindeki elektrik giicii tiiketimi,
(2012) Cin (Diizey ekonometri belirgin zamansal ve mekansal varyasyonlarla diisiik ila orta
1)} analiz seviyelerde iken, yiiksek seviyeli elektrik giici tiiketimi

Cin’in dogusundaki bolgelerde yogunlagmistir
Xai ve Hu 2009 Panel veri Bulgulara gore kentlesmenin elektrik tiiketimi iizerinde
(2012) Cin (Diizey analizi pozitif yonli etkisi var iken, yasal diizenlemeler ve elektik
)} fiyatinin negatif yonlii etkisi vardir. Ayrica endistriyel yapi,

elektrik tiiketim yogunlugu ile kaynak donanimi arasindaki
baglantinin dolayli yoniinii agiklayabilecek bir ara baglanti
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olarak goriilmektedir.

Yu (2012) 1988-2007  Mekansal Arastirma bulgularina gore kisi basina gelir, ulasim alt yapisi,
Cin (30 panel veri piyasalasma diizeyi, enerji yogunlugunu azaltirken, ag1
sehir) analizi endiistrilerin toplam endiistriler igerisindeki pay1, komiir

tiketiminin  toplam enerji tiiketimindeki payr enerji
yogunlugunu artirmaktadir.

Blazques vd. 2000-2008 Dinamik Bulgulara gore konut elektrik tiiketiminin gecikmesinin,

(2013) Ispanya panel veri  gelirin, niifusun ve sicak giin sayisinin konut elektrik tiiketimi
(47 sehir) analizi tizerinde artirict etkisi var iken, elektrik fiyati, hanehalki

biiytikligli ve gaza erisim imkaninin konut elektrik tiiketimi
iizerinde negatif yonlii etkisi vardir.

Blazques 2001-2010  Mekansal Bulgular nispeten diigiik gelir esnekligi ve ¢ok diisiik fiyat

Gomez vd. Ispanya panel veri  esnekligini gostermektedir. Ayrica bulgulara gére komsu iller

(2013) (46 sehir) analizi arasinda konut elektrik tiiketimindeki degisimin yiiksek bir

mekansal bulagma etkisinin yaygmligi vardir. Bununla
birlikte bulgular gelir, niifus ve soguk giin sayisinin konut
elektrik tiketimi {izerinde pozitif yonli etkisi oldugunu,
elektrik fiyati, gaz etkinligi ve sicak giin sayisinin da konut
elektrik tiiketimi iizerinde negatif yonlii etkisi oldugunu
gostermektedir.

Jordan vd. 1998-2009  Dinamik Aragtirma bulgularina gore konut elektrik tiikketiminde en

(2014) Ispanya panel veri belirleyici faktér konut elektrik tiiketiminin gecikmeleridir.
(18 bolge)  analizi Ayrica bulgular konut elektrik tiiketiminin gecikmesi, gelir

diizeyi, sicaklik araligi, sicak ve soguk giin sayisi, elektrikli
su sitict kullanma yiizdesinin konut elektrik tiiketimi
iizerinde artirict etkisi oldugunu gostermektedir. Bununla
birlikte bulgularda elektrik fiyati, gaz fiyati, elektrikli 1sitict
kullanma yiizdesi ve en az bir {iyesi 64 yas lstii olan
hanehalkinin yiizdesinin ise konut elektrik tiiketimi iizerinde
azaltici etkisi gozlenmektedir.

Altintasg ve 1960-2011 ARDL smir Bulgulara gore ekonomik biiyiime, ihracat ve yatirim uzun

Kogbulut Tiirkiye testi donemde elektrik tiiketimi tizerinde pozitif yonlii etkiye

(2014) sahiptir.

Latif (2015) 1983-2010  Panel veri Bulgular elektrik tiiketimi, gelir ve elektrik fiyati arasinda
Kanada analizi uzun donemli iligkinin varligim gostermektedir. Ayrica
(Diizey III) bulgulara gore gelirin elektrik tiiketimi iizerinde pozitif yonlii

etkisi, elektrik fiyatinin ise elektrik tiiketimi iizerinde negatif
yonlii etkisi vardir.

Khan ve Abbas 1978-2012  Panel Bulgulara gore gelir ve enerji dis1 iriinlerin uzun dénemde

(2016) Pakistan’da  egbiitiinlesme toplam ve sektdrel diizeyde elektrik tiiketimi lizerinde pozitif
toplam ve analizi yonlii etkiye sahiptir. Ayrica bulgular elektrik fiyatinin
altt  farkli toplam ve sektorel diizeyde uzun dénemde elektrik tiiketimi
sektor iizerinde negatif yonli etkisi oldugunu géstermektedir.

Salari ve Javid 2005-2013  Statik ve Bulgulara gore gelir, bina yas1 ve soguk giin sayis1 konut

(2016) Birlesik dinamik elektrik tiiketimi tlzerinde pozitif yonlii etkiye sahip iken,
Devletler panel veri hanehalk: biiytkligi, egitim diizeyi, elektrik fiyat1 ve sicak
(51 eyalet)  analizi giin sayisinin ise konut elektrik tiiketimi tlizerinde negatif

yonlii etkiye sahiptir.

Yinvd. (2016)  2005-2010  Statik ve Bulgulara gore gelir, kisi basmma diisen yasam yeri, hanehalki

dinamik biiyiikliigli, konut elektrik tliketiminin gecikmeleri ve

Cin (27 Panel veri  kentlesme konut elektrik tiiketimini pozitif yonlii etkilerken,

sehir) analizi elektrik fiyatin1 konut elektrik tiiketimini negatif yonli
etkilemektedir.

Akarsu (2017)  1990-2001  Mekansal Bulgular, bolgeler arasinda mekansal yayilma etkilerinin
Tiirkiye veri analizi varhigin gostermektedir. Bulgulara gore elektrik tiiketiminin

(Diizey 11I)

gecikmeleri, kentlesme, gelir ve komsu boélgelerin elektrik
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1990-2011

tiiketimi elektrik tiiketimini pozitif yonlii etkiler iken, elektrik

Tiirkiye fiyat: elektrik tiiketimini negatif yonlii etkilemektedir.
(Diizey II)
Kwakwa 1971-2012  Esbiitiinlesme Bulgular elektrik tiiketimi, elektrik fiyati, gelir, kentlesme,
(2017) testleri, finansal gelisme, karbon emisyonu, ticaret ve egitim arasinda
Misir FMOLS ve wuzun doénemli iliskinin varligmi gostermektedir. Ayrica
CCR bulgulara gore gelir, kentlesme finansal gelisme, ticaret ve
tahmincileri egitim elektrik  tiiketimini  pozitif yonli etkilerken,
sanayilesme diizeyi elektrik tiiketimini negatif yonli
etkilemektedir. Bununla birlikte bulgularda fiyat ve karbon
emisyonun elektrik tiiketimi iizerinde anlamli etkisi tespit
edilmemistir.
Liao vd. (2017) 1995-2014 Dinamik Tahmin bulgular1 2016-2020 déneminde gelismis sehirlerdeki
panel veri  konut elektrik tilketiminde artigin yavaglayacagini ancak daha
Cin (30 analizi az gelismis sehirlerde ise konut elektrik tiiketimindeki artisin
sehir) devam edecegini gostermektedir.
Al-Bajjali  ve 1986-2015 Johansen es Bulgulara gore gelir, kentlesme, ekonominin yapisi ve toplam
Shamayleh biitiinlesme su tiiketiminin elektrik tiiketimi tizerinde pozitif yonli etkisi
(2018) Urdiin testi ve var iken, elektrik fiyatinin elektrik tiiketimi {izerinde negatif
vektor hata yonli etkisi vardir.
diizeltme
modeli
Akarsu ve 1986-2013 Mekansal Sonuglar, kosullu yakinsamayi belirlemek igin uygulanan
Berke (2020) Tiirkiye panel veri modele gore farkli sonuglara ulagildigini gostermektedir.
(Diizey III)
Cabral vd. 2008:M1- Dinamik Bulgulara gore elektrik tiiketiminin gecikmesi, elektrik fiyati,
(2020) 2018M12 mekansal sebekeye bagl hane sayisi ve ortalama sicakligin elektrik
Brezilya (5 panel veri tiiketimini pozitif yonlii etkilerken; elektrik fiyati ise elektrik
bolge) analizi tiikketimini negatif yonlii etkilemektedir.
Lin ve Shu 2006-2015 Marjinal Bulgulara gore kisi basi gelir, niifus, ikincil sanayi orani,
(2020) maksimum kentlesme diizeyinin elektrik tiikketimi tizerinde pozitif yonli
Cin (30 Olabilirlik etkisi var iken, elektrik fiyatinin elektrik tiiketimi lizerinde
sehir) tahmincisi negatif yonlii etkisi vardir. Ayrica bulgular endistriyel
yapmin optimizasyonunun elektrik tiiketim verimliligindeki
iyilesmeye katkida bulundugunu géstermektedir.
Su (2020) 1998-2018  Panel veri  Bulgulara gore elektrik talebini belirleyen faktorlerin kirsal ve
analizi kentsel bolgeler arasinda farklilik géstermektedir. Bulgular
Tayvan (21 niifus, gelir, klima sayis1, soguk giin sayisi, klima sayis1 ve
sehir) diisiik gelire sahip olan hanehalkinin yiizdesi elektrik
tiketimini pozitif yonlii etkilerken, elektrik fiyati ve
hanehalki biiyiikligi elektrik tiiketimini negatif yonli

etkilemektedir.

Literatiir incelendiginde bdlgesel konut ve sanayi elektrik tiiketiminin belirleyicilerinin
analizinde yatay kesit, panel veri ve mekéansal panel veri yontemlerinin tercih edildigi
goriilmektedir. Mekansal panel veri analizinin tercih edildigi bu arastirma iki nedenden dolay1
literatiirden farklilagmaktadir. Bu nedenlerden ilki, bolgesel konut ve sanayi elektrik
tiiketiminin belirleyicilerinin Tiirkiye Diizey II bolgelerinde ilk defa incelenecek olmasidir.
Ikincisi, bolgesel konut ve sanayi elektrik tiiketiminin belirleyicilerinin analizinde bdlgeler
arasindaki mekansal etkilesimi de dikkate alan mekansal panel veri yonteminin kullanilacak
olmasidir.
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2. VERI, YONTEM VE MODEL

Literatiir, bolgesel konut ve sanayi elektrik tiiketiminin belirleyicileri olarak bir ¢ok faktore
dikkat cekmektedir. Gelir diizeyi, elektrik fiyati, gaz fiyati, kentlesme diizeyi, niifus,
hanehalk1 biiyiikligii, sicak ve soguk giin sayis1 literatiirde en yaygin kullanilan
faktorlerdendir. Bu faktorlerden gaz fiyat1 ve hanehalki biiyiikliigiiniin 2010 yilindan 6nceki
verilerine erigilememesinden dolay1 bu degiskenler arastirmanin modelinde yer almamaktadir.
Ayrica soguk ve sicak giin sayisinin bolgesel verilerine ulasilamamasindan dolay1 bu degisken
arastirmanin modeline dahil olamamistir. Arastirmanin analizinde kullanilan degiskenlerin
kisaltmalari, tanim ve kaynaklar1 Tablo 2’de verilmektedir.

Tablo 2. Degiskenlerin Tanim ve Kaynaklari

Degiskenler Tanim Kaynak
Ires Diizey II bolgelerinde konut elektrik tiiketimi ~ TUIK
lindet Diizey II bolgelerinde sanayi elektrik tiikketimi  TUIK
lgdp Diizey II bolgelerinde kisi bagmna gelir diizeyi  TUIK
lpri Diizey II bolgelerinde elektrik fiyat: TUIK
Ipop Diizey II bolgelerinin niifusu TUIK
lurb Diizey II bolgelerinde kentlesme diizeyi TUIK
lind Diizey II bolgelerinde sanayilesme diizeyi TUIK

Tablo 2’deki degiskenler logaritmik formlar ile arastirmada kullanilmistir. Degiskenlerin
logaritmik formlari ile kullanilmasi analizde tahmin edilen katsayilarin dogrudan esneklik
oOlciileri olarak yorumlanmasini saglar. Ayrica degiskenlerin logaritmasinin alinmasi degisen
varyans olusumunu azaltmakta ve parametre tahminlerinin etkinligini artirmaktadir (Arimah,
1993: 73). Tirkiye’nin Diizey II bolgelerinin konut ve sanayi elektrik tiiketiminin 2007
yilindan 6nceki ve 2018 yilindan sonraki verilerine erisilememesinden dolay1 arastirmanin
donemi 2007-2018 olarak belirlenmistir. 2007-2018 doénemi ic¢in Tirkiye’nin Diizey 11
bolgeleri ornekleminde konut ve sanayi elektrik tiiketiminin belirleyicileri mekansal panel
veri yontemi ile analiz edilmistir. Analizde kullanilan modeller asagida sunulmaktadir.

Model 1: Ires; = Bo + p X352, Wijlresy, + Bilgdp;e + Bolpri + Bslpopye + Balurb, + &

Eit =7\.WM (1)
Model 2: lindet;, = By + p Y72 Wijlres; + Pilgdpy + Bolpri + Bslpopy + Balurby, +
Bslind;e+e; ) it = AW Hu
(2)

Model 1, bolgesel konut elektrik tiikketiminin belirleyicilerini incelemek iizerine kurulurken,
Model 2 boélgesel sanayi elektrik tiikketiminin belirleyicileri incelemek {izerine kurulmustur.
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Modellerde yer alan p sembolii mekansal gecikmeyi, A sembolii mekansal hata terimini temsil
etmektedir. (1) ve (2) nolu esitlikteki W ise komsuluk iligkisine dayanan Vezir agirlik
matrisidir. Bagimsiz bir degiskendeki degisim etkisinin bolgeler arasinda dogrudan ve dolayli
yollardan izin vermesinden ve bolgeler arasindaki mekansal etkilesimi yakalamasindan dolay1
aragtirmanin modellerinin analizinde sabit etkiler mekansal panel veri yontemi tercih
edilmistir. Sabit veya tesadiifi bir model aracilifiyla gézlenmemis heterojenligi dikkate alan
mekansal panel verinin tahmininde Genel Momentler Yontemi (GMM) ve Maksimum
Olabilirlik (ML) yaklasimlart kullanilmaktadir. Genellikle arastirmalarda siklikla ML,
GMM’e tercih edilmektedir (Blazques Gomez vd.,2013: 559-560). Bu arastirmada da ML
yaklagimina dayanan sabit etkiler mekansal panel veri yontemi kullanilmistir.

3.AMPIRiK BULGULAR

Sabit etkiler mekansal panel veri analizinin ilk asamasinda agirlik matrisi modellerin igine
dahil edilir. Ardindan agirlik matrisin dahil edildigi modeller en kiiciik kareler tahmincisi ile
analiz edilmektedir. En kiiciik kareler tahmin bulgularinda mekansal etkinin varligit LM ve
direncli LM testleri ile sinanmistir. LM ve direngli LM testlerinin bulgular1 Tablo 3’te
raporlanmaktadir.

Tablo 3. Mekansal Bagimlilik Test Sonuglari

LM Testleri Model 1 Model 2
Ist. degeri  Olasiik  Ist. degeri  Olasihk
LM 40.810 0.001 3.132 0.077
LM * 1.260 0.261 5.541 0.019
LMy 119.99 0.000 7.040 0.007
LMy * 80.441 0.000 9.448 0.002

Not:* LM testinin direngli formunu temsil etmektedir.

LM test bulgularina gore %5 anlamlilik diizeyinde Model 1 i¢in mekansal gecikme ve
mekansal hatanin varligi tespit edilirken, Model 2 i¢in sadece mekansal hatanin varlig1 tespit
edilmektedir. Direnc¢li LM test bulgulari ise %5 anlamlilik diizeyinde Model 1 ve Model 2’de
mekansal gecikme ve mekansal hatanin varligin1 gostermektedir. LM ve direngli LM testi
bulgular1 Model 1 ve Model 2 i¢in iki yontemin de uygun olduguna isaret etmektedir. En
kiigiik kareler, sabit etkiler mekansal gecikme ve sabit etkiler mekansal hata tahmin sonuglari
Tablo 4’te raporlanmaktadir.

Tablo 4. Mekansal Analiz Bulgulari

Degisken Model 1 Model 2
Bagimli degisken: Ires Bagimli degisken: lindet
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OLS Lag-SE Err-SE OLS Lag-SE Err-SE

lgdp;:  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]
lurb, -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]
Ipop;;  1.092%** (0552***  0.642***  0.697*** 0.250 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]
lpri;  -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]
lind,, 2.453%** () B8T***  ().685***
(26.887) (5.54) (5.96)
[0.094]  [0.106] [0.115]
A 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: Asimptotik t istatistik degerleri parantez igerisinde, standart hata degerleri kapali parantez igerinde
verilmistir. LR ise olabilirlik oranini, A mekansal gecikme terimini, tho mekansal hata terimini
temsil etmektedir.*,** *** sirasiyla %10,%5, %1 anlamlilik diizeyini temsil etmektedir.

Tablo 4’e gore Model 1 i¢in bolgeler arasindaki etkilesimi yansitan mekansal hata terimi
pozitif deger almaktadir. Bu bir bolgedeki elektrik tiiketiminin komsu bolgedeki elektrik
tiketimi Uzerinde artirici etkisi oldugunu gostermektedir. Ayrica Tablo 4’e gore %S5
anlamlilik diizeyinde gelir, kentlesme ve niifusun bolgesel konut elektrik tiikketimi tizerinde
pozitif yonlii etkisi vardir. Analiz bulgularinda elektrik fiyatinin bolgesel konut elektrik
tilkketimi tlizerinde anlamli bir etkisine rastlanilamamistir. LR test bulgular1 klasik yonteme
gore mekansal hata yonteminin daha uygun oldugunu belirtmektedir. Model 1 i¢in elde edilen
mekansal gecikme tahmin bulgulari mekansal genel itibariyle mekansal hata bulgularini
desteklemektedir. Tahmin bulgular1 arasindaki tek fark kentlesmenin bolgesel konut elektrik
tiiketimi lizerindeki etkinin anlamlilik diizeyidir.

Tablo 4’e gore Model 2 icin bolgeler arasinda mekansal etkilesimi yansitan mekansal hata
terimi pozitif deger almaktadir. Bu, bir bolgedeki sanayi elektrik tiiketiminin komsu
bolgelerdeki sanayi elektrik tiikketimi lizerinde artirici etkisi oldugunu gdstermektedir. Ayrica,
Tablo 4’e gore gelir diizeyi ve sanayilesme diizeyi bolgesel sanayi elektrik tiikketimini pozitif
yonlii etkilemektedir. Bununla birlikte, analiz bulgularinda kentlesme, niifus ve elektrik
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fiyatinin bolgesel sanayi elektrik tiiketim tizerinde anlamli etkisi tespit edilememistir. LR testi
bulgusu Model 2 i¢in mekansal hata tahmincisinin klasik yonteme gore daha tutarli sonuglar
verecegini gostermektedir. Model 2 i¢in elde edilen mekansal gecikme tahmin bulgulari
mekansal mekansal hata bulgulari ile benzesmektedir.

Bolgesel konut elektrik tiiketiminin en 6nemli belirleyicisi niifus iken, bolgesel sanayi elektrik
tilketiminin en Onemli belirleyicisi sanayilesme diizeyidir. Bolgeler arasindaki etkilesimi
yansitan mekansal hata terimi bolgesel konut sanayi elektrik tiiketimine gore bolgesel sanayi
elektrik tliketiminde daha belirgindir. Model 1 ve Model 2’nin en kiigiik kareler ve sabit
etkiler mekansal hata tahmincilerinin bulgularinin karsilastirilmasit sonucunda goézlenen
farkliliklar mekansal etkiyi ihmal etmenin tutarsiz ve yanli tahminlere yol agacagini
gostermektedir. Sabit etkiler mekansal hata yontemi ile bolgesel konut elektrik tiikketiminin
belirleyicilerinin analiz edilmesinin ardindan gelir diizeyi, kentlesme, niifus ve elektrik
fiyatinin bolgesel konut elektrik tiiketimi {lizerindeki etkilerinin dogrudan ve dolayli olarak
ayrilmasi Tablo 5’te 6zetlenmektedir.

Tablo 5. Dogrudan ve Dolayl Etkiler

Degisken Dogrudan etkiler Dolayli Etkiler Toplam Etki
lgdp;;  0.143*** 0.078*** 0.220***
(5.21) (5.39) (6.81)
[0.027] [0.015] [0.032]
lurb;;  0.082* 0.048 0.130*
(1.84) (1.56) (1.77)
[0.045] [0.030] [0.073]
lpop;;  0.582*** 0.327*** 0.909***
(4.05) (2.87) (3.87)
[0.144] [0.114] [0.235]
lpri;;  0.025 0.014 0.039
(0.68) (0.64) (0.67)
[0.037] [0.022] [0.057]

Not: Asimptotik t istatistik degerleri parantez igerisinde, standart hata degerleri kapali parantez icerinde
verilmistir.®,** *** girasiyla %10,%5, %1 anlamlilik diizeyini temsil etmektedir.

Tablo 5’e gore gelir diizeyi ve niifusun bolgesel konut elektrik tiiketimi tizerinde dogrudan ve
dolayli anlaml etkisi vardir. Tablo 5, bolgesel konut elektrik tiikketiminin komsu bolgelerin
niifusundan da onemli 6l¢iide etkilendigini gostermektedir. Komsu bdlgelerin niifusunun
yaninda gelir diizeyleri de bolgesel konut elektrik tiiketimi lizerinde zayif pozitif yonlii etkisi
vardir. Tablo 5’te sabit etkiler mekansal gecikme tahmin bulgulara gore de %5 anlamlilik
diizeyinde komsu bdlgelerin kentlesme diizeylerinin ve elektrik fiyatlarinin bolgesel konut
elektrik tiiketimi lizerinde anlamli etkisi yoktur.
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4. SONUC

Modern toplumlar i¢in vazgecilmez bir konumda olan elektrik enerjisi konut, sanayi, ulasim
ve ticari olmak iizere dort sektorde kullanilmaktadir. Bu sektorler arasindan konut ve sanayi
sektorlerinde diger sektorlere gore daha fazla elektrik kullanilmaktadir. Sosyo-ekonomik
kalkinma ve yasam gereksinimlerin karsilanmasinda da 6nemli rolii olan konut ve sanayi
elektrik tiikketiminin belirleyicilerinin bilinmesi politika yapicilar i¢in onem arz etmektedir.
Literatiirdeki arastirmalar konut ve sanayi elektrik tiiketiminin belirleyicileri olarak gelir
diizeyi, elektrik fiyati, gaz fiyati, niifus, kentlesme ve sanayilesme dilizeyi, hanehalki
bliyiikliigii, sicak ve soguk giin sayis1 gibi faktorleri tespit etmislerdir. Ancak elektrik
tilketiminin belirleyicileri bolgeler arasinda degiskenlik gdstermektedir. Bu baglamda
arastirmada Tiirkiye’nin Diizey II bolgeleri bazinda 2007-2018 dénemi i¢in konut ve sanayi
elektrik tiiketiminin belirleyicileri sabit etkiler mekansal panel veri yontemi ile analiz
edilmistir.

Analizin ilk asamasi olan LM testi bulgularima gore bolgesel konut ve sanayi elektrik
tiiketiminin belirleyicilerini inceleyen modellerde mekansal hata ve mekansal gecikmenin
tespit edilmistir. Bolgeler arasindaki etkilesimi temsil eden mekansal hata ve mekansal
gecikmenin tespit edilmesinin ardindan arastirmanin modelleri sabit etkiler mekansal hata ve
sabit etkiler mekansal gecikme tahmincileri ile analiz edilmistir. Analiz bulgularina gore
Model 1 ve Model 2 i¢in bdlgeler arasindaki etkilesimi yansitan mekansal hata katsayilari
pozitiftir. Bu durum bir bolgedeki konut ve sanayi elektrik tiikketiminin komsu bolgelerdeki
konut ve sanayi elektrik tiiketimlerinden pozitif yonlii etkilendigini ima etmektedir. Ayrica
analiz bulgularina gore gelir diizeyi, niifus ve kentlesmenin bolgesel konut elektrik tiikketimi
iizerinde pozitif yonlii etkisi var iken, elektrik fiyatinin bolgesel elektrik tiiketimi lizerindeki
anlamli etkisi yoktur. Bununla birlikte analiz bulgularina gore gelir ve sanayilesme diizeyinin
bolgesel sanayilesme iizerinde pozitif yonlii etkisi var iken, niifus, kentlesme ve elektrik
fiyatinin bolgesel sanayi elektrik tiiketimi tizerinde anlaml etkisi yoktur.

Arastirma bulgular1 dogrultusunda bolgesel konut elektrik tiiketimiyle ilgili gelecek
projeksiyonu hazirlamaktan sorumlu olan politika yapicilara bolgelerin niifuslarmi, gelir
diizeyleri ve mekansal etkilesimleri dikkate almasi Onerilmektedir. Ayrica politika
yapicilarinin  hazirlayacagr bolgesel sanayi elektrik tiiketiminin gelecek projeksiyonunda
bolgelerin gelir ve sanayilesme diizeylerinin dikkate almalar1 6nerilmektedir.
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OZET: Kiiresel alandaki karbonsuzlasma ve 4. sanayi devriminin birlikteligi ekonomik ve finansal sistemlerin
yani sira toplumsal yapi {izerinde de kokten degisim beklentisi yaratarak sifir karbonlu gelecek igin firsat
olusturabilmektedir. Net sifir emisyon hedefine ulasilmasindaki faktorler kapsaminda ekonomik biiyiimenin,
aragtirma-gelistirme harcamalarinin, finansal kalkinmanin, enerji tiiketiminin, karbondioksit emisyonlarimin ve
diger aktorlerin etkileri incelenmektedir. Gelismis ve gelismekte olan {ilkeler sinifinda ¢aligmalar mevcut olsa da
dinamik ekonomileriyle birlikte geng-biiyiiyen niifusu i¢inde barindiran Kolombiya, Endonezya, Vietnam, Misir,
Tiirkiye ve Giiney Afrika iilkelerini kapsayan CIVETS grubu iilkeler iizerinde karbon emisyonlar ile ilgili
neredeyse higbir ¢aligma bulunmamaktadir. Caligma kapsaminda, gecikmesi dagitilmis otoregresif sinir testi
yaklagimi kullanilarak kisa ve uzun donemli iliskilerin ortaya ¢ikarilmasi amaglanmaktadir.

Anahtar Kelimeler: Karbon Emisyonu, ARDL model, CIVETS.

NET-ZERO CARBON EMISSION TARGET: CIVETS COUNTRIES

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 systems as well
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 there are studies in the developed and developing countries, there are almost no
studies on carbon emissions on CIVETS group countries, which have a young-growing population with its
dynamic economies. Within the scope of the study, it is aimed to reveal short- and long-term relationships by
using autoregressive distributed lag bounds test.

Key Words: Carbon Emissions, ARDL model, CIVETS.

1.GIRiS

Dogal ve dogal olmayan nedenlere dayanan iklim degisikligi kiiresel bir sorun olarak ortaya
cikmaktadir. Kiiresel 1sinmanin/sogumanin asil kaynagi ise dogal olmayan nedenler arasinda
yer alan fosil yakit kullanimi ve salinan zararli gazlar, arazi kullanimindaki bozulma ve
ormansizlastirma, sanayi siirecleri ve enerji tiiketimi gibi etmenler siralanabilmektedir.
Kiiresellesme ve iklim degisikligi sonucunda eko-sistem iizerinde meydana gelen bozulmalar
sosyo-ekonomik yap1 {lizerinde ciddi etkiler ortaya koydugundan makroekonomik
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degiskenlerle birlikte daha sik bicimde incelenmektedir. Sanayi devrimi sonrasinda sera gazi
emisyonlarinin seviyelerinde meydana gelen ciddi artislar, gelismis/gelismekte olan iilkelerin
ekonomilerinin kalkinma programlarina ortaya ¢ikan bozulmalar1 da dahil etmesi gerekliligini
ortaya ¢ikarmaktadir (Ozen, 2019). Kalkinma programlariyla birlikte dogal kaynaklarin etkin
kullanilmasini1 ve zararli gazlarin havaya saliimin en aza indirilmesini hedeflemektedirler.
Cevrenin bozulmasina neden olan faktorlerin kontrol altina alinmasi g¢ergevesinde enerji
giivenliginin saglanmasi, ¢evresel bozulma ve iklim degisikligiyle miicadeleyi kapsayan yesil
bliyiime ve yesil ekonomi kavramlari ortaya ¢ikmaktadir. Biiyiimenin ve kalkinmanin
saglanabilmesi i¢in c¢evresel parametrelere zarar vermeden ekonomik faaliyetlerin
gergeklestirilebilmesinin saglanmasi amagclanirken; ¢evre ve kaynaklarin kullanimi kamu
politikalar1 ve ¢evre dostu alternatif teknolojilerle desteklenmesi gerekmektedir. Bu yaklasim
kisa donemde kisa donemde yiiksek maliyet gerektirmekle birlikte uzun vadede

degerlendirildiginde hem kiiresel hem de iilkeler icin 6nemli avantajlar saglayabilmektedir
(Prato, 1998).

Ekonomiler i¢in kritik bir unsur olan ve enerji talebi ile sinirli enerji kaynaklari arasinda
denge kurmayi amaglayan enerji ekonomisindeki verimlilik ve rekabetgilik, ekonomik
faaliyetlerin gerceklestirilmesi ve siirdiiriilebilir hale getirilmesi i¢in 6nem arz etmektedir
(Demir, 2007). Enerji kullanimindaki artis iklim degisikligi iizerinde etkili oldugundan
alternatif enerji kaynaklarinmn kullanimi1 desteklenmektedir. Ulkelerin birincil hedefi olan
toplumun refahinin ve yasam kalitesinin arttirilmast kisi basina diisen gelirle orantili
olmaktadir (Oztiirk ve Giilen, 2019). Kuznets(1955), kisi basina diisen gelirdeki artisla
birlikte ekonomik gelismenin ilk donemlerinde gelir esitsizligini yiikselttigini ve artan gelir
esitsizligiyle birlikte ekonomik biiyiimeye bagli olarak belirli bir donemde esitsizligin
azalmaya basladigini ileri siirmektedir. Politik kanallar yaklagimina, bdlgesel farklilik
yaklagimina, niifusun yas dagilimina, tercihler-teknoloji diizeyi ve islem etkinligi yaklagimina
ve kurumsal iktisat yaklasimina da uygulanabilen Kuznets Egrisi yaklasimi, 1992 yilinda
gerceklesen Rio Konferansi sonrasinda kalkinmislik diizeyi ve cevre kirliligi diizeyi
arasindaki iligkinin incelenmesinde kullanilmaya baslanmaktadir. Cevresel Kuznets Egrisi
yaklagimina gore, cevresel kirlilik diizeyi ile ekonomik kalkinma siirecinde ters U seklinde
once artis gozlemlenmekte ve belirli bir donem sonrasi diisiis meydana gelmektedir. Cevresel
Kuznets Egrisi kapsaminda yapilan ¢aligmalarda iilke bazinda ve incelen donem bazinda
farkli sonuclar elde edildiginden kesin bir sonuca varilmamaktadir.

Robledo ve Olivares (2013), CIVETS iilkelerinde karbondioksit emisyonlar1 ile enerji
tiiketimi ve Gayri Safi Yurti¢i Hasila arasindaki iliskiyi incelemektedir. lbrahiem (2016),
Misir’da ¢evresel bozulma ve ekonomik biiyiime arasindaki iligskiyi karbondioksit
emisyonlari, ekonomik biiylime, enerji tiiketimi, ticaret agiklig1 ve niifus yogunlugu {lizerinden
sorgulamaktadir. Pata (2018), Tiirkiye’de kisi basina diizen gayri safi yurti¢i hasila, kisi
basina diisen karbondioksit emisyonlari, finansal gelisme, kisi basina toplam yenilenebilir
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enerji tiikketimi, hidroelektrik tiiketimi, alternatif enerji tiikketimi ve sehirlesme arasindaki kisa
ve uzun vadeli dinamik iligkiyi arastirmaktadir. Roman vd. (2018), Kolombiya’da
karbondioksit emisyonlarinda meydana gelen degisiklikleri fosil yakitlarin ikame edilmesi,
yenilenebilir enerji, enerji yogunlugu, gelir diizeyi ve niifus agisindan ele almaktadir. Bashir
vd. (2019), Endonezya’da beseri sermaye, enerji tiiketimi, karbondioksit emisyonlar1 ve
ckonomik biiyime arasindaki nedensellik iliskisini incelemektedir. Salahuddin vd. (2019),
Giliney Afrika’da sehirlesme ve kiiresellesmenin karbondioksit emisyonlar1 {izerindeki
etkilerini ortaya koymaktadir. Shanbaz vd. (2019), Vietnam’da karbondioksit emisyonlari ile
ekonomik biiylime arasindaki kisa ve uzun vadeli iliskiyi ¢evresel Kuznets egrisi yaklagimi ile
arastirmaktadir. Petrovi¢-Randelovi¢ vd. (2020), CIVETS iilkelerinde karbondioksit
emisyonlar1 ile kisi basina diisen Gayri Safi Yurtici Hasila, dogrudan yabanci yatirimlar
stogu, briit sabit sermaye olusumu, endiistri ve katma deger arasindaki nedensellik iligkisini
incelemektedir. Nathaniel vd. (2020), CIVETS iilkelerinde yenilenebilir enerji ile sehirlesme,
ekonomik biiylime, ticaret agig1 ve ekolojik ayak izi arasindaki nedensellik iliskisini ele
almaktadir. Calisma kapsaminda konuya giris yapilarak karbondioksit emisyonlari, enerji
kullanimi, dogrudan yabanci yatirimlar, biiylime oran1 ve sanayi katma degeri arasindaki uzun
ve kisa donem iliskilerin ortaya ¢ikartilmasinda kullanilan ekonometrik model yapisi
hakkinda bilgi verildikten sonra elde edilen bulgular yorumlanmaktadir.

2. EKONOMETRIK METODOLOJi

Iktisat teorilerinin gegerliliginin sinanmas1 icin kullanilan ekonometrik ydntemlere
gecilmeden Once ilk asamada ele alinan serilerin birim kok kontrollerinin yapilmasi
gerekmektedir. Serilerin birim koke sahip olmasi model tahminlerinin sapmali ve tutarsiz
olmasina neden olmakta ve anlamli bir iliski olmadigi durumda bile anlamli bir iliskinin
mevcut oldugu yanilgisim ortaya ¢ikarmaktadir (Oztiirk ve Cinar, 2018). Pesaran vd. (2001),
duraganlik dereceleri I(0) ve I(1) olan serilerin birlikte incelenmesini saglayan ve daha
saglam(robust) sonuglar veren otoregresif dagitilmis gecikme (ARDL) modelini ortaya
koymaktadir. Duragan olmamadan kaynakli sikintilarin bir miktar ortadan kaldirilabildigi ve
farkli gecikme uzunluklarina sahip degiskenlerle modelleme yapabilmeyi saglayan ARDL
modeli ¢ercevesinde, bagimli degiskenin gecikmeleri ARDL yaklasiminin otoregresif (AR)
kismini olustururken; bagimsiz degiskenlerin gecikmelerinin yer aldigi kisim ise dagitilmis
gecikmeyi (DL) olusturmaktadir (Paseran vd. 2001:290). Kiigiik 6rneklemler iizerinde de kisa
ve uzun donem iligkilerin birlikte incelendigi ARDL modeli, klasik estiimlesme modellerine
gore daha giiglii ve gilivenilir sonuglar verebilmektedir.

Yi=a+ Z?=1 a;Ye_j+ Z?zo BiXt—j + &
(1)
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seklinde gosterilen ARDL modelinde  gecikme sayilari bilgi kriterleri kullanilarak
belirlenmektedir (Seviiktekin ve Nargelecekenler, 2010). Model kapsaminda serisel
korelasyon, degisen varyans, spesifikasyon hatasinin olmamasi ve parametre tahminlerinin
tutarli olmasima gerekmektedir (Mert ve Caglar, 2019). ARDL yontemine esas olan Ornek
kisitsiz hata diizeltme modeli, “m” bilgi kriterleri kullanilarak elde edilen gelisme sayisini
gostermek lizere,

Ay, = a + Xili BiAye_i + Xitq B2Bx1e_i + B3Yio1 + Baxe1 + &
)

seklinde yazilabilmektedir. Modele iliskin otokorelasyon varligini arastiran testlerinden sonra,
F-sinir testi yaklasgimma gore seriler arasinda wuzun donemli iligskinin varlig
incelenebilmektedir. F-istatistik degeri alt ve iist smir degeri arasinda belirlendiginde ise
Engle-Granger veya Johansen test yontemlerinin kullanilmasi uygun olmaktadir. Uzun dénem
katsayilar1

Ve =+ X2 P1Ve—i + Dinq BaXei + &
(3)

seklinde ifade edilmektedir. Uzun donem denkleminden elde edilen parametreler
belirlendikten sonra modelin tanisal sonuglar incelenerek modelin gilivenilirligi
belirlenmektedir. Kisa donemli iligkilerin belirlenmesinde kullanilan 6rnek hata diizeltme
modeli, ECM;_; uzun déneme ait denklemdeki kalintilarin gecikmesi alinarak olusturulan ve
hata diizeltme modeli olarak ifade edilmek iizere,

Ay, = ag + X LAy + XiZq Azibxe; + I3ECM,_; + &

(4)

seklinde gosterilmektedir. A3 olarak ifade edilen katsay1 negatif ve istatistiki olarak anlaml
olmast durumunda kisa donemde olusabilecek denge sapmalarinin ne kadarinin uzun

donemde ortadan kalktigini belirtmektedir (Yenisu, 2019).

3.UYGULAMA
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Calisma kapsaminda, karbondioksit emisyonlari (CO2), enerji kullanimi (EK), dogrudan
yabanci yatirnmlar (DY'Y), Gayri Safi Yurti¢i Hasila (GSYIH) ve sanayi katma degeri (SKD)
arasindaki uzun ve kisa donem iligkilerin 1970-2018 yillar1 kapsaminda Kolombiya,
Endonezya, Misir, Tiirkiye ve Giiney Afrika ve 1986-2018 yillar1 kapsaminda Vietnam i¢in
ortaya c¢ikarilmasi ve ¢evresel Kuznets egrisinin varliginin arastirilmasi amacglanmaktadir.
Degiskenlere iliskin veri setlerin Diinya Bankasi, Global-Carbon-Atlas ve Our-World-in-Data
veri yayinlama kaynaklarindan ulasilabilmektedir. Tiim degiskenlerin logaritmalar1 alinarak
analize dahil edilmektedir. Ulkeler kapsaminda, ele alman degiskenlere iliskin birim kok
varliginin arastirilmasi, otoregresif dagitilmis gecikme (ARDL) modeline iliskin sonuglar ve
tan1 testleri Tablo 1.’de gosterilmektedir.

Tablol: CIVETS Ulkelerine iliskin Model Tahmin Sonuclar

KOLOMBIYA
ADF Birim Kok Testi PP Birim Kok KPSS Birim Kok Testi
Testi
Degiskenler 1(0) 1(1) 1(0) 1(1) 1(0) 1(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*
GSYIH -4.019* - -4.026* - 0.22* -
GSYIH2 -4.326* - -4.012* - 0.331* -
SKD -4.354* - -4.305* - 0.260* -
ARDL (1,1,4,2,3,3) Test Sonuclar:
CO2(-1) 0.729* | DYY(-4) 0.021* | GSYiH2(-3) | -0.001*
EK 0.374 | GSYIH 0.03* | SKD -0.006
EK(-1) -0.258 | GSYIH (-1) 0.0009 | SKD(-1) -0.004
DYY 0.009 | GSYIH (-2) 0.023* | SKD(-2) -0.006
DYY(-1) 0.0004 | GSYIH2 -0.002* | SKD(-3) 0.004
DYY(-2) 0.008 | GSYIH2(-1) -0.0007
DYY(-3) -0.004 | GSYIH2(-2) -0.0008
Tam Testleri
Breusch-Godfrey Test 0.389
Breusch-Pagan-Godfrey Test 0.816
Ramsey Reset Test 0.238
Kosullu Hata Diizeltme Modeli
CO2(-1)* -0.27** | D(DYY) 0.009 D(GSYIiH2(- 0.002*
1))
EK(-1) 0.115 | D(DYY(-1)) -0.026* D(GSYiH2(- | 0.001*
2))
DYY(-1) 0.036* | D(DYY(-2)) -0.017** D(SKD) -0.006
GSYIH(-1) 0.054* | D(DYY(-3)) -0.021* D(SKD(-1)) 0.001
GSYIH2 (-| -0.006* | D(GSYIH) 0.03* D(SKD(-2)) -0.004
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1)
D(SKD) -0.013** | D(GSYIH(- -0.023*
1))
D(EK) 0.374 | D(GSYIH?2) -0.002*
Uzun Donem Tahmini
EK 0.426 | GSYIH 0.2** SKD | -0.048**
DYY 0.133* | GSYIH2 -0.023**
Siir Testi 2.834*
Kisa Donem Tahmini
D(EK) 0.374* | D(GSYIH) 0.03* D(SKD) -0.006**
D(DYY) 0.009 | D(GSYIH(- -0.023* D(SKD(-1)) 0.001
1))
D(DYY(-1)) | -0.026* | D(GSYiH2) -0.002* D(SKD(-2)) -0.004**
D(DYY(-2)) | -0.017* | D(GSYIiH(- 0.002* CointEq(-1) -0.27*
1)
D(DYY(-3)) | -0.021* | D(GSYIH(- 0.001*
2))
Sinir Testi -4,96*
ENDONEZYA
ADF Birim Kok Testi PP Birim Kok KPSS Birim Kok Testi
Testi
Degiskenler 1(0) 1(1) 1(0) 1(1) 1(0) 1(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* -
GSYIH -4.019* - -4.869* - 0.279* -
GSYIiH2 -4.326* - -6.838* - 0.389* -
SKD -4.354* - -4.524* - 0.6 0.286*
ARDL(2,5,5,1,3,5) Test Sonuclari
CO2(-1) 0.202 | DYY(-1) 0.012 GSYIH2(-3) | -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* | GSYIH 0.056* SKD(-4) 0.016*
EK(-4) 0.866** | GSYIH2 -0.0005 SKD(-5) 0.009*
EK(-5) 0.641** | GSYIH2 (-1) -0.0008
DYY -0.039 | GSYIH2(-2) -0.002*
Tam Testleri
Breusch-Godfrey Test 0.391
Breusch-Pagan-Godfrey Test 1.054
Ramsey Reset Test 1.444
Kosullu Hata Diizeltme Modeli
CO2(-1) -1.269* | D(EK(-2)) -0.054 D(GSYIH2(- | 0.003*
1))
EK(-1) 1.583* | D(EK(-3)) -1.508* D(GSYIH2(- 0.001*
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2))

DYY(-1) -0.01 | D(EK(-4)) -0.641** D(SKD) -0.033
GSYIH(-1) | 0.056* | D(DYY) -0.039 D(SKD(-1)) -0.059*
GSYIH2 (-| -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(GSYIH?2) -0.0005

Uzun Donem Tahmini
EK 1.247* | GSYIH 0.044* SKD \ 0.0243
DYY -0.008 | GSYIiH2 -0.003*
Sinir Testi 6.717*

Kisa Donem 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(GSYiH2) -5.10E-05 D(SKD) -0.009*
D(EK(-4)) -0.641* | D(GSYIH2(- 0.003* CointEq(-1) -1.269*

1))
D(DYY) -0.039* | D(GSYIH2(- 0.001*
2))
Siir Testi -7.917*
VIETNAM
ADF Birim Kok Testi PP Birim Kok KPSS Birim Kok Testi
Testi
Degiskenler 1(0) 1(2) 1(0) 1(2) 1(0) 1(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* -
GSYIH -3.247* - -3.238* - 0.108* -
GSYIH2 -3.038* - - - 0.117* -
2.913**
SKD -3.514* - -3.542* - 0.162* -
ARDL (2,3,3,3,3,3) Test Sonuclar:
CO2(-1) 0.496* | DYY(-2) -0.025** GSYIH2(-2) 0.002
CO2(-2) -0.184 | DYY(-3) -0.017** GSYIH2(-3) | -0.016**
EK 1.457* | GSYIH 0.08 SKD 0.001
EK(-1) -0.162 | GSYIH (-1) -0.338** SKD(-1) -0.014*
EK(-2) 0.918** | GSYIH (-2) -0.055 SKD(-2) 0.002*
EK(-3) -1.52* | GSYIH (-3) 0.258* SKD(-3) 0.006**
DYY 0.026 | GSYIH2 -0.011
DYY(-1) -0.021 | GSYIiH2(-1) 0.027*
Tani Testleri

Breusch-Godfrey Test | 1.184
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Breusch-Pagan-Godfrey Test 0.591
Ramsey Reset Test 1.079
Kosullu Hata Diizeltme Modeli
CO2(-1)* -0.687* | D(EK(-1)) 0.601 D(GSYIiH2) -0.011
EK(-1) 0.693* | D(EK(-2)) 1.52* D(GSYiH2(- | 0.014**
1))
DYY(-1) -0.038* | D(DYY) 0.026 D(GSYiH2(- | 0.016**
2))
GSYIH(-1) | -0.054 | D(DYY(-1)) 0.042* D(SKD) 0.001
GSYIH2 (-| 0.002 |D(DYY(-2) 0.017** D(SKD(-1)) -0.009*
1)
SKD (-1) -0.003 | D(GSYIH) 0.08 D(SKD(-2)) -0.006*
D(CO2(-1)) | 0.184 |D(GSYIH (- -0.202*
1))
D(EK) 1.457* | D(GSYIH(- -0.258*
2))

Uzun Donem Tahmini
EK 1.007* | GSYiH -0.079 SKD | -0.005
DYY -0.055* | GSYIH2 0.003
Sinir Testi 4.758*

Kisa Donem Tahmini
D(CO2(-1)) | 0.184 | D(GSYIiH) 0.017* D(SKD) 0.001
D(EK) 1.457* | D(GSYIH (-1)) 0.08 D(SKD(-1)) | -0.009*
D(EK(-1)) 0.601* | D(GSYIH(-2)) -0.202* D(SKD(-2)) -0.006*
D(EK(-2)) 1.520* | D(GSYIH2) -0.258* CointEq(-1) -0.687*
D(DYY) 0.026* | D(GSYIH2(-1)) 0.014*
D(DYY(-1)) | 0.045* | D(GSYIH2(-2)) 0.016*
Sinir Testi -7.867*

MISIR
ADF Birim Kok PP Birim Kok Testi KPSS Birim Kok
Testi Testi
Degiskenler 1(0) 1(2) 1(2) 1(0) 1(1)
CO2 -2.409 -8.48* -8.467* 0.908 0.387**
EK -3.167* - -2.867** - 0.843 0.412**
DYY -3.852* - - 0.207* -
GSYIH -3.434* - - 0.345* -
GSYIiH2 -3.392* - - 0.434* -
SKD -3.69* - 0.664 0.369*
ARDL (5,5,5,1,5,3) Test Sonuglari
CO2(-1) 0.226 | EK(-5) -1.275% GSYIH2(-1) -0.002
CO2(-2) 0.178 | DYY -0.001 GSYIH2(-2) -0.002*
CO2(-3) 0.13 | DYY(-1) 0.003 GSYIH2(-3) -0.001
CO2(-4) -0.087 | DYY(-2) -0.01 GSYIH2(-4) | -0.001**
CO2(-5) 0.876* | DYY(-3) 0.003 GSYIH2(-5) -
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 GSYIiH 0.079* SKD(-2) 0.013**
EK(-3) -0.278 | GSYIH (-1) 0.027 SKD(-3) 0.007
EK(-4) 1.293 | GSYIH2 -0.006*
Tani Testleri
Breusch-Godfrey Test 1.434
Breusch-Pagan-Godfrey Test 0.704
Ramsey Reset Test 0.245
Kosullu Hata Diizeltme Modeli
CO2(-1)* 0.323* | D(EK) 0.022 D(GSYIiH) 0.079*
EK(-1) -0.633* | D(EK(-1)) 0.850 D(GSYIH2) -0.006*
DYY(-1) 0.017 D(EK(-2)) 0.260 D(GSYIH2(- 0.005*
1)
GSYIH(-1) 0.107* | D(EK(-3)) -0.018 D(GSYIH2(- 0.003*
2))
GSYIH2 (-| -0.014* | D(EK(-4)) 1.275* D(GSYIH2(- | 0.002*
1) 3))
SKD (-1) 0.052** | D(DYY) -0.001 D(GSYIH2(- | 0.0009**
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 Donem Tahmini
EK 1.954* | GSYIiH -0.331* SKD 0.045*
DYY -0.055 | GSYIiH2 -0.162
Siir Testi 4.88*
Kisa Donem Tahmini
D(CO2(-1)) | -1.097* | D(EK(-4)) 1.275* D(GSYIH2(- 0.005*
1))
D(CO2 (-2)) | -0.918* | D(DYY) -0.001 D(GSYIH2(- 0.003*
2))
D(CO2 (-3)) | -0.788* | D(DYY(-1)) -0.015* D(GSYIH2(- 0.002*
3))
D(CO2 (-4)) | -0.876* | D(DYY(-2)) -0.0265* D(GSYIH2(- | 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(GSYIH) 0.079* D(SKD(-2)) -0.007*
D(EK(-3)) -0.018 | D(GSYIH?2) -0.006* CoinEq(-1) 0.323
Sinir Testi Sonuclar: 4.882
TURKIYE
ADF Birim Kok Testi PP Birim Kok Testi KPSS Birim Kok
Testi
Degiskenler 1(0) 1(1) 1(0) 1(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*
GSYIH -6.752* - -6.750* - 0.064* -
GSYIH2 -6.416* - -6.399* - 0.221* -
SKD -5.893* - -5.815* - 0.048* -
ARDL (1,4,5,5,4,5) Test Sonuclar:
CO2(-1) 0.005 | DYY(-4) 0.028 GSYIH2(-2) -0.0001
EK 0.504* | DYY(-5) -0.075* GSYiH2(-3) | -0.0001
EK(-1) -0.301 | GSYIH -0.01* GSYIH2(-4) | -0.0018*
EK(-2) 0.747* | GSYIH (-1) 0.009 SKD 0.008*
EK(-3) 0.423* | GSYIH (-2) -0.002 SKD(-1) 0.001
EK(-4) 0.12 | GSYIH (-3) -0.004 SKD(-2) 0.006*
DYY 0.001 | GSYIH (-4) 0.008 SKD(-3) 0.003
DYY(-1) -0.009 | GSYIH (-5) -0.006** SKD(-4) 0.0002
DYY(-2) 0.052* | GSYIH2 0.0012* SKD(-5) 0.006*
DYY(-3) -0.034* | GSYIH2(-1) 0.0001
Tam Testleri
Breusch-Godfrey Test 1.677
Breusch-Pagan-Godfrey Test 0.806
Ramsey Reset Test 1.074
Kosullu Hata Diizeltme Modeli
CO2(-1)* -0.994* | D(DYY) 0.001 | D(GSYIiH2) 0.001*
EK(-1) 1.495* | D(DYY(-1)) 0.028** | D(GSYIH2(- 0.002*
1))
DYY(-1) -0.035* | D(DYY(-2)) 0.081* | D(GSYIH2(- 0.001*
2))
GSYIH(-1) | -0.006 |D(DYY(-3)) 0.046* | D(GSYIH2(- | 0.001*
3))
GSYIH2 (-| -0.0006 | D(DYY(-4)) 0.075* | D(SKD) 0.008*
1)
SKD (-1) 0.025* D(GSYiH) -0.010* | D(SKD(-1)) -0.016*
D(EK) 0.504* | D(GSYIH(-1)) 0.005 | D(SKD(-2)) -0.10**
D(EK(-1)) -1.292* | D(GSYIH(-2)) 0.002 | D(SKD(-3)) -0.006
D(EK(-2)) -0.544* | D(GSYIH(-3)) -0.001 | D(SKD(-4)) -0.006*
D(EK(-3)) -0.120 | D(GSYIH(-4)) 0.006**
Uzun Donem Tahmini
EK 1.502* | GSYIH -0.006 SKD \ 0.026*
DYY -0.036* | GSYIH2 -0.0006
Simir Testi 1.7977*
Kisa Donem Tahmini
D(EK) 0.504* | D(DYY(-4)) 0.075* D(GSYIH2(- 0.001*
2))
D(EK(-1)) -1.292* | D(GSYIH) -0.010* D(GSYIH2(- | 0.001*
3))
D(EK(-2)) -0.544* | D(GSYIH(- 0.005 D(SKD) 0.008*
1))
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D(EK(-3)) -0.120 D(GSYiH(— 0.002 D(SKD(-1)) -0.016*
2))
D(DYY) 0.001 | D(GSYIH(- -0.001 D(SKD(-2)) -0.010*
3))
D(DYY(-1)) | 0.028* | D(GSYIH(- 0.006* D(SKD(-3)) -0.006*
4))
D(DYY(-2)) | 0.081* | D(GSYIH2) 0.001* D(SKD(-4)) -0.006*
D(DYY(-3)) | 0.046* | D(GSYIH2(- 0.002* CointEq(-1) -0.994*
1))
Sinir Testi -8.830*
GUNEY AFRIKA
ADF Birim Kok PP Birim Kok Testi KPSS Birim Kok
Testi Testi
Degiskenler 1(0) 1(2) 1(0) 1(2) 1(0) 1(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*
GSYIiH -4.801* - -4.673* - 0.131* -
GSYIH?2 -4.666* - -4.536* - 0.219* -
SKD -6.229* - -6.225* - 0.095* -
ARDL (2,2,0,2,0,2) Test Sonuclar:
CO2(-1) 0.531* | DYY -0.002 SKD 0.002
CO2(-2) 0.427* | GSYIH 0.003 SKD(-1) 0.01*
EK 0.98* | GSYIH (-1) -0.007** SKD(-2) 0.007*
EK(-1) -0.254 | GSYIH (-2) -0.006
EK(-2) -0.623* | GSYIH2 -0.001
Tam Testleri
Breusch-Godfrey Test 1.141
Breusch-Pagan-Godfrey Test 1.051
Ramsey Reset Test 0.51
Kosullu Hata Diizeltme Modeli
CO2(-1)* -0.041 SKD(-1) 0.020* | D(GSYIH(- 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*
GSYIH(-1) -0.010 D(EK(-1)) 0.623*
GSYIiH2 -0.001 | D(GSYIiH) 0.003
Uzun Donem Tahmini
EK 2.458** | GSYIH -0.256 SKD 0.498
DYY -0.061 GSYIiH2 -0.035
Simir Testi 3.958*
Kisa Donem Tahmini
D(CO2(-1)) -0.427* | D(GSYIH) 0.003 | D(SKD(-1)) -0.007*
D(EK) 0.980* | D(GSYIH(-1)) 0.006* | CointEq(- -0.041*
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1)

D(EK(-1))

0.623*

D(SKD)

0.002

Sinir Testi

-5.722*

* ** sirastyla %5 ve %10 6nem diizeylerini ifade etmektedir.

Calisma kapsaminda ele alinan tilkeler ¢ercevesinde Tablo 1.’de elde edilen ARDL test
sonuclart incelendiginde, karbondioksit emisyonlarinin gegmis donem degerlerinin simdiki
donem degerini Kolombiya, Misir ve Gliney Afrika’da istatistiksel olarak anlaml ve pozitif
yonde etkilerken; Endonezya ve Vietnam’da istatistiksel olarak anlamli ve negatif yonde
etkiledigi goriilmektedir. Enerji kullaniminin simdiki ve geg¢mis donem degerlerinin
karbondioksit emisyonlarinin simdiki donem degerini Endonezya, Vietnam, Tiirkiye ve
Giiney Afrika’da istatistiksel olarak anlamli ve pozitif yonde etkilerken, Misir’da istatistiksel
olarak anlamli ve negatif yonde etkiledigi goriilmektedir. Dogrudan yabanci yatirimlarin
simdiki ve ge¢mis donem degerleri karbondioksit emisyonlarinin simdiki dénem degerini
Kolombiya ve Misir’da istatistiksel olarak anlamli ve pozitif yonde etkilerken, Endonezya,
Vietnam ve Tiirkiye’de istatistiksel olarak anlamli ve negatif yonde etkiledigi goriilmektedir.
Gayri safi yurti¢i hasilanin simdiki ve gegmis donem degerleri karbondioksit emisyonlarinin
simdiki donem degerini Kolombiya, Endonezya ve Misir’da istatistiksel olarak anlamli ve
pozitif yonde etkilerken, Vietnam, Tiirkiye ve Giliney Afrika’da istatistiksel olarak anlamli ve
negatif yonde etkiledigi goriilmektedir. Gayri safi yurti¢i hasilanin karesinin simdiki ve
geemis donem degerleri karbondioksit emisyonlarinin simdiki dénem degerini Vietnam’da
istatistiksel olarak anlamli ve pozitif yonde etkilerken, Kolombiya, Endonezya, Misir ve
Tiirkiye’de istatistiksel olarak anlamli ve negatif yonde etkiledigi goriilmektedir. Sanayi
katma degerin simdiki ve ge¢mis donem degerleri karbondioksit emisyonlarinin simdiki
donem degerini Endonezya, Misir, Tiirkiye ve Gliney Afrika’da istatistiksel olarak anlaml ve
pozitif yonde etkilerken, Vietnam’da istatistiksel olarak anlamli ve negatif yonde
etkilemektedir.

Sekil 1. CUSUM ve CUSUMSQ Grafigi

Kolombiya Endonezya Vietnam
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Tiirkiye Giiney Afrika

Tablo 1.’de elde edilen uzun dénem tahmininde; enerji kullanim1 karbondioksit emisyonlarini
Endonezya, Vietnam, Misir, Tiirkiye ve Giiney Afrika’da istatistiksel olarak anlamli ve pozitif
yonde etkilemektedir. Dogrudan yabanci yatinmlar karbondioksit emisyonlarini
Kolombiya’da istatistiksel olarak anlamli ve pozitif yonde etkilerken, Vietnam ve Tiirkiye’de
istatistiksel olarak anlamli ve negatif yonde etkilemektedir. Sermaye katma deger
karbondioksit emisyonlarin1 Tiirkiye’de istatistiksel olarak anlamli ve pozitif yonde
etkilemektedir. Kolombiya ve Endonezya’da gayri safi yurti¢i hasilanin istatistiksel olarak
anlamli ve pozitif, gayri safi yurti¢ci hasilanin karesinin ise istatistiksel olarak anlamli ve
negatif sonu¢ vermektedir. Kolombiya, Endonezya, Vietnam, Tiirkiye ve Giiney Afrika ele
alindiginda es biitlinlesme iliskisinin gecerli oldugu ve hata diizeltme katsayilarinin
beklenildigi gibi negatif ve istatistiksel olarak anlamli oldugu goriilmektedir. Bununla birlikte,
Mistr ele alindiginda F-sinir testine gore serilerin esbiitiinlesik oldugu fakat esbiitiinlesmenin
gecerli olmadigi ve hata diizeltme katsayisinin istatistiksel olarak anlamli olmadig:
belirlenmektedir. Tim ilkeler i¢in tani testleri ve CUSUM ve CUSUMSQ grafikleri
incelendiginde; hicbir iilkenin tahmin sonuglarinda serisel korelasyona, degisen varyansa ve
spesifikasyon hatasina rastlanmazken, Sekil 1.’de tahminler giiven smirlar1 igerisinde yer
aldigindan parametre tahminlerinin istikrar kosulu saglanmaktadir.

4.SONUC

Cevre, ekonomiyle birlikte dogrudan/dolayli yollardan siirekli iletisim halinde olmaktadir.
Gelismis olan iilkelerde cevre faktorii ekonomik biiylimenin tamamlayicisiyken, gelismekte
olan ilkelerde ¢evre kalitesinin daha iyi hale getirilmesi ve ekonomik biiyiimenin
strdiirilebilir olmasiyla ekonomik gelismislik diizeyinde meydana gelecek olan artis ve dogal
kaynak kullanimi arasinda celiskiler meydana gelebilmektedir. Calisma kapsaminda, CIVETS
olarak simiflandirilan Kolombiya, Endonezya, Vietnam, Misir, Tiirkiye ve Giiney Afrika
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iilkeleri degerlendirilmektedir. Bagimli degisken olarak karbondioksit emisyonlari
kullanilirken bagimsiz degiskenler olarak enerji kullanimi, dogrudan yabanci yatirimlar, gayri
safi yurti¢ci hasila ve karesi ve sanayi katma deger ele alinmaktadir. Calismada degiskenler
arasindaki 1iliskinin ortaya ¢ikarilmasinin yani sira ¢evresel Kuznets egrisi hipotezinin
iilkelerde gecerli olup olmadigimin incelenmesi amaglanmaktadir. Cevresel bozulmanin
ekonomik etkisi, beseri/dogal sermaye kayiplarindan ortaya c¢ikan maliyetleri iginde
barindirdigindan elde edilen sonuglarin iilkeden Tllkeye farkliliklar  gosterdigi
belirlenmektedir. Uretimde ve niifusta meydana gelen artislar tiikketim miktarmn1 direkt olarak
etkilemekte ve buna bagli olarak atik miktarinda artis yasanarak toplum refahi olumsuz yonde
etkilemektedir. Ek olarak, gelirin belirli bir noktaya gelene kadar karbondioksit
emisyonlarinda artis yaratacagi ve bir noktadan sonra azalmaya baslayacagini ifade eden
cevresel Kuznets egrisinin uzun dénemde Kolombiya ve Endonezya igin gegerli oldugu
sOylenebilmektedir.
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ABSTRACT: In the study, we try to explore whether changes in countries’ domestic energy prices alter their
green productivity trajectories using a 24-year (1995-2018) annual panel data set of 22 European Union (EU)
countries. Adopting a production-based (supply-side) approach, we define green productivity, i.e., the dependent
variable, as the gross domestic product (GDP) per unit of energy-related carbon dioxide (CO,) emissions. The
independent variable, i.e., energy inflation, is proxied by the domestic consumer price index in the energy 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 analysis procedure based on the nonstationary, cross-section dependent, and heterogeneous panel
data modeling. After confirming a cointegration relationship between variables, we estimate the long-run
elasticities using dynamic ordinary least squares (DOLS) and fully modified ordinary least squares (FMOLS)
estimators. Results reveal that energy inflation is positively associated with green productivity meaning that
increasing energy prices tend to encourage energy-saving green technologies. This evidence is consistent with
the development that many developed countries have decoupled their economic growth performances from
emission-intensive energy use since the global energy shocks in the early 1970s. Our study concludes that
governments should support businesses to improve energy efficiency and green productivity especially when the
energy prices are persistently increasing. This win-win strategy may benefit both environment and producers.
Keywords: Energy prices, Energy inflation, Green productivity, Heterogeneous panel, 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 (CO2) emissions for two reasons: First CO2
emissions are the largest source (around 75%) of global greenhouse gas emissions. Second,
human activities related to burning fossil fuels for industrial production, electricity/energy
generation, and transportation are responsible for most CO. emissions (EPA, 2020; IPCC,
2020). Consistently, both international and national policies formulated to limit greenhouse
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gas emissions and to mitigate climate change in a broader aspect have been regarding cleaner
production as one the key pillars of the low-carbon green economy. Therefore, understanding
the dynamic nexus between energy efficiency and 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 loss and inflation, especially in developed countries that were using imported oil
inputs intensively in their production (Jorgenson, 1981). However, after the 2000s, larger
increases in global oil prices have been followed by much milder effects on output and
inflation (Blanchard and Riggi, 2013). This observation shows that the dynamic interaction
between energy use and energy prices (besides other factors) can weaken the link between
output and production-based CO> emissions. Indeed, ever-increasing energy prices tend to
improve energy efficiency by encouraging countries to invest in research and development
activities on energy-saving technologies and green product development and/or product
upgrades. Consistently, there are studies (e.g. Blanchard and Riggi, 2013) pointing to a
smaller share of oil in production (and consumption) in the-2000s compared to the-1970s
while explaining why more recent oil price shocks have not caused such economic crises as
they did in the-1970s. Therefore, increased energy prices are expected to reduce energy
intensity and CO2 emissions. Although some previous research has examined the link between
energy prices and green growth aspects within energy efficiency, emissions mitigation,
renewable energy use, structural change, etc., for industrialized/developed countries (e.g. the
Austria case of Friedl and Getzner (2003), the Canada case of He and Richard (2010), and the
United States case of Troster et al. (2018)), there is a huge research gap in the exploration of
the direct link between energy inflation and green productivity, especially in resource-poor
developed countries.

In particular, if energy prices keep increasing, one would intuitively expect this energy
inflation encourages energy productivity from both demand and supply sides as businesses
adopt green management practices and use more energy-saving technologies while customers
prefer greener goods and services produced with lesser energy. Besides these internal
motivations, most countries have been increasingly involving in global programs such as the
Kyoto Protocol and Paris agreement that are committed to protect the environment and
mitigate the emissions of key pollutants such as CO, greenhouse gases. On the other hand,
there is a unique need to explore how EU countries have accomplished their (unfinished)
greening transformation. The relevant studies in the existing empirical literature, however,
seem to be focusing on the large emitter countries and providing evidence mostly related to
the determinants of emissions. Given the alarming level of global CO. emissions, the
relatively successful green productivity trajectory of EU countries has some lessons for other
countries. Addressing the importance of the low-carbon global green economy, this study
aims to contribute to the relevant literature by examining the dynamic impact of energy prices
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on the green success experience in 22 EU countries over the period of 1995-2018%. The
remainder of the paper is organized as follows: Section 1 outlines the green productivity
approach, Section 2 introduces sample, model, and data while Section 3 is devoted to
empirical analysis. The study concludes with a brief discussion of findings in the last section.

1. GREEN PRODUCTIVITY

A country’s economic growth is the increase in its gross domestic product (GDP) during a
certain period. GDP is the value-added created through the production of goods and services.
By definition, economic growth is a key measure of a country’s ability to generate outputs
from a given set of inputs including labor, physical capital, and natural resources. Therefore,
economic growth can be achieved through either using 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 resource-based inputs
and thus emitting lesser COa.

A simple two-factor version of the aggregated Cobb-Douglas production function can be
mathematically shown as in equation 1:

Y = A(KKN)*(HL)"*; (0<a <) @)

where Y represents aggregate output while K and L are vectors of the amount of physical
capital and labor inputs. Under this specification, the stock of natural resources (N) is
included in physical capital while labor input covers human capital (H) as well. The A term,

~ (KN)*(HD)™
growth in TFP is measured as a residual, i.e. the part of GDP growth that cannot be explained
by changes in the set of inputs, and seen as technological progress (OECD, 2020)2.

(A ;;(O <a <1)j, represents 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 considered as an
(undesired) output of the production process (Cardenas Rodriguez et al. 2016). Consistently,
there is an increasing need to adjust TFP and economic growth by environmental pollution
and pollution abatement. Following the environmentally adjusted TFP approach of Cardenas
Rodriguez et al. (2016) within a production-based CO> productivity aspect and separating

L In the study, the last reference year is 2018 since it is the most recent available year covered in the databases.
More specifically, emissions measures are usually provided on a one- to two-year lagged basis. Thus, the
existing statistics for the year 2019 are yet not certainly finalized and the current estimated values need to be
crosschecked.

2 It should be considered that in addition to its technological progress interpretation, increases in TFP also reflect
the effects of changes in other concepts such as management practices, organizational change, general
knowledge, network effects, spillovers 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 growth driven by TFP
growth during a certain t time can be segregated as in equation 2:

olnY OInE oln HL oInK OInN OIn EATFP
- &y = &,——— *+ &, + &y + (2)
ot ot ot ot ot ot
%r—/
GDP growth  Adjustment for CO, Change in human capital ~ Change in pysical Change in natural TFP change adjusted
emission abatement and labor contribution capital contribution  resource contribution by CO, emission
CO2 emission-adjusted GDP growth Change in factor inputs

In equation 2, E denotes energy-related CO> emissions and EATFP is the environmentally-
adjusted TFP based on CO emissions in the production process while & symbolizes the
relevant elasticities of the GDP growth. For example, (eye), the GDP elasticity of the pollution
measured by CO; emissions is the trade-off between producing more and emitting less. The
greater elasticity of GDP with respect to emissions (eve) 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 in EATFP, i.e., the residual, is the share of CO, emissions-adjusted GDP
growth that cannot be explained by the increase 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 CO. emissions expressed in
equivalent GDP growth takes a positive value when emission decreases and a negative value
when emissions increase in a certain t time. In this notation, green growth means green GDP
with less CO, emission based on energy productivity.

2. SAMPLE, MODEL, AND DATA

Our sample covers a 24-year (1995-2018) annual panel data set of 22 EU countries®. We
selected EU countries since they, as a whole, have a relatively higher green productivity
performance compared to the other countries/regions. As Table 1 exhibits, the average pro-
environmental performance of EU countries, particularly in terms of environmental policy
stringency measure and environmentally-related tax revenue, is relatively higher than those of
other individual countries that are among the largest emitters of the global CO: 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, Italy, Latvia, Lithuania, Netherlands, Poland, Portugal, Slovak Republic, Slovenia,
Spain, Sweden, United Kingdom. Even the United Kingdom withdrew from the EU on 31 January 2020, it is
included due to the study covers the 1995-2018 period. Bulgaria, Croatia, Cyprus, Luxembourg, Malta, and
Romania could not be included due to data unavailability is some variables.
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Environmental Performance* (2018)

Overall environmental performance 74.27 50.74 7119 3057 63.79 74.69
index

Energy (power) related CO: 55.74 4559 463 17.66 3388 16.8
emissions performance index

Availability of Emissions-Mitigation Policies** (1995-2018)

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

Stringency of Environmental Policies*** (1990-2015)

Environmental policy stringency — 1.99%*** 089 165 0.73 0.58 1.81
index

Environmentally-Related Tax Revenue** (1994-2018)

All tax revenue based on the total 2.68 084 088 1.15 -- 1.58
environment, % GDP

Note: Periods are not equal for all countries. For the 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 model that links green productivity (GreenProd) to energy inflation
(Eninf) as well as a varied set (X) of control variables within a panel data framework. The
relevant basic model is represented in equation 3.

GreenProdCrt =a, + B,Enlnf, T ﬂz’Xc,t ‘e, ()

Where ¢ denotes cross-section units, i.e. countries (¢ = /,...,22 = C), and t denotes a linear
trend in time units, i.e. years (¢ = 1995,...,2018 = T=24) while ao is the regression constant
and e is the error term. Our study focuses on the parameter f1 which explains the effect of
energy inflation on green productivity together with the effects (i, i=2,...,5) of other
predictors such as technological progress, openness, industrial development, and
environmental policy included as control variables based on the previous findings of the
relevant empirical studies. In our case, we represent technological progress by technological
competitiveness (TechCompet) in exports while openness is proxied by trade openness
(TrOpen). Considering the service-dominated economic structures of many EU countries, we
take deindustrialization (Deindust) to reflect the declined industrial activities in the sampled
EU countries. Under the very limited availability of data, we use environmental tax revenues
(EnvTax) as an indirect proxy of environmental policy. Therefore, our final regression model
takes the following form seen in equation 4.

a, + B In(Eninf_,) + B, In(TechCompet _,) + B, In(TrOpen_,)

In(GreenProd ) =
n(GreenProd, ) +p,In(Deindust_,)+ B In(EnvTax_,)+e_

(4)

t
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All variables are analyzed in their natural logarithmic forms to interpret the corresponding
coefficients as elasticities. We expect p1, (61= 0ln(GreenProdc)/0ln(Enlinfcy), to be positive
whereas the other variables’ elasticities may have either a positive or a negative sign as the
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 Statistics

Symbol Definition Measure Source

Dependent variables

GDP per unit of energy-related
GreenProd Green productivity CO> emissions. Constant (2015) OECD (2020)
United States Dollar (USD) per

kilogram.
Explanatory variable
EnInf Energy inflation CPI in the energy sector. Index, OECD (2020)
2015=100
Control variables

TechCompet Technological RCA index in high-tech Authors’

competitiveness in products calculations from

exports UNCTAD (2020)
TrOpen Trade openness Total trade of goods and WB-WDI (2020)
services. % of GDP
Deindust Deindustrialization Value-added in services. % of OECD (2020)
total value-added
EnvTax Environmental tax Tax revenue. % of GDP. All OECD (2020)
tax-bases and total environment
Variables Mean Maximum Minimum

GreenProd 4.930 14.908 1.076
EnInf 77.337 122.833 20.897
TechCompet 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 the moving-average based
extrapolation and interpolation when the series change stable and have no 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 green productivity (GreenProd) is
considerably correlated (0.613) with only energy inflation (Eninf). The weak correlations
between predictors can be considered as a sign of the absence of the multicollinearity
problem. Yet, we tested the regression model for multicollinearity problem using the variance
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inflation factors (VIF) and found VIF values around 1 indicating the robustness of the model
estimation to produce reliable results without a multicollinearity concern.

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

In(GreenPro In(Enin In(TechComp In(TrOpe In(Deindus In(EnvTa

d) f) et) 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(GreenProd
) 1
In(Enlnf) 0.613 1
In(TechComp
et) 0.345 0.321 1
In(TrOpen) -0.068 0.251 0.105 1
In(Deindust) 0.529 0.394 0.142 -0.306 1
In(EnvTax) 0.048 0.066 0.013 0.004 0.102 1
Centered VIF Values (Dependent variable: In(GreenProd))
In(Enlnf) 1.539
In(TechCompet) 1.116
In(TrOpen) 1.348
In(Deindust) 1.504
In(EnvTax) 1.012

3.2. Cross-Section Dependence and Stationarity

Estimators are efficient if the variables in panel data are stationary. Stationarity, which 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. The first-generation panel unit root tests assume cross-
sectional independence while the second-generation tests take possible cross-section
dependency into account while controlling series for stationarity (Baltagi and Pesaran, 2007).
Therefore, we need to check the series for cross-sectional dependence in order to determine an
appropriate unit root test. We control the variables for the cross-sectional dependence through
Breusch and Pagan’s (1980) Lagrange Multiplier (LM), Pesaran’s (2004) scaled LM,
Pesaran’s (2004) cross-sectional dependence (CD), and Bias-adjusted CD (Pesaran et al.
2008) methods which test a null hypothesis of no cross-section dependence. These tests may
be applied to either the individual series of variables or to the model based on the residuals
produced by panel estimation. Results from the first consideration are reported in Table 4.

Table 4: Results of Cross-Section Dependency Tests
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Breusch-Pagan LM Pesaran-scaled 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(TechCompet) 326.152*** 4.427*** -2.552*** 145,545%**
In(TrOpen) 384.916*** 7.161%** -1.666** 161.378***
In(Deindust) 472.532%** 11.237*** 0.677 146.392***
In(EnvTax) 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(TechCompet) 362.985*** 6.141%** -2.180** 133.999***
In(TrOpen) 393.734*** 7.571%** -1.636* 150.735***
In(Deindust) 450.977*** 10.234*** 0.321 138.052***
In(EnvTax) 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 test for In(Deindust), strongly reject
the null hypothesis of no cross-section dependence. Because of the presence of cross-sectional
dependency, the second-generation unit root tests are more useful in our case. Therefore, we
apply the CADF (Cross-Sectionally Augmented Dickey-Fuller) and PANICCA (Panel
Analysis of Non-Stationarity in Idiosyncratic and Common Components on Cross-Section
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(GreenProd) -2.010 -2.820*** -1.958 -2.801**
In(Enlinf) -2.163 - -2.340 -
In(TechCompet) -2.268** - -2.308 -3.644***
In(TrOpen) -2.030 -2.559*** -2.215 -2.632*
In(Deindust) -2.210 -2.629*** -2.017 -2.828**
In(EnvTax) -1.720 -2.562*** -1.821 -2.826**
PANICCA (ldiosyncratic Components)
Intercept Trend and intercept
Variables Pa Pb PMSB  Pa. Po PMSB
In(GreenProd) 0.590 0.586 0.274 0511 0.553 0.661
In(EnlInf) -0.468 -0.544 1.096 1.612 2.185 2.876
In(TechCompet) -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(Deindust) -0.089 -0.087 0.031 -0.009 -0.009 0.023
In(EnvTax) 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 panel-modified Sargan-Bhargava test.

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

3.3. Homogeneity and Cross-Section Dependence of Estimation Model

As previously stated, cross-section dependence test statistics might also be computed from the
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
homogeneity/heterogeneity by the delta test proposed by Pesaran and Yamagata (2008)
followed by the cross-sectional dependence examination through the Breusch-Pagan LM,
Pesaran-scaled LM, Pesaran CD, and bias-adjusted CD tests. The results in Table 6 show that
the estimation model embodies both heterogeneity and cross-section dependency problems.

Table 6: Homogeneity and Cross-Section Dependency of the Model

Tests Statistics
Homogeneity Delta_Tilde 15.549*** (0.000)
Delta_Tilde_adj 18.324*** (0.000)

Breusch-Pagan LM  636.382*** (0.000)
Cross-Section Dependency Pesaran-scaled LM 18.860*** (0.000)

Pesaran CD 17.551*** (0.000)

Bias-adjusted CD  32.912*** (0.000)

Note: *** shows the statistical significance at the level of 1%. Probabilities are in (parentheses).

3.4. Cointegration Test

A cointegration test is conducted to explore the long-run relationship between non-stationary
variables. In our case, by also considering the cross-section dependency of the model, we
apply Pedroni (1999; 2004) tests and the panel bootstrap cointegration test proposed by
Westerlund and Edgerton (2007). Results are reported in Table 7.

Table 7: Results of Panel Cointegration Tests
Pedroni (1999, 2004) Tests

Tests Intercept Intercept and trend
Panel v-statistic 0.105 (0.458) 3.172*** (0.000)
Panel rho-statistic 2.106 (0.982) 2.333 (0.999)
Panel PP-statistic -1.646** (0.049) -4.254*** (0.000)
Panel ADF-statistic -1.953** (0.025) -4.463*** (0.000)
Group rho-statistic 4.103 (1.000) 3.478 0.999
Group PP-statistic -1.524* (0.064) -11.576*** (0.000)
Group ADF-statistic -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 based on the Schwarz Information Criterion (SIC). 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 Long-Run Relationships

Consistently, we estimate the long-run elasticities through the heterogeneity-adjusted and the
pooled-weighed applications of the Fully Modified Ordinary Least Squares (FMOLS) and
Dynamic Ordinary Least Squares (DOLS) estimators. Results reported in Table 8 reveal a
positive relationship between green productivity and energy inflation.

Table 8: FMOLS and DOLS Estimations of Long-Run Elasticities

FMOLS
Intercept Intercept and trend
Predictor Coefficient  t-stat. p  Coefficient t-stat. p
In(Enlnf) 0.469*** 41,764 0.000 0.097*** 3247 0.001
In(TechCompet) -0.042 -1.575 0.116 -0.087** -2.129 0.034
In(TrOpen) 0.265*** 11262 0.000 -0.097*** -2.486 0.013
In(Deindust) 0.474*** 43539 0.000 -0.195*** -6.091 0.000
In(EnvTax) -0.229*** -13.078 0.000 0.015 0.411 0.681
R%2=0.928 R%=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*** -3351 0.001 -0.317*** -5.817 0.000
In(TrOpen) 0.125* 1902 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
R?=0.991 R%=0.998

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

4. FINDINGS AND CONCLUSION

Addressing the alarming level of the global environmental pollution driven by human-induced
CO2 emissions, our study is motivated by the question of why recent fluctuations in energy
prices tend to result in more lenient impacts in economic growth compared to the sharp
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economic shrunk in especially resource-poor developed countries during the 1970s” oil price
shocks. In particular, we aimed to explore whether the increased energy prices motivate firms
to produce with lesser energy use in the case of EU countries that have been apparently
succeeding in the mitigation of the production-based CO2 emissions. To this end, our study
adopted a supply-side (production-based) 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 countries for the 1995-2018 period. After
confirming a cointegration relationship between the proxies for the dependent variable (green
productivity), explanatory variable (energy inflation), and control variables (technological
competitiveness, trade openness, deindustrialization, and environmental tax) we estimated the
long-run elasticities using dynamic least square estimators.

Our results showed that energy prices were positively associated with green productivity
meaning that energy inflation tends to encourage energy-saving green technologies. This
evidence is consistent with the development that especially industrial countries have
decoupled their economic growth performances from emission-intensive energy use since the
energy shocks in the early 1970s. This evidence suggests that governments should support
businesses to improve energy efficiency and green productivity especially when the energy
prices are persistently increasing. Additional findings reveal that technological
competitiveness and environmental tax revenues 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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OZET

Bu c¢aligma, Tiirkiye, Cin, Endonezya, Giiney Afrika, Brezilya, Sili, Misir, Tayland, Kolombiya,
Meksika, Filipinler, Peru, Malezya, Polonya, Hindistan olmak tizere 15 gelismekte olan iilke igin
1970-2016 doénemi panel veri yontemleriyle kiiresellesmenin ¢evre tizerindeki etkisini analiz
etmektedir. Bunun igin kiiresellesme ile kontrol edilen bir ¢evresel Kuznets egrisi modeli takip
edilmektedir. Ayrica, ¢alismada literatiirden fakli olarak cevresel tahribatlarin en kapsamli
gostergesi, ekolojik ayak izi, bagimli degisken olarak kullanilmistir. Degiskenler arasindaki
iliskiyi tespit etmek i¢in dncelikle birim kok testleri, esbiitiinlesme testleri uygulanmistir ve daha
sonra uzun donem katsayilart tahmin edilmistir. Ekonometrik uygulamalarin sonucunda kisi
bas1 gayri safi yurti¢i hasila (GSYIH) ve kisi bas1 gayri safi yurtici hasilanin karesinin (GSYIH)
ekolojik ayak izini arttirdigi, kiiresellesmenin ise ekolojik ayak izini azalttigi sonuglari elde
edilmistir. Buna ekolojik ayak izi acisindan ¢evresel Kuznets egrisi hipotezinin gecerli olmadigi
sonucuna ulagilmistir.

Anahtar Kelimeler: Kiiresellesme, Cevre Sorunlari, Ekolojik Ayak izi

The impact of globalization on the Environment in Developing Countries

ABSTRACT

In this study, we investigate the environmental impact of globalization in fifteen developing
countries over the period from 1970 to 2016. The countries are Brazil, Chile, China, Colombia,
Egypt, India, Indonesia, Malaysia, Mexico, Peru, Poland, Philippines, South Africa, Thailand,
and Turkey, respectively. To this end, an environmental Kuznets curve model controlled by
globalization is followed. Contrary to the prevailing literature, the most comprehensive indicator
of environmental damage, the ecological footprint, was used as the dependent variable in the
study. In order to determine the relationship between the variables, firstly unit root tests and
cointegration tests were applied and then the long-term coefficients were estimated. As a result
of econometric applications, it has been obtained that per capita gross domestic product (GDP)

51



and the square of per capita gross domestic product (GDP) increase the ecological footprint,
while globalization reduces the ecological footprint. So, it is concluded that the environmental
Kuznets curve hypothesis is not valid in case the ecological footprint is used to represent
environmental degradation.

Keywords: Globalization, Environmental degradation, Ecological Footprint
GIRIS

Kiiresellesme hareketi ekonomik, kiiltiirel, siyasal, toplumsal, teknolojik ve cevresel siiregleri
etkilemektedir (Hamm, 2001, s.46). Diinya {izerinde yasanmakta olan kiiresellesme siireci
insanlia yeni olanaklar sunmasmin yani sira yeni sorunlarin ortaya c¢ikmasina, mevcut
sorunlarin ise daha genis capta etkili olmasina yol agmaktadir. Bu sorunlarin en énemlilerinden
biri de ¢evre sorunlaridir (Pfliiger, 2013, s.171-180).

Kiiresellesmenin etkisiyle son kirk yilda diinya ekonomisi muazzam bir ekonomik biiylime
yasamistir. Yiiksek ekonomik biliylime ile enerji kullanimida artmis bu ise ¢evresel sorunlarin
bliylimesine katkida bulunmustur (Shahbaz vd. 2017, s.1). Cevresel tahribatlarin 6nemli
biiytikliikteki kismi enerjinin iiretimi, doniisiimii ve tiiketiminden kaynaklanmaktadir. Bu
islemlerde en ¢ok birincil fosil yakitlar kullanilmaktadir. Bu yakitlarin yanmasi esnasinda karbon
oksijenle birlesir ve birincil sera gazi olan CO, olusur. Birincil fosil yakitlarin yanmasindan
kaynaklanan atmosfere sera gazi salimi en Onemli c¢evresel sorunlari ortaya cikarmaktadir
(Sweeney, 2000, s.20).

Yapilan arastirmalar sonucu, karbon emisyonlarinin biiylik kisminin hizli ekonomik biiylime
nedeniyle gelismekte olan tilkeler tarafindan olusturuldugu bilinmektedir (Khalid ve Long, 2013,
s.189). Bu noktada gelismekte olan iilkelerin temiz teknoloji satin alma gii¢lerinin olmamasi
nedeniyle kiiresellesme gelismekte olan {ilkelere ¢ok uluslu sirketler kanaliyla uluslararasi
pazarlardan enerji tasarruflu teknolojiler elde etmelerine olanak saglayabilir. Bu durum
gelismekte olan tlkelerin {iretim siireglerinde daha verimli enerji kullanmalarina ve karbon
emisyon seviyelerini diisiirmelerine yardimci olabilir (Copeland ve Taylor, 2004, s.10; Shahbaz,
Shahzad, Mahalik, 2017, s.4).

Calismada literatiirden fakli olarak ¢evresel tahribatin en kapsamli gostergesi ekolojik ayak izi
(EF) degiskeni kullanilmaktadir. Literatiirdeki yapilan ampirik ¢alismalarda ¢ogunlukla gevresel
bozulmalar1 gbzlemlemek icin CO, emisyonlar1 kullanilmistir. EF degiskeni CO, emisyonlarina
gore gevredeki bozulmalar1 daha kapsamli olarak temsil etmektedir (Ulucak ve Apergis, 2018, s.
21-27; Ulucak ve Lin, 2017, s.337-343).

1. Model, Veri Seti ve Yontem

Analizde kullanilan panel veriler ekolojik ayak izi (EF), kiiresellesme gostergeleri KOF
(ekonomik kiiresellesme, sosyal kiiresellesme, politik kiiresellesme) ve kisi bas1 gayri safi yurtici
hasiladan (GDP) olusmaktadir. Calisma 15 gelismekte olan iilke ile sinirlandirilmistir. Ulkelerin
se¢imi S&P Dow Jones Endeksi tarafindan listelenen gelismekte olan iilkeler siniflandirilmasina
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gore yapilmistir. Bu iilkler Tiirkiye, Cin, Endonezya, Giiney Afrika, Brezilya, Sili, Misir,
Tayland, Kolombiya, Meksika, Filipinler, Peru, Malezya, Polonya, Hindistan’dir. Analiz i¢in
1970-2016 gozlem araligi secilmistir ve 1 numarali model olusturulmustur.

lnEFit == BO + BllnGDPit + lenGDPI% + B3anOFit + €it (1)

Modelde EF ekolojik ayak izini, GDP kisi basina gayrisafi yurt i¢i hasilayr, GDP? kisi basia
gayrisafi yurt i¢i hasilanin karesini temsil etmektedir. KOF degiskeni ise toplam kiiresellesmeyi
yani ekonomik, sosyal ve politik kiiresellesme boyutlarinin etkisini igermektedir. i=1,...... N ele
alinan ulkeleri, t=1,...... ,T zaman1 gostermektedir.

Bu ¢alismada uzun donem katsayilarin tahmini i¢in Pedroni (2000, 2001) tarafindan gelistirilen
panel DOLS (Dynamic Ordinary Least Square) yontemi ve panel FMOLS (Full Modified
Ordinary Least Square) yontemleri dikkate alinacaktir.

Tablo 1. Birinci Nesil Panel Birim Kok Testi Bulgular1 (Diizey)

+
Fischer
o Degiskenler LLC IPS ADF Fischer PP
LEF (EKOLOJIK AYAK Tablo
izi 1.15762 1.52184 27.0694 32.1288 1’de
(0.8765) (0.9360) (0.6196) (0.3616) dért
LGDP (GSYTH) -0.01527 398457 187012 17.3950 farkl}
(0.4939) (1.0000)  (0.9460)  (0.9675) pane
birim
LKOF (KURESELLESME kok
TOPLANM) -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.

kullanilmistir. LEF serisinin birim kokiinii incelemek i¢in LLC, IPS, Fischer ADF ve PP testi
olasilik degerlerine bakildiginda, seviyelerde birim kok bulundugu icin bos hipotezi
rededilememistir. Bu nedenle, seri duragan degildir. Serilerin birinci farki alinarak tiim seriler
icin bos hipotez reddedilmistir.

Johansen Fisher panel es biitiinlesme testi uygulanmis ve sonuglar1 Tablo 3°de gosterilmistir.

Tablo 3. Johansen Fisher Esbiitiinlesme 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.



Ekolojik ayak izi ile modelde ele alinan agiklayici degiskenler arasinda uzun donem bir iligki
mevcuttur. Bu iliskide uzun dénem es biitlinlesme parametrelerinin tahmin edilmesi
gerekmektedir. Bunun igcin FMOLS ve DOLS es biitlinlesme tahmincileri kullanilmastir.

Tablo 4. Panel FMOLS ve DOLS Sonuglari

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 sonuglarina gore, GDP katsay1 tahmini pozitif ve istatistiki olarak anlamlidir. Ayrica
GDP? pozitif oldugu icin CKE hipotezi reddedilmektedir.

Kiiresellesmenin etkisini belirlemek i¢in modele dahil edilen KOF degiskeni icin elde edilen
katsay1 ise istatistiki olarak anlamli ve negatif katsayiya sahiptir. Yani kiiresellesmenin ekolojik
ayak izi iizerinde azaltict bir etkisi vardir, dolayisiyla kiiresellesme ¢evre bozulmalarini uzun
vadede olumlu etkilemektedir.

2. SONUC

Calismada, Tiirkiye, Cin, Endonezya, Giiney Afrika, Brezilya, Sili, Misir, Tayland, Kolombiya,
Meksika, Filipinler, Peru, Malezya, Polonya, Hindistan olmak iizere 15 gelismekte olan iilke i¢in
1970-2016 donemi panel veri yontemleriyle kiiresellesmenin cevresel etkisi analiz edilmistir.
Sonuglar ekolojik ayak izinin gelirdeki artisla birlikte artacagini; buna karsin gelir seviyesindeki
belirli bir yiikseklikten sonra (doniim noktasi) azalacagini varsayan CKE hipotezinin ters “U”
seklindeki iligkisini desteklememektedir. Ayrica sonuglar kiiresellesme diizeyindeki artisin
ekolojik ayak izini azaltigin1 gostermektedir. Yani kiiresellesme ekolojik ayak izi iizerinde
azaltict bir etki yaratmaktadir, dolayisiyla kiiresellesme ¢evre kalitesinin iyilestirilmesine katki
saglamaktadir.
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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, and renewable energy 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 107 countries
during the period 1996-2014, 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 income 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 supports energy conservative policies without harming economic growth.

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

1. Introduction

The role of energy sources is undisputed. It is by energy that mankind conquered the universe for
the first time. From natural factors such as wind, water, fire, sunlight to man-made energy
sources such as electricity, gas, gasoline, atomic energy, energy is essential for human activities
and plays a very critical role in the development of any country around the world. Energy is not
only an indispensable element of many economic sectors, but also has a great influence on
economy, politics, culture, and society.
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Since energy has a vital role for development and affects most of human life, an emerging
problem facing the world economy as well as human being is global energy crisis. However,
fossil fuel energy sources are limited. As such, the issue of production, consumption, and
management of energy resources is noted and paid special attention in many countries. The
problem of saving and finding alternative types of energy has also long been set. Furthermore,
the negative effects caused by energy are also documented. In parallel with the benefits always
comes is an immeasurable danger if energy is “released”. The risk of destroying humanity and
destroying the earth is always warned by scientists. Not to mention the energy loss leads to
catastrophic pollution, destroying the entire environment on a large scale and very difficult to
recover.

In this regard, the 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 energy sources, foreign import, thereby ensuring national energy
security (Le et al, 2019). Moreover, encouraging the development of renewable energy
investment expects to protect the environment and reduce the impact of climate change since it
helps reduce greenhouse gas emissions and contributes towards a green, modern energy growth.
In a nutshell, developing renewable energy expects to make an important contribution to
economic growth, promote local socio-economic development, contribute to protecting
environment, and to join hands with global efforts to limit global warming. Green 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 development strategies
and policies with a long-term vision, focusing on human resources, science-technology and
finance-credit towards developing a low-carbon, sustainable and environmentally friendly
economy.

Given the importance of energy security, the research on the use of green and renewable energy
sources such as biomass, geothermal, solar and wind energy is an absolute necessity (Baulch et
al, 2018). However, despite the voluminous studies conducted on the energy-growth nexus, the
relationship between renewable energy and economic growth has not received proper attention in
the academic literature. This study aims to provide further insights into the energy-growth nexus
by considering different types of energy use, namely, total energy use, fossil fuel energy use, and
renewable energy use. For this purpose, we conduct dynamic fixed effects estimator (DFE) to
autoregressive distributed lag (ARDL) model 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 at different income levels based on the World Bank’s
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. On the other hand, 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 per capita 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 subsamples. 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
energy-growth nexus, focusing 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 the pioneer study by Kraft and Kraft (1978), the literature on the nexus between energy
and economic growth has been voluminous. A general perspective states that the nexus between
energy consumption and economic growth can be theoretically explained using four hypotheses,
which have different implications on the usage of energy (e.g. Apergis and Payne 2009; Ewing,
Sari, and Soytas 2007; Ozturk 2010; Payne 2010; Le, 2016; Le and Quah, 2018; Fang and Le,
2019). The first hypothesis is ‘Neutrality hypothesis’, which denotes a situation where exists no
relationship between energy use and output in a country. In this case, any regulations on the
consumption amount of energy would have negligible impact on economic output. The second
hypothesis is ‘Growth hypothesis’ which refers to the unidirectional causality running from
energy consumption to economic output. In this scenario, energy use is considered as a crucial
contributor to economic development. This implies that restrictions on energy use would have
unfavourable effects on the overall economic growth and development of the country. On the
other hand, expansive energy policies are necessary for sustainable increment in output and
hence economic growth. The third hypothesis, ‘Conservation hypothesis’, suggests unidirectional
causality running from economic output to energy use. This relationship refers to the situation in
countries that are not highly reliant on energy. This hypothesis implies that we can adopt an
approach to reduce the energy demand without harming economic output. The fourth hypothesis
is ‘Feedback hypothesis’, which establishes a feedback causality between energy consumption
and economic output. This hypothesis suggests that energy and output are inseparable variables
since each one of them has simultaneous impacts on the other. In this regard, reduced energy
consumption would have negative effects on economic output.
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The empirical literature, however, has provided mixed and conflicting evidence on the nature of
causal relationship between energy consumption and economic growth. This reasons for
discrepancy in the results of the past studies could be attributable to the use of different
methodological approaches, different investigation time periods, in addition to the heterogenous
nature of the study areas and countries regarding climate conditions, economic development and
energy consumption patterns.

Specifically, while there are many studies find the evidence of unidirectional causality running
from energy consumption to economic growth (for example, Altinay and Karagol (2005) for
Turkey; Solarin (2011) for Botswana (the world’s largest producer of diamonds)), a number of
studies brought evidence of unidirectional causality from economic growth to energy use (for
instance, Kraft and Kraft (1978) for the US; Cheng and Lai (1997) for Taiwan; Zhang and Cheng
(2009) for China; Souhila and Kourbali (2012) for Algeria; Le (2016) for 15 sub-Saharan
African (SSA) countries). On the other hand, some studies found a bidirectional causality
between these two variables (for instance, Apergis and Payne (2009) for six Central American
countries in the short run; Shahbaz et al (2011) for Portugal; Sadorsky (2012) for 7 South
American countries in the short run). Meanwhile, a relatively fewer number of studies observed
an insignificant relationship between energy use and economic output (for example, Oh and Lee
(2004) for Korea in the short run; Stern (2010) for the US in the long run).

Furthermore, some studies even showed mixed findings in their study samples. For instance, on
examining the energy-growth nexus for 11 Sub-Sahara African countries, Akinlo (2008) found a
feedback causal relationship between energy usage and economic growth for Gambia, Ghana and
Senegal while no causality for Cameroon, Cote D'lvoire, Kenya, Nigeria and Togo. On the other
hand, unidirectional causality is confirmed from economic growth to energy consumption in
Congo, Sudan and Zimbabwe. Similarly, Saidi et al (2017) examined the direction of causality
between energy consumption and economic growth for a global panel of 53 countries during the
period 1990-2014 and observed different causality patterns across the subsamples. Specifically,
a bidirectional Granger causal relationship between economic growth and energy consumption
was found for the global panel and African and Middle East countries both in the short run and
long run. Meanwhile, unidirectional causality runs from energy consumption to economic
growth for the European countries both in the short run and long run.

Compared to the large volume of literature on the energy-growth 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 attributable 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 instance, Apergis and Payne, 2010a, b,
2011; Narayan et al, 2019; Le et al, 2020). For instance, Apergis and Payne (2010a) documented
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short-run and long-run bidirectional causality between renewable energy consumption and
economic growth for 13 countries within Eurasia during the period 1992-2007. Apergis and
Payne (2010b) showed bidirectional linkage between renewable energy use and economic
growth in both the short run and the long run for twenty OECD countries over the period 1985—
2005, confirming the ‘feedback’ hypothesis. Apergis and Payne (2011) documented bidirectional
causality between these two variables in both the short run and the long run for six countries in
Central America during 1980-2006. Narayan et al (2019) examined the causal structure between
different types of petroleum consumption and economic growth for 23 Indian state panels over
the period 1985-2013 and found that stable long-run relationships exist between economic
growth and only several types 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 number of 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 number 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 dimensions. First, we
considered three kinds of energy, namely, total energy use, fossil fuel energy use, and renewable
energy use for comparison. Second, we applied an advanced econometric technique to a well-
defined testing framework, i.e., dynamic fixed effects estimator (DFE) is applied to
autoregressive distributed lag (ARDL) model built upon an extended version of Neoclassical
production function. Third, we examine a global sample of 107 countries, as well as via three
subsamples of countries classified based on different income levels and cover a reasonably long
period 1996-2014 (19 years). As such, our study is much more comprehensive compared to the
previous studies. With this comprehensive approach, we hope to provide an in-depth analysis on
the controversial relationships between the two variables for policy implications.

3. Methodology and data

In order to investigate the relationship between energy consumption on economic growth, this
study applies the neo-classical economic growth model (see 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 exogenous with the growth
rate. The extended version of the neo-classical 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 construct the estimation 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:

Y = K% (AL)2EU%et  [1]

where: Y is real domestic output, A is technological factor, K is capital, L is labour, EC is energy
consumption, and e is error assumed N(i.i.d) (independent and identically distributed). a4, a,, a;
represent the elasticities of output to capital, productivity growth of labour (AL), and energy
consumption, respectively. For model [1], the neo-classical production function is used (a; <
1; ay + a, + a3 # 1). The model assumes that A is the technological progress (presenting in
productivity growth) with the growth rate, g:

Ap = Aged'FY [2]

where A, is the constant time-invariant; F is the part of technological progress produced by
exogenous factors, and ¥ is as the elasticity of function of exogenous factors.

According to Shahbaz et al. (2013), the technology in the extended Cobb-Douglas production
function can be assumed to be endogenously determined by the levels of financial development
and trade openness. Several studies have documented the important roles of financial
development in economies growth (see, for instance, Le et al, 2016; Le, 2016; Durusu-Ciftci,
Ispir, & Yetkiner, 2017; Ibrahim & Alagidede, 2018; Le and Tran-Nam, 2018; Ruiz, 2018; Le et
al, 2019) through (i) 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 spill-over effects of capital flows (Alfaro, Chanda, Kalemli-Ozcan, & Sayek,
2004; Azman-Saini, Law, & Ahmad, 2010; Hermes & Lensink, 2003). Meanwhile, the crucial
role of trade openness is also documented in endogenous growth models (see Rivera-Batiz and
Romer (1991a), Rivera-Batiz and Romer (1991b)). It is mostly agreed 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 productivity and technological advancement (Le, 2016). Therefore,
trade openness (Trade) and financial development (FD) are incorporated into the function of
technological progress in Eq. [2] as follow:

Ay = Age9t Trade’ FDF [3]
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in which: Trade and FD represent trade openness and financial development, respectively. @ and
m are the elasticities of technological advancement to trade openness and financial development,
respectively. With the assumption as a; + a, + a; # 1, the equation [3] is put into equation [1]
as follow:

Y = KL% A,e9"%Trade? 2 FD]" 2 EU% ek [4]

In order to control for heteroscedasticity, both sides of Eq. [4] are taken logarithm (Log).
Moreover, with the logged variables, the coefficients from estimations could be interpreted as the
elasticities of output to the changes in corresponding input factors. As a result, the linearized
neo-classical production function from equation [4] for a panel data analysis is as follows:

Yit = ag + B1Kit + B2Lit + BsTRADE;; + p4FD;t + BsEU; + 0; + 6, + & [5]

in which: i, t denote country i at year t; a and B are coefficients; @ and 6 are country-fixed
effects and year-fixed effects; ¢ is residual term. Y, K, L, Trade, FD, and EU present total real
domestic output, total capital stock, total labour force, total trade value, financial development,
and total energy use. All variables are in logarithms forms.

Eq. [5] is used for aggregated data analysis (all variables are aggregate values). The estimations
for per capita analysis are also conducted. In this step, the impact of labour remains constant by
dividing both sides of Eq. [4] by population in order to transform this equation in per-capita
terms. As the same procedures with the aggregated data 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. The linearized neo-classical production function from equation [4]
for per capita analysis is as follows:

Vie = a'o + B'1kie + B'3trade;, + ﬁl4fdit + B'seu; + 0; + 0, + & [6]

where: a’ and B’ are coefficients; the lower cases of factors (y, k, trade, fd, eu) represent Y, K,
TRADE, FD and EU in per capita terms, respectively.

In this study, total GDP (constant 2010 US$) and GDP per capita (constant 2010 US$) are taken
from World Development Indicators database (WDIs — World Bank) to proxy for real output and
real output per capita, respectively. The capital stock at constant 2011 national prices (in mil.
2011USS$) is acquired from Penn World Tables (PWT 9.1) to proxy for capital stock. We divide
the capital variable by total population (in millions) also taken from WDIs to calculate for capital
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stock per capita. The ratio of trade to GDP (%) multiply by total GDP, both taken from WDIs, to
obtain total trade value, which is then used to divide by total population to attain trade value per
capita.

The financial development index is collected from Financial Development Index of IMF (FDI-
IMF), which is regarded as a good proxy of financial development in a country (Svirydzenka,
2016). A higher value of this index means higher level of financial development. In order to
examine different aspects of energy use, the following three measures are used including total
energy use (kg of oil equivalent), total fossil fuel energy use (kg of oil equivalent), and total
renewable energy use (kg of oil equivalent). All three variables are collected from WDIs. In per
capita analysis, these variables are divided by total population to obtain different types of energy
consumption per capita, respectively. Data definitions, calculations, sources, and descriptions are
presented in Table 1.

[Please insert Table 1 here]

Subject to the availability of data from three sources (WDIs, PWT, and FDI-IMF), the empirical
analysis is performed for a panel data set with annual data for 107 economies (see Table Al —
Appendix for the list of countries) during the period 1996-2014. Our study sample thus has a
large number of cross-sections (N=107 countries) but relatively longer time dimension (1996-
2014, i.e. T=18 years). Moreover, three sub-samples of countries classified by income levels,
including 34 low- and lower-middle income economies (LMEs), 33 upper-middle income
economies (UMES), and 40 high income economies (HIES), are also examined to account for the
heterogeneity of the nexus between energy consumption on economic growth for countries at
different stages of economic development. Table 2 presents the correlation matrix between the
aggregated variables considered in our baseline model.

[Please insert Table 2 here]

The first step of the empirical analysis involves performing Pesaran (2004)’s cross-sectional
dependence (CD) test to examine the existence of cross-sectional dependence in all logged
variables (for both aggregate and per capita variables). The results in Table 3 show the existence
of cross-sectional dependence all aggregate and per capita variables. The Pesaran (2007)’s CIPS
(Z(t-bar)) unit root test, Im-Pesaran-Shin unit-root test (Im, Pesaran, & Shin, 2003), Fisher-type
unit-root test (Choi, 2001), Levin-Lin-Chu unit-root test (Levin, Lin, & Chu, 2002), and Harris-
Tzavalis unit-root 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 root tests), while some variables are
stationary at level (i.e., FD) and others are not.

64



[Please insert Table 3 here]

Next, the Granger-causality test by Dumitrescu and Hurlin (2012) is employed to examine the
causal linkage between energy consumption and economic growth. 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). This study 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 long-run cointegration 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 or 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 use 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 short-term and long-term effects 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 dynamic fixed effects estimator (DFE) is used
for ARDL model. The DFE ARDL model will not only detect the short-run and long-run
influences of regressors, but also deal with the fixed effects. Moreover, the bias of this estimator
is reduced to zero when the time dimension 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 the full sample and three sub-samples are presented in Table 6.

[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 and the long run. In
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 findings from previous studies such as
Caraiani, Lungu, and Dascalu (2015) for Poland, Romania, Romania Shahbaz et al. (2013) for
China, Le (2016) for low-income countries in Africa.

Our study thus adds new global evidence on the positive impacts of total energy consumption 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 sub-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 economic growth for Taiwan over the period 1970-2011.
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 period 1980-2008. Tang, Tan, and
Ozturk (2016) add that energy consumption contributes to economic growth in Vietnam over the
period 1971-2011.

However, the results are somewhat different from those in some previous studies. Alshehry and
Belloumi (2015) documented that the economic complexity does not have impact on economic
growth in the short run for Saudi Arabia over the period 1971-2010. Interestingly, the negative
(but statistically insignificant) impacts of total energy consumption on economic growth in
UMEs suggest that energy consumption is not a driver of 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 non-renewable energy consumption) on economic growth for the full sample
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 fuel energy consumption on economic

66



growth for HIEs in this study has brought new evidence on the unimportance of fossil fuel
energy in the long run for HIEs’ economic development. In the long run, the fossil energy
consumption appears to have significantly positive impacts on economic growth for the full
sample, but this positive impact is not statistically significant in the case of three sub-samples.
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 UMEs, while 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 the economic 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 positive impact on economic growth in the short run for 12
sub-Saharan African countries over the period 1971-2011. Destek and Aslan (2017) indicate that
renewable energy use has positive influence on economic growth in Peru during the period 1980-
2012. The results in our study thus provide a comprehensive empirical evidence on the short-run
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 show that the use of
renewable energy has significantly negative impact on economic growth for the full sample,
while having insignificantly negative effects for UMEs and LMEs, and insignificantly positive
influence for HIEs.

The results regarding the impacts of energy consumption on economic growth based on per-
capita analysis are presented in Table 7 for the full sample and three sub-samples.

[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 subsamples. In the same 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 having significantly negative effects for HIEs and
insignificantly positive influences for LMEs.

In the long run, the results in Table 7 show consistent influences of energy consumption on
economic growth for the full sample. Energy consumption and fossil fuel energy 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 regards: (i) energy consumption has positive effects
for HIEs and LMEs, while negative impacts for UMEs; (ii) fossil fuel energy consumption has
positive influences for the three sub-samples; (iii) renewable energy consumption has positive
impact for the group of HIEs and negative impacts for the groups of UMESs and LMEs.

Finally, we conducted the robustness check of the estimation results by performing the fully
modified OLS (FMOLS) model (Pedroni, 2001) and canonical correlation regression methods
(Kakade & Foster, 2007) to estimate the baseline models. The results presented in Tables A2 and
A3 of the Appendix confirm the consistency of the results obtained 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 energy-growth nexus was revisited by considering different types of energy use,
namely, total energy use, fossil energy use, and renewable energy use. The empirical analysis is
conducted by applying dynamic fixed effects estimator (DFE) to autoregressive distributed lag
(ARDL) model that was built based 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 uses of total
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 appear to be 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 be stronger 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 conservative policies without harming economic growth.

Some policy recommendations are proposed as follows. First, there is a need to exploit and
maximize the availability of fuel and energy resources for economic development. Furthermore,
competitiveness of the energy market needs to be nurtured and enhanced (for instance, through
openness and innovation), not only for the domestic market but also for the regional and world
markets. Second, in implementing the Green Growth Strategy roadmap, the government should
have a mechanism and policies to encourage more investment in renewing technological
processes in production and consumption and improving energy efficiency to reduce energy
consumption per GDP. Third, studying and having appropriate policies and mechanisms to
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encourage the use of renewable energy sources, such as wind, solar, tide and bio energy. In the
short term, due to high investment and technological innovation costs, the cost of using these
types of energy and fuels is still high. As such, the government needs to provide more incentives
such as price subsidies and tax reduction to reduce burden for investors. In the long term, it is
necessary to develop renewable energy to gradually replace existing polluting energy sources.
Fourth, raising awareness for people in using and saving energy; more importantly, make it
become a culture and a sense of voluntariness and habit. Fifth, in the context of a market
economy institution, it is necessary to maximize the economic instruments and financial
mechanisms for investing, exploiting and using energy sources efficiently and economically.
Furthermore, it is critical to mobilize resources, especially internal capital, to invest energy in
exploitation and production according to market principles. Last but not least, it is necessary to
monitor the implementation of energy resource development in accordance with climate policy
of reducing greenhouse gas emissions.
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Table 1. 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$) WDIs 2,033  25.17 1.89 21.56 30.42
K Capital stock Log of Capital stock at constant 2011 national PWT 2,033  13.22 1.78 9.37 18.09
prices (in mil. 2011US$)

L Labour force Log of total labour force WDIs 2,033 15.63 1.48 12.05 20.49
TRADE Trade openness Log of total trade value WDIs 2,033 29.20 1.89 25.35 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 oil WDIs 2,033 26.38 1.82 2047 31.25

consumption equivalent)
Variables in per capita
y Real output per capita Log of GDP per capita (constant 2010 US$) WDIs 2,033 8.70 1.43 535 11.63
k Capital stock per capita Log of Capital stock per 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 value per capita WDIs 2,033 12.74 1.71 8.26 17.66
eu Total energy use per capita  Log of Total energy use per capita (kg of oil WDIs
eufossil ~ Total fossil energy Log of total fossil energy use per 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 use per capita (kg WDIs

consumption per capita of oil equivalent) 2,033 9.92 1.22 3.69 12.89

Note: WDIs is World Development Indicators database (World Bank, version Arp/2019); PWT is Penn World Table, version 9.1; FDI-IMF is Financial
Development Index database, IMF; the total trade value is calculated by multiplying Trade (% GDP) from WDIs with nominal GDP; Total energy use is
calculated by multiplying Energy use (kg of oil equivalent per capita) from WDIs with total population; total fossil energy use is calculated by
multiplying Fossil fuel energy consumption (% of total) with Energy use (kg of oil equivalent per capita) and total population; total renewable energy
use is calculated by multiplying Renewable energy consumption (% of total final energy consumption) with Energy use (kg of oil equivalent per capita)
and total population.
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Table 2. 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*** 0.94%** 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 significance at 10%, 5%, 1% levels, respectively.
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Table 3. Cross-sectional dependence test results and Stationarity test results

Variable | CD test CIPS test IPS test Fisher test LLC test HT test Variable in 1st | CD test | CIPS test IPS test Fisher test LLC test HT test
in level difference

Statistic CD-test CIPS* Z-t-tilde- Inverse Adjusted Rho (Z) CD-test CIPS* Z-t-tilde- Inverse chi- Adjusted Rho (Z)

bar chi- t* bar squared t*
squared
Aggregated variables
Y 299.8*** | -2.040** 11.76 199.6 -1.855** 9.073 AY 71.79%%* | -2.916*** | -15.00*** | 1010*** -20.25%** -36.02***
K 291.5%** | -1,653 20.82 669.2*** 0.448 10.56 AK 29.54*** | -1,674 -0.135 345, 3%** -5.772%** -3.856***
L 199.4*%* | -1.781 8.257 416.4*** -3.147** | 9,045 AL 3.950%%* | -3.021*F* | -12.48*** | 1009*** -9.900*** -43.60***
TRADE 314.0%%* | -2.373%** 12.39 42.54 -2.347*%* | 7.983 ATrade 187.7** | -3.585*** | -18.90*** | 1388*** -19.47*** -56.86***
FD 141.9%%* | -2.817** | -5841** | 680.9*** -6.501*** | -10.60*** | AFD 27.84%** | -4,624%** | -23.00%** | 2669*** -21.27**%* -74.88***
EU 122.0%%* | -2.075** 7.176 168.6 -0.670 6.679 AEU 15.45%* | -3.901*** | -20.97*** | 2054*** -14.79*** -60.21%**
EUfossil 81.05%** | -2.257%%* 6.217 223.6 -0.749 5.553 AEUfossil 16.22%%* | -4,130%F* | -27.42%*% | 2147%*** -17.05%** -58.63***
EUrenew | 149.1%** | -2.042** 6.855 136.2 -3.515%* | 5.769 AEUrenew 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 Ay 70.06%** | -2.835** | -14,60*** | 975 5% -19.98*** -35.74%**
k 230.8*** | -1.288 14.79 726.1%*%* -2.783** | 10.13 Ak 24.73%* | -1.646 -0.993 307.8%** -6.794*** -5.025%**
trade 309.2%%* | -2.296%** 11.21 46.32 -2.851%* | 7.415 Atrade 187.4*** | -3.553*F* | -18.86*** | 1381*** -19.46%** -56.76***
eu 43.98*** | -2.161*** 5.810 161.8 -0.508 3.246 Aeu 15.59%%* | -3.893*F* | -20.83%** | 1994%** -14.64*** -60.05%***
eufossil 33.02%%* | -2.217%** 5.378 233.8 0.259 2.068 Aeufossil 16.45%F* | -4,124*** | -27,35%**% | 2094*** -17.08*** -58.75***
eurenew | 49.18*** | -2.076** 3.091 220.6 -5.128** | 4.727 Aeurenew 3.641%%* | -4.048** | -20.67*** | 1934*** -16.68*** -55.79***

Notes: In CD test: Under the null hypothesis of cross-section independence, CD ~ N(0,1), p-values close to zero indicate data are correlated across panel groups. In CIPS test (Pesaran Panel
Unit Root Test): HO (homogeneous non-stationary): bi = 0 for all i. In IPS test (Im-Pesaran-Shin 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 (Levin-Lin-Chu unit-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% levels. A is first difference.

Table 4. Granger causality test results

Granger non-causality test of Dumitrescu & Hurlin (2012)
X does not Granger-cause Y Y (GDP) does not Granger- AX Variable AX does not Granger-cause AY | AY does not Granger-cause AX
X Variable (GDP) cause X
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 AEU 0.563 0.573 5.864*** 0.000
EUfossil 13.03%** 0.000 29.82%** 0.000 AEUfossil 2.214** 0.026 4.475%** 0.000
EUrenew 12.96%** 0.000 17.04*** 0.000 AEUrenew 2.702%** 0.006 4.792%** 0.000
Per capita variables

eu 13.91%** 0.000 24.71%** 0.000 Aeu 0.178 0.858 5.751%** 0.000
eufossil 12.77%%* 0.000 23.50%** 0.000 Aeufossil 1.611 0.107 4.738%** 0.000
eurenew 13.84*** 0.000 15.14%** 0.000 Aeurenew 2.863*** 0.004 4.282%** 0.000

Note: The Granger non-causality test of Dumitrescu & Hurlin (2012) is used, HO: X does not Granger-cause Y, H1: X does Granger-cause Y for at least one
panelvar (country). *, ** *** denote statistical significance at 10%, 5%, 1% levels, respectively. n/a means the test cannot be performed.
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Table 5. 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, 472%%* -2.447 %%
eurenew -1.942%* -4.33 1% -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 cointegrated. *, ** *** denote statistical significance at 10%, 5%, 1%

levels, respectively. n/a means the test cannot be performed.
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Table 6. The influences of energy consumption on economic growth - Aggregated 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 0.1471%** 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 []; *, **, *** denote statistical significance at 10%, 5%, 1% levels, respectively.
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Table 7. The influences of energ

y consumption on economic growth — Per 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%** 0.5832%** 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 []; * *f, *** denote statistical significance at 10%, 5%, 1% levels, respectively.
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Appendix

Table A1l. 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'Ivoire 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. Rep. 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 growth - Aggregated analysis (robustness check)

FMOLS - Panel Fully Modified 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*** 0.771%**
t-stat 266.6 239.6 235.3 107.6 121.1 103.8 153.5 108.8 128.3 204.9 186.5 178.3
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 4419 44.36 40.47 32.86 32.75 44.53
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%** 0.471%** 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%** 0.13%** 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
EUfossil 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 2.54

Note: *, **, *** are significant levels at 10%, 5%, 1%, respectively.

81



Table A3. The influences of energy consumption on economic growth - 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 1219 141.0 170.7 2311 2249
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 2124 2234 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%** 0.12%** 0.13%**
t-stat 86.00 74.38 55.67 17.04
eufossil 0.127%** 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 2189 217.8 119.6 107.2 107.5 111.0 79.62 96.07 134.8 193.5 175.0
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%** 0.27%F* 0.12%** 0.14%**
t-stat 51.26 43.15 355 9.16
eufossil 0.17%** 0.16%** 0.08*** 0.09%**
t-stat 69.8 50.56 26.7 42.68
eurenew 0.02%** -0.09%** 0.03*** 0.14%**
t-stat -3.40 -18.51 7.57 6.59

Note: *, ¥*, *** are significant levels at 10%, 5%, 1%, respectively.
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ABSTRACT: This paper investigates the correlations among Sino-US stock markets, economic policy
uncertainty (EPU) and global oil market. Specificly, by adopting a TVP-SV-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 the correlations among China and
U.S. stock markets and the global oil market exist though time varying and in different ways.
Generally, effects in short- terms are stronger compared with medium-and-long terms. Most of the
effects are positive which means that fluctuations 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 impacts on the global
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 the global 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 most important energy given its dominant role
in the energy market (Alvarez-Ramirez et al., 2003; Yu et al., 2008), especially when
the global economy has entered into a de-globalization stage which is featured with
more institutional risks and uncertainties (Schell, 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 turmoil in 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 COVID-19 pandemic
period in 2020, the breakdown of negotiations between 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 relationships between international
stock and oil markets, and their correlation with macro-economic 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 markets and 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 the markets with economic institutions (Brogaard
and Detzel, 2015; Pastor and Veronesi, 2012; Sadorsky, 1999); and argue that the
both the economic policy uncertainties and fluctuations of oil price strengthen the
stock volatility (Brogaard and Detzel,2015; Cifarelli 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 stock market volatility 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
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economy (China) and advanced economy (U.S.) for this study. We focus on the
effects of systemic risks brought by economic policy changes (Pastor and Veronesi,
2013). We also focus on effects of the fluctuations of oil price on economic policy
uncertainties due to its 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 expectation of the capital market.

To test our arguments, we use TVP-SV-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 crude oil price, 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 smaller with a time
lagging by China’s. The findings also show that the impact of fluctuations of oil price
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 study makes contributions to the study of international capital market research
and international energy economics. The research contexts integrate the most
influential emerging and advanced economies and it succeeds in proving the capital
markets of the great two 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 also 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 lead to risk premium of stocks (Brogaard and Detzel, 2015; Pastor and
Veronesi, 2012; Pastor and Veronesi ,2013; Campbell and Shiller, 1988; Sum, 2012;
Hoque and Zaidi, 2019). Brogaard and Detzel (2015) find that the increasing of
uncertainties of economic policy lead 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 is negative (Pastor and Veronesi, 2012). Specifically, the
announcement of policy adjustment leads 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. Pastor and Veronesi (2013) use a general equilibrium model to measure
government policy change and find that 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 also have 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 (Alvarez-Ramirez et al., 2003; Yu et al., 2008). As a result, the
fluctuations of the oil price are highly related to various commodities 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 crude oil 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 oil price are still difficult to predict (Smith, 2009). Morana (2001) uses GARCH
characteristics to explain and predict the short-term 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) has been 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 impacts brought 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 related 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 (2017) 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 return rate 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 macro-economy and economic policy. Barsky and
Kilian (2004) found that crude oil price has a significant impact on exchange rate,
inflation and interest rate. Bjornland et al. (2018) analyzed the effect of oil price
fluctuation on the macroeconomic instability of the United States, 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 lead to inflation 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 trade-off between stabilizing inflation and output 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, the interactions 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 policy uncertainties 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 the significant systemic risk with the
consideration of time evolvement. In fact, as time goes by investors’ expectations,
policy preferences, and financial market risk contagion also constantly change. Based
on the above analysis, this paper aims to study the correlation among the stock
volatility and economic policy uncertainties, and fluctuation of global oil price under
the contexts of China and U.S. market. A TVP-SV-VAR model is applied for the
examination on the above mechanisms and effects.
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3. Research Method

3.1. TVP-SV-VAR model

A TVP-SV-VAR model is used as it is appropriate for capturing nonlinear
time-varying relations among variables (Nakajima, 2011; Wen et al.,, 2019).
Following the previous studies by Nakajima (2011), Wen et al. (2019) and Chen &
Zhu (2019), the standard model is defined as Equation (1) :

Ve =Ct+Byye—1 + -+ BaYe—s t e, e, ~ N(0,Q,) (1)

fort =s+1,---,n,where y, is a k x lvector of observed variables; By;, -, Bs; are k
x k matrixes of time-varying coefficients; and Q, is a k x k time-varying covariance
matrix. A recursive identification is assumed by the decomposition Q, =

A;lthtAt‘l', where A, is a lower-triangular matrix with the diagonal elements equal

to one, and Y, = diag(oy;, -, 0%:) . Define B, is the stacked row vector of
Bit,+*, Bst; ar = (aqg, -+, aqe)" is the stacked row vector of the free lower-triangular
elements of A, ; and h, = (hy, -, hxe)’ Where h, =logoi . The time-varying
parameters follow the random walk process as Equation (2):

£ I O 0O O

Bt+1 = Bt + gy, ut 0y 0 0

Ary1 = A T Ugy, pe ~N| 0, p (2)
Ugt 0 0 Za 0

ht+1 = ht + uht; u’ht 0 0 0 Zh

for t=s+1,--,n, with e, = A;Y,&,, where ¥, and Y, are diagonal, B4q ~

N(Uﬂo,Zﬂo) y at+1 "’N(uao,zao) and ht+1 "‘N(uho,zho) . The default pI‘IOI'

specification sets as Equation (3) :

(Xp)i? ~ Gamma(20,0.01), (3,);? ~ Gamma(2,0.01), (X)) % ~
Gamma(2,0.01) 3)

3.2. Data specifications
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China and U.S. are chosen as the empirical contexts to test the correlation among the
volatility of stock markets and economic policy uncertainty of the two countries, and
the fluctuation of oil price. Both of the countries are most influential ones of the
advanced and emerging economies respectively. The two capital markets are closely
related due to their huge capital market which may have significant impacts on the
global oil market (Broadstock and Filis, 2014; Uddin et al., 2020; Zhao et al., 2020).
Further, both of the two countries have been obviously involved in the financial crisis
and COVID-19 pandemic as closely related to the global capital markets. Thus the
research contexts chosen for this study are meaningful in terms of their
representativeness in the global capital markets.

The dataset in this paper include the volatility of China and U.S. stock markets, the
EPU of China and U.S., and the fluctuation of crude oil price of OPEC. The stock
data were obtained from Wind database. The monthly volatility of the S&P 500 index
is used for the volatility of the U.S. stock market. (Bachmeier and Nadimi, 2018) and
the monthly volatility of the CSI 300 index is used for the volatility of the Chinese
stock market. We consider using the CSI 300 index to represent China's stock market
because it covers the 300 largest and most liquid stocks traded on the Shanghai Stock
Exchange and Shenzhen Stock Exchange, accounting for about 60% of the total
market value (Ahmed and Huo, 2020). The data of EPU indexes of China and U.S.
was derived from the EPU database constructed by Baker et al. (2016). The crude oil
price data is from OPEC official website
(https://www.opec.org/opec_web/en/data_graphs/40.htm). The data period spans from
January 2003 to June 2020, including the financial crisis originated in 2008 and the
worldwide outbreak of COVID-19.

We follow Bachmeier and Nadimi (2018)’s method to calculate the volatility of the
stock market. The logarithmic yield is calculated by the closing price of the stock
index as Equation (4):

return;; = In (p;r — Pir—1) (4)

where p; . represents the closing price of i stock index on t day.

The monthly standard deviation of the logarithmic return of the stock index is
used to measure the volatility of the stock market in the current month. The specific
formula is as Equation (5):
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UOli,j = \/

i, return;—return,,

)

where vol; ; represents the volatility of the j month of the i stock index; return,,

denotes the average logarithmic yield of the j month of the i stock index.

The volatility of oil price is calculated in the same way as of stock market. The data of
EPU is directly obtained from EPU index (Baker et al., 2016).

4. Results and Analysis

4.1 Unit root tests

Augmented Dickey-Fuller (ADF) tests is adopted to examine the stationarity

of the variables. All of these variables are stationary at 1% significance level,

indicating that they could be used for the further analysis (See Table 1).

Table 1 Unit Root Tests

Significance at

Significance at 5%

Variables Type ADF
1% level level
Obp (C,0,3) -10.742 -3.475 -2.883
Ons (C,0,4) -9.628 -3.475 -2.883
ePUysq (C,0,3) -10.843 -3.475 -2.883
ePUcnn (C,0,1) -18.759 -3.474 -2.883
Ooil (C,0,5) -9.010 -3.476 -2.883
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4.2 Parameter estimation and model diagnosis

The order of variables in the empirical model is set as following: the volatility
of China stock market, the volatility of U.S. stock market, the EPU of U.S., the EPU
of China, and the volatility of global oil price. The effective sampling times of
MCMC are 10000 and the lag order of the model is set as 2. Figure 1 shows the
autocorrelation function, sample value path and density function of posterior
distribution. The autocorrelation decreases steadily after the samples with 1000 times
of pre firing period are deleted, whist the sample selection path remains stable. (See
Figure 1)
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Figurel.Parameter estimation results of TVP-SV-VAR model

The results of parameter estimation are reported in Table 2. The Geweke statistics (<
1.96) demonstrates that the parameter converges to the posterior distribution at the
significance level of 5% (Nakajima et al., 2011) (See Table 2).
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Table 2.Estimation results of the parameters

95% confidence

Parameter Mean Stdev Geweke Inef.
interval
sbl 0.0227  0.0027 [0.0183, 0.0289] 0.878 7.85
sh2 0.0231  0.0027 [0.0185, 0.0292] 0.675 8.68
sal 0.0575  0.0144 [0.0362, 0.0915] 0.11 35.11
sa2 0.061 0.0144 [0.0378, 0.0924] 0.672 42.64
shl 0.2175 0.0682 [0.1194, 0.3774] 0.017 73.12
sh2 0.2065  0.0686 [0.1044, 0.3684] 0.345 63.51

Note: Mean denotes the posterior means; Stdev denotes the standard deviations;
Geweke denotes the Geweke convergence diagnostics statistics; Inef. denotes the
inefficiency factor. The estimators of sb and sa are multiplied by 100.

4.3. Time-varying parameter analysis of TVP-SV-VAR model

Figure 2 shows the stochastic volatility of five variables as the volatility of
China stock market, the volatility of U.S. stock market, EPU of U.S., EPU of China
and the volatility of oil price. As shown in Figure 2, due to the financial crisis in U.S.
in 2008 and debt crisis in the Europe in 2011, shocked by stochastic volatility of the
U.S. stock market reached to a peak and gradually decreased afterwards due to the
expansion policy by the U.S. government; The stochastic volatility of the U.S. stock
market rose again in 2018 after the U.S. Federal Reserve reduced its scale; The
stochastic volatility has kept increasing since the COVID-19 pandemic broke out and
four circuit breakers happened in U.S. stock market in March, 2020. The volatility of
China stock market also experienced two peaks in in July of 2008 and July of 2015
and. In March 2020, during the period of US stock circuit breaker, the Shanghai and
Shenzhen stock markets fluctuated violently, and the stochastic volatility was kept at
a high level. Meanwhile the stochastic volatility of crude oil price volatility reached at
a high level during the financial crisis in 2008, and then remained relatively stable.
The stochastic volatility of oil price fluctuated dramatically when the COVID-19
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pandemic spread globally during the US stock market circuit breaker period and also
the "oil war" period between Saudi Arabia and Russia in March 2020. Figure 2
presents the specific results (See Figure 2).
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Figure 2 Time-varying effects of stochastic volatility

4.4. Time-varying effects and impulse response analysis
4.4.1. Time-varying effects at same time points

Figure 3 shows the time-varying effects at the same time point relationship among the
volatility of U.S. stock market, the volatility of China stock market, U.S. economic
policy uncertainty, China’s economic policy uncertainty and the volatility of global
oil price. There are total 20 pairs of correlations the five variables, among which 13
pairs of them are significantly related to each other (See Figure 3).
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Figure 3 Time-varying effects at same time point

The specific correlations are provided as following:

As shown in the first of row of Figure 3: The volatility of U.S. stock markets show
all positive impacts on the four variables. (1) The volatility of U.S. stock market
shows a positive impacts on the volatility of China stock market. The impact has
increased by years, which signifies the bond of the two capital markets are closer. (2)
The volatility of U.S. stock market shows a positive impact on the EPU of China
especially significant during the financial crisis period, though the correlation
becomes weaker afterwards. (3) The volatility of U.S. stock market also shows a
positive effect on the EPU of U.S., especially during the financial crisis and the
COVID-2019 breaking out periods. (4) The volatility of U.S. stock market also shows
a positive impact on the volatility of the oil price, which is especially significant
during the financial crisis (Liu et al., 2020).

As shown in the second of row of Figure 3: (5) Compared with U.S. stock markets,
the volatility of China stock markets only shows a negative impacts on the volatility
of global oil price though with a tendency turning to be positive.
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As shown in the third row of Figure 3, the EPU of U.S. show impacts on the volatility
of stock markets and also the EPU of China. (6) The EPU of U.S. shows a positive
impact on the volatility of U.S. stock market. The impact has increased by years,
which signifies that the economic policies of the U.S. Federal Reserve could affect the
U.S. stock market in a significant way. (7) The EPU of U.S. also shows a positive
impact on the EPU of China though it diminishes very soon, which indicates that
China's economic policies are less affected by the U.S. economic policy. (8) Finally,
the EPU of U.S. shows a negative impact on the volatility on that of the global oil
price.

As shown in the fourth row of Figure 3, the EPU of China shows heterogeneous
impacts on its own stock market, U.S. stock market and the also the global oil price.
(9) the EPU of China shows a positive impact on the volatility of China stock market.
(10) The EPU China also shows a positive impact on the volatility of U.S. stock
market. (11) Similar to the EPU of U.S., EPU of China also show a negative impact
on the volatility of the oil price.

Finally, as the fifth row of figure 3 shows, the volatility of the global oil price shows
impacts on the U.S. stock market and China stock market in a different way. (12) The
volatility of the oil price shows a positive impact on the volatility of U.S. stock
market. This impact is especially significant during the financial crisis period. (13)
The volatility of the oil price gradually shows positive effects on the volatility of the
China stock market though it is insignificant at first.

4.4.2. The time-varying effects at different time horizons

The TVP-SV-VAR model is different from the constant coefficient VAR model,
which can be used to investigate the impulse response diagram of various variables at
different lead times. In terms the impact of systemic financial risk on risk contagion,
EPU and the global oil price fluctuation, this paper selects the impulse response
duration of 1 month (one-period-ahead), 2 months (two-period-ahead) and 6 months
(six-period-ahead) to represent the short-term, medium-term and long-term impacts
respectively. Figure 4 plots the results of all responses.
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Figure 4 Impulse responses at different time horizons

1.4.2.1. Impulse response to gy,

The first column of Figure 4 shows the impulse response of the variables to a;,,. The

correlation between U.S. and China stock market is heterogeneous in terms to

different time span. In short-term, the volatility of China stock market has a positive

impact on the volatility of U.S. stock market. The influence is weakened during the

European debt crisis in 2011 and then increases afterward. It signifies that the

influence of China’s stock market on U.S. has increased in short-term. In medium-

term, the impact is inconclusive. The impact has been positive till the time point of

so-called ‘crash’ of China stock market in 2015, which turns to be negatively related
to the volatility of U.S. stock market. In long-term, the correlation between the two

markets is insignificant.

The correlation between the EPU of U.S. and the volatility of U.S. stock market also
varies in terms to different time span. In view of short-term, the EPU of U.S. has been
positively related to the volatility of U.S. stock market till the financial crisis in 2011.
The correlation turns to be negative after that. However, in view of long-term, this
correlation has always been positive, which indicates that the impact of the EPU of
U.S on its volatility of the stock market has a time lagging effect. Similarly, in short-
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term the EPU of China to the volatility of U.S. stock market is positive and has
increased by years. Thus it is argued that the volatility of stock market is one of
important causes related to economic policy uncertainty (Liu and Zhang, 2015).
Finally, the volatility of the global oil price is positively related to the volatility of
U.S. stock market in short-term which has increased by years.

4.4.2.2. Impulse response to o

The second column of Figure 4 shows the impulse response of the variables to gy.
Given a positive shock to U.S. stock market, it shows that the volatility of U.S. stock
market has a negative effect on the volatility of China stock market. Taking
consideration of the simultaneous effects shown in Figure 3, it signifies that the U.S.
stock market is conductive to China stock market. The latter responds to U.S. market
in a prompt response in short-term.

The impulse response of the EPU of U.S. to the volatility of China stock market is
also positive both in short-term and medium-terms; however, in short-term the impact
of the EPU of U.S. on China stock market tends to decrease with time evolving. It is
argued that EPU may bring risks in market collapsing as the firms may keep bad news
from investors; meanwhile investors may also adjust their investing responding to the
policy change due to heterogeneous beliefs and values (Jin et al., 2019). In medium-
term it shows the response maintains positive in a relatively steady way.

Further the volatility of the oil price shows a positive impact on China stock market,
which has gradually increased since 2013, reflecting the increasing demand of crude
oil in the market. Compared with the impact of the simultaneous effect, the impact of
global oil price on China stock market presents a time lagging effect.

4.2.2.3. Impulse response to epu,,

The third column of Figure 4 shows the impulse response of each variable to epu,,,,.
During the financial crisis, the impulse response of the volatility of U.S. stock market
to the EPU of U.S. is significantly negative, which signifies that the fluctuation of
investors’ expectation on the stock market affects the stability of economic policy in
U.S. in short term. It is interesting that this response of the volatility of China stock
market to EPU of U.S. is positive which increases by years, which means the
fluctuation of China stock market trigger the U.S. government to adjust their
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economic policies in short-term. However, in view of medium-term this response
turns to be negative, which indicates that this interesting impacts does not last long.
Given a positive shock to EPU of China, the short-term response of EPU of U.S. is
negative. Compared with the simultaneous effects as being positive, it signifies that
the duration of the impact diminishes gradually.

It shows that the medium-term response of the volatility of the global oil price to the
EPU of U.S. is nearly zero; however, this impact has increased since 2018 and
remained at a relatively high level. One of the possible explanations is that the rise of
oil price may have a negative impact on the economy. It brings additional pressure to
policy makers who are expected to alleviate the negative impacts of rising of the oil
price. Therefore the fluctuation of the oil price may strengthen the uncertainty of
economic policy (Antonakakis et al., 2014).

4.2.2.4. The impulse response of each variable to the epu .,

The fourth column in Figure 4 presents the impulse response of each variable to the
epu.nn. Given a positive impact on the volatility of U.S. stock market in 2008, the
short-term response of the EPU of China is positive. It gradually diminishes after
reaching the peak, which is consistent with its simultaneous effects. This response of
both medium- and long-term are negative, which reflects the continuous influences of
the volatility of U.S. stock market on the EPU of China. Both the short- and medium-
term responses of EPU of China to the volatility of China stock market are positive.
This response in short-term has gradually increased till 2008. In terms of the
simultaneous effects, the volatility of China stock market lags behind the EPU of
China. The response of the volatility of China stock market to the EPU of China's is
negative, which indicates that the duration of the impact is long. It is also found that
the short-term response of the EPU of U.S. to the EPU of China has been negative
before 2011 and turned positive afterward. In addition, the response of the EPU of
U.S. to the EPU of China's is found negative. Compared with the response of the
simultaneous effects, the duration of the impact is relatively short. The impact of
crude oil price fluctuation on the EPU of China is positive. This is due to fact that the
rise of oil price may lead to the increase of the costs of related with oil. The market
distortion caused by the monopoly of oil price can further strengthen the effects,
which leads to greater impacts to firms’ marginal cost. To maintain the price of
commaodities, the wage could be further decreased. Thus the policy makers may adjust
economic policies to alleviate the pressure of oil related firms (Natal, 2010). Finally,
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the medium-term response is negative, which indicates that the impact of oil price on
the EPU of China is comparatively short.

4.2.2.5. Impulse response to a,;;

The fifth column of Figure 4 presents the impulse response of each variable to a,;;.
Given a positive impact to the volatility of U.S. stock market, the short-term response
to the volatility of oil price is negative. The peak appears in the financial crisis and
decreases afterwards. Compared with the response of the simultaneous effects, the
duration of the impact of the volatility of U.S. stock market on the global oil price is
much shorter. Further, both of the medium- and long-term response show time
lagging effects.

It is also found that the short-term response of the EPU of U.S. to the volatility of the
global oil price is positive, whist its simultaneous effect is close to negative. It
signifies that there is a time lagging effect of economic policy transition to the oil
market. Compared with the short-term response by U.S., the duration of the impact of
EPU of China on the oil market is shorter. The results signify that EPU generally has
a negative impact on the volatility of oil price, which is consistent with the study by
Antonakakis et al. (2014).

4.2.3. The time-varying effects at different time points

There are totally three events included in terms of time points, namely, (1) August of
2011 (the global financial crisis originated in U.S. and Europe); (2) July of 2015
(China stock market crash); (3) March of 2020 (COVID-2019). Figure 6 presents the
results of the impulse responses at three time points. Figure 5plots the results of all
responses.
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Figure 5: Impulse responses at different time points

The first row of Figure 5 presents the positive effects of volatility of U.S. stock
market on the volatility of China stock market at the three time points. The effects all
turn to be negative after the three time points. This transition are consistent with these
three influential events, which indicates that the U.S. stock market has an impact on
China market, though the impacts do not last long. In addition, it is found that the
highest impact appears during the outbreak of COVID-19 when the circuit breaker
events in the U.S. market happen. This might be due the following two reasons. On
the one hand, the US stock circuit breaker is relatively rare and thus its impact is
great; on the other hand, the openness extent of China's capital market has been
deepen, which is closely tied with U.S. and the global market.

The responses of the volatility of the U.S. stock market on the EPU of U.S are all
positive at the three time points which gradually diminish to zero afterwards. The
impact is especially significant at the time point of the financial crisis. During the
financial crisis, the impact of the volatility of U.S. stock market on the EPU of China
shows a time lagging effect. Further, the response of the volatility of U.S. stock
market on the volatility of oil price are all positive at three time point and turns to be
zero one month later. It suggest that the impacts during these three systematical risks
are comparatively large.
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The second line of Figure 5 presents the positive response of the volatility of China
stock market to that of U.S. market. The impact increases from zero to the peak and
gradually diminishes to zero in one month. In addition, as China stock market was
less affected by the European debt crisis, the response during the financial and the
European debt crisis was weaker compared with other two time points. In terms of the
response of the volatility of China stock market to that of oil price, it is firstly
negative during the financial crisis and then rapidly turns to be positive, while it
maintains positive during at the time point of COVID-19. It suggests that China stock
market has become more influential to the global market.

The third row of Figure 5 shows the EPU of U.S. has a positive impact both on the
volatility of China stock market and the EPU of China during the financial crisis and
the European debt crisis. The response diminishes in both scale and the time during at
the time point of COVID-19 which covers the period of the events such as U.S. stock
circuit breakers. During the global financial and European debt crisis, the current
impact of the EPU of U.S. to that of China is positive and then decreases rapidly.
Meanwhile, during the period of COVID-19 there is a time lagging effect. The
response of the EPU of U.S.to the volatility of oil price is negative, though it turns to
be positive one month later. Compared with the impact of Sino-US stock markets on
the global oil price, the impact brought by the EPU of U.S. is smaller.

The fourth row of Figure 5 shows that the response of the EPU of China to the
volatility of oil price is uncertain.

Finally the fifth row of Figure 5 shows a positive impact of the volatility of oil price
to both the volatility of China and U.S. stock market. Moreover this impact is
significantly higher than that in the other two periods in March 2020.

6. CONCLUSIONS, LIMITATIONS AND FUTURE RESEARCH

The study explores the correlation effects among China and U.S. stock market
volatility, EPU of the two countries and the fluctuation of global oil price by using a
TVP-SV-VAR model. The following conclusions are drawn based on the analysis
results: (1) U.S. and China stock markets are closely related while the latter is more
influential as time evolving; (2) The volatility of U.S. stock market strengthens the
fluctuation of global oil price. The volatility of China stock market is also related to
the fluctuation of the oil prices though the impacts are weaker and with a time lag; (3)
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The EPU of U.S. aggravates the fluctuation of the global oil price, whilst the impacts
from EPU of China is insignificant; (4) The impact of EPU on the stock market
volatility is comparatively significant during the financial crisis period. (5) The
fluctuation of oil price affects both the stock markets of the two economies. The
impact is especially obvious during the global emergency crisis such as the breakout
of COVID-109.

This study has several limitations which indicate potential directions for future
research. First, one of the research contexts is China, as representing the emerging
economies. However, as China has some uniqueness such as its huge domestic
market, short history of capital market development, and the strong interference from
the government, the conclusions might not be general in application to other emerging
economies. Thus future studies may extend the research to other emerging economies
such as India, Brazil and Russia. Second, the time-span of this study also presents a
further limitation which is related to the first point due to the short history of the
capital market of China. A longer-term observation of the correlation among stock
market, global oil market and EPU is essential for the further understanding of this
issue which may cover more global turbulent events as global financial or worldwide
emergency events.
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Ozet: Ekolojik ayak izi son yillarin en ¢ok dikkat ¢eken arastirma konularindan biri haline gelmistir.
Ozellikle kiiresel 1s1nma ve iklim degisikligi gibi 6ne ¢ikan cevresel tehditlere paralel bir sekilde artan
gevresel farkindalik, bireysel ve toplumsal diizeyde ekolojik ayak izi olarak kavramsallastirilmig olan
ekosistem tizerindeki antropolojik baskinin 6l¢iilmesi ve gerekli 6nlemlerin alinmast dogrultusunda
onemli bir motivasyon kaynagi olmustur. Bu dogrultuda 6zellikle politika yapicilara yol gostermek ve
cevreye yonelik politikalara bilimsel dayanak sunmak amaciyla ekolojik ayak izi pek ¢ok bilimsel
aragtirmanin odak noktasi haline gelmistir. Bu ¢alismada, ekolojik ayak izinin artan popiilaritesi géz
oniine alinarak Web of Science SCI, SCI-E ve SSCI indeksli dergilerde yayimlanmig olan ¢aligmalarin
bibliyometrik analizi yapilmaktadir. Elde edilen istatistiki bilgiler konunun disiplinlerarasi boyutu ve

artan 6nemini net olarak ortaya ¢ikarmaktadir.

Bibliometric Analysis of Ecological Footprint Studies

Abstract: The ecological footprint has become one of the most striking research topics in recent years.
Environmental awareness, which increases in parallel with increasing environmental threats such as
global warming and climate change, has been an important source of motivation for measuring the
anthropological pressure on the ecosystem, which has been conceptualized as an ecological footprint.
In this direction, the ecological footprint has become the focal point of many scientific studies,
especially in order to guide policy makers and to provide a scientific basis to environmental policies. In
this study, bibliometric analysis of the studies on the ecological footprint, which were published in
Web of Science SCI, SCI-E and SSCI indexed journals, taking into account the increasing popularity of
ecological footprint. The statistical information obtained clearly reveals the interdisciplinary dimension

and increasing importance of the subject.
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Giris

Artan c¢evresel tehditlerle birlikte ¢evreyi korumaya yonelik politikalara yol
gostermek ve politikalarin sonuglarini gézlemek amaciyla hem cevresel etkileri
gozlemleyebilmek hem de ¢evresel performansin Olgiilmesini kolaylastirabilmek
adina ozellikle stirdiiriilebilirlik tartismalarinin yogunluk kazandigi 1980’11 yillardan
sonra cesitli goOstergeler onemli hale gelmeye baslamistir. Wackernagel ve Rees
(1996) tarafindan onerilen ve alternatif bir 6l¢iim yaklasimi olan ekolojik ayak izi de
bu gostergelerin en ¢ok kullanilan adaylarindan biri haline gelmistir. Ekolojik ayak izi
dogal kaynak tiiketimini ve bir ekonomide yaratilan atiklar i¢in gerekli asimilatif
kapasiteyi 6lgmeye yarayan bir hesaplama aracidir (Wackernagel & Rees, 1996). Bir
baska ifadeyle Ekolojik ayak izi dogal kaynak kullanim yogunlugunu ve belirli bir
alandaki (o alanin 6ziimseme kapasitesi dahilinde) atik 6ziimseme faaliyetini dlgen
alan bazli bir gostergedir (Wackernagel and Yount, 1998, p. 512). Ekolojik ayak izi
(EF) hesaplamalari insanlar igin faydali kaynaklar iireten veya saglayan alt1 ¢esit alan
kullanim1 dikkate alinarak yapilmaktadir. Bunlar, Tarim alanlari, otlaklar, kereste ve
yakacak odun i¢in ormanlar, balik¢ilik alanlari, alt yap1 ve diger yapilasma alanlar1 ve
karbon emisyonlarmin emilimi i¢in gerekli orman alanlaridir. Ekolojik ayak izinin
onemli ve giiglii yan1 cevreyle ilgili verilerin genis boyutunu iilkelerin sahip oldugu
tasima kapasitesini (carrying capacity) kolayca kiyaslayabilecek sekilde tek bir 6l¢iiye
indirgemesidir. Dolayisiyla bu 6zelligi kolay bir sekilde anlagilmasi ve kamuoyuna
stirdiiriilebilirlik meselesinin aktarilmasinda isi kolaylastirmaktadir (Caviglia-Harris et
al., 2009). Daha spesifik ve somut olarak olarak ekolojik ayak izi Sekil 1’de
yansitildigr gibi insanoglunun yasamsal faaliyetleri neticesinde doganin ona sunmus
oldugu ekolojik kapasite iizerinde isgal ettigi alanlar1 dikkate alarak bunlarin doganin
kendini yenileyebilme kapasitesi dahilinde yeniden iiretebilmesi i¢in gerekli olan
alanlar1 Slgen bir yaklasimdir. Ornegin yasam icin elverisli kosullarm oldugu tek bir
gezegen oldugu igin biyokapasite siir1 1 olarak kabul edilir ve ekolojik ayak izinin
1’den biiyiik olmas1 mevcut kapasitenin iizerinde bir verimli alana ihtiya¢ oldugunu

ve mevcut kapasite ile bu durumun siirdiiriilemez oldugunu gostermektedir.




Sekil 1. Ekolojik ayak izinin Bilesenleri
Kaynak:

Sekil 1’de gosterildigi gibi ekolojik ayak izi tarim alanlar1 (cropland footprint),
otlaklar (grazing land footprint), kereste ve yakacak odun i¢in ormanlar (forest
footprint), balik¢ilik alanlar1 (fishing land footprint, alt yapt ve diger yapilasma
alanlar1 (built-up land footprint) ve karbon emisyonlarinin emilimi igin gerekli orman
alanlaridir (carbon footprint). Burada oOzellikle karbon emisyonlarinin ortaya
cikmasinda etkili olan en 6nemli faktor fosil yakitlara bagl enerji iiretimi ve tiiketimi
oldugu icin enerji alan1 olarak da degerlendirilmektedir. Bu bakimdan karbon ayak
izi, enerjinin yasamin her alaninda 6nemli bir yer tutmasi nedeniyle, toplam diinya
ekolojik ayak izinin en biiyilik bileseni olarak goze ¢arpmaktadir. Bu durum Sekil 2
iizerinde her bir alt bilesenin biiylikliigii acisindan 1961-2017 dénemi ig¢in
gosterilmektedir. Sekli 2 {izerindeki yesil ¢izgi ile ¢izilen sinir ise biyokapasiteyi
temsil etmektedir. Biyokapasitenin iizerinde yer alan her bir durumda mevcut tiiketim
kalibin1 siirdiirebilir bir sekilde devam ettirebilmek i¢in diinya iizerindeki mevcut

verimli alanlardan daha fazlasina ihtiyag¢ oldugu sonucu ¢ikmaktadir.
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Sekil 2. Alt bilesenlerine gore diinya ekolojik ayak i1zi
Kaynak:
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Ekolojik ayak izi ve biyokapasite Olgiimleri birlikte degerlendirildiginde diinyanin
goriiniimii Sekil 3°te gosterildigi gibi kaynaklarla tiiketim arasinda farkin 6zellikle
1970°’1i yillarla birlikte giderek genisleyen bir makasi andirmaktadir. Bir taraftan
biyokapasite veya bir baska deyisle iiretken verimli alanlarin miktar1 azalirken diger

taraftan kaynaklarin tiiketimi siirekli artmaktadir.
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Sekil 3. Kisi bas1 diinya ekolojik ayak izi ve biyokapasite
Kaynak:

1961 ve 2017 donemi i¢in Sekil 3’{in ortaya ¢ikardigi resim mevcut tiiketim kalibinin
veya verimli alanlardaki bozulmanin siirdiiriilebilir olup olmadigi konusunda da yol
gosterici olmaktadir. Bu bakimdan ekolojik ayak izi ayni zamanda Onemli bir
stirdiiriilebilirlik gostergesi olarak degerlendirilmektedir. Van Vuuren and Smeets
(2000) siirdiiriilebilirlik gostergesi olarak ekolojik ayak izinin analitik olarak giiglii,
faydali ve politikaya miisait, kolayca olgiilebilir ve anlagilabilir bir yaklasim
oldugunu belirtmekte ve siirdiiriilebilir kalkinmayla dogrudan alakasi olan bir biriyle
baglantili 6rnegin tiikketim kaliplarindaki artisa odaklanma, siirdiiriilebilir kalkinma
icin cesitli temel kaynaklara odaklanma, dogal kaynaklara erisebilme ve bunlarin
dagilimina odaklanma, ¢evresel baskilara odaklanma gibi cesitli konular1 aydinlattig
icin 6nemli bir gosterge oldugunu ifade etmektedir. Wiedmann and Barret (2010)
ekolojik ayak izi ile ilgisi olan 50’den fazla uluslararasi paydasla anket ¢alismasi
yapmis ve 150°den fazla orijinal makaleyi analiz etmislerdir. Analiz sonucunda

ekolojik ayak izinin 6nemli bir siirdiiriilebilirlik gostergesi oldugunu belirtmislerdir.
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Sekil 4. Kisi bagina GDP ve ekolojik ayak izi
Kaynak:

Ekolojik ayak izinin {ilkeler i¢in siirdiiriilebilirlik ve ekonomik durumlar1 agisindan
Sekil 4 6nemli bilgiler saglamaktadir. Kisi basina diisen gelirin diisen gelirin ¢ok
diisiikk oldugu iilkeler diinya biyokapasitenin altinda bir ekolojik ayak izi degerine
sahipken gelir diizeyi yiiksek olan iilkeler biyokapasite sinirin1 6énemli oranda asmis
goriinmektedirler. Ancak her iki durum i¢in kiiresel siirdiiriilebilir bir kalkinma motifi
Sekil 4’{in sag iist tarafinda yer alan yiiksek gelir diizeyi ve biyokasite sinirinin alti ile

tanimlanan alan olarak degerlendirilmektedir.

Ekolojik ayak izi yukarida ele alindig1 gibi somut gozlenebilir ve Global Footprint
Network tarafindan saglanan yillik verilerle pek c¢ok disiplin igerisinde analiz
edilebilir bir yapiya sahiptir. Bu 6zelligi nedeniyle son yillarda popularitesi giderek
artan ve pek cok calismaya konu olan bir &lgiim haline gelmistir. Ozellikle
surdiiriilebilir kalkinma agisindan degerlendirme imkani sunmasi ekonometrik
analizler yoluyla ekolojik ayak izinin sosyoekonomik degiskenlerle olan iligkisinin
arastiritlmasi ve politika Onerilerinin gelistirilmesi konusunda énemli bir motivasyon
kaynag1 olmustur (Bilgili & Ulucak, 2018; Erdogan et al., 2020; Solarin & Bello,
2018; Ulucak et al., 2020; Ulucak & Apergis, 2018; Ulucak & Lin, 2017). Dolayisiyla
bu calismada literatiirdeki ekolojik ayak izinin konu edildigi c¢alismalarin

bibliyometrik analizi yapilmaktadir.
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Literatiir Analizi

Bu c¢alismada ekolojik ayak izi anahtar kelimesinin konu edildigi calismalar
bibliyometrik olarak analiz edilmektedir. “ecological footprint” kavrami anahtar
kelime olarak ¢alisma konular1 i¢inde Web of Science veri tabaninda arastirilmis ve
toplam 2582 calismaya ulasilmistir. Calismalara ait tiim kayitlar veri tabanindan elde
edilerek bunlara yonelik istatistiki bilgiler Web of Science istatistikleri ve Wosviewer
yazilimi kullanilarak elde edilmistir. Bu konuda o6zellikle arastirma kapsaminin
farklilastirilarak gesitli disiplinler i¢in veya donemler i¢in incelenmesi miimkiindiir.
Bu calismada belirli bir alan veya donem itibariyle sinirlandirmaya gidilmemistir.
Ayrica Sekil 5°te gosterildigi gibi elde edilen istatiklerle ekolojik ayak izi
caligmalarinda baglantili olan olan c¢ok sayida anahtar kelime tespit edilmistir.
Dolayisiyla secilen anahtar kelimelerle de alternatif bir simirlamaya gitmek
miimkiindiir. Bu anahtar kelimeler kullanim siklig1 bakimindan daha biiyiik bir
simgeyle gosterilirken daha ¢ok baglantili oldugu kavramlarla ayni renk kiimesinde

yer almaktadir.
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Sekil 5. Anahtar kelime baglantilari
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Web od Science istatistikleri ekolojik ayak izi ile Sekil 6’da goriilebilecegi gibi
sayilar1 Ozellikle son yillarda artan toplamda 2580 caligma listelemektedir. Benzer
sekilde, yine son yillardaki artisa dikkat cekmekle birlikte toplamda 54.733 atif tespit
edilmistir. Bu ¢alismalar i¢in hesaplanan h indeks degeri 15; her bir calisma basina

diisen ortalama atif sayis1 ise 2,19 olarak hesaplanmistir.

Total Publications :: h-index o Sum of Times Cited 0 Citing articles
2-582 Analyze 109 54-733 33-741 Analyze
__..l.IIIIIIIII Average citations per item Without self citations Without self citations.
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Sekil 6.  Toplam yayin sayis1 Toplam atif Sayis1

Sekil 6’dan net olarak goriilebilecegi gibi 2020 yili en ¢ok calismanin ve atfin
yapildig1 yil olmustur. Toplam ¢alisma ve atif sayisi ile birlikte son yillardaki artig

konunun 6nemi ve arastirmacilarin bu alana yonelik ilgisinin temel bir gostergesidir.
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Sekil 7. Calisma Tiirleri

Web od Science istatistikleri yapilan bu ¢alismalar igerisinde 1882 adet makale, 552
adet bildiri, 144 adet inceleme ve 105 adet kitap boliimi tiirli ¢alisma oldugunu
gostermektedir. Istatistikler ekolojik ayak izi konusunu arastirmacilar tarafindan daha
cok makale formatinda bir ¢alisma yapmaya tercih ettigini gdstermektedir. Bununla
birlikte konunun incelendigi ¢aligmalarin yayimlandigi kaynaklar agisindan yayin

143 121 38

JOURNAL OF CLEANER PRODUCTION ECOLOGICAL ECONOMICS ADVANCED
MATERIALS
RESEARCH

142

ECOLOGICAL INDICATORS 105
ENVIRONMENTAL SCIENCE AND POLL! 27 19
RESEARCH

RESOURCES CONSERVATIOI I0P
AND RECYCLING Bl CONFER
D| SERIES
EARTH Al
ENVIRONI
SCIENCE

126 20

SUSTAINABILITY ENERGY POLICY

45

SCIENCE OF THE TOTAL ENVIRONMEN
20 18
LAN| POLIC RENEWABLE SUSTAI
DUSE - ENERGY REVIEWS

sayisina gore Sekil 8’deki gibi bir siralama ¢ikmaktadir

Sekil 8. Calisma Tiirleri
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Sekil 8 incelendiginde ekolojik ayak izini konu alan ¢alismalarin yayinladigi dergiler
arasinda en ¢ok calisma Journal of Cleaner Production dergisinde yayimlanmuistir.
Daha sonra Ecological Indicators, Sustainability, Ecological Economics ve
Environmental Science and Pollution Research dergileri 100’den fazla ¢aligmanin

yayimlandig1 6nde gelen dergiler olarak géze ¢arpmaktadir.

1,483 333

ENVIRONMENTAL SCIENCES ECOLOGY BUSINESS ECONOMICS

PUBLIC OMPUTER
ADMINISTRATION | SCIENCE

175 74
ENERGY FUELS URBAN STUDIES

954 167

SCIENCE TECHNOLOGY OTHER TOPICS BIODIVERSITY CONSERVATION

CONSTRUCTION BUILDING
TECHNOLOGY

Sekil 9. Calisma Alanlar1

Sekil 9 caligmalarin yayimlandig: dergileri dikkate alarak hesaplanmis olan caligma
alanlarin1 gostermektedir. Buna gore en ¢ok calisma g¢evre bilimleri, miithendislik ve
teknoloji alaninda yer alan dergilerde yapilmigtir. Ekonomi alaninda yer alan
dergilerde yapilan ¢alismalarin sayist ise 333 adettir. Diger alanlardaki dergilerde de
onemli sayida oldugu asikar olmakla birlikte sosyal bilimler ve kamu politikalar

alaninda yer alan dergilerde yayimlanan calismalarin da sayis1 dikkate alindiginda
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konunun sosyoekonomik boyutu {izerine yapilan ¢alismalarin oldukga fazla oldugu

sOylenebilir.
Sekil 10. En az 5 calisma yayimlamis dergilerin atif baglantilari

Sekil 10 konuyla ilgili en az 5 ¢alisma yayimlayan dergilerdeki calismalarin atif
baglantilarin1 gdstermektedir. Sekilde artan kirmizilik daha giiglii bir iligkiyi temsil
etmektedir. Sekil 8’de oldugu gibi en fazla yogunluk Journal of Cleaner Production,
Ecological Indicators ve Sustainability dergilerinde yayimlanan c¢alismalar arasinda
olmustur. Bu dergilerin tarandig1 indeksler ve etki faktorleri dikkate alindiginda ilk
ikisi SCI-E indeksinde taranmakta ve kendi alaninda yer alan diger dergiler i¢erinde
ilk %25 igerisinde yani Q1 kategorisindeki dergilerdir. Sustainability dergisi ise SSCI

indeksinde taranmakta ve Q2 kategorisinde yer almaktadir.

Sekil 11 konuyla ilgili en ¢ok ¢alisma yapan arastirmacilart gostermektedir. Buna
gore en ¢ok calisma ekolojik ayak izi yaklasiminin gelistiricisi ve Global Footprint
Network’iin kurucusu olan Mathis Wackernagel’e aittir. Sekilde ayrica Global
Footprint Network biinyesinde yer alan arastirmacilar dikkat ¢cekmektedir. Alessandro
Galli, David Lin gibi isimler de 6ne ¢ikmaktadir.

44 15

WACKERNAGEL M PULSELLIFM

13

SOLIS-GUZMAN J

23

26 NARODOSLAWSKY M
NICCOLUCCI V

Sekil 11. En ¢ok ¢alisma yapan aragtirmacilar
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Sekil 12: 5’ten fazla ¢alismasi olan yazarlar arasindaki ortak yazarlik baglantilar

Sekil 12 en c¢ok calisma yapan yazarlar arasinda ortak yazarlik baglantisin
gostermektedir. Buna gore aymi renklendirilmis baglantilar ayni kiimeyi temsil
ederken simgeler arasindaki ag en az bir ortak yazarlik iliskisini gdstermektedir.
Ayrica seklin merkezi konumu ortak yazarlik baglantistnin giiclii oldugu yazarlar
iliskilendirmektedir. Diger taraftan Sekil 13 daha farkli bir perspektifle en az 5
caligmasi olan yazarlar arasindaki atif baglantilarin1 gostermektedir. Buna gore en az
5 ve lizeri galigmasi olan yazarlar arasindaki atif yogunlugu sar1 ve kirmizi ile daha
yogun bir iligkiyi temsil etmektedir. Sekil 15 ise konuyla ilgili en ¢ok atif alan

caligmalar1 ve bunlar arasindaki bibliyografik iliskiyi gostermektedir.
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Sekil 15. Arastirmacilarin iilke baglantisi

Son olarak Sekil 15 calisma sayisina gore arastirmacilarin iilke yogunlugunu
gostermektedir. Buna gore Amerika Birlesik Devletleri ve Cin en yiiksek yogunluga
sahiptir. Daha sonra Ispanya, Macaristan, Ingiltere ve Italya seklinde bir yogunluk

siralamasi ortaya ¢ikmaktadir.
Sonuc¢

Bu c¢alismada ekolojik ayak izi anahtar kelimesinin konu edildigi calismalar
bibliyometrik olarak analiz edilmistir. “Ecological footprint” kavrami anahtar kelime
olarak caligma konular1 i¢inde Web of Science veri tabaninda arastirilmis ve toplam
2582 ¢aligmaya ulagilmistir. Caligmalara ait tiim kayitlar veri tabanindan elde edilerek
bunlara yonelik istatistiki bilgiler Web of Science istatistikleri ve Wosviewer yazilimi
kullanilarak elde edilmistir. Web of Science istatistikleri ekolojik ayak izinin son
yillarin en ¢ok dikkat ¢eken arastirma konularindan biri haline geldigini ve arastirma

konusunun 6nemini net olarak ortaya ¢ikarmaktadir.

Arastirma sonucunda, ecological footprint iizerine genis bir literatiir olustugu tespit
edilmigstir. Gelismis ekonometrik modeller kullanarak, iilke gurubu ve dénem

farklilagtirmasina gidilerek literatiire katki yapacak ¢aligmalar yapmak miimkiindiir.
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OZET: Kiiresellesen diinyada hizla artan niifus, iiretim ve tiiketim aliskanliklari, ekonomik biiyiime gibi bircok
faktor iklim degisikliklerine sebep olmaktadir. Karbon ayak izi, atmosfere salinan CO; saliniminin bir dl¢iisii
olup, bu olgli giinden giine artmakta ve buzullarin eriyerek deniz seviyesinin yilikselmesine, su kaynaklarinin
azalmasina ve kiiresel 1sinmaya sebep olmaktadir. Tiirkiye ekonomik kalkinmasini tamamlamaya calisan bir iilke
olarak karbon ayak izini azaltmak icin Kyoto Protokolii ve Paris Iklim Sézlesmesi gibi uluslararas1 anlagsmalar
imzaladigindan, karbon ayak izini tahmin eden ve azaltilmasi icin politikalar gelistiren caligmalara 6nem
vermektedir. Bu dogrultuda yapilan ¢aligma, Tiirkiye nin niifus, gayri safi yurt i¢i hasila, enerji iiretimi ve enerji
tilketimi gibi bagimsiz degiskenler ile sera gazi emisyon oranlarinin gelecek donem tahminlerini zaman serisi
veri madenciligi yontemleri ile bulmay1 amaglamaktadir.

Anahtar Kelimeler: Karbon ayak izi, yenilenebilir enerji, zaman serisi veri madenciligi.

ESTIMATION OF THE CARBON FOOTPRINT FOR TURKEY WITH TIME SERIES DATA MINING
METHODS

ABSTRACT: In globalizing world, many factors such as rapidly increasing population, production and
consumption habits and economic growth cause climate changes. The carbon footprint is a measure of CO;
emissions released into the atmosphere, which increases day by day, causing glaciers to melt and increase sea
level, reduce water resources, and global warming. For Turkey, as a country trying to complete its economic
development, signed international agreements such as the Paris Climate Convention and Kyoto Protocol to
reduce the carbon footprint, gives great importance to the studies estimating carbon footprint and making
policies to reduce it. In this regard, the purpose of this research is forecasting Turkey's population, gross
domestic product, energy production and energy consumption with independent variables such as greenhouse
gas emissions involves using time series data mining forecast future periods.

Key Words: Carbon footprint, renewable energy, time series data mining.
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GIRIS

Insanoglu yaradilistan bu yana dogayla i¢ ice yasamis, doganin bir parcasi olmustur. Uzerinde
yasadig1 diinyanin korunmasi insan varliginin stirdiiriilebilirligi i¢cin gereklidir. Ekonomik
gelismeyle birlikte ¢evresel sorunlarin yasam kosullarii tehdit etmeye basladigini fark eden
insanlik ¢evre kalitesinin artirtlmasi yoniinde ¢alismalara girismistir. Bu girisimlerin yillar
icerisindeki seyri su sekilde olmustur;

o  Stockholm Konferansi (1972): Konferans1 Birlesmis Milletler organize ederek, cevre
sorunlarinin ve ¢evrenin korunmasinin tiim diinya {ilkelerinin gorevi oldugunu, bu sebeple
almacak onlemlerin rehber niteliginde olmasi gerektigini savunmustur. Bu konferans ile ¢evre
sorunlari evrensellik kazanmustir.

e Brundtland Komisyon Raporu (1987): Diinya Cevre ve Kalkinma Komisyonu tarafindan
hazirlanmis olup siirdiiriilebilir kalkinma teriminin ilk kez burada kullanilmasi yoniiyle
onemlidir (Sezer, 2015:764,771).

e  Kyoto Protokolii (1997): Tirkiye’'nin de imzaladigi bu protokolle, AB iilkeleri sera gaz
emisyonlarim1 2008-2012 yillar1 arasinda 1990 yilimin %8’i oraninda azaltmayi taahhiit
etmislerdir (Ozdemir, 2011:10).

e Paris Iklim Zirvesi (2015): Bu zirve ile 196 iilke bir araya gelmis ve siirdiiriilebilir bir diinya
gelecegi i¢in sicaklik artisinin 1,5-2 derece ile sinirlanmasi gerektigi bu sebeple de kiiresel
sicaklig1 arttiran sera gazi emisyon oranlarinin 2030 yilina kadar taahhiit edilen oranda
azaltilmasi konusunda anlagsmaya varilmistir (Pabugcu ve Bayramoglu, 2017:764,765).

[k kez Brundtland raporunda da belirtildigi gibi siirdiiriilebilir kalkinmanin farkli gostergeleri
vardir. Bu gostergelerden biri de insanlarin iiretim ve tliketim faaliyetleri sonucu olusan
ekolojik ayak izidir. Ekolojik ayak izi; bir bireyin veya toplulugun faaliyetleri sonucu olusan
atig1 bertaraf etmek ve tiiketilen kaynaklari mevcut teknolojilerle yeniden iiretmek i¢in gerekli
olan verimli su ve toprak alan olarak tanimlanmaktadir. Tiirkiye’nin ekolojik ayak izinin
%46’s1m1 karbon ayak izi olusturmaktadir. Karbon ayak izi; bir {iriinlin lretimi, taginmasi,
kullanim1 ve bozulmasi gibi tiim asamalarinda meydana gelen karbondioksit saliniminin
Olctistidiir. Bu 06l¢ti yaklagik 1,5 futbol sahasi biiyiikliigli olan bir hektar arazinin liretim
kapasitesini goOsteren kiiresel hektar (kha) terimi ile ifade edilir. Karbon ayak izi
birincil(dogrudan) ve ikincil(dolayli) olarak ikiye ayrilir. Birincil ayak izi, evde kullanilan
cithazlardan kaynaklanan enerji tiikketimi ya da giin igerisinde yapilan ulagimlarin sonucu
yakilan fosil yakitlardan aciga ¢ikan CO2 emisyonlarii ifade ederken; ikincil ayak izi tiim
yasam dongiisii boyunca dogaya verilen zarari temsil etmektedir. Karbon ayak izi
hesaplama yontemleri ile dogaya ne kadar karbon izi birakildiginin 6grenilmesi miimkiindiir.
Bu hesaplamalarda atmosfere salinan her ton karbonu fotosentez yoluyla bertaraf etmek i¢in
gerekli olan hasat edilmemis orman arazisi kullanilmaktadir. Gerekli olan orman arazisi
biiyiikliik ve verim bakimindan salinan karbonu bertaraf etmek icin yeterli degilse, karbon
tutma kategorisinde agik ortaya ¢ikar (Erden Ozsoy, 2015). Nihayetinde diinyanin tasima
kapasitesinin {iistiine ¢ikmasi, ozon tabakasinin delinerek ortalama sicakligin yiikselmesine,
buzullarin erimesine ve deniz seviyesinin artmasina sebep olur. Tim bu sikintilar
stirdiiriilebilir diinya varligini tehdit etmektedir.

122



CO2 emisyonlarmin da i¢inde yer aldigr sera gazi salinimlari incelendiginde en Onemli
kaynagin enerji sektoriinden geldigi anlasilmaktadir. Elektrik {iretimi ve tiikketimi, endiistriyel
tiretim, ulasim, insaat gibi sektorler ile tarim ve orman arazilerinin bilingsiz kullanimi da
atmosferdeki zehirli gaz miktarinin yiikselmesine sebep olmaktadir (Pabugcu ve Bayramoglu,
2017:766)

Gelecekteki karbon ayak izi tahminleri igin bir¢ok yontem kullanilmaktadir, ancak son
yillarda veri madenciligi yontemleri kullanilarak yapilan g¢aligmalarin 6nem kazandig:
goriilmiistiir. Bu c¢alismanin amaci, karbon ayak izinin gelecek donemlerdeki Ol¢timiinii
zaman serisi veri madenciligi yontemleriyle tahmin etmek ve bunun ekonomiye olan
zararlarini tespit ederek, ¢6ziim Onerileri sunmaktir.

1. LITERATUR OZETi

Iktisat yazininda gelisen teknoloji déniisiimiiyle birlikte karbondioksit emisyonu ile ilgili
birgok ¢alisma yapilmistir. Bu g¢alismalarin ¢ogu yenilenebilir enerjiye gegisle karbon
emisyon oranlarinin azaltilmasi yoniinde olup bu baglamda politika dnerileri gelistirilmistir.
Bu ¢alismalardan bazilar1 sunlardir:

1955 yilinda Simon Kuznets tarafindan yapilan ekonomik biiylime ve gelir adaletsizligi ile
ilgili calisma, daha sonraki yillarda Kuznets egrisi ile tanimlanan ¢evresel bozulma ve gelir
arasindaki iliskiyi inceleyen g¢aligmalar i¢in bir mihenk tast olmustur. Kuznets ¢aligmasinda
ilkelerin gelir seviyeleri ile bilylime arasinda ters u seklinde bir iligki oldugunu tespit etmis,
gelir seviyesi artis1 devam ettikge gelir adaletsizliginin azalacagini savunmustur (Kuznets,
1955:1-28).

Kuznets’ in c¢alismasimna bagli olarak yapilan cevre caligmalarinda Cevreye Uyarlanmis
Kuznets Egrisi kullanilmis ve gelir seviyesi arttik¢a ¢evresel bozulmalarin da artacagi fakat
bir seviyeden sonra artis devami halinde bozulmalarin azalacagi yoniinde bulgulara
erisilmistir. Gelismekte olan {ilkelerin enerji taleplerinin artmasiyla birlikte ¢evre kirletme
oranlarinin yiiksek gelirli lilkelere oranla daha fazla oldugu, {iilkelerin gelir seviyelerinin
artisiyla ¢evresel bozulmalarin azalacagi hipotezi dogrulanmistir (Carson, Jeon ve Mccurbin,
1997:447-450, Halicioglu 2009:1164).

Gelir-cevre iliskisini inceleyen g¢alismalar disinda emisyon oranlarinin tahmin edilmesine
yonelik farkli metotlarla yapilan calismalar mevcuttur. Ornegin; Pabugcu ve Bayramoglu
2017 yilinda yaptiklar1 ¢alisma ile Tiirkiye ve se¢ilmis 28 AB {ilkesinin gelecekteki(2020-
2030) sera gazi salinim degerlerini yapay sinir aglari ile tahmin etmeye ¢alismiglardir. GSYH,
enerji iiretim ve tiiketimi, niifus, ulagim i¢in kullanilan enerji ve sera gazi salim degerleri gibi
bircok degiskenin yer aldig1 ¢alismada, Tiirkiye’de var olan kosullarin devami halinde 2030
yil1 igin 1244,13 mt ile Paris Iklim Sézlesmesinde taahhiit edilen emisyon miktarinmn(929 mt
CO2 esdegeri) lizerinde olacagi ongoriilmektedir. AB ortalamasinin ise 2030 yili tahmini
151,75 mt olarak bulunmustur. Caligma sonucunda Tiirkiye i¢in yenilenebilir ener;ji
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kullanimima  gecilerek enerji  verimliliginin  artirllmast  dnerilmektedir(Pabugcu  ve
Bayramoglu, 2017: 762-778).

Cam ve arkadaslar1 ¢aligmalarini enerji verimliligi lizerine yapmislardir.1990-2013 yillarinin
gayri safi yurt ici hasila (GSYH), isglicii basina diisen sermaye stoku, enerji tikketimi ve CO2
emisyon oranlarinin degisken olarak kullanildig1 ¢alismada TOPSIS yéntemiyle elde edilen
enerji verimliliklerinin yapay sinir aglar1 modeliyle enerji etkinlikleri tahmin edilmis,
Tiirkiye’nin enerji etkinliginin en 6nemli belirleyicileri isgiicii basina sermaye stoku ile
toplam enerji tiikketimi olmustur. ARDL siir testi ile degiskenler arasindaki uzun dénemli
iliski belirlenmis ve isgiicii basina sermaye stoku, GSYH ve enerji tiiketiminin enerji
verimliligini pozitif etkiledigi,CO2 emisyonunun enerji verimliligini negatif etkiledigi
bulgusuna ulasilmistir. Tirkiye’nin yenilenebilir enerji kaynaklarina gecerek enerji
verimliliginin artirtlmasi 6nerilmistir (Cam, Sigeze ve Balli, 2018:661-670).

Hamzagebi ve Karakurt yaptiklari calismada Tiirkiye’nin 1965-2012 yillar1 arasi enerjiye
bagli CO2 emisyon verilerini gri tahmin yontemi ile analiz ederek 2025 yili i¢in CO2 salinim
degerlerini tahmin etmeye calismislardir. Analiz sonucglar1 2025 yilinda atmosfere salinan
CO2 miktarmin 2010 yilma oranla %64 artis gostererek 496,404 mt’ ye ulasacagini
gostermektedir. Sonug olarak gri tahmin yonteminin, CO2 emisyonu tahmininde hem enerji
politikalar1 olusturmak i¢in hem de iklim degisiklikleri ile ilgili uluslararasi anlagsmalarin

stirdiiriilebilirligini saglamak i¢in kullanilabilecegi belirtilmistir (Hamzagebi ve Karakurt,
2015:1023-1031).

Diinyanin en ¢ok sera gazi yayan iilkelerinden biri olan Cin’de yapilan bir arastirmada enerji
yogunlugunun CO; emisyonunu azaltict etkisi bulundugu tespit edilmistir. Zhang ve digerleri
Cin’in enerji kullanim yogunlugunun CO> emisyonu iizerindeki etkisini 1991-2006 verilerini
baz alarak ayristirma yontemi ile incelemis ve ekonomik faaliyetlerin sera gazi emisyonu
tizerinde etkili oldugu, ekonomik yapinin ise CO2 emisyon yogunlugundaki degisikliklere ¢ok
az katk1 yaptig1 bulgusuna ulasmislardir (Zhang, Mu ve Ning, 2009:776-773).

Alam ve digerleri Hindistan’in enerji tiiketimi, CO2 emisyonu ve ekonomik biiyiimesi
arasindaki nedensel iliskiyi dinamik modelleme yaklasimiyla zaman serisi analizi kullanarak
ele almislardir. GSYH, toplam enerji tiiketimi, toplam isglicii, sermaye stoku ve CO2 emisyon
oranmin degisken olarak ele alindigi calismada 1971-2006 dénemi zaman serisi analizi ile
degerlendirilmis ve nedensellik iliskileri ortaya ¢ikarilmistir. Analiz sonuglarina gore, gelir ile
CO2 emisyonu arasinda Cevreye Uyarlanmis Kuznets Egrisi hipotezinin tersine uzun donemli
bir iliski bulunamamustir. Enerji tiiketimi ile CO2 arasinda ¢ift yonlii bir nedensellik iliskisi
tespit edilmis, enerji tiiketimi ile gelir arasinda ise nedensel bir iliskiye rastlanmamaistir. Fosil
yakit agirlikli enerji tiiketen Hindistan i¢in gelir artisin1 g6z ardi etmeden kiiresel 1sinmay1
engelleyebilecek enerji tasarrufu politikalar1 liretilmesi Onerilmektedir (Alam, Begum vd.,
2011: 3243-3251).
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Ar1 ve Zeren calismalarinda panel veri analizi yontemi ile CO2 emisyonu ve ekonomik
bliylime arasindaki iligskiyi incelemistir. Cevresel Kuznets Egrisi hipotezini test etmeye
yonelik Akdeniz iilkelerinin 2000-2005 donemi verilerinin kullanildigi ¢alismada kisi basina
diisen gelir ile CO2 emisyonu arasinda N seklinde bir egri elde edilmistir. Calisma sonuglari
kisi bagina diisen gelir arttikga CO2 emisyonun da belirli bir seviyeye kadar artig gosterdigini,
kisi bast enerji kullanimi ve niifus yogunlugunun artmasinin COz emisyonunu artirdigini
gostermektedir. Bu baglamda firmalarin temiz teknolojiler kullanabilmesi i¢in tesvik edici
politikalar tiretilmesi 6nerilmektedir (Ar1 ve Zeren, 2011: 37-47).

Jaforullah ve King ise g¢alismalarinda yenilenebilir enerji kaynaklarmin COz emisyonu
tizerindeki etkisini incelemislerdir. Amerika Birlesik Devletleri’ne ait 1965-2012 yillar arast
verilerinin kullanildig1 arastirmada CO2 emisyonu, niikleer enerji tiiketimi, yenilenebilir enerji
tiiketimi ve reel Gayri Safi Yurt i¢i Hasila degiskenlerinin arasindaki iliski Vektdr Hata
Diizeltme Modeli (VECM) kullanarak analiz edilmistir. Analiz sonucunda; niikleer enerji
tiketiminin CO; iizerinde Onemsiz fakat pozitif etki yaptigi, enerji fiyatlar1 ile emisyonlar
arasinda negatif iligki, yenilenebilir enerji kaynaklarinin kullaniminin artirilmasi ile ise CO2
emisyonlarinin 6nemli dl¢iide azalabilecegi tespit edilmistir. Onceki ¢alismalarin yeniden
degerlendirilmesi seklinde yapilan ¢alismada niikleer enerji kullanimi yerine yenilenebilir
enerji kullanimina tesvik verilmesi ve karbon vergisi uygulamasi yapilarak emisyon
oranlarinin azaltilabilecegi Onerileri sunulmustur (Jaforullah ve King, 2015:711-717).

Behrang ve arkadaslarinin 2011 yilinda yapmis olduklar1 arastirmada, karbon emisyon
tahmini ¢ok katmanli yapay sinir ag1 ve ar1 algoritmasi ile tahmin edilmeye calisilmigtir.
Degisken olarak diinya niifusu, birincil enerji talepleri, petrol ve dogalgaz ticareti hareketleri,
gayri safi yurtici hasila gibi bircok sosyoekonomik indikatoriin kullanildigi arastirmada,
1980-2006 donem verileri kullanilarak 2007-2040 arast doneme ait bir tahmin degeri
olusturulmustur. iki asamadan olusan ¢alisma icin dncelikle GSYH, niifus, petrol ve dogalgaz
ticaret hareketleri ar1 algoritmasina bagl olarak girdi degiskeni olarak kullanilmis ve petrol,
dogal gaz, komiir tiiketimleri ve birincil enerji tiiketimleri ¢ikt: olarak almmustir. ikinci
adimda ise ilk adimin ¢ikt1 degiskenleri kullanilarak CO2 emisyon degeri tahmin edilmeye
calistlmustir. Tk adim icin iki ayr1 senaryo kullanilmus; ilk senaryoda uydurulmus polinom
degerleri ile belirlenen bir lineer model, ikinci senaryoda ise egitilip test edilen yapay sinir
aglar1 modeli ile her bir girdi degiskenin tahmin sonuclar1 ¢ikarilmistir. Ilk senaryo igin
tahmin edilen CO, emisyon degeri, 77,027 mt, ikinci senaryo ig¢in 75,611 mt olarak
belirlenmistir. Sonuglar kullanilan iki ayr1 modelin de emisyon oranlari, fosil yakitlar ve
enerji tlketimi i¢in basarili sonuglar verdigini, bu calismadan faydalanilarak politika

yapicilarin enerji planlamasi uygulamalarma gidebilecegini gdstermektedir (Behrang vd.,
2011:1747-1759).

Jones ve Kammen, Amerika hane halki ve toplumu i¢in karbon ayak izi azaltilmas ile ilgili
yaptiklar1 ¢alismada karbon ayak izine sebep olan tiim degiskenleri enerji, ulasim, atik, su,
gida, mal ve hizmetler kategorilerine ayirarak karbon ayak izi hesaplama yontemleri ile
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hesaplamis ve ¢aligma sonucunda marjinal azaltma maliyet egrilerini ¢ikararak karbon ayak
izi tasarrufu yapilabilecek alanlar belirlemistir. Calismaya gore; yakit tasarrufu saglayacak
araclar satin almak, araglarda eko-siirlis teknigini kullanmak, bireysel araglar yerine bisiklet
veya otobiis kullanmak, uguslar1 %20 oraninda azaltmak, buzdolabi segerken enerji tasarrufu
saglayana yonelmek, termostati etkin ve verimli kullanmak gibi bir¢ok kiiclik degisiklikle
karbon tasarrufu saglanabilecegi belirtilmistir (Jones ve Kammen, 2011:1-38).

Hertwich ve Peters’in aragtirmalari, diinyay1 toplam 14 bolgeye ayirarak 73 ulusun karbon
ayak izi O0l¢limiinii yapmak iizerine olup, ayak izi; ingaat, barinma, giyim, hizmet sektorii ve
ticaret gibi kategorilere ayrilmigtir. Cok yonlii giris-¢ikis modeli ile CO2 ve diger sera gazlari
emisyonu kiiresel ticaret analizi kapsaminda tahmin edilmistir. Cografi 6zellikleri benzer
tilkeler bir araya alinmis ve tahminleri agirlikli ortalamalar1 olarak belirtilmistir. Caligsma
sonucunda kisi bagina diisen yaklasik karbon ayak izi miktar1 Afrika iilkeleri icin 28 t/yp,
Amerikan iilkeleri i¢in 33t/yp ve Tirkiye i¢in 4.6 t/yp olarak tespit edilmistir. Tiiketim
harcamalari ile CO2 emisyonlar1 arasinda giiglii bir korelasyona rastlanirken, gida sektoriiniin
emisyon miktar1 tizerinde ¢ok onemli bir etkisinin olmadigi tespit edilmistir. Analiz sonuglari
zengin {lkelerin fakir {ilkelere oranla sera gazi salinim oranlarmin disiik oldugunu
gostermektedir (Hertwich ve Peters, 2009:6414-6420).

Pandey ve arkadaglarinin nitel bir arastirma olarak sunduklar1 karbon ayak izinin mevcut
yontemlerle tahmini calismasi genis bir literatiir taramasi ile birlikte farklt hesaplama
yontemlerini de igermektedir. Birgok iilkenin isletmeleri, faaliyetleri, organizasyonlar1 igin
yapilan CO2 emisyonlarmin oranlarii1 da gosteren ¢aligma farkli hesaplamalarin bdlgesel
veya hesaplama yonteminden kaynaklandigim1 belirtmektedir. Karbon ayak izi
hesaplamalarinin ticarilestirilmesi sebebiyle denetimin gerekli oldugu, bu hesaplamalar
yapan kurumlarin seffaf ve siirdiiriilebilir kalkinmay1 hedef alarak tesvik edilmesi gerekliligi
Onerilmistir (Pandey vd., 2011:135-160).

Shaik ve arkadaslarinin Tirkiye’nin su ve karbon ayak izlerinin mevcut ve gelecekteki
tiketimlerini goz Oniinde bulundurarak azaltilmasi kapsaminda yaptiklart calismada bir
cerceve olusturulmaya c¢alisiimistir.1990-2013 yillar1 baz alimarak ARIMA modeli ile 2030
yilt i¢in enerji Uretim tahmini yapilmis, mevcut durumun devami, hiikiimet plan1 ve
yenilenebilir enerji gelisim plant olmak {izere {i¢ ayr1 senaryo kurulmustur. Mevcut durumun
devami senaryosunda, 2030 yil1 i¢in su ayak izi 6,67*1011 galon, karbon ayak izi 2,05%108
ton; hiikiimet plan1 senaryosunda ilk senaryodan %7,5 daha az su ayak izi ve %28 daha az
karbon ayak izi; yenilenebilir enerji gelisim planinda ise %31,7 daha az su ayak izi, ve diger
iki senaryoya oranla en diisiik karbon ayak izi tahmini yapilmistir. Su tiiketimi ve ¢ekilmesi
ile CO2 emisyonu arasindaki gii¢lii korelasyonun yenilenebilir enerji planina dogru yol
aldikca azaldigi tespit edilmistir. Calisma sonucunda gelecekteki enerji doniisiim politikalar
icin yenilenebilir enerji plan1 senaryosunun hem karbon hem de su ayak izleri agisindan
bakildiginda diger senaryolara oranla daha ¢ok dikkate alinmasi onerilmektedir (Shaik vd.,
2017:406-421).

126



2. VERI SETi ve METODOLOJI

Calismanin bu boliimiinde kullanilacak veri seti ve yontemler hakkinda detayli bilgi
verilmistir.

2.1. Veri Seti

Calismada kullanilacak degiskenler literatiir taramasi sonucunda elde edilen CO:2
emisyonunun giiclii belirleyicileri arasindan segilmistir. Segilen degiskenler niifus, birincil
elektrik tliketimi, gayri safi yurt ici hasila (GSYH) ve elektrik {iretimidir. Bu degiskenlerin
1990-2017 donemi baz alinarak 2018-2030 yillar1 tahmini hedeflenmektedir. Calisma igin
kullanilan degigkenler agagidaki kaynaklardan elde edilmistir.

e Nufus-Birlesmis Milletler Ulusal Hesaplar

( )
e GSYH(2010 yili sabit fiyatlaniyla, USD cinsinden)- Birlesmis Milletler Ulusal Hesaplar
( )

e Birincil Elektrik Tiiketimi(Milyon ton petrol esdegeri)-Enerji isleri Genel Muduirliigi
Denge Tablolar (
) ve Business Data Platform

(
)
e Elektrik Uretimi(GWH)-Tiirkiye Istatistik Kurumu Eneriji istatistikleri
( )
e Sera Gazi Emisyon Orani(Milyon ton CO; esdegeri)-Tiirkiye istatistik Kurumu Cevre
istatistikleri ( )

Calismada kullanilacak veriler Tablo 1’de gosterilmektedir.

Tablo 1: Cahsmada kullanilacak veri seti

R " Sera gazi
Yillar Niifus - L (Million tonnes
(ABD dolari) (milyon ton Uretimi(GWh) of CO,
petrol es degeri) equivalent)
1990 53.921.699 363.953.141.840 52.465 57.543 219.202
1991 54.840.531 367.325.226.581 53.262 60.246 226.578
1992 55.748.875 389.307.006.602 55.698 67.342 232.802
1993 56.653.729 420.615.154.835 59.471 73.808 240.149
1994 57.564.132 397.667.810.036 58.238 78.322 234.127
1995 58.486.381 426.264.971.410 62.968 86.247 247.585
1996 59.423.208 456.126.194.264 68.717 94.862 267.232
1997 60.372.499 490.467.027.515 72.614 103.296 278.607
1998 61.329.590 505.631.597.875 73.306 111.022 280.288
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1999 62.287.326 488.494.200.606 72.451 116.440 277.759

2000 63.240.121 520.930.514.794 73.500 124.922 298.890
2001 64.191.474 489.871.019.020 66.900 122.725 280.411
2002 65.143.054 521.371.090.335 73.100 129.400 286.073
2003 66.085.803 550.610.910.697 77.500 140.581 305.596
2004 67.007.855 603.713.603.545 82.800 150.698 314.951
2005 67.903.406 658.107.313.056 84.900 161.956 337.213
2006 68.763.405 704.896.790.945 94.300 176.300 358.155
2007 69.597.281 740.356.326.377 100.400 191.558 391.423
2008 70.440.032 746.614.198.898 100.800 198.418 387.593
2009 71.339.185 711.489.987.901 102.200 194.813 395.515
2010 72.326.914 771.876.791.246 107.700 211.208 398.661
2011 73.409.455 857.659.284.076 115.100 229.395 427.572
2012 74.569.867 898.740.650.963 122.300 239.497 446.935
2013 75.787.333 975.055.500.275 121.600 240.154 438.969
2014 77.030.628 1.025.433.602.157 125.600 251.963 457.962
2015 78.271.472 1.087.840.328.670 137.500 261.783 472,191
2016 79.512.426 1.122.475.332.193 144.400 274.408 498.469
2017 80.745.020 1.206.000.890.969 157.700 297.278 526.253

Elde edilen bu veriler 15181inda sera gazi emisyon oraninin 2018-2030 yillar1 tahmini, zaman
serisi veri madenciligi metotlar1 kullanilarak tahmin edilmeye calisilacaktir.

2.2. Zaman Serisi Veri Madenciligi

Degiskenlerin degerlerinin zaman igerisinde ardisik bir sekilde gozlendigi biiytkliiklerdir.
Serinin ileriye dogru bir uzantisinin elde edilmesiyle gelecek tahmini yapan bir yontem olarak
kullanilmaktadir (Emeg, 2020;3). Zaman serileri zaman kavrami baglaminda stirekli ve kesikli
olarak ikiye ayrilmaktadir. Elektrik sinyalleri, voltaj, ses titresimleri, sismik hareketlerin
Olcimii gibi miihendislik alanlarina ait siirekli olarak kaydedilebilen seriler siirekli zaman
serileri, faiz orani, satis hacmi, liretim miktar1 gibi iktisadi seriler ise kesikli serilerdir (Can,
2009;33). Degisken sayisina bagli olarak seri tek degiskenin onceki gozlem degerlerini
iceriyorsa tek degiskenli zaman serisi, birden fazla degiskenin onceki gézlem degerlerini
igeriyorsa ¢ok degiskenli zaman serisi olarak adlandirilmaktadir.

Ekonomide pek cok ekonomik degisken degeri diizenli araliklarla toplanmaktadir. Bu
degiskenler birbirleriyle ¢ok yakin iligkilidir. Ornegin; issizlik orami, enflasyon, biiyiime,
ithracat, ithalat, yatirnmlar vb. Bu degiskenlerin her birini tek tek analiz ederek yapilarini
ortaya ¢ikarmak ve gelecek degerlerini tahmin etmek miimkiindiir. Fakat bu degiskenlerin her
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biri digerleriyle olan siki iliskisinden dolay1 birlikte arastirilmakta ve aralarindaki iliskinin
durumu ortaya konmaktadir. Bu iliskinin incelenmesi gelecege yonelik tahmin ve politika
belirleme agisindan oldukga yararlidir.

Cok degiskenli zaman serilerinde degiskenler arasindaki iligkinin incelenmesinde sahte
regresyon sorunu ile karsilagilmamasi i¢in serilerin duragan olmasi yani zaman igerisinde
sabit olmas1 gerekmektedir. Baz1 durumlarda, seriler duragan olmamasina ragmen, herhangi
bir dogrusal bilesimi duragan olmaktadir (Can, 2009;43). Bir zaman serisini analiz etmek i¢in
kullanilan veri madenciligi yontemleri olarak bilinen zaman serisi veri madenciliginde, klasik
zaman serilerinde gerekli olan duraganlik, lineerlik gibi kisitlamalar kaldirilmistir (Aydin vd.,
2005:2). Burada, serinin amacina uygun olarak zamana bagli bir model gelistirilir ve
gelecekteki verilerin en uygun sekilde tahmini saglanir (Erguvan Etkin, 2017:11).

3. UYGULAMA

Calismada sera gazi emisyonlarinin gelecekteki degerlerini tahmin etmek icin WEKA
programi kullanilacaktir. WEKA veri madenciligi konusunda giiglii bir ara¢ olup acik kaynak
kodlu bir programdir. WEKA adin1 Waikato Environment for Knowledge Analysis
climlesindeki her bir kelimenin bas harflerinden almistir [WEKA]. Calismada oncelikle
WEKA, Zaman Serileri Ongérii (Time Series Forecasting) eklentisi kullanilarak, zaman
serileri analizi yapilacak ve daha sonra elde edilen sonuglar yorumlanacaktir.

4. SONUC VE ONERILER

Siirdiiriilebilir kalkinmanin en dnemli gostergelerinden biri olarak kabul edilen ekolojik ayak
izi azaltma ¢aligmalar1 teknolojik yenilikler ve ar-ge planlamalar ile yillar igerisinde farkli bir
boyuta ulagmistir. Bu baglamda giiniimiizde karbon ayak izinin azaltilmasi, tiim diinya
iilkeleri i¢in biiyiik bir hassasiyet olusturmakta ve bu konuda uluslararasi arenada anlagsmalar
yapilmaktadir. Bu anlagmalardan Tiirkiye’nin de taraf oldugu Paris Iklim Sézlesmesi
geregince lilkeler sera gazi emisyon oranlarini belirlenen oranlarda azaltmayi taahhiit
etmektedirler. Bu taahhiit geregince gelismis ve gelismekte olan iilkeler ekonomik biiyiimeyi
de goz oniinde bulundurarak enerji politikalar1 belirlemektedirler.

Enerji politikalarinin belirlenmesinde iilkeler bazi kriterlere gore karar vermektedir. Diinya
iilkeleri agisindan enerji kullanimii gelismis ve gelismekte olan {ilkeler boyutunda iki
kategoriye ayirmak miimkiindiir. Ekonomik biiylimesini gergeklestirmeye ¢alisan her iilke ilk
asamada teknoloji sabitken iiretimini arttirmaya ¢aligmakta, dolayisiyla iiretim siirecinde daha
fazla kaynak ve enerji kullanmaktadir. Fazla enerji ve kaynak kullanimi sebebiyle atmosfere
salman CO2 miktar1 artarak ¢evre kalitesinin bozulmasima sebep olmaktadir. Kisaca 6lgek
etkisi de denen bu durum biiylimenin ilk asamalarinda gerceklesmektedir. Biiyiime devam
ettikce ekonomide yapisal bir doniisiim meydana gelmekte, biliylimenin etkisiyle emek yogun
tiretimden teknoloji yogun tiretime gecis yapilmakta, enerji sektoriinde teknolojinin
kullanilmaya baslanmasiyla beraber ¢evre tahribati azalmaya baslamaktadir ki bu durum
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yapisal etki olarak bilinmektedir. Son olarak gelismis lilkelerde ar-ge yatirimlarina ayrilan
payla birlikte teknolojik bir donilisiim yasanmakta ve temiz teknoloji kullanimiyla karbon
ayak izi azaltilarak, ¢evre kalitesi arttirllmaktadir. Teknolojik etki de denen bu doniisiim kisi
bast gelirin yiiksek oldugu gelismis {lilkelerde, son siirecte devam etmektedir (Kogak, 2014:
63).

Diinya ekonomisinin %85’ini olusturan G20 iilkeleri teknolojik doniisiim etkisiyle bir¢ok
sektorde enerji verimliliklerini arttirarak karbon ayak izlerini azaltmaya devam etmektedirler.
Ornegin; ulasim sektdriinde yakt tiiketiminden kaynakli emisyon oranini azaltmaya yonelik
standartlar uygulanmakta ve bu sayede %20’ye varan verimlilik elde edilmektedir
(Civelekoglu ve Biyik, 2018:162,164). Ulasim sektorii disinda yenilenebilir enerjide de yine
biiyiik déniisiimler yasanmistir. Ornegin; Tesla’nin kurucusu Elon Musk, diinya yiizeyine
diisen bir dakikalik giines enerjisinin sogurulup depolanmastyla tiim diinyanin bir yillik enerji
ihtiyacinin karsilanabilecegini savunarak Solarcity sirketini kurmustur. Amag; konutlar1 giines
gozeleri ile donatarak evlerin enerji ihtiyacini ¢ok ucuza karsilamaktir.2012 yilinda halka
acilan Solarcity giines enerjisi kurulum maliyetini %50 azaltarak watt basima 2,50 dolar
degerine diisiirmiistiir (Bilim ve Teknik Dergisi, 2016: 48,50).

24 Ocak 1980 kararlarindan sonra disa agik bir kalkinma modeli belirleyen ve global
ekonomiyle biitiinlesme ¢abasina giren Tiirkiye’de hizli bir sanayilesme siireci baglamistir. Bu
stireg; lilkemizin artan niifusu ile birlikte, tiretimi arttirmak icin gerekli enerji kullanimin1 da
arttirmistir. Artan enerji kullanimi ile enerji talebi de artmaya baslamis ve buna bagli olarak
cevreye verilen tahribat oraninda artis meydana gelmistir. Genel olarak ekonomik biiylimenin
cevresel bozulmay: arttirdigr diisiiniildiigiinde bu sonu¢ olagandir. Enerji tliketimi diginda,
niifus artigi, disa agik ticaret, kisisel gelir gibi baska birgok degiskenin de CO2 emisyonunun
belirleyicileri arasinda yer aldigini unutmamak gerekmektedir. Dolayisiyla ¢evre kalitesinin
gelismesinde iilke politikalarinin yaninda bireylere ve firmalara da gorevler diismektedir.

Tiirkiye’de sera gazi emisyon oranlarinin %70’lik kismini enerji kullaniminin yiiksek oldugu
sanayi sektorii olusturmaktadir. Gelismekte olan {ilkeler kategorisindeki Tiirkiye, ekonomik
kalkinmasin siirdiiriilebilir kalkinma politikalar1 esliginde tamamlamak istemektedir ve bunu
basarabilmek i¢in hidrolik, giines, riizgar, jeotermal gibi birgok yenilebilir enerji potansiyeline
sahiptir. Fakat bu potansiyelin sadece ¢ok kiigiik bir kismini kullanabilmektedir. Tiirkiye etkin
enerji kullanimi ile daha az karbon salinimi yaparak biiyiimesini tamamlayabilmek adina
oncelikle sektoriindeki enerji kullanimini azaltmaya gitmeli, yenilenebilir enerjiye
yonelmelidir.

Yasayan Gezegen Raporu’nun 2010 yilindaki sayisinda belirtildigi gibi son yillarda yapilan
karbon ayak izi hesaplamalarina gore iiretim ve tiiketim aliskanliklarimizi degistirmedigimiz
siirece 2050 yilina kadar diinyanin, karbon tutma kapasitesinin ¢ok ¢ok lizerinde olacagi,
varligimiz1 silirdiirebilmek i¢in en az iki gezegene daha ihtiya¢ duyulacagi tahmin
edilmektedir. Heniiz bu gezegenler bulunamadigina goére yasanilan gezegeni korumak,
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insanoglunun tek caresi goriinmektedir. Bu sebeple, gelecege yonelik tahminler yaparak
duruma uygun stratejiler gelistirebilmek i¢in yapilan ¢alismalar 6nemlilik arz etmektedir.

Bu calismada, Tiirkiye’nin sera gazi emisyon oranlarinin niifus, GSYH, enerji iiretimi ve
enerji tiiketimi gibi bagimsiz degiskenlerin etkisi ile zaman igerisindeki degisimi incelenecek
ve zaman serisi madenciligi kullanilarak gelecek donem tahminleri elde edilecektir. Elde
edilen tahmin sonuglar1 ile daha 6nce yapilan ¢alismalardaki tahminler karsilastirilacaktir.
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Abstract: This study utilizes the technique of rolling window nonlinear unit root test to obtain time-varying
estimates of the convergence of ecological foot prints within the EU and candidate countries. In the study, 16
European countries (Albania, Austria, Belgium, Denmark, France, Germany, Greece, Italy, Luxembourg,
Netherlands, Poland, Portugal, Romania, Spain, Sweden and Turkey) were selected as a sample case based on
data availability. Thus, it is analyzed whether the environmental burdens of European countries for the period
1961-2016. We developed a cross-sectional Panel KSS with fourier function to test the convergence of the
ecological footprints. We combined this methodology with the rolling window method to take into account the
time-varying stationarity of series. According to the results obtained, we determined that there were differences
both according to footprint types and the periods.

Keywords: Panel KSS Unit Root Test, Rolling Window, Fourier Function, Convergence, Environmental
Footprint.

Introduction

The reality of climate change has been accepted by all over the world since last decades.
Then, both of developed and developing countries began to change their economic, social and
environmental policies into more sustainable ones (Yildirim and Yildirim, 2020). As knew as,
human activities cause some impacts on natural environment, these impacts unfortunately
have permanent effects on natural capital because of consumption of natural resources and
over-waste. Almost 26 % of the Earth (13.4 billion global hectares) (Amend et al., 2010: 19)
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has been used for human needs that investigating the effect is an important topic for achieving
sustainable future.

Ecological footprint is a variable to show the effects that occurred by human activities on
resources usage (Costanza, 2000: 342). By ecological footprint, we can monitor human usage
of current natural capital (Wackernagel, 2002: 1). In other words, ecological footprint
represents a demand of natural resources. By calculating ecological footprint, policy makers
can develop sustainable policies to use natural resources more efficiently (Solarin, 2019:
6168). On the other side, rising international trade causes the environmental effects of
countries to be carried beyond their national borders. Thus, the relationship between
environmental pressures and point of consumption has been declined. Ecological Footprint
takes a role to reallocate environmental pressures to consumers (Barrett et al., 2005: s.305).

It is important to calculate the ecological effect of a country both on inland and the whole
World. Especially, developed countries meet their needs from other countries and they has
affected most of their natural environment (EEA, 2020: 29). That’s why, ecological footprint
is seen as an effective indicator when comparing other ones. Ecological footprint calculates
all impacts caused by usage of goods and services but variables such as carbon emission only
shows local or regional information (EEA, 2020: 29). Another strength of the ecological
footprint indicator is that it addresses not only the environmental impact caused by the
release, but also the human impact on all areas such as forest, farmland, fisheries.

Economies' approach to sustainability goals by reducing climate change causes them to focus
less on other environmental effects (Galli et al., 2012: 101). However, the limited natural
resources and the increasing need for these resources show that sustainability should be
viewed from a wider perspective. On the other hand, resource consumption along with
creating waste stocks also has negative effects on nature and sustainability. For this reason, it
is thought that an analysis of the ecological footprint will be useful in creating and monitoring
environmental policies.

In this study, it is aimed to analyze the convergence of the ecological footprint of EU
countries and its components. Accordingly, this study selected 16 countries (14 EU and 2
candidate countries) as a sample because of some limitations. The EU has been working in the
field of environmental policies since the 70's. The EU has an environmental acquis consisting
of 500 directives, regulations and decisions (EEA, 2015: 21).

Since that date, environmental policies, strategies and plans are becoming increasingly
widespread in the EU. Countries utilize their environmental policies together with common
policies. However, despite all these positive developments, the EU is still behind achieving its
2030 climate and energy targets (EEA, 2019: 54). EEA (2019) points out that the EU should
take action to reduce its ecological footprint. In the WWF (2009) reported that EU countries,
which have 7% of the world's population, has used 20% of the world's biological capacity. On
the other hand, it is emphasized that if everybody in the world lives like a European citizen,
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we need 2.8 planets. For this reason, determining the convergence of the ecological footprint
of EU countries will also reveal the necessity of EU countries to develop common policies
regarding environmental problems.

The literature gives a few studies on ecological footprint via econometrics models. However,
some studies guided us to use econometrics models to analyze ecological footprints. For
example, Ulucak and Lin (2017) investigated ecological footprint for USA through
econometrics model and determined that ecological footprint was non-stationary. Yilanci et
al. (2019) used panel stationarity test to analyze ecological footprint and its basic components
for 25 OECD countries. They revealed that ecological footprint, cropland footprint, grazing
land footprint, forest land foot- print, built-up land footprint, and carbon footprint were all
stationary but fishing grounds footprint was non-stationary. Ozcan et al. (2019) found that
ecological footprint was found stationary for all high-income countries and also half of mid-
and low-income countries. Solarin (2019) determined that ecological footprint and carbon
footprint were stationary in 25 OECD countries. Erdogan and Okumus (2020) tested
ecological footprint through stochastic and club convergence. They determined that ecological
footprint was stationary for 6 countries of 26 high income groups, 8 countries of 38 mid-
income groups and 8 countries of 25 low-income groups. Bilgili et.al. (2019) tested stationary
for selected 15 countries and they determined that sample of Asia was non-stationary and so
the convergence was not valid. Also, they found that there was a stationarity in samples of
Africa, America and Europe under structural break. There are also some studies that
investigating ecological footprint through stochastic and club convergence (Bilgili and
Ulucak, 2018; Solarin, 2019; Haider and Akram, 2019). In this context, this study aims to
investigate ecological footprint through stochastic approach. The expected contributions of
this study can be examined as below:

1. This study will test the convergence relationship between series. Thus, it will be determined
whether the countries implement common environmental policies or not.

2. 1t will be tried to determine whether the shock policies create permanent or temporary effects
on the series. Thus, it is aimed to have information about the effects of environmental policies
applied.

3. The stationarity properties of the series also provide clues about the future of the series.
Therefore, policy recommendations regarding the implementation of appropriate

environmental policies will be presented.

Data and Methodology

We utilize the technique of rolling nonlinear unit root test with fourier function to obtain time-
varying estimates of the convergence of ecological footprints within the EU and candidate
countries. We selected 16 European countries (Albania, Austria, Belgium, Denmark, France,
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Germany, Greece, Italy, Luxembourg, Netherlands, Poland, Portugal, Romania, Spain,
Sweden and Turkey) according to data availability. Thus, it is analyzed whether the
environmental burdens of European countries aim similar environmental goals converge for
the period 1961-2016. We use 5 different indicators of ecological footprints (Cropland,
Grazing land, Fishing, Forest and Total Footprint).

Macroeconomic variables can have nonlinear properties by their natures. On the other hand,
conventional tests such as ADF, PP or KPSS cannot capture the mean-reverting properties
(Chang et.al., 2017). Therefore, in our study, the Panel KSS (Kapetanios et al., 2003) test
proposed by Ucar and Omay (2009), which takes into account the nonlinear characteristics, is
preferred. This test is very useful in capturing the mean reversion of series. The KSS test is
based on the IPS test.

Kapetanios, et al. (2003) used a Taylor’s first-order approximation of the ESTAR process for
solving this problem. Thus, we can obtain Eq.3.
Ayie = pi + @Yoy + X5 Bij Ay + Eip (1)

where: the null hypothesis is a; = 0 for all i with linear non-stationarity and alternative
hypothesis is a; # 0 for some i with nonlinear stationarity.

Econometric Analysis
Graphic 1 shows the results of the intercept model.

Graph 1: Intercept Model Results
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Horizontal lines in Graphics show the 5% significance level. Therefore, when the test
statistics are below this value, it is decided that the series is stationary in the relevant sub-
period. In this case, the policy strategies are ineffective and footprint values converge for the
subperiod. On the other hand, statistical values above the horizontal line show that the series
is nonstationary. In this case, the policy strategy becomes effective and footprint values
diverge.

The Cropland series becomes stationary and converges after 1963, 1985 and 2001. Since these
dates, policy strategies lose their effectiveness.

Fishing series becomes stationary and converges after 1961 and 1980. However, this series
are nonstationary since 2002. Policies implemented after these dates become effective.

The Forest series are stationary after 1968 and the Grazland series are stationary after 1963,
1985 and 2001. Finally, the Total series are stationary after 1970, 1974 and 1984. After these
dates, the series converges and policy strategies lose their effectiveness.

Graph 2: Intercept & Trend Model Results
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The intercept model results and the intercept and trend model results are very similar. The
Cropland series becomes stationary and converges after 1963, 1985 and 2001. Since these
dates, policy strategies lose their effectiveness.

Fishing series becomes stationary and converges after 1961 and 1980. However, this series
are nonstationary since 2002. Policies implemented after these dates become effective.

The Forest series are stationary after 1968 and the Grazland series are stationary after 1961
and 1980 . Finally, the Total series are stationary after 1970, 1974, 1977 and 1984. After these
dates, the series converges and policy strategies lose their effectiveness.
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CONCLUSION

This study focuses on the convergence processes and the effects of shock policies by
investigating whether ecological footprint and its components are stationary or not.
According to empirical findings, it is seen that total ecological footprint changes for 1970,
1974 and 1984 by the intercept model. By the trend model, total ecological footprint changes
for 1970, 1974, 1977 and 1984. In other words, series are stationary in these periods. Thus,
shock policies are not effective during these periods. In general term, the series are non-
stationary. On the other side, it can be said that common policies to reduce ecological
footprint will be encouraged and these policies can provide effective results or outcomes at
the future (Ulucak and Lin, 2017: 342). In this context, it can be suggested that common
policies to reduce ecological footprint should be supported in the EU countries.

In the EU countries, stationary periods coincidence with the periods of implementing
environment policies since 1970s. The European Union put into the first action plan between
1973-1977 and then set the second action plan between 1977-1984. Unfortunately, outcomes
form these action plans were not appropriate and shock policies were found as not permanent.
As a matter of fact, it is thought that the need for EU countries to constantly revise their
environmental policies and to implement new programs, plans and strategies are all due to the
ineffectiveness of the policies. It is clearly stated in the reports of WWF and EEA that the EU
is insufficient in achieving its policy targets.

The fact that EU countries have different ecological characteristics causes the countries to
diverge. Since the ecological footprint and its components are a very comprehensive
indicator, they were also evaluated separately in this study. Considering the properties of the
components, generally the presence of divergence draws attention. Each country has different
characteristics in cropland, grazland, fishing and forest footprint. Therefore, it can be
concluded that even though the common environmental policies implemented by the countries
create permanent effects on the series, countries should also implement environmental
policies according to their own conditions and ecological characteristics. Therefore, this study
presents a discussion on whether international policies or national environmental policies
should be implemented. The fact that international policies at the EU level are successful in
reducing EF, but they are not sufficient, supports the necessity of national policies
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ABSTRACT: Energy is an indispensable part of everyday life, and The Electric Transmission Lines (ETL) are
integrated with the current geography, that is, an integrated structure. It is not easy to transmit energy, especially
in lines that last for miles in the forest, and there are some negativity. The project, of which application area is
Bartin, is intended to reduce the technical and economic losses caused by forest cover and especially trees under
ETL through vegetation management strategies and to prevent the risk of possible fires. Strategies were
evaluated on four criteria: "Burning Property of the Species”, "Morphological Properties”, "Edaphic-Climactic
Properties” and "Socio-Economic Properties”. Evaluations and calculations were carried out using Analytical
Hierarchy Process (AHP) technique. As a result of the calculations, the most important criterion was
"Combustion Property of the Species" with 0.276 and the second important criterion was "Socio-Economic
Properties” with 0.258. In the second stage, 10 potential forest tree species (Daphne, Hazelnut, Silverberry,
Cornus, Kiwi, Arbutas, Rhododendron, Sandalwood, Crap Apple and Olive) were listed with AHP. Daphne took
the highest priority among the species with 0.116. In the third stage, ETL afforestation works were carried out in
the project area, and at this stage, the Daphne species, which ranked first in the AHP, was used. In fact, different
vegetation management strategies may need to be developed according to each region and climate conditions. By
transferring the project gains to the practice, the losses in forest fires and electrical faults in intraforest ETLs will
be reduced, resulting in energy supply continuity and contributing to the protection of the environment.

Key Words: Energy Efficiency, Fire, Vegetation Management, ETL Afforestation Strategies, Analytical
Hierarchy Process (AHP).

ENERJi NAKIL HATLARINDA EKONOMIK KAYIPLARI AZALTMAYA VE YANGIN RiSKIiNi
ONLEMEYE YONELIK VEJETASYON YONETIM STRATEJILERIi
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OZET: Enerji, giinliikk hayatin vazgecilemez bir parcasidir ve Enerji Nakil Hatlar1 (ENH) mevcut cografya ile ic
ice yani biitiinlesik bir yapidadir. Ozellikle orman icinde kilometrelerce uzayan hatlarda enerjiyi iletmek kolay
degildir ve birtakim olumsuzluklar s6z konusudur. Projede, ilk olarak kayiplar1 ve riskleri azaltmaya ydnelik
ekolojik, edafik ve sosyo-kiiltiirel kosullarin dikkate alindig1 agaclandirma stratejileri gelistirilmigtir. Stratejiler,
“Tiirin  Yanma Ozelligi”, “Morfolojik Ozellikler”, “Edafik-Klimatik Ozellikler” ile *“Sosyo-Ekonomik
Ozellikler” olmak iizere dort kriter iizerinden degerlendirilmistir. Degerlendirmeler ve hesaplamalar ¢ok kriterli
karar verme yontemlerinden biri olan Analitik Hiyerarsi Siireci (AHS) teknigi ile gergeklestirilmistir.
Hesaplamalar sonucunda en 6nemli kriter 0,276 ile “Tiriin Yanma Ozelligi”, ikinci 6nemli kriter ise 0,258 ile
“Sosyo-Ekonomik Ozellikler” olmustur. Tkinci asamada ise amaca uygun saptanmis 10 potansiyel orman agaci
tirii (Defne, Findik, Igde, Kizileik, Kivi, Kocayemis, Orman Giilii, Sandal Agaci, Yabani Elma ve Zeytin)
belirlenen kriter agirlik puanlarina goére yine AHS ile siralanmistir. Kriter agirlik puanlarina gore yapilan
stralamada tiirler arasinda en yiiksek 6nceligi 0,116 ile Defne almistir. Uciincii asamada proje sahasinda ENH
alt1 agaclandirma ¢aligsmalart yapilmig olup bu asamada ise AHS’de ilk siray1 alan Defne tiirii kullanilmigtir. Her
bir bolge ve iklim kosuluna gdre projede gelistirilen vejetasyon yonetim metodolojisi kullanilabilir. Proje
kazanimlarin uygulamaya aktarilmasi ile orman i¢i ENH’larda meydana gelen orman yanginlart ve elektrik
arizalarindaki kayiplar azaltilarak enerji arz siirekliligi saglanacak ve ¢evrenin korunmasina katki yapilacaktir.

Anahtar Kelimeler: Enerji Verimliligi, Yangin, Vejetasyon Yo6netimi, ENH Agaclandirma Stratejileri, Analitik
Hiyerarsi Siireci (AHS).

INTRODUCTION

Energy, an indispensable part of daily life, is transmitted through and distributed from the
source to the user via Energy Transmission Lines (ETL). Transmission in ETLs takes place
within the existing geography, in other words, in an integrated structure. Damage to the ETL
line by forest trees growing on the kilometers-distance forest lines, forest fires by contact, and
serious economic losses incurred in this way land energy distribution companies with trouble.
On the other hand, the problems and outages that occurred in ETLs also affect user/customer
satisfaction. To prevent such problems, an R&D project was submitted to EMRA in 2019 by
Baskent EDAS and approved for implementation. It is aimed to reduce the technical and
economic losses caused by forest cover and especially trees within the ETL and to prevent
possible fire risk through vegetation management strategies in the project, of which the
application area is Bartin.

When the energy transmission lines (ETL) in Turkey are examined, it is understood that it is
located in every forest form, elevation, and climate type on the surface of the country. Since
sub-ETL afforestation (s-ETL-A) areas will be made under the lines, different from the
general afforestation logic, care should be taken in such afforestation practices. Likewise, the
selection of a species not suitable for the region or intervention may cause unexpected
problems afterward. Therefore, s-ETL-A areas should be planned very well. In this context, it
is important to select or determine the species that are suitable for the trial area and the most
problem-free species in the project work. Otherwise, the comparative cost of s-ETL-A
investments may be greater than the benefits of the project.
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In this study, the Analytical Hierarchy Process (AHP), which is one of the multi-criteria
decision-making methods, was used for the priorities of the tree species for the s-ETL-A areas
of Bartin province and the selection of the most appropriate tree species. It has been deemed
appropriate to use 4 main factors in the AHP: "combustion properties of the species”,
"morphological properties”, "edaphic-climatic properties™ and "socio-economic properties”.
Literature and secondary data sources were used to determine these factors. When the
literature review was made, it was understood that many factors (such as the leaf feature of
the specie, branch form, top feature, spreading area, ability to spread, success for life,
adaptability) beyond the factors taken into consideration in the study were effective in
choosing the most suitable tree species. However, when the effect of other factors was
calculated, it was deemed appropriate to consider the four factors mentioned in the project, as
it was seen that they were at a statistically low level. Namely, the safety and sustainability of

s-ETL-A areas are generally evaluated within the framework of these four factors.

On the other hand, there are studies in which multi-criteria decision systems such as AHP are
used to solve various forestry problems, including afforestation studies in the literature
(Pereira et al., 1993; Store and Kangas, 2001; Yilmaz et al., 2004; Yilmaz and Surat, 2015;
Aguirre-Salado et al., 2015, Giingdr and Sen, 2017; Sen and Giingor, 2018). However, no
domestic or foreign study has been encountered in the selection of the species, especially for
S-ETL-A areas.

1. DETERMINATION OF SUITABLE TREE SPECIES IN s-ETL-A AREAS
A tree-stage process was followed in this context.

In Stage-1 A preliminary research was made in the first stage of the study for Potential Tree
Species (PTS) that may be suitable for the s-ETL-A field and nearly 30 species were
identified. As a result of the literature review carried out in Stage-2 and expert meetings, it
was deemed appropriate to prioritize 10 PTSs for the Bartin province project area. These
species were determined as Daphne (Laurus nobilis L.), Hazelnut (Corylus colurna.),
Silverberry (Eleagnus angustifolia L.), Cornus (Cornus mas L.), Kiwi (Actinidia Lindl.),
Arbutas (Arbutus unedo), Rhododendron (Rhododendron ponticum L. subsp. ponticum L.),
Sandalwood (Arbutus andrachne L.), Crap Apple (Malus sylvestris) and Olive (Olea
europaea L.). 10 PTSs determined in Stage-3 were prioritized with AHP. Criteria and sub-
criteria were revealed within this scope, species were prioritized by the participants in line
with these criteria and sub-criteria, and the most suitable species was determined.

1.1 AHP Technique for Determining the Eligible Tree Specie

Developed by Saaty (1977; 1980), AHP (Analytical Hierarchy Process) is one of the most
widely used techniques for prioritization. AHP has been used in many forestry researches due
to its flexibility and high efficiency in analyzing complex decision problems (Wilkinson and
Anderson, 1985; Mendoza et al., 1989; Kangas et al., 1993; Kangas, 1994; Diaz and Romero,

145



1998; Yilmaz, 1999; Kangas et al., 2001; Yilmaz, 2004; Mendoza et al., 2005; Yilmaz, 2007,
Geray et al., 2007; Dhar et al., 2008; Anderson et al., 2010; Giingdr, 2011; Gilingor and
Ayhan, 2016; Giingoér and Sen, 2017; Sen and Glingoér, 2018). This interactive method allows
the decision-maker (or the group of decision-makers) to express their preferences and discuss
the results (Saaty, 2008). In general, AHP is based on the principle of sortation, a set of "pair-
comparison” (used to compare criteria and alternatives with each other), and the principle of
synthesis and prioritization of preferences (Saaty, 1995). This method is also used to assign
priorities to criteria and sub-criteria (indicators) (Mendoza et al., 1989; Mendoza and Prabhu,
2000a; 2000b).

1.2 Hierarchy, Determining the Criteria and Sub-Criteria

The establishment of the AHP decision hierarchy starts with placing the general purpose of
the problem at the top level. Then, the criteria to be used in the evaluation of alternatives are
determined and these criteria are lined up in a hierarchical structure. A level of criteria and the
level or levels in which each criterion is divided into sub-criteria are available in this
hierarchy. The criteria and sub-criteria to be used in determining the PTS priorities of each
community of interest were determined by examining the scientific studies and documents
regarding the research subject (Table 1).

Table 1 Criteria/sub-criteria in AHP for s-ETL-A.

Criteria Combustion Morphological Edaphic-Climatic Socio-Economic
Property Properties Properties Properties
Flame Induced Average Heiaht Average Temperature Afforestation and
1 Combustion ?m) 9 Need Maintenance Fee
(°c) (°c) (TRY/ha)
Sub 2 SC%Oanznsi?c;f Lifespan Average Alilit\'lt:de It Can Socio-Economic Yield
Criteria (C) (Years) (m) (TRY/ha)
Glow Combustion Defoliation Status . Recognition of Specie
3 (°c) (Non-evergreen/Evergreen) Climate Type Need and Demand

Suitability of the Specie to the

Natural Habitat in the Region Soil Type

1.3 Establishing the Theoretical Structure

To explain how sub-criteria, criteria, and communities of interest and therefore PTS priorities
are calculated in AHP, the theoretical structure of the AHP calculation matrix was created
(Table 4 and Figure 1) and the necessary calculations for each level were made based on this
theoretical structure. For this purpose, AHP survey forms obtained from the communities of
interest interviewed were input into the computer environment. Microsoft Excel worksheets
for each community of interest were arranged and summary data sets used in the AHP
analysis were created. So, starting from the lowest level of the AHP hierarchy (Level 5), the
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significance (priority) level values obtained at each level were multiplied by the significance
level values above it, and the purpose specified in Level 1 has been achieved.

Table 4 Theoretical Structure of Analytical Hierarchy Process (AHP) Calculation Matrix.

. COMBUSTION MORPHOLOGICAL EDAPHIC-CLIMATIC SOCIO-ECONOMIC
Species
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Determining the Most Appropriate Tree Specie for the s-ETL-A Field Level 1
Private Sector
Public Institutions Locals Level 3
Combustion Morphological Edaphic-Climatic Socio-Economic
Criteria Criteria Criteria Criteria Level 3
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Economic and Level 4
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Figure 1 s-ETL-A Field AHP decision hierarchy.
2. RESULTS AND DISCUSSION

When the findings obtained as a result of the AHP analysis conducted within the scope of the
study were compiled, important results were obtained for s-ETL-A. In the study carried out
with the participation of public institutions, private sector, and locals, 4 different evaluation
criteria (combustion properties, morphological, edaphic-climatic, socio-economic properties)
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and 14 sub-criteria were determined for 10 PTSs (Daphne, Hazelnut, Silverberry, Cornus,
Kiwi, Arbutas, Rhododendron, Sandalwood, Crap Apple and Olive) for Bartin Project Area in
the s-ETL-A field classification. The data obtained were analyzed with the AHP and the type
of prioritization for the s-ETL-A field was performed. Thereby, both 4 different criteria and
sub-criteria were evaluated at the same time and a conclusion was reached by considering the
priorities of all communities of interest, and the optimum solution was found.

The results of the AHP analysis made for the selection of the most suitable species among the

species determined for the Bartin Project Area are shown in Table 5-6 and Figure 2.

Table 5 Priority values and ranking of communities of interest.

Communities of Interest

Priority Value

Ranking

Public Institutions

Private Sector

Locals

0.329
0.401
0.270

Consistency Ratio 0.092

As seen in Table 5, the group of which views were most influential in prioritizing PTSs was

the private sector. The following are public institutions and locals, respectively.

Table 6 Priority values of criteria by communities of interest.

Criteria

Communities of Interest

Public Institutions Private Sector Locals General Ranking
Combustion 0.273 0.301 0.256 0.276 1
Morphological 0.232 0.213 0.232 0.225 4
Edaphic-Climatic 0.256 0.234 0.230 0.241 3
Socio-Economic 0.239 0.252 0.282 0.258 2
Consistency Ratio 0.091 0.089 0.089 0.090
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Public Institutions e Private Sector Locals

Combustion

Socio-Economic Morphological

Edaphic-Climatic

Figure 2 Levels of significance given to criteria by communities of interest in the AHP
decision hierarchy.

As can be seen from Table 6 and Figure 2, the communities of interest preferences differ in
the selection of PTS. While public institutions and the private sector mostly give priority to
the combustion properties criterion, locals put the socio-economic criterion forward. All
communities of interest gave the lowest priority value to the morphological criterion.

The evaluations regarding the criteria and sub-criteria have shown that the general priority
values found for each criterion are different from each other. Also, each criterion prioritizes
PTSs in line with its properties. Therefore, this picture should not be found odd.

The most suitable tree species for s-ETL-A fields (PTS priorities) are given in Table 7 and
Figure 3. When Table 7 and Figure 3 are examined, it is seen that, in all of the communities of
interest, the Daphne (Laurus nobilis L.) species has the priority of PTS with 0.116 as a result
of the analysis made with AHP. Likewise, although the priority value changes in each interest
group, the bay species was ranked in the top three in both criterion weights and communities
of interest. Arbutas (Arbutus unedo) is in second place with 0.109. Similarly, Sandalwood
(Arbutus andrachne L.) was in third place with 0.106. Kiwi (Actinidia Lindl.) and Olive (Olea
europaea L.) are in the last place in the ranking. The reason why these two species score low
is that the related species do not naturally spread in the area.
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Table 7 The most suitable tree specie
for s-ETL-A fields (PTS priorities)

General
PTS (All Communities of
Interest)
Priority Value Rank
Daphne 0.116 1
Hazelnut 0.097 7
Silverberry 0.098 6 I I
Cornus 0.098 5 I .
Kiwi 0.088 10 . . . >-0%°] . ||
Arbutus 0.109 2 & & @ & & ¢S
(3 o o S W [
Rhododendron 0.097 8 & & ° Vp S %#’\ <
Sandalwood 0.106 3 >
Crab Apple 0.102 4 Figure 3 Graphical demonstration of the PTS in
Olive 0.090 9

the first three priorities by communities of

Consistency Ratio  0.089 .
Interest

3. CONCLUSION AND RECOMMENDATIONS

Examining, analyzing, and calculating the combustion properties, morphological properties,
edaphic-climatic properties, and socio-economic properties of each species for each candidate
for sub-ETL Afforestation (s-ETL-A-A) areas are important for the safety and success of
these investments. Therefore, it is thought that the results of the study will guide and
contribute to the s-ETL-A studies to be carried out both in Bartin province and other areas
with similar characteristics.

The return rate of a project in s-ETL-A is very important. Activities performed and budgeting
is also closely related to economic feasibility. For this reason, how soon the investments made
will give a return yield is very important for both the private investor sector and the locals to
be employed in these projects. The primary priority is social responsibilities instead of profit
in the public approach. Also, the biological characteristics of the afforestation areas must be
suitable for the investment for the success of the project. Hence, all communities of interest
displayed sensitivity to s-ETL-A from different angles. The damages on the energy
transmission line will be minimized, a planting approach will be adopted instead of tree
pruning, and support will be provided to the employment of locals and rural development with
an integrated management approach with external stakeholders with the afforestation of s-
ETL-A areas with Bay species.

Dense population, increasing energy demand from year to year, and the need for forest areas
in the energy transmission have revealed the necessity of evaluating the relevant transmission
and distribution lines as a whole with the forest ecosystem. This project is the first sub-ETL
afforestation project in our country, prepared with an ecosystem approach. For this reason, it
contributes to science, knowledge, and practice in the relevant field.
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ABSTRACT: Over the last two decades, it has been witnessed that massive capital flooded into
commodity markets, provoking the commodity financialization episode, which turned into a major
stimulus for the rapid development of commodity market studies. Moreover, large capital inflow
produced substantial liquidity for those markets and liquidity is an influential factor of market
volatility. In this paper, we demonstrate that commodity financialization has a vast impact on
commodity markets’ volatility as well as dynamic correlations with stock market. We employ the
DCC-GARCH model to substantiate that commodity financialization increased the commodity market
fluctuations and more importantly, it created a closer relation between commodity market and stock
market. We further unveil the fact that there is an asymmetrical capital attracting mechanism across
different commodity markets and thus different markets may exhibit different weights in affecting
conditional volatilities and dynamic conditional correlations with stock market after commodity
financialization. We show that gold, sugar and wheat markets play dominate roles in affecting market
volatilities as well as correlations with stock market, where their liquidities have spillover effects on
other commodity markets’ conditional volatilities and dynamic conditional correlations with stock
market. In addition, we use subsample analysis by dividing our sample according to the commodity
financialization period. Then, we compare the commodity financialization effect measured by market
liquidity regarding the pre-financialization and post-financialization period. Our results illustrate
considerably liquidity impacts on market volatility and correlation with stock market after
financialization, for gold, sugar and wheat markets, which largely differentiates from the pre-
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financialization period. Therefore, we assert that policy makers can put heavy attentions on these
markets and monetary policy effect can propagate through this spillover effect.

JEL Classification: G00 Q02

Key Words: Commodity Futures Markets; Financialization of Commaodities; Conditional Volatility;
Dynamic Conditional Correlation.

1. INTRODUCTION

Over the last two decades, it has been witnessed that heavy amount of funds,
especially index funds, have surged into commodity markets. This phenomenon can
be attributed to the collapse of the stock market in the early 2000s because of the
market bubble. This bubble reminded investors the negative relation between
commodity returns and stock returns and thus massive capital flowed into the
commodity markets since they consider commodity as an asset that can reduce stock
portfolio risk (Tang and Xiong, 2012). The fund companies, especially index funds,
have a gigantic occupation in asset allocation for commodities, which is known as the
financialization of commaodities (Irwin and Sanders, 2011).

With such a large wave of commodity financialization, commodity markets have
attracted tremendous capital. A typical example of the financialization is the
Teucrium Corn Fund, which is an ETF that tracks corn futures prices and this fund
had a total investment of $107 million in corn futures contracts in 2011 (Irwin and
Sanders, 2012). Therefore, the trading volume of commodity markets escalated
sharply compared with previous market trading volume (Schulmeister, 2012). From
the CME Group reports, it has been documented that the value of Chicago Mercantile
Exchange’s trading volume exceeded $1,000 trillion by 2006 and the average daily
volume was 19.2 million contracts during the year of 2019.

The commodity financialization has exceedingly enlarged the trading volume of
commodity markets and more importantly, the close relation between trading volume
and market liquidity have been well studies in existing literatures (see Pagano, 1989;
Chordia et al., 2001; Breen et al., 2002). A plethora of scholars adopt trading volume
as the proxy for measuring market liquidity (see Datar et al. 1998; Johnson, 2008;
Guo et al., 2017; Rzayev and Ibikunle, 2019).

The market liquidity exhibits noticeable effect on market volatility and thus, there
might be a vital impact on commodity market fluctuation resulting from the liquidity
hike. Bessembinder and Seguin (1993) discover that trading volume has a strong
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effect on price volatility, especially when there is a volume shock, price volatility will
be significantly influenced. In fact, the relationship between liquidity and volatility
has been scrutinized in the existing literatures. Feng et al. (2014) also deliver
empirical evidence, showing the liquidity impact on the volatility, especially in the
options market. More recently, Collin-Dufresne and Fos (2016) explore the relations
between liquidity and noise trading volatility. They affirm the significant impact of
liquidity on noise trading volatility. Supporting this, Bedowska-Sojka and Kliber
(2019) demonstrate the causality between liquidity and volatility in the Polish stock
market.

Since the commodity financialization increased the market liquidity via the capital
inflow and market liquidity plays a crucial role on market volatility, we intend to
scrutinize the impact of market liquidity on commodity market liquidity in this study.
On the other side, another effect of commodity financialization is the enhanced
comovement of different commodities (Tang and Xiong, 2012; Adams and Gliick,
2015; Hu et al., 2020). As a result, we aim to explore the comovement of commodity
volatilities by examining the impact of market liquidity on dynamic correlation
between commodity market and stock market. In a nutshell, this paper targets on two
research questions: first, does commodity financialization increase the commodity
market fluctuation? and more importantly, does commaodity financialization increase
the volatility comovement of financial markets in terms of dynamic correlation of
volatilities?

Based on our full sample analysis, we reveal that commodity financialization increase
the commodity market fluctuation as well as strengthen the dynamic conditional
correlations with the stock market. We further unfold the fact that there is an
asymmetrical capital attracting mechanism across different commodity markets and
thus different markets may exhibit different weights in affecting conditional
volatilities and dynamic conditional correlations after commodity financialization.
Wheat and precious metal markets like gold and silver markets, might attract more
capital after commodity financialization and they are the key players in affecting
conditional volatilities and dynamic conditional correlations between commodity
market and stock market. Those three markets thereby demonstrate their spillover

effect via affecting other markets’ volatilities and correlations.

Additionally, we also apply the subsample analysis by dividing our sample into pre-
financialization period and post-financialization period. The results are quite
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contrasting between those two periods. Before commodity financialization,
commodity market liquidities occasionally influence the conditional volatilities and
correlations. Nevertheless, after commodity financialization, the commodity market
liquidities effects are mixed. Three markets, namely, gold, sugar and wheat markets,
out of seven markets exhibit significant impacts on conditional volatilities and
dynamic conditional correlations between commodity market and stock market.
Compared with those three markets, other four markets’ effects are limited. Therefore,
those three markets have a strong spillover effect since their liquidities display
significant impacts on other markets. The reason can be attributed to the capital
inflow size and those three markets may attract more capital than other four markets.

Our research also yields notable policy implications because spillover effect is a
salient market phenomenon. As we uncover that gold, sugar and wheat markets play
dominate roles in affecting market volatilities as well as correlations with stock
market, policy makers could put an emphasis on those three markets. Regarding their
liquidity spillover effects, policy impacts can be effectively spread to all commodity
markets through this spillover channel. The stabilization of commodity markets can
be achieved by the market liquidity shrinking.

The paper is structured as follows. In section 2, we describe the data, variable
measures as well as methodology we will adopt in this paper. In section 3, we
investigate the commaodity financialization impact on commodity conditional volatility
and dynamic conditional correlations based on DCC-GARCH model. In section 4, we
present our further analysis regarding the commodity financialization impact by
undertaking the regressions based on subsamples. In section 5, we present our
research conclusions and implications.

2. DATA AND METHODOLOGY
2.1 Data description and measurements

For the data analysis, we use seven commodity markets of the US and the US stock
market, represented by S&P 500 index. For the data description, the superscript ‘cor’
represents corn commodity futures, ‘gol’ represents gold commodity futures, ‘oil’
represents oil commodity futures, ‘sil’ represents silver commodity futures, ‘soy’
represents soybean commodity futures, ‘sug’ represents sugar commodity futures,
‘whe’ represents wheat commodity futures, and ‘sp’ represents S&P 500 index, which

we use to indicate the stock market. In addition, ‘L’ stands for the measure of
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liquidity, ‘r’ stands for realized return of commodity futures and ‘h’ stands for the
commodity market conditional volatility. The data provider is WIND and the data
period is from 1% Jan, 1992 to 31% Aug, 2020, which is the common period for
maximal available data and all data are collected on a daily basis.

We first define the realized returns of different commodity futures markets, denoted as
P
Pty

r', which is defined asr} = In (=%). Then, we determine the commodity liquidity

measure. We adopt the liquidity measure, which is the relative open interest (Ol').
The open interest has been well linked with commodity market liquidity (see Milonas,
1986; Sari et al., 2012; Frino et al., 2014), and it takes the form as:

ol = Open,

Vol, (1)

where Open'; is the open interest for market i at time t and Vol is the asset trading

volume for market i at time t.

For the robustness purpose, we thereby use another liquidity proxy mentioned in
Amihud (2002) and it takes the form:

_ IR
e @

where R't is the asset return for market i at time t and Vol't is the asset trading volume
for market i at time t.

Intuitively, when trading volume is high, liquidity measure is small and the asset
becomes more liquid. It is clear that both Amihud measure and relative open interest
extract information from the trading volume. Therefore, those two measures are
highly relevant with the commodity financialization which lifts the commodity market
trading volumes. For empirical liquidity measures, the statistical summary for return
and liquidity measures in both commodity futures markets and US stock market is
presented in Table 1 and Table 2. This sample runs from January 1, 1992 to August
31, 2020. Table 1 delivers the descriptive statistics of commodity return with stock
market. The oil market has the largest negative return and second largest positive
return, which suggests that the oil market is a quite volatile market. Table 2 exhibits
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the liquidity measures for commodity markets and we can observe that the silver

market has the largest liquidity for both relative open interest and Amihud liquidity.

Obs Mean Max Min Std. Dev.
Daily Return
reo' 7088 0.0001 0.1970 -0.2082 0.0176
rool 7088 0.0002 0.0883 -0.0981 0.0104
rot; 7088 0.0000 0.2584 -0.5686 0.0253
reil 7088 0.0002 0.1247 -0.1479 0.0185
rso% 7088 0.0001 0.2672 -0.2591 0.0160
rsu9, 7088 0.0001 0.1678 -0.1537 0.0210
rvne; 7088 0.0000 0.1921 -0.1605 0.0190
reP; 7088 0.0003 0.1096 -0.1277 0.0115
Table 1 Descriptive statistics of commodity return with stock market.
Note: This table reports summary statistics of daily returns for different commodity markets and the
stock index.

Obs Mean Max Min Std. Dev.
Panel A: Open Interest
oI 7088 0.0364 65.839 0.0000 0.8000
019 7088 0.0318 10.8775 0.0000 0.3321
ol°t, 7088 0.2029 268.92 0.0000 5.4652
o] R 7088 6.1129 10899.92 0.0000 181.68
O] bl 7088 0.0493 169.57 0.0000 2.0193
(0] bt 7088 0.7523 427.24 0.0000 5.1304
Olwhe, 7088 0.0324 10.24 0.0000 0.1853
Panel B: Amihud Liquidity
AL 7088 2.2126e-08  9.9739e-05  0.0000 1.2152e-06
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ALY, 7088 6.7802e-08  7.1239e-05  0.0000 1.2593e-06
AL 7088 2.2062e-07  5.7800e-04  0.0000 9.0712e-06
AL 7088 8.0651e-06  3.0288e-03  0.0000 9.0235e-05
AL 7088 5.2429e-09  1.5535e-05  0.0000 1.8804e-07
ALY 7088 1.1896e-07  1.7123e-05  0.0000 5.1011e-07
ALY 7088 2.5795e-08  2.9886e-05  0.0000 5.3513e-07

Table 2 Descriptive statistics of commaodity liquidity measures.

Notes: Panel A presents the liquidity by using relative open interest measure and Panel B presents the
liquidity by using the Amihud measure. Both measures take trading volume into account as the
denominator.

2.2.GARCH model and DCC-GARCH model

For our volatility analysis, we employ GARCH model and DCC-GARCH
(Dynamic Conditional Correlation) model. GARCH model is a prevailing model in
measuring and forecasting commodity volatility (see Hung et al., 2008; Klein and
Walther, 2016; Kang et al., 2017; Nonejad, 2020). Moreover, a burgeoning number of
literatures have used DCC-GARCH model to investigate the dynamic correlations
between different markets. This
classical multivariate volatility and dynamic correlation model is also prevalent in
commodity market studies (see Cabrera and Schulz, 2016; Jiang et al., 2019; Akkoc
and Civcir, 2019). As a result, we also employ DCC-GARCH model to analyze the
commodity data.

The standard GARCH (1,1) model has the following form:
0f = ag + 107, + ey, 3)

where a; is the volatility of the target time series (in our case, the return of 7 different
commodity markets) and ¢, is the residual terms from the return prediction equation,
which is:

Tt = Q) + Et,
where @ is the conditional mean and &,~N (0, o).
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In order to further investigate the time-varying correlation structure among the
commaodity markets and the stock market, we frame this model as follows

e =L+1tr_,+¢&, 4)
Et = Hél/zwty (5)

where r; is a logarithmic difference matrix for return, L is a fixed parameter matrix, T
is a coefficient matrix of cross mean transmission and own-lagged, w; is an L.I.D.

innovation matrix, & is the error, and Hg/z is the conditional volatility matrix. The

covariance matrix is expressed as

Hy = D¢R:D; , (6)

where Dt=diag(\/hx,\/h_¥) is a diagonal matrix of time-varying standard

deviations on the diagonal with h¥ and hY being the conditional volatilities of asset X
and asset Y.

In addition, R, donates the conditional correlation matrix of the standardized returns
&, Which is expressed as:

Ry = diag(Qt)‘l/thdiag(Qt)‘l/z, (7
where Q; is the time-varying conditional correlation of residuals.

3. BASELINE RESULTS

In this section, we use DCC-GARCH model to predict conditional volatility of
commodity markets as well as conditional dynamic correlations between different
commodity markets with the stock market. Fig. 1 presents the results of conditional
volatility of commodity markets from DCC-GARCH model. We can see that the
volatility clustering phenomena was quite distinguished across different commodity
markets. In particular, the soybean and oil market have experienced a severe turmoil
period, which resulted in a number of gigantic volatilities (the huge oil market
fluctuations resulted from the negative oil price in April because of the COVID-19)
and thus the volatility clustering phenomena was slightly difficult to observe from this
figure. Given the noticeable volatility clustering periods, it is thereby arguable that the
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conditional heteroskedasticity exist in different commodity markets. Fig. 2 presents
the results of conditional correlation of commodity market with the stock market.
Generally, conditional correlations heightened after the period of year 2004, which
suggests the financialization of commodities increased the correlation between
commodity markets and stock market, especially for the soybean and oil markets.

Then, we undertake the full sample regression to analyze the effect of commodity
financialization proxied by market liquidity on conditional volatilities and
correlations. Table 3 presents the results of market liquidity effect on conditional
volatilities based on regression equation (8). Table 4 presents the results of market
liquidity effect on conditional correlations based on regression equation (9).

From those two tables, it is observable that gold market and wheat market are two
important markets where their liquidities have strong effect on other commodity
market volatilities as well as the dynamic correlations between commodity markets
and stock market. Gold market tends to play a safe-haven role in the asset allocation
context (see Reboredo, 2013; Beckmann et al., 2019). It is thereby arguable that after
the commodity financialization capital has surged into gold market where gold market
liquidity has rocketed since investors consider gold as a safe-haven against negative
stock market returns in Germany, the UK and the US (Baur and Lucey, 2010).
Therefore, gold market liquidity becomes influential on the dynamic conditional
correlations between stock market and commodity market since it can hedge against
the negative stock market returns.

On the other hand, the wheat market also plays a crucial role in affecting other
commodity market volatilities as well as the dynamic conditional correlations
between commodity markets and stock market, which stems from the disproportionate
degree of financialization in the wheat market. This disproportion creates a much
larger dollar-weighting in commodity index for wheat contracts than other agricultural
contracts, like corn and soybean contracts, which can attract more funds (Baines,
2017). It therefore can explain why wheat market liquidity is so influential whereas
the corn and soybean liquidities have trivial effect on both commodity market
volatilities as well as the dynamic conditional correlations.

In particular, it is notable that although sugar market has little effect on commodity
market volatilities, it plays an important role in affecting the dynamic conditional
correlations between commodity markets and stock market. It has been documented

that sugar price has a close relation with the stock market (Covindassamy et al.,
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2017; Ouyang and Zhang, 2020). From the results above, we unveil the asymmetrical

commodity financialization fact, which suggests that the capital flowed into

commodity markets may not evenly distributed into different commodity markets. A

number of commodity markets like gold, sugar and wheat markets might attract more

capital than other markets like corn and soybean markets. As a result, those markets

are more influential and can spillover to other markets regarding both market

volatilities as well as the dynamic conditional correlations between commodity

market and stock markets.

hi = B + a1 0I8% + a;, 019° +a; ;019% + a; s0I5%4 + a; sOI°Y + a; 019 +

a;;01P"€ + a;gIR, + a; oDI; + € ,

(8)

where i = cor, gol, oil, sil, soy, sug, whe and h is the conditional variance commodity
market i, predicted by DCC-GARCH model.

heer; hool; hotl; hsil hsoy; hsus, hwhe,

o 2.74e-6 66668677 4468£e606 25806 -1.89e-71.89-72.9296e-06 3.85:8%e-06
Ol (3.30e-6) (1.57e-6) (2.34e-5) (4.51e-6) (7.64e-6) (3.42e-6) (3.43e-6)
—y 4.80e-5"" 1.54e-6"" -1.08e-4" -8.90e-5""  -2.42e-5" 3.8%e-5"" 2.35e-5""

(7.91e-6) (3.76e-6) (5.60e-5) (1.08e-6) (1.83e-5) (8.20e-6) (8.23e-6)
-~y 9.90e-7"" 1.50e-7 -1.26e-6 4.65e-7 -3.43e-7 -2.86e-8 2.10e-7
(4.79e-7) (2.28e-7) (3.39e-6) (6.54e-7) (1.11e-6) (4.97e-7) (4.98e-7)
ori 1.5e-8 -3.95e-10 -2.40e-8 -1.29e-8 2.14e-8 -3.65e-9 -1.45e-8
(1.43¢-8) (6.81¢-9) (1.01e-7) (1.96€-8) (3.32¢-8) (1.48¢-8) (1.49¢-8)
oy -7.73e-7 -3.53e-7 1.21e-6 -2.22e-6 -6.38e-7 5.49e-7 -1.72e-7
O (1.29¢-6) (6.13e-7) (9.13e-6) (1.76€-6) (2.98¢-6) (1.34¢-6) (1.34¢-6)
OI*%;  -6.32e-7 -1.40e-7 -4.29e-7 -7.97e-7 5.94e-7 -6.29e-7 -6.31e-7
(5.10e-7) (2.43e-7) (3.61e-6) (6.97e-7) (1.18e-6) (5.29e-7) (5.31e-7)
Olwhe,;  -3.55¢-5™ -1.44e-5™ -1.17e-4™ -6.11e-5™" -3.71e-5™ 4.66e-5™" -5.71e-5™"
(1.43e-5) (6.79e-6) (1.01e-4) (1.95e-5) (3.31e-6) (1.48e-5) (1.49e-5)
-1.99e-5™" -1.6e-5™" -1.15e-4™" -3.13e-5™ -1.54e-5™" -2.10e-5™" -1.55e-5""
" (1.39¢e-6) (6.64e-7) (9.88e-6) (1.91e-6) (3.23e-6) (1.45e-6) (1.45e-6)
4.64e-5 -1.02e-4 1.20e-3 -4.6e-4 -7.54e-4 -6.83e-4 -1.52e-3™"
o (5.17e-4) (2.46e-4) (3.67e-3) (7.7e-4) (1.20e-3) (5.37e-4) (5.38e-4)
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Table 3 Data analysis for liquidity impact on the conditional volatilities.

Notes: This table presents the results of liquidity impact on the conditional volatility of different
commodity markets. From this table, we can see that liquidities from gold and wheat markets exhibit
significant impacts on most commodity conditional volatilities after controlling interest rate and dollar
index. The robust standard errors are in parenthesis with *** ** and * denoting significance at 1%,
5% and 10% respectively. en=10", e.g. e-6=10° and e+3=10%.

ol soy S

ni =B+ a1 01 + a;,012% +a; ;012" + a; ,OIF"Y, + a; 0% + a; 01" +
ai,701y_h1€ +a;glRy + a; oDl + &t 9)
where i = cor, gol, oil, sil, soy, sug, whe and n is the dynamic conditional correlations

between commodity market i and the stock market, predicted by DCC-GARCH
model.

T-Icort T]90|t rloiIt rlsiIt nsoyt nsugt rlwhet

3.49e-5 -1.72e-3 9.66e-4 -1.41e-3 1.36e-3 1.63e-3 9.64e-4
oleor,

(5.44e-4) (2.23e-3) (2.32e-3) (1.96e-3) (1.14e-3) (1.01e-3) (8.50e-4)

| 7.43e-3" 6.08e-2"" 2.00e-2"" 5.94e-2""" 1.62e-2"" 4.72e-3" 1.36e-2""
Ol19%

(1.30e-3)  (5.36e-3) (5.55e-3)  (4.69e-3)  (2.72e-3)  (2.42e-3)  (2.4e-3)
-~y 1.23e-4 1.13e-3™ -5.33e-5 1.09e-3™  2.57e-4 6.09e-5 2.42e-4™
(7.90e-5)  (3.24e-4) (3.36e-4)  (2.84e-4)  (1.65e-4)  (L4Te-d)  (1.24e-4)

-y 2.14e-6 -8.83e-7 -1.78e-5" 1.29%-6 -5.79e-6 -1.28e-6 3.68e-6
(2.36e-6)  (9.70e-6) (1.0le-5)  (8.4%9-6)  (4.93e-6)  (4.38¢-6)  (3.69e-6)

oy 1.55e-5 -9.78e-4 -3.76e-4 -3.09e-4 -5.09¢e-4 -1.69e-5 -2.44e-4
O (2.12e-4)  (8.72e-4) (9.04e-4)  (7.64e-4)  (4.43e-4)  (3.94e-4)  (3.32e-4)
O, -4.07e-4™"  -4.90e-4™" -1.43e-3™  -7.26e-4™ -6.27e-4™"  -1.76e-4 -3.66e-5
(8.41e-5)  (3.45e-6) (3.58e-4)  (3.3e-4) (1.76e-4)  (1.56e-4)  (1.3le-4)

Ol"he,; -8.65e-3™"  -3.38e-2"" -4.18e-2""  -5.19e-2""  -4.20e-2™"  -2.68e-2""  -7.76e-3"

(2.35e-3) (9.67e-3) (1.00e-2) (8.47e-3) (4.91e-3) (4.36€-3) (3.68e-3)

-5.75e-3™  -1.77e-3" -5.92e-2""  -1.35e-2""  -1.92e-2""  -1.47e-2""  -1.45e-2""
" (2.30e-4) (9.45e-4) (9.79e-4) (8.28e-4) (4.80e-4) (4.27e-4) (3.60e-4)

-2.38e-3 -9.96e-3 7.68e-1"" 2.27e-1 1.05e-1 2.69e-1 3.61e-4
o (8.53e-2) (3.50e-1) (3.63e-1)  (3.07e-1)  (L.78e-1)  (1.58e-1)  (1.33e-1)
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Table 4 Data analysis for liquidity impact on the dynamic conditional correlations.

Notes: This table presents the results of liquidity impact on the dynamic conditional correlations of
different commodity markets with the stock market. From this table, we can see that liquidities from
gold, sugar and wheat markets exhibit significant impacts on dynamic conditional correlations after
controlling interest rate and dollar index. The robust standard errors are in parenthesis with ***, **

and * denoting significance at 1%, 5% and 10% respectively. e.g. e-6=10%and e+3=10%.
3.1.Robustness Check

For the robustness purpose, we take an alternative measure of liquidity, namely, the
Amihud liquidity measure (AL) to ensure the robustness of our results.

The two main robust regressions are the same as equations (8) and (9), where liquidity
measure has been replaced by the Amihud liquidity measure, showing as equations
(10) and (11). Table 5 gives the results of the liquidity impact on market conditional
volatilities, where silver and wheat markets are quite active. Because of measure
changing, the silver market replaces gold market as the key player, but both markets
represent the precious metal market. Table 6 delivers the results of the liquidity
impact on dynamic conditional correlations, where gold, silver and wheat markets are
quite active. Because of measure changing, the sugar market becomes inactive, which
suggests the sugar market effect might be sensitive to liquidity measure but not for
wheat and precious metal markets.

hi =B + a1 ALSY, + @i, ALY+ s ALY, + o ALY + ;s ALY + a6 AL +

;ALY + a; gIR, + a;oDI; + &, (10)

where i = cor, gol, oil, sil, soy, sug, whe and h is the conditional variance commodity
market i, predicted by DCC-GARCH model.

hcort hgolt hoilt hsilt hsoyt hsugt hwhet
527" 0.45 -2.05 -0.19 -1.46 1.33 1.50
ALcort_1
(2.15) (1.02) (15.19) (2.93) (4.96) (2.21) (2.22)
1.60 0.75 -3.56 -0.91 0.76 3.02 -1.31
ALy
(2.07) (0.98) (14.65) (2.82) (4.79) (2.13) (2.14)
) 0.48" 0.02 -0.96 -2.79e-3 -0.25 0.47 0.13
AL,
(0.29) (0.14) (2.04) (0.39) (0.67) (0.30) (0.30)
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AL 0.08™" -0.03™ -0.15™ -0.04™ -0.02 0.13™ 0.05
(0.03) (0.01) (0.20) (0.004) (0.07) (0.03) (0.03)
o -8.07 -3.93 7.68 -26.28 -5.86 7.49 -6.89
AL (13.84) (6.58) (98.01) (18.88) (32.03) (14.24) (14.35)
o -4.89 -0.17 -4.18 8.63 -7.93 -5.06 31.16™
A (4.88) (2.32) (34.58) (6.66) (11.30) (5.02) (5.06)
-23.22™" -8.2"" -34.08 -29.91" -9.58" 56.83"" -24.02"
AL"re
(5.14) (2.44) (36.39) (7.01) (0.89) (5.29) (5.33)
-2.02e-5"" -1.07e-5™" -1.15e-4™" -3.13e-5™" -1.52¢-5™" -2.17e-5™" -1.58e-5""
a (1.39¢-6) (6.61e-7) (9.86¢-6) (1.90e-6) (3.22¢-6) (1.43¢-6) (1.44e-6)
-1.80e-4 -1.25e-4 1.44e-3 -4.39e-4 -7.22e-4 -7.00e-4 -1.58e-3™"
o (5.17e-4) (2.46¢-4) (3.66€-3) (7.06e-4) (1.20e-3) (5.32¢-4) (5.37e-4)
Table 5 Robustness check for impact on the conditional volatilities.
Notes: This table presents the results of liquidity impact on the conditional volatility of different
commodity markets, where the liquidity is measured by Amihud illiquidity estimation. From this table,
we can see that liquidities from silver and wheat markets exhibit significant impacts on most
commodity conditional volatilities after controlling interest rate and dollar index. The robust standard
errors are in parenthesis with ***, ** and * denoting significance at 1%, 5% and 10% respectively.
e.g. e-6=10%and e+3=10%.
nt =B+ a ALY, + ai, ALY +ay s ALY + a ALY + a s ALY, + a6 ALY +
a; ALY + a; IR, + a;oDI, + & (11)
where 1 = cor, gol, oil, sil, soy, sug, whe and 1 is the dynamic conditional correlations
between commodity market i and the stock market, predicted by DCC-GARCH
model.
n*h %% ' ' "% n*% N
o 4.08e+2 2.86e+3™" 3.19%e+1 3.08e+3™" 1.09e+3 5.36e+2 1.13e+3™
A (3.53e+2) (1.46e+3) (1.50e+3) (1.28e+3) (7.35e+2) (6.55e+2) (5.53e+2)
AL 9.00e+2™" 4.02e+3™ -4.16e+3™" 1.84e+3" -1.69e+3™" -1.03e+3 9.31e+2"
(3.40e+2) (1.41e+3) (1.45e+4) (1.23e+3) (7.09e+2) (6.32e+2) (5.33e+2)
ALS, 88.07" 907.51*** 156.11 907.25™" 218.59™" 22.60 168.60™
(47.49) (196.52) (201.91) (171.98) (98.84) (88.15) (74.41)
AL 13.15™" 93.47™ 97.50™" 110.22" 4317 15.58" 27.70™"
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ALYy

ALy

ALWhet- 1

IR

Dl

(4.75) (19.66) (20.20) (17.21) (9.89) (8.82)

1.72e+2 -1.15e+4 -5.65e+3 -5.53¢+3 -6.68e+3 -7.57e+2
(2.28e+3) (9.43e+3) (9.69+3) (8.25e+3) (4.74e+3) (4.23e+3)
1.03e+3 -2.66e+3 -4.00e+3 -3.20e+3 -1.61e+3 5.50e+1
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-5.67e+3™" -1.39e+4™" -2.78e+4" -2.71e+4™ -2.23e+4" -9.23e+3™"
(8.46e+2) (3.50e+3) (3.60e+3) (3.06e+3) (1.76e+3) (1.57e+3)
-5.80e-3"" -2.42-3" -5.92-2" -1.41e-2" -1.93e-2" -1.47e-2"
(2.29¢-4) (9.48¢-4) (9.74e-4) (8.30e-4) (4.77e-4) (4.25¢-4)
-3.31e-2 -2.34e-1 0.66™ -2.826-2 3.78e-3 2.27e-1
(0.09) (0.35) (0.36) (0.31) (0.18) (0.16)

(7.44)
-2.33e+3
(3.57e+3)
-2.59¢+2
(1.26e+3)
-3.91e+3™
(1.33e+3)
-1.46e-2"
(3.59-4)
-5.40e-2
(0.13)

Table 6 Robustness check for impact on the dynamic conditional correlations.

Notes: This table presents the results of liquidity impact on the dynamic conditional correlations of
different commodity markets with the stock market, where the liquidity is measured by Amihud
illiquidity estimation. From this table, we can see that liquidities from gold, silver and wheat markets
exhibit significant impacts on dynamic conditional correlations after controlling interest rate and
dollar index. The robust standard errors are in parenthesis with ***, ** and * denoting significance at
1%, 5% and 10% respectively. en=10", e.g. e-6=10" and e+3=103.

To sum up, this section reveals the fact that there is an asymmetrical capital
attracting mechanism across different commodity markets and thus different markets
may exhibit different weights in affecting conditional volatilities and dynamic
conditional correlations after commodity financialization. Wheat and precious metal
markets like gold and silver markets, might attract more capital after commodity
financialization and they are the key players in affecting conditional volatilities and
dynamic conditional correlations. Sugar and oil markets may not be as influential as
they are expected, and corn and soybean markets have trivial effect on both
commodity market volatilities as well as the dynamic conditional correlations
between commodity market and stock market. Therefore, we can maintain that those
three markets show a strong spillover effect since their liquidities display significant
impacts on other markets.

4. FURTHER DATA ANALYSIS

In this section, we further analyze the impact of divide our sample into two
subsamples, namely, 1992-2003 and 2004-2020. It is because that the commodity
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financialization began from 2004, which has been documented in the literatures (see
Irwin and Sanders, 2011; Tang and Xiong, 2012).

Table 7 presents the mean of dynamic conditional correlations for two different
subsample periods, namely, 1992-2003, 2004-2020. We also perform t-test to
investigate whether the mean of two samples are significantly different and the p-
value of t-test has been presented in the last column. It can be observed that all
dynamic conditional correlations of commodity market with stock market have been
significantly enlarged after the commaodity financialization.

1992-2003 2004-2020 P-value
Dynamic Conditional Correlation of t-test
" 0.0627 0.0893 0.0000
n%k -0.0943 -0.0137 0.0000
ol 0.0298 0.2233 0.0000
' -0.0276 0.0956 0.0000
% 0.0233 0.1182 0.0000
n*% 0.0269 0.0782 0.0000
nwhe, 0.0426 0.0821 0.0000

Table 7 Mean comparison of conditional correlations for two different subsample periods.

Notes: This table presents the mean of dynamic conditional correlations for two different subsample
periods, namely, 1992-2003, 2004-2020. We also perform t-test to investigate whether the mean of two
samples are significantly different and the p-value of t-test has been presented in the last column. It can
be observed that all dynamic conditional correlations of commodity market with stock market have
been significantly enlarged after the commodity financialization.

Table 8 presents the results of market liquidity effect on conditional volatilities based
on regression equation (5) over the subsample period 1992-2003. Table 9 presents the
results of market liquidity effect on conditional volatilities based on regression
equation (5) over the subsample period 2004-2020. From Table 8, it is clear that
before commodity financialization, market liquidity effects on commodity market
volatilities would be neglectable. From Table 9, after commodity financialization, a
number of commodity markets, including gold, sugar and wheat markets, become
influential on most commodity market volatilities. It is thereby arguable that
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commodity financialization occupied some commodity markets with abundant capital,

resulting in heavy influential power over different commodity market volatilities.

hi = B + a;10I8% + ; ,019° +a; 3 012% + ; ,0IF% + a; s0I°°Y + a; OI™9 +

a;,0I¥"€ + a; gIR; + a; oDI; + &; ¢ ,

(12)

where i = cor, gol, oil, sil, soy, sug, whe and h is the conditional variance commodity
market i predicted, by DCC-GARCH model.

O I COI’t_l

0194

O|0”t.1

O|silt_1

OIF%4

O1%4

0] |whet_ 1

IR

Dl

heer, haol, hotl; hstl h%Y, h9; hwhe,
-2.38e-5™ 7.43e-6 4.62e-5 -1.18e-5 2.71e-7 5.84e-5™" 8.97e-6
(1.06e-5)  (4.89¢-6) (3.32e-5) (9.79¢-6) (2.08e-5) (1.82e-5) (1.25e-5)
3.26e-5 3.60e-5 1.47e-4 -1.82e-4™" 6.00e-5 -3.31le-4 2.12e-4™"
(5.24e-5) (2.41e-5) (1.63e-4) (4.82e-5) (1.02e-4) (8.96e-5) (6.17e-5)
-6.66e-6 -5.52e-6 4.03e-7 6.44e-6 -4.52e-6 8.87e-6 3.06e-8
(6.86e-6) (3.15e-6) (2.14e-5) (6.30e-6) (1.34e-5) (1.17e-5) (8.06e-6)
-7.59¢e-9 9.64e-9 -1.11e-7 -7.39e-8" -1.73e-8 1.61e-7 9.49¢-9
(3.73e-8) (1.71e-8) (1.16e-7) (3.43e-8) (7.28e-8) (6.37e-8) (4.38e-8)
-1.29%e-7 -5.41e-8 1.96e-6 -1.05e-6 -2.48e-7 -5.10e-9 -2.83e-7
(8.03e-7) (3.6%¢-7) (2.50e-6) (7.38e-7) (1.57e-6) (1.37e-6) (9.44e-7)
-1.01e-7 9.16e-8 -7.15e-9 1.56e-8 -2.81e-8 -7.53e-7 -2.13e-7
(3.19e-7) (1.46e-7) (9.93e-7) (2.93e-7) (6.22e-7) (5.44e-7) (3.75e-7)
1.03e-5 1.72e-6 -8.96e-5"" 3.52e-6 -1.74e-5 -7.32e-6 -2.51e-5
(9.77e-6) (4.48e-6) (3.04e-5) (8.98e-6) (1.91e-5) (1.67e-5) (1.15e-5)
1.18e-6 -5.01e-6™" 1.30e-6 9.44e-6"" -6.33e-6" -6.03e-5"" 3.66e-6"
(1.82¢-6)  (8.36e-7) (5.67e-6) (1.67e-6) (3.56€-6) (3.11e-6) (2.14e-6)
-4.09e-5 -8.24e-6 -5.99e-4 1.92e-4 -5.77e-5 -6.51e-4 -6.78e-5
(4.89e-4)  (2.25¢-4) (1.53e-3) (4.50e-4) (9.56e-4) (8.36e-4) (5.75¢-4)

Table 8 Subsample analysis for liquidity impact on the conditional volatilities.

Notes: This table presents the results of liquidity impact on the conditional volatility of different

commodity markets. From this table, we can see that liquidities from commodity markets barely exhibit

significant impacts on most commodity conditional volatilities after controlling interest rate and dollar

index. The sample runs from 1992 to 2003, which is the pre-financialization period. The robust
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standard errors are in parenthesis with *** ** and * denoting significance at 1%, 5% and 10%
respectively. en=10", e.g. e-6=10%and e+3=10%

heer, hool, hoil, il hsoY, hsug, hwhe,
Ol 2.90e-5"" 1.53e-5™ 8.64e-5 -1.35e-5 -3.06e-5 2.04e-5 6.85e-5""
(1.10e-5) (5.21e-6) (8.57e-5) (1.56e-5) (2.64e-5) (9.01e-6) (1.11e-5)
o194 4.42e-5™ 4.07e-6™" -1.12e-4" -9.02e-6 -1.65e-5 4.08e-5"" 1.71e-5"
(9.28e-6) (4.41e-8) (7.25e-5) (1.32e-5) (2.23e-5) (7.63e-6) (9.43e-6)
ol 8.90e-7 1.19e-7 -1.24e-6 2.84e-7 -8.32e-8 -8.96e-8 1.16e-7
(5.59¢-7) (2.65e-7) (4.37e-6) (7.93e-7) (1.34e-6) (4.59¢-7) (5.68e-7)
(o] R 1.18¢-8 -1.61e-9 -5.34e-9 -1.08e-8 1.64e-8 -1.30e-8 -1.46e-8
(1.72e-8) (8.16e-9) (1.34e-7) (2.44e-8) (4.14e-8) (1.41e-8) (1.75e-8)
OIF%4 -1.04e-3 2.55e-4 1.03e-2 1.44e-3 -3.80e-3™ 1.27e-3" 1.39e-3"
(7.48e-4) (3.55e-4) (5.85e-3) (1.06e-3) (1.80e-3) (6.15e-4) (7.60e-4)
Ol1%49; 4 -4.57e-5"" -1.68e-5™" 1.70e-4" -3.65e-5™ 3.16e-4™" -1.15e-4™" -1.99e-5"
(1.16e-5) (5.53e-6) (9.10e-5) (1.65e-5) (2.80e-5) (9.57e-6) (1.18e-5)
olvhe, -1.37e-3™ -8.16e-4™" -4.04e-3 7.06e-4™" 1.57e-3™ -1.01e-3™ -3.39%e-3™"
(5.20e-4) (2.47e-4) (4.07e-3) (7.38e-5) (1.25e-4) (4.27e-4) (5.29e-4)
IR -2.08e-6 1.11e-6 -1.76e-4™" -1.70e-5™" -3.10e-5™" -8.04e-6™" 1.59e-6
(2.69¢-6) (1.28e-6) (2.11e-5) (3.82¢e-6) (6.48¢e-6) (2.21e-6) (2.74e-6)
Dl 5.20e-5 -1.30e-4 1.65e-3 -1.07e-3 -1.11e-3 -5.24e-4 -2.64e-3™"
(8.02e-4) (3.81e-4) (6.27e-3) (1.14e-3) (1.93e-3) (6.59e-4) (8.16e-4)

Table 9 Subsample analysis for liquidity impact on the conditional volatilities.

Notes: This table presents the results of liquidity impact on the conditional volatility of different
commodity markets. From this table, we can see that liquidities from gold, sugar and wheat markets
exhibit significant impacts on most commodity conditional volatilities after controlling interest rate
and dollar index. The sample runs from 2004 to 2020, which is the post-financialization period. The
robust standard errors are in parenthesis with ***, ** and * denoting significance at 1%, 5% and 10%
respectively. en=10", e.g. e-6=10%and e+3=10%.

Table 10 presents the results of market liquidity effect on conditional correlations
based on regression equation (6) over the subsample period 1992-2003. Table 11
presents the results of market liquidity effect on conditional correlations based on
regression equation (6) over the subsample period 2004-2020. From Table 10, it is
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observable that before commodity financialization, market liquidity effects on the

dynamic conditional correlations between commodity market and stock market would

be neglectable. From Table 11, after commodity financialization, however, a number

of commodity markets, including gold, sugar and wheat markets, become influential

on most dynamic conditional correlations between commodity market and stock

market. It is thereby arguable that commodity financialization occupied some

commodity markets with abundant capital, resulting in heavy influential power over

the dynamic conditional correlations between different commodity markets with the

stock market. Therefore, we can argue that those three markets have a strong spillover

effect since their liquidities display significant impacts on other markets.

nt =P+ a;,0If° + a;,01¢

+a; 3012 + a; ,OIFY + ;5s01°Y + a; 601,

a;;01P"€ + a;gIR, + a; oDI; + € ,

(13)

N

ug
-1 T

where i = cor, gol, oil, sil, soy, sug, whe and 7 is the dynamic conditional correlations

between commodity market i and the stock market, predicted by DCC-GARCH

model.

n n%°% n°l ' n* % e
o 1.40e-3 -1.71e-2 -6.56e-3 -2.63e-2"" 1.04e-2"" 1.21e-2*** 5.64e-3
O (2.56e-3) (8.17e-3) (9.22e-3) (7.06e-3) (3.64e-3) (4.68e-3) (4.24e-3)
oIl 5.46e-2"" -1.19e-1"" -4.66e-2 -9.26e-2™"  1.09e-1"" 9.54e-3 4.49e-2""
(1.26e-2) (4.03e-2) (4.54e-2) (3.48e-2) (1.79e-2) (2.30e-2) (2.09¢-2)
ol 1.87e-3 9.24e-3* 2.91e-3 1.27e-3 4.62e-3 -2.98e-3 6.72e-3"
(1.65e-3) (5.27e-3) (5.94e-3) (4.55e-3) (2.34e-3) (3.01e-3) (2.73e-3)
ori. -6.52e-6 6.35e-5" 4.31e-5 6.30e-5" -5.64e-6 -5.13e-5 1.33e-5
(8.96e+6) (2.86€-5) (3.23e-5) (2.47e-5)  (1.27e-5) (1.64e-5) (1.48e-5)
oy 1.34e-4 -2.27e-4 4.74e-4 5.94e-4 -2.83e-5 2.26e-4 -1.41e-4
O (1.93e-4) (6.16e-4) (6.95€-4) (5.33e-4)  (2.74e-4) (3.53e-4) (3.20e-4)
Ol%%¢ 5.00e-5 5.20e-5 -4.21e-4 1.40e-5 -1.08e-4 1.28e-4 9.63e-5
(7.66e-5) (2.45e-4) (2.76e-4) (2.11e-4)  (1.09e-4) (1.40e-4) (1.27e-4)
(o] L} -1.67e-3 8.07e-3 6.61e-3 2.57e-3  -1.60e-2"" -1.73e-2 -3.50e-3
(2.35e-3) (7.50e-3) (8.45e-3) (6.48e-3) (3.34e-3) (4.29¢-3) (3.89¢-3)
2.19e-3" 3.35e-2""  -8.37e-3™ 2.70e-2""  4.75e-3" 4.16e-3™"  -9.21e-3™
" (4.38e-4) (1.40e-3) (1.58e-3) (1.21e-3) (6.22e-4) (8.00e-4) (7.25e-4)
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-0.15 -0.03 0.46 0.44 -0.28" 0.37" -0.11
o (0.12) (0.38) (0.42) (0.32) (0.17) (0.21) (0.19)
Table 10 subsample analysis for liquidity impact on the dynamic conditional correlations.
Notes: This table presents the results of liquidity impact on the dynamic conditional correlations
of different commodity markets with the stock market. From this table, we can see that only gold
market liquidity exhibits significant impacts on dynamic conditional correlations after controlling
interest rate and dollar index. The sample runs from 1992 to 2003, which is the pre-financialization
period. The robust standard errors are in parenthesis with *** ** and * denoting significance at 1%,
5% and 10% respectively. en=10", e.g. e-6=10°and e+3=10%,
Nt % ' ' it % "
Ol 7.39e-3"" 1.42e-2™" 4.68e-2"" 1.46e-2" 2.75e-2"" -6.87e-3" -9.77e-3"™
(1.55e-3) (6.86e-3) (6.25e-3) (5.49e-3) (3.15e-3) (2.77e-3) (2.43e-4)
(o] L 6.32e-3"" 5.87e-2"" 1.14e-2" 5.56e-2""" 1.15e-2"" 2.79%-3 1.24e-2""
(1.31e-3) (5.81e-3) (5.29¢-3) (4.65e-3) (2.67e-3) (2.35e-3) (2.05e-3)
ol 1.08e-4 9.95e-4 -3.17e-4 9.18e-4™" 1.38e-4 -1.36e-5 1.96e-4
(7.92e-5) (3.50e-4) (3.19¢e-4) (2.80e-4) (1.61e-4) (1.41e-4) (1.24e-4)
Olsil4 3.26e-6 -3.61e-6 -1.59e-5 -1.13e-6 -3.69¢e-6 3.29¢e-6 3.50e-6
(2.43e-6) (1.08e-5) (9.79e-6) (8.60e-6) (4.94e-6) (4.35e-6) (3.80e-6)
O15%y4 1.06e-1 -9.04e-1 3.81le-1 -1.06™ 7.71e-1"™ 2.89e-1"" -2.72e-1
(1.06e-1) (4.68e-1) (4.26e-1) (3.75e-1) (2.15e-1) (1.89e-2) (1.66e-1)
O1%48; 4 1.54e-3 -1.72e-2" -1.42e-1" -5.39e-2"" -6.37e-2"" -4.17e-2"" -2.36e-2""
(1.65e-3) (7.29e-3) (6.63e-3) (5.83e-3) (3.35e-3) (2.95e-3) (2.58e-3)
olvre, -3.79%-1"" -8.11e-1™ -2.36™" -8.36e-1"" -1.427 3.91e-1™ 7.44e-1"
(7.37e-2) (3.26e-1) (2.96e-1) (2.60e-1) (1.49e-1) (1.32e-1) (1.15e-2)
IR -5.37e-3™" 4.48e-3™" -4.54e-2"" -1.56e-3 -7.88e-3™" -1.56e-2"" -1.19e-2""
(3.82e-4) (1.69e-3) (1.54e-3) (1.35e-3) (7.74e-4) (6.82¢e-4) (5.97e-4)
Dl 6.06e-2 -2.34e-1 5.82e-1 -1.94e-1 2.42e-1 7.16e-4 2.58e-2
(1.14e-1) (5.02e-1) (4.57¢-1) (4.02e-1) (2.31e-1) (2.03e-1) (1.78e-1)

Table 11 subsample analysis for liquidity impact on the dynamic conditional correlations.

Notes: This table presents the results of liquidity impact on the dynamic conditional correlations
of different commodity markets with the stock market. From this table, we can see that corn, gold,
sugar and wheat liquidities exhibit significant impacts on dynamic conditional correlations after

controlling interest rate and dollar index. The sample runs from 2004 to 2020, which is the post-
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financialization period. The robust standard errors are in parenthesis with ***, ** and * denoting

significance at 1%, 5% and 10% respectively. en=10", e.g. e-6=10% and e+3=10°.
CONCLUSIONS AND IMPLICATIONS

In conclusion, this paper intends to explore the effect of commodity financialization
on commodity market volatilities as well as their dynamic correlations with the stock
market. Since the commodity financialization stems from large capital inflow, we use
market liquidity as a proxy of commodity financialization. Then, we employ the
DCC-GARCH model to estimate conditional volatilities of different commodity
markets as well as their dynamic conditional correlations with the stock market. Then,
we unfold the fact that there is an asymmetrical capital attracting mechanism across
different commodity markets and thus different markets may exhibit different weights
in affecting conditional volatilities and dynamic conditional correlations after
commodity financialization. Wheat and precious metal markets like gold and silver
markets, might attract more capital after commodity financialization and they are the
key players in affecting conditional volatilities and dynamic conditional correlations
between commodity market and stock market. The rest of other market liquidities
have trivial effects.

Furthermore, we also apply the subsample analysis by dividing our sample into pre-
financialization period and post-financialization period. The results are quite
distinguishing between those two periods. Before commodity financialization,
commodity market liquidities scarcely influence the conditional volatilities and
correlations. However, after commodity financialization, the commodity market
liquidities effects are diverse. Three markets, namely, gold, sugar and wheat markets,
out of seven markets exhibit significant impacts on conditional volatilities and
dynamic conditional correlations between commodity market and stock market.
Compared with those three markets, other four markets’ effects are small. Therefore,
those three markets have a strong spillover effect since their liquidities display
significant impacts on other markets.

The reason can be attributed to the capital inflow size and those three markets may
attract more capital than other four markets. Precious metal markets, especially gold
market, plays a safe-haven role in the asset allocation, and thus plenty of capital
surged into gold market. The wheat market has a disproportion effect, which creates a
much larger dollar-weighting in commodity index for wheat contracts than other
agricultural contracts, like corn and soybean contracts. The sugar market may have a
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closer relation with the stock market than other agricultural markets, which may be
favored by a number of fund managers. Those reasons may lead to a larger capital
inflow to the three markets and thus they have a more considerable influential power
across different commodity markets.

Regarding the policy implications, market liquidity is a reflection of capital surge by
trading activities. Trading activities in commodity markets can be the manifestation of
market conditions and the market liquidity can deliver fruitful information to the
policymakers, such as monetary policy implementation effect. As we discover that
gold, sugar and wheat markets play dominate roles in affecting market volatilities as
well as correlations with stock market, policy makers can put an emphasis on those
three markets. Regarding their liquidity spillover effects, policy impacts can be
effectively spread to all commodity markets through this spillover channel.
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Fig. 1. Conditional volatility of 7 commodity markets predicted by DCC-GARCH model.
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OZET: Enerji arz giivenligi, iilkelerin ekonomik biiyiimelerinin siirdiiriilebirligi i¢in ¢ok onemlidir.
Enerji kaynaklarina ulasmak ve bu kaynaklarin siirdiiriilebilir olmasi enerji arz giivenliginin 6nemli
boyutlarin1 teskil etmektedir. Enerji arz giivenliginde yillara gore farkli kaynaklar 6ne ¢iksa da son
yillarda dogal gaz ve yenilenebilir enerjinin gittik¢e artan onemini gérityoruz. Bu nedenle, bir yandan
disa bagimliligi ¢ok yiiksek olan dogal gazin arz giivenligi saglanirken diger yandan yerli kaynak
olarak adlandirilan hidro, giines ve riizgar gibi yenilenebilir kaynaklarindan yararlanmak enerji arz
giivenligi acisindan Snemlidir. Dolayisiyla, enerji kaynaklarmin herhangi bir sikinti yaganmadan
saglanmasi ve bu kaynaklarin ekonomik olmasi enerji arz giivenliginin olmazsa olmaz kosuludur. Bu
nedenle, enerji arz giivenliginde o6zellikle yenilenebilir kaynaklarin toplam enerji arz giivenliginde

paym artirmak stratejik oneme sahiptir.

JEL: Q40 , Q41, Q42, Q43
DIRECTION OF CHANGE IN ENERGY SUPPLY SECURITY

ABSTRACT: Energy supply security is very important for the sustainability of countries' economic
growth. Access to energy resources and the sustainability of these resources constitute important
dimensions of energy supply security. Although different sources stand out in energy supply security
over the years, we see the increasing importance of natural gas and renewable energy in recent years.
For this reason, it is important for energy supply security to benefit from renewable resources such as
hydro, solar and wind, which are called as domestic resources, while ensuring the supply security of
natural gas, which is very dependent on foreign sources. Therefore, providing energy resources without
any difficulties and being economical of these resources are indispensable conditions for energy supply
security. Therefore, it is strategically important to increase the share of renewable resources in energy

supply security, especially in total energy supply security.

JEL: Q40, Q41, Q42, Q43
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1. GIRIS

Enerji arz giivenligi ekonomiler i¢in ¢ok 6nemlidir. Ciinkii ekonomilerin temel girdisi
olan enerjinin uygun fiyatlarla karsilanmasi ve enerji tiiketiminde  siirekliligin
saglanmast dolayisiyla yiiksek ekonomik biiylime, yiiksek GSYH ve kisi bas1 gelir
icin ¢ok kritik oldugu aciktir. Enerji ekonomisi literatiiriinde enerji tiiketimi ve
ekonomik biiylime arasindaki iliskiyi aragtiran  bir ¢ok ¢alisma vardir. Bazi
caligmalarda yiiksek GSYH enerji tiikketimini arttirirken (Savas ve Durgun, 2016)
baz1 ¢aligmalarda da yiikksek GSYH’ yi artirmak i¢in yiliksek miktarda enerji tiiketimi
ihtiyact dogmaktadir (Cagil vd. , 2013). Bazen de GSYH ve enerji tiikketimi arasinda
cift yonlii iliski ortaya ¢ikmaktadir (Altinay ve Karagol, 2004). Dolayisiyla, tilkelere

ve iilke gruplarina gore farkli nedensellik iliskisi bulunmaktadir.

Donemler itibariyle enerji arz giivenligini saglayan enerji kaynaklar1 degisse de
ekonomiler arz giivenliklerini farkli kaynaklarla siirdirmiislerdir. Enerji arz
giivenliginde 19. yy’da komiir 6ne ¢ikarken 20.yy’da petrol ve 21. yy’da ise dogal
gazin One c¢iktigini ama yenilenebilir enerjinin de hizli bir sekilde enerji arz

giivenliginde onemli yer aldigin1 goriiyoruz.

Bu nedenle diinyadaki enerji arz giivenliginde var olan genel trende uygun olarak,
Tiirkiye geleneksel olarak kullanilan fosil kaynaklar1 kullaniminin yaninda son
yillarda artan onemi dolayisiyla dogal gaz boru hatlartyla  hem kendi enerji arz
glivenligini saglamak hem de cografi konumunun sagladigi avantaji kullanarak
enerjinin transferini saglayarak ozellikle AB iilkelerinin de enerji arz giivenligini
saglamaktadir. Buna ek olarak da yenilenebilir kaynaklarin enerji arz giivenliginde
katkisini artirmak amaciyla da ve yerli kaynaklarin kullanimini artirmak igin giines

ve riizgarin payin da artirmaktadir.

Bu ¢alismanin ikinci boliimiinde enerji arz giivenliginden, {iglincii boliimde son
yillarda enerji arz giivenliginde 6nemli paya sahip olan dogal gaz ve yenilenebilir

enerjiden bahsedilecek ve son boliimde ise sonug ve Onerilere yer verilecektir.
2. ENERJI ARZ GUVENLIGI

Enerji arz giivenligi, enerjinin uygun fiyatlarla ve kullanilan enerjinin siirekliliginin
olmasi yani kesintisiz kullanilmasini ifade etmektedir. Ancak enerji arz giivenligi ile
ilgili olarak farkli tanimlamalar ve gostergeler de kullanilmaktadir. Hughes ve Shupe

(2010) enerji arz giivenligini bir endeks ile aciklamakta ve bu endeksi olusturan
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dort faktorden bahsetmektedir. S6z konusu endekste kullanilan faktorler ise
kullanilabilirlik, erisilebilirlik, satin almabilirlik ve kabul edilebilirlik olarak

tanimlanmaktadir.

Kullanilabilirlik, enerji kaynaklarinin bilinen rezervlerden elde edilebilirligini ifade
ederken, erisilebilirlik ise  enerji kaynaklarimin arz agisindan giivenilirligini ve
enerji arzinin kesintisiz bir sekilde kullanimmi ve devamliligimi ifade etmektedir.
Diger faktorlerde olan satin alinabilirlik, enerji kaynaklariin fiyatlarini ve altyapi
maliyetlerini yani enerjinin uygun fiyatlarla temin edilmesini, kabul edilebilirlik ise
kullanilacak enerji kaynaklarinin g¢evre-kalkinma hassas dengesinin korunmasini
dolayisiyla kaynak kullanimlarinin da  toplum tarafindan benimsenmesinin
onaylanmasini ifade etmektedir (Peker, 2015).

3. ENERJi ARZ GUVENLIiGi ACISINDAN DOGAL GAZ VE
YENILENEBILIR ENERJI

Tiirkiye bir yandan diinya enerji arz giivenliginde énemli bir yeri olan dogal gaz ile
enerji arz gilivenligini saglarken diger yandan yenilenebilir enerjinin de enerji arz
giivenliginde  yer almasi i¢in basta  glines ve riizgar enerjisi yatirimlarin
hizlandirmaktadir. Ozellikle dogal gazm kullaniminin artmasi nedeniyle, Tiirkiye
son yillarda hayata ge¢irdigi biiylik dogal gaz projeleriyle enerji arz gilivenligini
giivence altina almaktadir. Basta da Trans Anadolu Dogal Gaz Boru Hatt1 Projesi,
(TANAP), TurkAkim ve Sivilagtirilmis Dogalgaz Depolama ve Yeniden Gazlastirma

Terminalleri ile dogal gaz arz gilivenligini saglamaktadir.

Tiirkiye’nin dogal gazda yiizde 98 oraninda disariya bagimli olmas1 nedeniyle her ne
kadar hayata gecen dogal gaz boru hatlariyla dogal gaz arzi saglaniyorsa da esas
olarak sahip oldugu giines ve rlizgar giiciinden yararlanmasi enerjide disariya

bagimlilig1 azaltan 6nemli bir adim olarak goriilmektedir.

Enerji ve Tabii Kaynaklar Bakanligi’nin 2019-2023 Stratejik Planinda (2019) yer alan
“Stirdiiriilebilir Enerji Arz Glivenligi” i¢in 5 temel hedef aciklanmistir. Bu hedefler
ise; yerli ve yenilenebilir enerji kaynaklarina dayali elektrik kurulu giiciiniin toplam
kurulu giice oraninin %59’dan %65 seviyesine yiikseltilecegi ongoriliiyor. Gegmis
yillarda hayata gecen hidroelektrik santrallerin yaninda yeni donemde yenilenebilir
olarak adlandirilan giines ve riizgar ile beraber yerli kaynaklarin pay1r gittikge
artmaktadir. Yerli enerji kullaniminin artmast icin YEKA, AR-GE ve yerli iiretim
sayesinde yenilenebilir enerji alaninda ilerleme saglamak, niikleer teknoloji
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kullanarak elektrik, tiretimine katkida bulunmak, maden teknolojisini yerlilestirmek
Enerji ve Tabi Kaynaklar Bakanlig1 tarafindan agiklanan “Milli Enerji ve Maden

Politikas1” metninde 6ne ¢ikan hususlar olmaktadir (Karagél vd., 2017).

Uluslararasi Enerji Ajanst (IEA) (2020) Diinya Enerji Goriiniimii raporunda
belirtildigi tlizere yenilenebilir enerjide basta  gilines ve riizgar ¢ok Onemli bir
potansiyel sunmaktadir.  Ayrica yeni kaynaklarin kesfi ve iilke ekonomisine
entegrasyonu, enerji verimliligi ve niikleer enerjinin kullanimi enerji arz giivenligi
icin 6nem kazanmaktadir. Diger yandan halen yapim asamasinda olan ilk niikleer
santral ile niikleer enerji, arz kaynaklar1 arasina dahil edilecek ve enerji arzindaki

payinin artiritlmasina yonelik ¢alismalar siirdiiriilecektir.

Dogal gaz ve elektrik altyapisinin giiglendirilmesi saglanacak ve petrol, dogal gaz
arama ve Uretim faaliyetlerinin basta denizlerde olmak {iizere hizlandirilarak
stirdiiriilmesi  saglanacaktir. 2019 yilinda Karadeniz’de Sakarya  havzasinda
kesfedilen 400 milyar metrekiip dogal gaz bu anlamda enerji arz gilivenligine katki
yapacak onemli bir kaynak oldugu agiktir. Bu kapsamda Dogu Akdeniz’deki dogal
gaz kesifleri hem enerji arz gilivenligini saglayacak hem de Tiirkiye’nin dogal gaz
alaninda tiliketici konumundan iiretici konumuna ge¢gmesine ve stratejik bir aktor
olmasini saglayacaktir. Enerji arz giivenliginin saglanmasi i¢in elektrik sektoriinde

teknolojik doniisiim uygulamalar1 yapilacag: ifade edilmektedir.
4, SONUC VE ONERILER

Enerji arz gilivenligi iiretim dolayisiyla ekonomik biiytime ve yliksek GSYH igin
vazgecilmezdir. Tiirkiye hem enerji arz giivenligini saglamak ve enerji arz giivenligini
cesitlendirmek i¢in farkli enerji kaynaklarmi kullanma konusunda 6nemli adimlar
att1. Tirkiye, bir yandan fosil kaynaklar: kullanirken diger yandan da yenilenebilir
kaynaklar olan hidro, giines ve riizgarinda pay1 giderek artmaktadir. Oniimiizdeki
yillarda niikleer enerjinin de kullanima girecegi g6z oOniinde bulunduruldugunda

kaynak ¢esitliliginin 6nemli dlglide saglanacagini gostermektedir.

Tiirkiye icin kendi enerji arz giivenligini saglamak ne kadar 6nemliyse, enerji arz
giivenligini Tiirkiye lizerinden uluslararasi dogal gaz projeleri lizerinden saglayacak

olan AB iilkeleri agisindan da Tiirkiye’nin 6nemi gittikge artmaktadir.
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Ozet: Bu calismada egitim, enerji tiikketimi ve karbon emisyonu arasindaki iliskiler OECD
tilkeleri i¢in incelenmektedir. Bu kapsamda 32 OECD iilkesine iligkin 1995-2014 yillarmni
kapsayan veriler ile egitim seviyesinin, enerji talebi, enerji yogunlugu ile karbon emisyonu ve
karbon yogunlugu tlizerindeki etkileri arastirilmistir. Sonug olarak, egitim seviyesi ile enerji
talebi, enerji yogunlugu ve karbon emisyonu ve karbon yogunlugu serileri arasinda uzun
donemli bir koentegrasyon iliskisinin mevcut oldugu goriilmiistiir. Ayrica egitim seviyesinin
uzun donemde ilgili degiskenler {izerinde negatif ve anlaml bir etkisinin olduguna karar
verilmistir.

Anahtar Kelimeler: Egitim Seviyesi, Enerji Tiketimi, Karbon Emisyonu, Panel Veri
Metodolojisi

Giris

Stirdiirtilebilir  kalkinmaya giden yolda diinya iilkelerine yone gosteren ve
stirdiiriilebilirlik derecesinin belirlenmesi agisindan 6nemli bir gdsterge olan 2030
Stirdiirtilebilir Kalkinma Hedefleri, hem gelismis hem de gelismekte olan iilkelerin
izerinde yogunlastigir énemli bir konudur. 2030 Siirdiiriilebilir Kalkinma Hedefleri
icerisinde barindirdig1 17 temel hedef ¢ercevesinde diinya iilkelerini ¢alismaya davet
etmistir. Bu 17 temel hedef, sirdiriilebilir kalkinma i¢in diizeltilmesi ve
iyilestirilmesi gereken temel alanlar1 temsil etmektedir (Yildirim ve Yildirim, 2020;
Yildirim, 2020). Egitim konusu da Ozellikle ayri bir baslik altinda 2030 SKH
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icerisinde yer almaktadir. Dolayisiyla, egitim ve siirdiiriilebilirlik iliskisi ne kadar
birbirine yakin ise; egitim ve ¢evre iliskisi de o kadar birbirine yakin temalar olarak
diisiiniilebilir. Bu noktada, literatiirde egitim ve ¢evre iliskisine deginen ¢aligmalar bu
arastirma i¢in rehberlik gorevi iistlenmistir. Literatiirde egitim ve c¢evre arasindaki
iliskiye yonelik bulgular i¢in farkli yaklasimlar ve farkli arastirma yontemler
bulunmaktadir. Ornegin; Short (2010), ¢evre sorunlarinin karmasikligini anlayabilen
ve kararlaria aktif olarak katilabilen bir vatandaglik modelinin hayati 6nem tasidigin
belirtmektedir. Dolayisiyla, ¢evre lizerine egitimlerin 6nemini vurgulamaktadir. Cevre
egitimcilerinin nihai amaci, bu aktif vatandasligin yaratilmasini kolaylagtirmak
seklinde ele alinmaktadir. Bugiline kadar, cevre egitiminin (EE) neredeyse tiim
degerlendirmeleri egitimsel sonuglara odaklanmistir. Enerji Verimliligi ¢abalarindan
kaynaklanan eylemlerle baglantili ¢evresel kaliteye olan etkilerin degerlendirilmesi,
bu disiplinin de daha giincel hale gelmesini saglamistir. Kiiresel 1sinma, gectigimiz
yillarda uluslararasi toplum diizeyinde ilgi uyandirdi. Cevre sorunlarinin egitimi,
insanlarin ¢evre okuryazarligini gelistirmek ve sorunlari ¢ézmek i¢in Onemli bir
yoldur. Insanlar ¢evre egitimine daha fazla 6nem vermeye baslamislardir. Liu ve Gua,
(2018) da yaptiklar1 ¢alisma g¢evre egitiminin ileride ¢evre kalitesinin iyilestirilmesi
acisindan Onemine vurgu yapmaktadirlar. Kiiresellesmenin hem c¢evresel kalite hem
de stirdiiriilebilirlik {izerinde kotiilestirici bir etkiye sahip oldugu ve olumsuz
etkisinin, ¢evresel kalite ve siirdiiriilebilirlik tizerindeki olumlu gelir etkilerinden daha
agir bastig literatiirde bir¢ok ¢alismada kanitlanmistir (Twerefou vd., 2017). Diger
bir deyisle, caligmalarda ekonomik biiyiime, kiiresellesme ve cevresel etkiler arasi
iliskiler incelenirken, egitimin de onemli bir degisken oldugu goriilmektedir. Bu
noktada, Kwabena vd., ( 2017) yaptiklar1 galismada Sahra Alt1 Afrika tilkelerine, daha
temiz teknolojiler ve iirlinler kullanarak biiyliimeyi artirma ve kiiresellesmeye katilma
cabalarinda ¢evre normlarint giiclendirmelerini ve yesil altyapt ve doga temelli
yatirimlarla dogal ve sabit sermayenin deger kaybini azaltmalarin1 6nermektedirler.
Egitim harcamalarim1 artirirken ve c¢evresel kalite bozulmasindan kaynaklanan
ekolojik krizlerle miicadele ederken projeler gelistirilmesi 6nemlidir. (Kwabena vd.,
2017). Salahuddin vd., (2020) da ¢evre kalitesi ve tarimsal teknolojiler arasi iliskileri
incelerken egtimin 6nemine vurgu yapmaktadirlar. Egitimle ilgili olarak, Sahra Alt1
Afrika’da (SSA) okuryazarlik oranlari ¢ok diisiik olan bir¢ok iilkeye sahiptir. Son
zamanlarda bir¢cok ampirik caligmada kanitlandig1 gibi, egitim seviyeleri ile tarimsal
iiretkenlik arasinda pozitif bir iliski oldugu icin, bolgede egitimi tesvik etmek i¢in
sadece daha fazla yatirim degil, ayn1 zamanda daha iyi yonetilen iyi yonetime dayali
tahsislere ihtiya¢ duyulmaktadir. Salahuddin vd., (2020) de tarimsal verimlilik {izerine

pozitif egitim katsayis1 bu iliskiyi bir kez daha giiclendirmektedir. Sonugclar, karbon
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emisyonlarinin ve diizeltilmis ulusal tasarruflarin beklenen isaretleri gosterdigini
gostermektedir. Daha yiliksek kisi bagina CO2 emisyonlari, Sahra alti Afrika
bolgesinde tarimsal verimlilik tizerinde kiicik ama olumsuz bir etkiye sahiptir.
Ekonomik biiylime ve ekilebilir alanlarin tarimsal verimlilik ile énemli bir iligkisi
yoktur, egitim istatistiksel olarak onemlidir. (Salahuddin vd., 2020). Narayan ve
Narayan, (2008), kisi basina saglik harcamalarini belirlemede cevresel kalitenin
roliinii arastirmiglardir. Cevre kalitesinin hem kisa hem de uzun vadeli etkilerini
tahmin etme olasihigini kesfetmek icin bir panel esbiitinlesme yaklagimi
uygulamiglardir Ampirik analiz, 1980-1999 dénemi i¢in sekiz OECD iilkesine, yani
Avusturya, Danimarka, Izlanda, Irlanda, Norveg, Ispanya, Isvicre ve Birlesik Krallik'a
dayanmaktadir. Sonuglar, saglik politikasinin cevresel kalite konularini igermesi
gerektigini, aksi takdirde saglik harcamalarinda bir artig goriilebilecegini
gostermektedir. Daha Once belirtildigi gibi, OECD iilkelerindeki saglik hizmetleri
harcamalar1 halihazirda yiiksektir (GSYIH'nin yaklasik% 10'u), bu potansiyel olarak
(1) gevresel kaliteyi belirli bir standartta koruma harcamalari ve (2) diger harcamalar
egitim gibi sektorler. Bu, saglik harcamalarimin oranmin c¢evresel kalitedeki
bozulmadan etkilenenleri Onemsemeye gitmesi durumunda, c¢evresel Kkaliteyi
ylkseltmek i¢in daha az fon bulunacagi ve bu siire¢ devam ederse muhtemelen
hiikkiimet iizerinde daha fazla baskiya yol acacagi anlamina gelir.(Narayan ve
Narayan, 2008). Khalid vd.(2020) de yaptiklar1 ¢alisma sonucunda Giliney Asya
Bolgesel Isbirligi (SAARC) bolgesinin cevresel kalitesini kourmasi ve siirdiiriilebilri
enerjiye gecisi acisindan egitimin dnemini vurgulamaktadirlar. Khalid vd. (2020)’ye
gore, SAARC bolgesinin enerji taleplerini karsilamada savunmasiz oldugu ve ayrica
cevresel kaliteye ulasmak i¢in zararli olan daha yiiksek niifus artis1 egilimleri oldugu
goriilmektedir. Ek olarak, SAARC iilkelerinin kirli endiistrilere kirlilik vergisi
koymasi1 ve sonug olarak cevresel zararlar1 azaltan enerji verimlili§ine ulagsmak icin
arastirma ve gelistirme projeleri i¢in bazi fonlar ayirmasi gerekiyor. SAARC
bolgesinin daha yiiksek kaliteli komiir ve dogal gaz gibi verimli ve daha geleneksel
enerji kaynaklarimi kullanmasi da zorunludur. Bu temiz enerji kaynaklari, ekonomik
gelisme ve biiylime siirecine zarar vermeden ¢evresel bozulmayi azaltabilir. Daha
yesil biiyiimenin tesvik edilmesi icin, bu iilkelerin hiikiimeti, ¢evreyi korumak i¢in
endiistrinin temiz iiretimi, temiz ve yesil ulasim ve binalar ve farkli atiklardan
kaynaklanan kirliligi kontrol eden teknolojiler gibi alanlar1 kapsayan bazi aragtirma ve
gelistirme programlari ilan etmelidir. Son olarak, politika yapicilar, ¢evre bilincine,
egitime, ¢alistaylara, seminerlere, giivenlige, teknolojilere ve daha fazlasina dayanan
dogal kaynaklarin seviyesini koruyarak temiz enerji kaynaklari i¢in verimli bir talep
tedarik mekanizmasi gelistirmelidir (Khalid vd., 2020). Egitim ¢ogu iilke ve sehir i¢in
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bolgesel kalkinma agisindan da 6nemli bir degiskendir. Cogu iilkedeki bazi sehirlerin
ulusal ortalamadan daha hizli biiylimesi nedeniyle kentsel niifusun payr da
regresyonda kontrol edilebilir, bu da kentsel kaynaklar ve gevre iizerinde bir miktar
bask1 olusturur. Ozellikle, gelismekte olan ve gegis iilkelerinde isciler daha iyi is,
yasam, egitim ve tedavi i¢in kirsal alanlardan kentsel alanlara gd¢ ediyor. Artan
kentsel niifus baska bir kirlilik kaynagi olarak diistinilebilir (Kasman ve
Duman,2015). Wang vd. (2018) yaptiklar1 ¢alismada sosyal kentlesmenin kisisel
tilketim yoluyla CO. emisyonlarin1 yalnizca hafif¢e etkiledigi, ancak iiniversite
egitimindeki gelismeler yoluyla belirgin ve olumsuz bir etki yarattigini tespit
etmislerdir. Sosyal kentlesme, CO2 emisyonlari iizerinde ¢ift etki yapmaktadir. Sosyal
kentlesme siireci, sehir sakinlerinin daha yiiksek diisikk karbon bilincine sahip
olmasinin bir sonucu olarak, CO2 emisyonlar1 iizerinde belirgin olumsuz etkilere yol
acan sivil farkindaligi egiten iyilestirilmis egitim kosullarina da taniklik ediyor.
Ayrica, egitim ve hiikiimet bilgilendirme programlar: aracilifiyla enerji tasarrufu ve
cevre dostu uygulamalar konusunda halkin bilinglendirilmesine daha fazla Gnem
verilmesi Onerilmektedir. (Wang vd., 2018). Egitim ve g¢evre kalitesini ilgilendiren
caligmalarda ekonometrik olarak panel veri analizleri ¢ogalmaktadir. Panel veri
analizi, basit regresyon analizine gore bir¢cok avantaji olan, hem uzamsal hem de
zamansal boyutlarda regresyon analizine olanak tantyan bir yontemdir. Ornegin, panel
birim kok testi, sahte regresyondan kacinmak ic¢in degiskenlerin duragan yapisinm
inceleyebilir. Degiskenler arasindaki uzun donemli bir denge iliskisi, bir panel es-
biitiinlesme testi ile belirlenebilir. Panel veri modelleri ayn1 zamanda daha fazla 6rnek
degiskenligi ve daha fazla serbestlik derecesi saglar, bu da tahmin verimliligini
artirabilir. Bu nedenle, panel veri analizi, aragtirmacilarin ekonomi, cografya, politika
ve egitim gibi ¢ok cesitli alanlarda boylamsal ve yatay analizler yapmasini
saglamistir. (Shi vd., 2016). Meangbua vd., (2019), ¢alismalarinda hanehalkinin enerji
gereksinimleri ve karbon emisyonlarmi Tayland igin ele almiglardir. Panel veri
analizinin sonuglarina gbére hanehalki o6zelliklerinin hem dogrudan enerji
gereksinimlerini hem de hane basina dogrudan CO2 emisyonlarini etkilemede 6nemli
bir rol oynadig1r goriilmiistiir. Ayrica, egitim ve hane reisinin yasi gelir diizeyini
etkiledigi ve gelir, hem enerji hem de enerji dis1 mal ve hizmetler i¢in harcamalar
etkileyen en onemli dogrudan faktor oldugu tespit edilmistir. Yashlarin geng
hanehalk: tliyelerine gore evde daha fazla zaman geg¢irmesi nedeniyle Tayland'daki
hanehalki iiyelerinin yas1 arttikca, klimada enerji tiiketim oraninin da o kadar yiiksek
olduguna inanilmaktadir. Ayrica, lisans veya daha yiiksek bir egitim seviyesi ile
mezun olan hanehalk: reisleri, dogrudan enerji gereksinimleri ve dogrudan CO2

emisyonlar1 i¢in sirasiyla yaklasik % 181 ve % 50 oraninda daha fazla enerji
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tiiketmekte ve daha fazla dogrudan CO2 emisyonu (enerji lirtinlerinden) tiretmektedir
(Meangbua vd., 2019). Charfeddine ve Mrabet, (2017) yaptiklar1 c¢alismada
kentlesme, c¢evresel kaliteye iliskin bulgular elde etmislerdir. Kentlesme, daha fazla
insanin ¢evre dostu tesislere ve hizmetlere uygun fiyatlarla erismesini saglar. Uzun
vadede cevre dostu ekipmanlar, makineler, araclar ve tesisler yesil ekonominin
gelecegini  belirleyecektir. Kentlesmeyle iligkili daha yiiksek yasam standardi
insanlara daha iyi yiyecek, egitim, barinma ve saglik hizmetleri saglar. Kentsel
bliylime, altyapi projelerini finanse eden, tikanikligi azaltan ve halk sagligini
iyilestiren gelirler {iretir. Bu sonuglar, 6zellikle dogurganlik hizi degiskeni agisindan
beklendigi gibi olmamasina ragmen, bu iilkelerde saglik kalitesini ve egitim diizeyini
iyilestirmeye yonelik politikalar tavsiye edilmektedir. (Charfeddine ve Mrabet, 2017).
Bir iilkenin tiim CO2 emisyonlari, dogrudan toplam enerji tiiketimi ve enerji yapisi
tarafindan belirlenir. Kentlesme her ikisini de ¢ok boyutlu bir sekilde etkileyebilir. Bir
yandan kentlesme, kisi basina diisen gelir ve toplam enerji tiikketimini artiracak olan
peyzaj doniisiimii ile pozitif yonde iliskilidir. Ote yandan, kentlesme ayn1 zamanda
ekonomik faaliyetlerde Olgek etkisini gosterecek ve dolayisiyla CO2 emisyonlarini
azaltacak bir niifus toplanma siirecidir. Ayrica, kentlesme genellikle insan
sermayesinin derecesi ile olumlu bir sekilde iligkilidir. Daha yiiksek egitimli insanlar
temiz enerji ister ve bu nedenle sehrin enerji tiiketimi yapisini degistirebilir ve CO2

emisyonlarini sinirlayabilir (Chen vd., 2019).
Amag ve Yontem

Bu calisma kapsaminda egitim seviyesinin enerji tiiketimi, enerji yogunlugu ile
karbon emisyonu ve karbon yogunlugu iliskisi ele alinmaktadir. Bu kapsamda 32
OECD iilkesi i¢in 1995-2014 yillarna iliskin veriler panel veri yontemleri ile ele

alimmustir.
Ampirik Analiz Sonug¢lar:

Seriler arasindaki iligkilerin arastirilmasinda duraganlik durumu 6nem arz etmektedir.
Diger taraftan panel veri analizi igin serilerin duraganliginin arastirilmasinda yatay
kesit bagimliligi 6nem arz etmektedir. Tablo 1°de yatay kesit bagimliligia iligkin

sonuglar goriilmektedir.
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Tablo 1: Yatay Kesit Bagimhilig1 Testi (Pesaran (2004) CD)
Variable CD-test p-value
Inenergyuse  17.440  0.000
Inurbanpop  35.290  0.000
Ingdpconpc  92.320  0.000

Inco2pc 22.25 0.000
energyinte~y 61.31 0.000
co2inten 38.98 0.000
Intertiary 76.4 0.000

Elde edilen sonuglara gore temel hipotez reddedilememekte ve yatay Kkesit
bagimliligmin  var oldugu sonucuna ulagilmaktadir. Serilerin yatay kesit
bagimliligimin arastirilmasinin ardindan serilerin duraganlik durumlari aragtirilacaktir.
Tablo 2’de yatay kesit bagimlili§1 gbz oniine alan Pesaran 2007 panel birim kok test

sonuclar1 goriilmektedir.

Tablo 2: Pesaran 2007 Panel Birim Kok Test Sonuclart
Specification without trend model

. p- . p-
Variable lags Zt-bar value Variable lags Zt-bar value
0 -1.550 0.061 0 1528 0.937
1 -0.412 0.340 1 2354 0.991
2 2.112 0.983 2 2923 0.998
Inco2pc Inenergyuse
3 1.657 0.951 3 1.058 0.855
4 5563 1.000 4 1597 0.945
5 24.069 1.000 5 24.069 1.000
0 -1.038 0.150 0 5588 1.000
1 -0.421 0.337 1 2985 0.999
. .2 1.951 0.974 2 4,751 1.000
energyintensity Inurbanpop
3 2.013 0.978 3 5328 1.000
4 1.146 0.874 4 5.056 1.000
5 24.069 1.000 5 24.069 1.000
0 -3.438 0.000 0 -1.369 0.085
1 -2.511 0.006 1 -4.172 0.000
: 2 -1.049 0.147 2 -1.332 0.091
cozinten Ingdpconpc
3 1.157 0.876 3 0.071 0.528
4 2173 0.985 4 -0.410 0.341
5 24.069 1.000 5 24.069 1.000
. 0 4.049 1.000
Intertiary
1 1.602 0.945
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2 2539 0.994
3 1.813 0.965
4 4841 1.000
5  23.493 1.000
Specification with trend model
Specification  with trend t-bar
Variable lags Zt-bar p-value Variable lags Zt-bar p-value
0 -2.656 0.004 0 -0.719 0.236
1 -1.767 0.039 1 -0.181 0.428
2 1.562 0.941 2 2732 0.997
Inco2pc Inenergyuse
3 0.655 0.744 3 2336 0.990
4 2,672 0.996 4 1696 0.955
5 22347 1.000 5 22347 1.000
0 -0.065 0.474 0 5.856 1.000
1 0.831 0.797 1 4.451 1.000
. .2 2478 0.993 2 6.159 1.000
energyintensity Inurbanpop
3 0.862 0.806 3 5430 1.000
4 4296 1.000 4 2442 0.993
5 22347 1.000 5 22347 1.000
0 -2.843 0.002 0 1194 0.884
1 -1.866 0.031 1 -1.680 0.047
: 2  -0.129 0.449 2  -0.107 0.457
co2inten Ingdpconpc
3 2025 0.979 3 2954 0.998
4 1.975 0.976 4  -0.687 0.246
5 22347 1.000 5 22347 1.000
0 2.054 0.980
1 0.369 0.644
: 2 0441 0.670
Intertiary
3 2709 0.997
4  7.367 1.000
5 22.347 1.000

Tablo 2’deki sonuglar incelendiginde serilerin diizeyde duragan olmadiklarini 6ne
stiren temel hipotez reddedilememedigi goriilmektedir. Serilerin fark duragan
olduguna karar verilmistir. Serilerin birinci farki icin analiz tekrar edildiginde

serilerin duraganliklariin saglandigi goriilmistiir.

Analiz sonucunda serilerin ayni derecede duragan olduklar1 diger bir ifade ile uzun
donemde koentegre olabilecekleri goriilmektedir. Seriler arasindaki koentegrasyon
iliskisinin arastirilmasi icin oncelikle Pedroni koentegrasyon testine basvurulmustur.

Tablo 3’de Pedroni Panel Koentegrasyon Test Sonuglar1 goriilmektedir.
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Table 3:Pedroni Panel Koentegrasyon Test Sonuclart
Ho: No cointegration Number of panels = 32
Ha: All panels are cointegrated Number of periods = 19
Cointegrating vector: Panel specific
Panel means: Included Kernel: Bartlett
Time trend: Included Lags: 0.00 (Newey-West)
AR parameter: Same Augmented lags: 1 (AIC)
Cross-sectional means removed
Independent  Variables: LNTERTIARY  LNGDPCONPC

LNURBANPOP

Dependent Variable: LNCO2 Statistic  p-value
Modified variance ratio 2.319 0.010
Modified Phillips-Perron t 0.651 0.258
Phillips-Perron t -6.934 0.000
Augmented Dickey-Fuller t -6.642 0.000
Dependent Variable: CO2INTEN Statistic  p-value
Modified variance ratio -0.423 0.336
Modified Phillips-Perron t -0.371 0.355
Phillips-Perron t -9.012 0.000
Augmented Dickey-Fuller t -9.135 0.000
Dependent Variable: ENERGYINTEN Statistic  p-value
Modified -3.686 0.000
Modified 1.525 0.064
Phillips-Perron -5.631 0.000
Augmented -6.369 0.000
Dependent Variable: LNENERGYUSE Statistic  p-value
Modified 0.210 0.417
Modified 2.228 0.013
Phillips-Perron -3.385 0.000
Augmented -3.317 0.001

Tablo 2’deki sonuglar incelendiginde seriler arasinda uzun dénemde bir iliskinin
mevcut oldugu sdylenebilir. Elde edile sonuglarin giivenilirliinin saglanmasi igin
literatiirde yaygin sekilde kullanilan Westerlund (2007) Panel Koentegrasyon testine

basvurulmustur. Test sonuglar1 Tablo 4’de goriilmektedir.
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Table 4: Westerlund (2007) Panel Koentegrasyon Test Sonuglart
Dependent Variable: LNCO2PC

Statistic
Variance ratio

Dependent Variable: CO2INTEN

Statistic
Variance ratio

Dependent Variable: ENERGYINTEN

Statistic
Variance ratio

Dependent Variable: LNENERGYUSE

Statistic
Variance ratio

Statistic
-3.754

Statistic
-4 575

Statistic
-1.751

Statistic
-1.889

p-value
0.000

p-value
0.000

p-value
0.040

p-value
0.029

Tablo 4’deki sonuclar incelendiginde seriler arasinda bir uzun dénemli iliskinin var

oldugu goriilmektedir. Seriler arasindaki uzun dénemli iliskilerin mevcut oldugunun

goriilmesinin ardindan kisa ve uzun donem katsayilar elde edilmistir. Tablo 5 ve

Tablo 6’da PMG ve MG modelleri ile elde edilen uzun doénemli katsayilar

goriilmektedir.

Tablo 5: Egitimin, Enerji Tiiketimi Ve Enerji Yogunlugu Uzerine Kisa Ve Uzun
Doénem Etkileri (PMG & MG Test Sonuglari)

PMG MG

Dependent Variable: Dependent Variable:

Inenergyuse Coef. Std.Err. Prob Inenergyuse Coef.  Std.Err. Prob
Long Run Coefficients Long Run Coefficients

Ingdpconpc 0.092  0.018 0.000 Ingdpconpc 0.125 0.036  0.001
Intertiary -0.175  0.032  0.000 Intertiary 0.131 0.139  0.346
Inurbanpop -7.508  0.307  0.000 Inurbanpop -4789  4.065  0.239
SR SR

ec -0.297  0.052  0.000 e€c -0.808  0.066  0.000
DIngdpconpc 0.120  0.026  0.000 Ingdpconpc 0.077 0.030  0.011
Dintertiary -0.118  0.168  0.484 Intertiary -0.421  0.358  0.239
Dlnurbanpop 1.383  12.222 0.910 Inurbanpop 8.261  10.036 0.410
constant 12.082  2.147  0.000 constant 29.152 15577 0.061
Dependent Variable: Dependent Variable:

energyintensity Coef. Std.Err. Prob energyintensity Coef.  Std.Err. Prob
Long Run Coefficients Long Run Coefficients

Ingdpconpc -0.291  0.098 0.003 Ingdpconpc -0.942  0.673  0.161
Intertiary -1.739  0.204  0.000 Intertiary -0.735 1487 0.621
Inurbanpop 7.013  2.030 0.001 Inurbanpop -27.941  49.323 0571

SR

SR

192



ec -0.298  0.052 0.000 ¢€c -0.791 0.066  0.000

DIngdpconpc -0.344  0.169  0.042 Ingdpconpc 0.135 0.164  0.410
Dintertiary 0.527  0.956  0.581 Intertiary 0506 1.712  0.767
Dlnurbanpop 40.074 157.313 0.799 Inurbanpop 89.171  69.426  0.199
constant -4.625 0.885  0.000 constant 103.252 96.586  0.285

Tablo 5’deki sonuglar incelendiginde PMG modelinden elde edilen sonuglara gore
egitim, uzun donemde hem enerji tiiketimi hem de enerji yogunlugu {izerinde negatif

bir etkiye sahipken kisa donemde istatistiksel olarak anlamli bir etkiye sahip degildir.

Diger yandan MG modelinden elde edilen sonuglara gore egitim, kisa ve uzun
donemde hem enerji tiikketimi hem de enerji yogunlugu iizerinde istatistiksel olarak
anlamli bir etkiye sahip degildir. Tablo 6’da egitimin karbon emisyonu ve karbon
yogunlugu iizerindeki etkilerine iliskin PMG ve MG modeline iligkin sonuglar yer

almaktadir.

Tablo 6: Egitimin, Karbon Emisyonu Ve Karbon Yogunlugu Uzerine Kisa Ve
Uzun Donem Etkileri (PMG & MG Test Sonuclar)

PMG MG
Dependent Dependent Variable:
Variable: Inco2pc Coef.  Std.Err. Prob Inco2pc Coef.  Std.Err. Prob
Long Run Coefficients Long Run Coefficients
Ingdpconpc 0.058  0.022  0.008 Ingdpconpc 0.183 0.055  0.001
Intertiary -0.155  0.032  0.000 Intertiary 0.303 0.189  0.109
Inurbanpop 2.686  0.233  0.000 Inurbanpop -12.049  4.448  0.007
SR SR
ec -0.324  0.063  0.000 ec -0.891  0.065  0.000
DIngdpconpc 0.186  0.036  0.000 Ingdpconpc 0.746  0.0489 0.127
Dintertiary 0.375  0.222  0.092 Intertiary -0.232  0.173 0179
DlInurbanpop 6.746  20.002  0.736 Inurbanpop 18571  12.704 0.144
constant -0.864  0.159  0.000 constant 58.761  22.556  0.009
Dependent Dependent Variable:
Variable: co2inten  Coef.  Std.Err. Prob coZinten Coef.  Std.Err. Prob
Long Run Coefficients Long Run Coefficients
Ingdpconpc 0.017  0.012  0.153 Ingdpconpc 0191  0.060  0.001
Intertiary -0.357  0.034  0.000 Intertiary 0051 0258 0.844
Inurbanpop -3.891  0.334  0.000 Inurbanpop -11.420 4995  0.022
SR SR
ec -0.453  0.056  0.000 e€c -0.974  0.065  0.000
DIngdpconpc 0.087  0.067 0.197 Ingdpconpc -0.052  0.087 0548
Dintertiary 0.153  0.484  0.752 Intertiary 0365 0.858 0.671
Dlnurbanpop 10.863 13.416  0.418 Inurbanpop 5121  16.252  0.753
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constant 9.144 1.132 0.000 constant 43384 24411 0.076

Tablo 6’daki sonuglar incelendiginde PMG modelinden elde edilen sonuglara gore
egitim, uzun donemde hem karbon emisyonu hem de karbon yogunlugu iizerinde
negatif bir etkiye sahipken kisa donemde %35 anlamlilik diizeyinde istatistiksel olarak
anlamli bir etkiye sahip degildir. Kisa donem etki i¢in %10 anlamlilik diizeyinde
egitimin, karbon emisyonunu pozitif etkiledigi goriilmektedir. Ancak bu etki

istatistiksel olarak giiclii bir etki degildir.

Diger yandan MG modelinden elde edilen sonuglara gore egitim, kisa ve uzun
donemde hem karbon emisyonu hem de karbon yogunlugu iizerinde istatistiksel

olarak anlamli bir etkiye sahip degildir.
SONUC

Bu c¢alisma kapsaminda egitim seviyesinin enerji tiiketimi, enerji yogunlugu ile
karbon emisyonu ve karbon yogunlugu iligkisi ele alinmaktadir. Bu kapsamda 32
OECD iilkesi i¢in 1995-2014 yillarina iligkin veriler panel veri yontemleri ile ele

alimmustir.

Calisma kapsaminda Pedroni ve Westerlund panel koentegrasyon testleri sonucunda
seriler arasinda uzun donemli iligkilerin mevcut oldugu goriilmiistiir. calismanin odak
noktasini olusturan egitimin, enerji tiiketimi, enerji yogunlugu, karbon emisyonu ve
karbon yogunlugu tizerindeki etkilerinin incelenmesi i¢in PMG ve MG metodolojileri

kullanilarak kisa ve uzun donemli katsayilar elde edilmistir.

PMG yonteminden elde edilen sonuglar egitim seviyesinin enerji talebi, enerji
yogunlugu, karbon emisyonu ve karbon yogunlugu serileri lizerinde uzun donemde
negatif bir etkiye sahip oldugunu kisa donemde ise %35 anlamlilik diizeyinde bir
etkinin mevcut olmadigr goriilmiistiir. Diger yandan MG modelinden elde edilen
sonuglara gore egitim, kisa ve uzun donemde ilgili degiskenler iizerinde istatistiksel

olarak anlamli bir etkiye sahip degildir.

Sonug olarak, egitim seviyesi ile enerji talebi ve karbon emisyonu arasinda uzun
donemli bir iligkinin mevcut oldugu goriilmiistiir. Egitim seviyesinin uzun dénemde
enerji talebi ve yogunlugu ile karbon emisyonu ve yogunlugunu negatif sekilde

etkiledigi sonucuna ulasilmistir.

194



Kaynak¢a

Charfeddine, L ve Mrabet, Z. (2017). The impact of economic development and social-
political factors on ecological footprint: A panel data analysis for 15 MENA countries,

Renewable and Sustainable Energy Reviews, Volume 76, 2017, Pages 138-154,

Chen, S., Jin, H. Ve Lu,Y. (2019). Impact of urbanization on CO2 emissions and energy
consumption structure: A panel data analysis for Chinese prefecture-level cities,

Structural Change and Economic Dynamics, Volume 49, 2019, Pages 107-119,

Short, P.C. (2009) Responsible Environmental Action: Its Role and Status In Environmental
Education and Environmental Quality, The Journal of Environmental Education, 41:1, 7-21,
DOI: 10.1080/00958960903206781

Liu, S. Ve Gua, L. (2018). Based on Environmental Education to Study the Correlation
between Environmental Knowledge and Environmental Value EURASIA Journal of
Mathematics, Science and Technology Education, 2018, 14(7), 3311-3319

Twerefou, D.K. , Danso-Mensah, K. ve Bokpin, G.A. (2017) The environmental effects of
economic growth and globalization in Sub-Saharan Africa; A panel general method of
moments approach, Research in International Business and Finance, Volume 42, 2017, Pages
939-949,

Wang, S., Zeng, J., Huang, Y., Shi, C. Ve Zhan, P. (2018). The effects of urbanization on
CO2 emissions in the Pearl River Delta: A comprehensive assessment and panel data
analysis, Applied Energy, Volume 228, 2018, Pages 1693-1706,

Salahuddin, M., Gow, J., ve Vink, N. (2020) Effects of environmental quality on agricultural
productivity in sub Saharan African countries: A second generation panel based empirical
assessment, Science of The Total Environment, Volume 741, 2020, 140520,

Narayan, P.K. ve Narayan, S. (2008). Does environmental quality influence health
expenditures? Empirical evidence from a panel of selected OECD countries,Ecological
Economics,Volume 65, Issue 2,2008,Pages 367-374,

Khalid, K., Usman, M. & Mehdi, M.A. The determinants of environmental quality in the
SAARC region: a spatial heterogeneous panel data approach. Environ Sci Pollut Res (2020).
https://doi.org/10.1007/s11356-020-10896-9

Kasman, A. ve Duman, Y.S. (2015). CO2 emissions, economic growth, energy consumption,
trade and urbanization in new EU member and candidate countries: A panel data
analysis,Economic Modelling,VVolume 44,2015,Pages 97-103,

Shi, K., Chen, Y., Yu, B, Xu, T., Chen, Z., Liu, R., Li, L., ve Wu, J. (2016). Modeling
spatiotemporal CO2 (carbon dioxide) emission dynamics in China from DMSP-OLS

195



nighttime stable light data using panel data analysis, Applied Energy,Volume 168,2016,
Pages 523-533,

Meangbua, O., Shobhakar Dhakal, S. Ve Kuwornu, J.K.M. Factors influencing energy
requirements and CO2 emissions of households in Thailand: A panel data analysis, Energy
Policy, Volume 129, 2019, Pages 521-531

Yildirim, S., & Yildirim, D. C. (2020). Achieving Sustainable Development Through a Green
Economy Approach. In Patti, S., & Trizzino, G. (Ed.), Advanced Integrated Approaches to
Environmental Economics and Policy: Emerging Research and Opportunities (pp. 1-22). IGI
Global. http://doi:10.4018/978-1-5225-9562-5.ch001

Yildirim, S. (2020). The Consumer Role for Sustainable Development: How Consumers
Contribute Sustainable Development Goals. In Chkoniya, V., Madsen, A. O., & Bukhrashvili,
P. (Eds.), Anthropological Approaches to Understanding Consumption Patterns and
Consumer Behavior (pp. 325-341). IGI Global.

196


http://doi:10.4018/978-1-5225-9562-5.ch001
http://doi:10.4018/978-1-7998-3115-0.ch018

ENERGY ECONOMY
AND SECURITY

INTERNATIONAL
CONGRESS OF
20

INFORMATION SECURITY WITH INTERNET OF THINGS ARRIVAL IN
HOSPITAL ENVIRONMENT: A BIBLIOGRAPHIC APPROACH

Wellington Ferreira Cipriano
Student of Unis Group.
ciprijones@hotmail.com.

Viviel Rodrigo José de Carvalho
Professor of Unis Group.
viviel@unis.edu.br.

Fabricio Pelloso Piurcosky
Head of Research Department of Unis Group.
fabricio@unis.edu.br

Rodrigo Franklin Frogeri
Researcher and Professor of Unis Group

ABSTRACT: This research approaches information security taking under consideration the internet of
things arrival in hospital environments. Such approach is required due to the frequent cases of breaches in
protection of hospital information. This study has the purpose to accomplish a bibliographic research, with
the purpose of updating the information concerning the mechanisms that can contribute to information
security in hospital environments, all of this has the goal to improve security procedures, contributing with
the development of a hospital safety culture. This attempt will be achieved from a qualitative
bibliographic research, developed from material already elaborated, consisting on books and scientific
articles. The study showed that, in what concerns information security in hospital management, there’s
only real success when everyone involved realize the importance of taking the security measures that are
able to protect the information against real threats, besides the need of investment in information
technology area and capable professionals with constant training.

Keywords: Information Security. Internet of Things. Hospital Safety.

1 INTRODUCTION

The great amount of information that circulates in the organizations' networks, the information
security incidents have had a significant increase in the last years, assuming the most varied
forms, such as theft and unauthorized access to information, attacks via unprotected wireless
networks, the weak protection implemented in the systems, denial of service attacks, infection by
viruses and malware, among thousands of other reasons. One of the factors that drive this
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scenario is the spread of the Internet and the ease of carrying out attacks through it. At the same
time that it helped with the democratization of information and became essential to boost
business, the Internet also made it possible for thieves in the digital world to act and spread
threats that put the security of an organization at risk (ZAPATER E SUZUKI, 2005).

As the number of connected devices that collect personal information grows, so does the need to
worry about the security of information on the Internet of things.

Information security is a current topic in constant discussion in the most diverse organizations, be
it government, education, industry, commerce or services; since organizations use Information
Technology (IT) to support and generate business, allied to the benefits of the Internet. Thus,
regardless of market segment, all organizations will always enjoy the information, aiming at
better productivity, cost reduction, gain in market share, increased agility, competitiveness and
support to decision making. (SEMOLINA, 2003).

With the advent of the Internet of Things, a great challenge for security is perceived, since many
of the access devices have limited security resources, since they were idealized to only add
functionality at a low cost.

This work describes aspects related to information security in hospital environments, since with
the increase in the number of recent episodes of breaches in the security of confidential
information of patients, there is the perception that there are aspects to be improved in hospital
management, such as the restriction of access to the database, the use of word encryption in the
means of information technology, the use of automatic backups and the construction of a scale of
permissions, where each user has a distinct limit of access to information.

Such an approach is necessary since from the moment that security mechanisms are created, other
invasive mechanisms are also created. This is a challenge for hospital managers and for those
responsible for the hospital security culture, because it is necessary to perform actions that map
and identify the situation of the hospital, its threats, vulnerabilities and risks, to allow a diagnosis
and the future solution.

It is also important to emphasize the importance of the work for hospital managers, because it
helps to understand the mechanisms that can contribute to information security in the hospital
environment

The purpose of this research is to perform a bibliographic review to update the information
regarding the understanding of the mechanisms that can contribute to information security in the
hospital environment, all with the purpose of improving safety procedures, contributing to the
development of a culture of hospital safety, showing concepts of information security and the
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Internet of things and taking into account the constant search to ensure that the information
generated in hospital environments are protected from improper access or loss. In this sense, the
research will identify the concepts related to information security, know the current risks that
involve the information generated in hospital environments, know concepts about the Internet of
things and establish policies that develop the culture of information security in hospitals.

This purpose will be achieved through descriptive, exploratory and qualitative bibliographic
research, because the objective is to describe the information security process with the advent of
the Internet of things in hospital environments. The source of consultation will be, fundamentally,
bibliographic, besides databases of academic content and published articles, in a more specific
way, books of current reading.

2 INFORMATION SECURITY IN HOSPITAL MANAGEMENT

Despite being such an old precept in the health area, the duty of secrecy is, even today, one of the
most disrespected ethical commitments in the day-to-day of hospital and health units. See, for
example, how common are the conversations in corridors and elevators about the diseases of the
patients attended, or even the frequency with which they are found on counters with the names
and diagnoses on display, or even the physical arrangement of stretchers and beds, allowing
unnecessary exposure of the patient. In a way, computerization has reduced this risk, but it is still
difficult to determine who should be granted access to such data, also protecting them from
external interference (VILLAS BOAS, 2015).

With the constant advance of technologies, the importance of information security increases
significantly. It is increasingly difficult to keep information about companies or people secure.
An oversight in this area can bring significant losses, the challenge is to achieve balance (PWC,
2013).

Information security is a game of advanced techniques and strategies that changes quickly. As a
consequence, the models of the past decade are no longer adequate. Leaders recognize that in
order to have effective security it is necessary to transform and adopt a new way of thinking.
They are aware that the very survival of the business requires the understanding of security
threats, the preparation to face them and quick responses (PWC, 2013).

Information security, according to Beal (2005), is the process of protecting information from
threats to its integrity, availability and confidentiality. Semola (2003) defines information
security as "an area of knowledge dedicated to the protection of information assets against
unauthorized access, undue alteration or unavailability™".
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Decree No. 3,505 of June 13, 2000, which instituted the Information Security Policy in Federal
Public Administration bodies and entities, defines Information Security as:

"protection of information systems against denial of service to authorized users, as well
as against intrusion, and unauthorized modification of data or information, stored, in
processing or in transit, including the security of human resources, documentation and
material, communications and computing areas and facilities, as well as those intended
to prevent, detect, deter and document possible threats to their development”.(BRASIL,
2000, s/p).

According to (ABNT NBR ISO/IEC 27002, 2018), effective information security reduces risks,
protecting the organization from threats and vulnerabilities and thus reducing the impact to its
assets.

Aragjo, Bezerra and Coelho (2014) define information security as a determining factor for
conducting successful business, both in the public and private sectors, and it is also a component
that makes business viable, such as eGov (e-government) or e-commerce (e-commerce).

Aratjo, Bezerra and Coelho (2014), also completes that information security covers all
information assets, preserving them against disasters and errors (intentional or not), trying to
reduce the probability or impacts caused by security incidents.

For the construction of a more refined knowledge on the subject it is interesting to know the basic
principles of the subject.

2.1 BASIC PRINCIPLES OF INFORMATION SECURITY

The concept of "information™ is used in almost all fields of scientific knowledge, therefore it
presents a variety of definitions, depending on the focus (observer's gaze) that one wishes to
assign to it. It has different explanatory and conceptual dimensions. This is justified mainly
because of the use of the word "information™ in different areas of knowledge. Even in close areas,
the word refers to concepts with some variations. We can say that "information" today has an
interdisciplinary concept (MARTINS, 2009).

In the last decades, information has increasingly assumed an important role becoming common
sense in contemporary society, mainly leveraged by the new "Information and Communication
Technologies” (MARTINS, 2009).

With the constant advance of IT (Information Technology), companies have become increasingly

dependent on information and computer systems. More than ever, information means power and
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its proper use can establish the competitive differential and a better service to customers,
optimizing the chain of services, products and research (PEREIRA, 2012).

In the current context of development, in which technological innovations and knowledge
production are outstanding characteristics, information assumes a role of great importance, being
vital for the company that wants to succeed in the current market in formatting an information
system that meets the needs of the organization in developing its activities (CONCEICAQ, 2012).

The basic principles governing information security are seen by the CIA triangle, consisting of
confidentiality, integrity and availability.

These information security concepts guide the analysis, planning and implementation of security
for the information you want to protect, and are defined as such:

e The confidentiality of data means that it is available only to the appropriate parties, which may
be parties that require access to data or parties that are reliable. Data that has been kept
confidential is data that has not been compromised by other parties; confidential data is not
disclosed to people who do not need or should not have access to it. Ensuring confidentiality
means that the information is organized in terms of who should have access to it, as well as its
sensitivity. However, the breach of confidentiality can occur through different means, such as
social engineering (BROOK, 2010).

e Data integrity refers to the certainty that data is not tampered with, destroyed or corrupted. It is
the certainty that the data will not be modified by unauthorized persons. There are basically two
points during the transmission process where integrity may be compromised: during data loading
and/or during database storage or collection (BROOK, 2010).

e The availability of data and information means that it is available when needed. For a system to
demonstrate availability, it must have a well-functioning computer system, security controls and
communication channels. Most available systems are accessible at all times and are guaranteed
against power failures, natural disasters, hardware failures and system upgrades. Availability is a
major challenge in collaborative environments such as these must be stable and continuously
maintained. Such systems should also allow users to access the necessary information with
minimal downtime. Redundant systems can be put in place to provide a high level of fail-over.
The concept of availability can also refer to the usability of a system. Information security refers
to the preservation of integrity and confidentiality when information is stored or transmitted.
Information security breaches occur when information is accessed by unauthorized persons or
parties. Violations can be the result of the actions of hackers, intelligence agencies, criminals,
competitors, employees or others. In addition, people who value and wish to preserve their
privacy are interested in information security (BROOK, 2010).

According to Campos:

Knowing the concepts about information security does not necessarily mean

knowing how to guarantee this security. Many have experienced this sensation
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when they draw up their security plans and end up not achieving the desired
results (CAMPOS, 2007, p. 29).

Information security refers to the preservation of integrity and confidentiality when information
is stored or transmitted. Information security breaches occur when information is accessed by
unauthorized persons or parties. Violations can be the result of the actions of hackers, intelligence
agencies, criminals, competitors, employees or others. In addition, people who value and wish to
preserve their privacy are interested in information security (BROOK, 2010).

According to the Global Information Security Survey (PWC, 2013), there has been a drop in the
use of security tools and a relaxation of policies that set standards in organizations.

Organizations need to adopt security controls - protection measures that cover a wide range of
initiatives - that are capable of adequately protecting data, information and knowledge, chosen
taking into account the real risks to which these assets are subject (BEAL, 2005).

2.2 SAFETY AND CONTROL MECHANISMS

One way to apply and support the basic principles of information security is to establish security
and control mechanisms, which can be physical or logical.

Applying controls is one of the aspects to achieve information security, so says ABNT (2013):
"information security is achieved by implementing an adequate set of controls, including policies,
processes, procedures, organizational culture and software and hardware functions”. The standard
also highlights in this same item the importance of maintaining, monitoring and improving
controls. "These controls need to be established, monitored, critically analyzed and improved
when necessary to ensure that business objectives and information security are met" (ABNT
NBR ISO/IEC:27002, 2013, item 0.1).

According to Abreu (2015), physical controls are the barriers that make it difficult to contact or
directly access the information or infrastructure that guarantees its existence, such as doors,
locks, walls and armor.

Logical controls can be defined as barriers that prevent or limit access to information in
electronic media, such as encryption, digital signature and authentication.

Logical controllers are supported by security mechanisms such as encryption and digital
signature, but it is more common to find on the Internet, limiters and access controllers for user
authentication, through a password system (ABREU, 2015).
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Da Silva and Stein (2007) discuss, however, that the requirements for the elaboration of a secure
password run into the cognitive capacity of its users, giving rise to numerous problems.

2.2.1 Passwords

A password is an authentication mechanism used in the identity verification process, ensuring
that the person accessing the information is who they really say they are.

An easy password to decipher can be obtained by malicious people and once authenticated as
another person, it provides information and denies attacks without being identified.

The Centro de Estudos, Resposta e Tratamento de Incidentes de Seguranga no Brasil - Cert.br
(2006), advises that names, surnames, document numbers, car plates and phone numbers are out
of passwords, in addition to pointing out rules for the elaboration of insurance.

According to ANAHP (2015), the good practices recommended for password policy are:

1) Set expiry dates, which obliges the user to change the password periodically.
2) Prevent the new password from being repeated.

3) Make the conciliation of numbers, letters and even special characters mandatory so that
the complexity is greater and the password is less susceptible to attacks based on dictionaries of

passwords.
4) Make it compulsory to use upper and lower case characters.
5) Establish a minimum password size of at least 8 characters.

6) In cases of advanced security, use of complementary authentication systems, such as

biometrics.

Hospitals that make services and information available over the Internet, referring to personal
data of patients or health professionals, must request the supply of these data by means of free
and express consent of the user, especially before making any personal data collected available to
third parties.

2.2.2 ldentity management and access profiles
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Identity Management has emerged as an essential foundation for cost reduction, management
control, operational efficiency and business growth. Hospitals need to manage access to
information and applications spread across multiple locations. In addition, they must provide
access to an increasing number of identities without compromising the security or exposure of
sensitive information. Identity management is defined as "business and IT processes of
organizations, applied to ensure identity integrity and privacy, allowing access, being crucial to
information security.

Access control is the way in which an institution will control the use of resources in general.
Access control models are divided into three basic types:

1) The MAC (Mandatory Access Control) type is a model in which the system
administrator is responsible for assigning the appropriate permissions to users. This model uses
the concept of "Label" to identify the level of sensitivity to a given object (ANAHP, 2015).

2) The DAC (Discretionary Access Control) model is a more flexible model from the
point of view of the user who wants to share resources with other users. In this model, the user
has the control to guarantee access privileges to the resources that are under his responsibility.
The system administrator needs to take additional care when adopting this model is employed
because users can give more permissions than they should and thus open a gap that can be
explored (ANAHP, 2015).

3) In the role-based control (RBAC - Role -Based Access Control), the system
administrator guarantees privileges according to the function exercised by the user. This model is
totally focused on the role that the user plays within the institution (ANAHP, 2015).

According to ANAHP (2015), the best practices for administrative access control are:

1) The Policy of Minor Privilege, where access is denied to all. The user who does not
have permission to access certain information must request access. The request will be evaluated
and, if access is allowed, it will also be necessary to define to what extent the user may have
access to the information in question.

2) The policy of task separation is based on the premise that a single user cannot be
responsible for tasks that are interspersed, for example, the user who issues an invoice cannot be
the same as the one who makes the approval of the purchase of a material asset.

These good information security practices also help prevent fraud in a work environment or even
a conspiracy where more than one user in the environment tries to fraud data for personal or third
party benefit.
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2.2.3 Cryptography

The cryptography is essential to guarantee the security in all the computational environment that
needs secrecy in relation to the information. Malicious people count on sophisticated mechanisms
that manipulate security systems and are able to intercept the communication of a network. If
there is not a good encryption system implemented in the sending and receiving of information
from this network, the data will be vulnerable (ANAHP, 2015).

With an implemented cryptographic system, the information stored or sent from a system is
encrypted. When arriving at its point of destination, it is decoded using a cryptographic key. Only
the real recipient will have this key, so that if the message is intercepted, it cannot be read
correctly (ANAHP, 2015).

There are two main types of encryption: symmetric and asymmetric. In symmetric cryptography,
the algorithm and the key are the same. This means that the sender and recipient use the same
key. Asymmetric cryptography uses one (public) key to encrypt and another (private) key to
decrypt. We can say that instead of sharing a secret key, two mathematically related keys are
used. One of the keys is opened for everyone to see (public key) and the other is kept secret
(private key). Thus, an encrypted message with a public key can only be decrypted with the
corresponding private key of the recipient (ANAHP, 2015).

Asymmetric cryptography is used more frequently on the Internet, as it is more technically
feasible, since it is not known in advance where the data will be sent. If symmetric cryptography
were used, we could have big problems, because to distribute the key to all authorized users, we
would have a time delay problem, and also allow the key to reach unauthorized people (ANAHP,
2015).

3 THE INTERNET OF THING’S (IoT)

The Internet of Things can be defined as a new world in which objects will be connected and
perform tasks without human interference (ASHTON, 2015).

IoT can be contemplated as a comprehensive network structure, consisting of various types of
objects, which depend on sensor, communication, networking and information processing
technologies. The basic technology for 10T is radio frequency identification (RFID), which
allows microchips to transfer identification data to the reader wirelessly. Through this
technology, it is possible to analyze, track and monitor the objects connected with their tags.
Another key technology is Wireless Sensor Networks (WSNSs), which works mainly on intelligent
sensors for detection and monitoring. RFID finds its application in the transportation of goods to
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consumers, production of pharmaceutical products and retail since 1980 and WSN applies to
traffic, health and monitoring. The advance in both technologies accelerates the growth of IoT.
Many other technologies and devices, including barcoding, location-based services, near-field
communication and cloud computing are already beginning to make a comprehensive network to
strengthen 10T (MEHTA, 2018).

According to Peter Waher (2015) the Internet of Things is something we get when we connect
things, not operated by humans, to the Internet. Currently the main form of communication of the
Internet is human and according to the author 10T can be considered as the future evaluation of
the Internet that realizes machine-to-machine learning (M2M) providing connectivity for all and
everything (PETER WAHER, 2015).

The basic idea of 1oT will be to enable autonomous and secure connection and data exchange
between devices and real world applications (FAN and CHEN, 2010).

Let's imagine a hospital capable of maintaining continuous attention on every vital sign of
patients in wards and automatically adjust the parameters without human intervention. Or an
elderly person who has sensors that alert emergency teams about a potential heart attack. With
loT-enabled devices, hospitals will be able to monitor patients more efficiently, no matter where
they are, and have the information collected, stored and sent anywhere and everywhere.

3.1 10T Origins

According to Ashton (2015), the term loT originated in 1999, when he wrote an article called
"The Things of the Internet of Things. According to him, people's lack of time opens doors for
tools to be created to do things that, in fact, need not be done by people. They can be replaced by
devices. These devices, which talking through different protocols within the same network, are
able to accompany people, read their activities, generate information and from there help them in
their daily lives.

The universal digital access devices are also a powerful trend, of great influence for the future of
health informatics. This term means that several digital devices that previously had specific and
separate functions, such as access and navigation on the Internet, fixed and mobile telephony,
TV, radio, video games, cameras and video, etc., are quickly adding functions that make them
universal machines. For example, MP3 players can surf the Internet and send e-mails, as well as
play music. TV sets surf the Internet and can videoconference, cell phones allow voice and video
communication, and also access e-mail and the Web, provide maps and route guidance via GPS,
and play videos and audios, some video game devices are already powerful computers capable of
many functions that are only found on more complex desktops, and so progressively.
Smartphones in particular are having a major impact in the US and Europe on the development of
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an entirely new and fast growing area called mHealth (mobile e-health, see Anta et al. 2009, and
the extensive article in Wikipedia, 2010a). In the US, about 94 percent of physicians already use
smartphones in their profession, with 75 percent of them Apple iPhones, a big watershed in
mHealth (SPYGLASS, 2010).

3.2 APLICATIONS OF loT

Many application domains will be impacted by loT. They can be classified based on network
availability, coverage, heterogeneity, scale and user involvement. There is almost no application
area where 10T cannot find a function and mainly there is no application area where 10T does not
bring some economic advantage over time (SILVA, 2017).

IoT is the basis of the economy digitalization process, which has transformed traditional
production methods, the use of information and communication technologies and the
interconnection of devices. The connection between IT systems, subsystems, processes, objects
and applications that communicate with each other and with humans is the key vector of this
transformation, and it is expected that loT applications and digital technologies will promote
gains in productivity and competitiveness of nations (BRAZIL, 2018).

In the field of human health, 10T applications are concentrated, the main objective of which is to
improve health and well-being through devices that are within the context of the human body, not
necessarily related to devices connected in hospitals or other medical facilities. Unlike other loT
applications, where a sensor reading can initiate a specific action such as turning off a switch, the
sensor data focused on the human body provides information that people will use in their actions
and decisions, either to convince them to migrate to healthier living habits, to help them correctly
follow medical prescriptions, or to keep a doctor informed with access to real-time data on their
patients (TECHNOLOGY ADVICE COMPANY, 2017).

Three technologies divide the devices used in human health, portable technology found under the
term "Wearables"”, which in its literal translation means "wearable", non-portable technology
found under the term "Non-Wearable™ and injectable technology found under the term
"Implantables” (MCKINSEY AND COMPANY, 2015).

The emergence of the Internet of Things has made possible a series of technological advances in
health. By means of remotely connected devices it is possible to automatically gather a series of
information about the patient's health status, which helps in the work of diagnosis and subsequent
treatment or prevention (MASSOLA and PINTO, 2018).

According to the consulting company Tractica (2016), with the help of IoT it is possible to
measure indicators such as blood pressure, heart rate and body temperature at a distance. These
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data are sent to applications and analyzed by health professionals. With this, it is possible to
avoid a series of complications due to lack of care, taking the necessary measures as soon as
possible and considerably reducing unnecessary hospitalization rates.

There are also the so-called wearables, which are devices used as clothing, connected to the
Internet, which transmit real-time updates on the patient's health status. Today there are bracelets,
necklaces or watches that automatically send a signal to the health care team in case any indicator
escapes the control parameters. According to a report by the consultancy Tractica (2016),
worldwide shipments of health products will increase from 2.5 million in 2016 to 97.6 million
units annually by 2021. At the end of this period, the market intelligence firm predicts that the
global health product market will account for $17.8 billion in annual revenues.

The possibilities are truly unlimited and loT has the potential to affect healthcare in several ways.

In a Boston hospital, sensors are used for security purposes. Newborns receive bracelets,
allowing a wireless network to locate them at any time. If a newborn is taken too close to an exit
door without being disconnected, the elevators will stop and the exit doors will be locked. And in
the neonatal intensive care unit, nurses receive alerts on hospital cell phones about their patients'
medical conditions, including heart rate and oxygen changes that the sensors have detected,
allowing them to reach the patients' beds more quickly. In addition, the use of 10T in healthcare
allowed the hospital to update electronic records more quickly. The hospital also installed
wireless sensors in refrigerators, freezers and laboratories to ensure that blood samples,
medications and other materials are kept at the proper temperatures (TECHTARGET
ESSENTIAL GUIDE, 2016).

According to Jim Piepenbrink, director of clinical engineering at the Boston hospital,
temperatures were recorded and documented manually. But now, with the installation of wireless
sensors, it has generated great time savings for the site's healthcare team.

According to Ganguly (2016), hospitals are not using loT to track stock as widely as they would
like. He added that health could learn some lessons from retail.

For hospitals, the big advantage they can get from inventory management with 10T will be in
areas like pharmacy and general warehouse inventory control.

The greatest benefit and economic impact of applications in this area focuses on the use of 10T
devices to monitor the treatment of patients with chronic diseases, decreasing the incidence of
severe crises generated by diseases such as diabetes for example. The lack of correct treatment,
the lack of adherence to the change in healthy habits and the carelessness in taking the
medication properly can triple the costs of a treatment for a patient who has a chronic disease,
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especially when he has his clinical condition worsened where he ends up debilitated and with low
immunity having to return to emergency rooms being subject to new complications and even
vulnerable to other diseases (MARIBEL SALAS, 2009).

The benefits include better patient acceptance, early detection of changing conditions and real-
time treatment management, alerting patients to check with doctors if the readings indicate any
potential danger. In developing economies, home health monitors can be prohibitively expensive,
but these devices can be used to assess patients remotely in rural health clinics, which adds
potential value in remote locations (MCKINSEY AND COMPANY, 2015).

Without access to continuous time series data, clinicians often cannot detect critical changes in
patient conditions early enough to prevent emergencies (MCKINSEY GLOBAL INSTITUTE,
2015).

Estimates from McKinsey Global Institute (2015) show that 10T applications can reduce the cost
of chronic patient care by 10 to 15% based on recent clinical data experience. Some remote
monitoring tests have indicated potential cost reductions of more than 50% in the treatment of
acute populations, but it is expected that this large cost reduction will not be sustainable in larger
patient populations. However, if health technology is able to achieve its full potential to improve
adherence to prescribed therapies, 10T could reduce the cost of treating a patient with disease by
50 percent. Additional benefits can be obtained if loT-based systems can generate substantial
changes in diet and exercise. Currently, the ability to encourage these lifestyle changes is limited.
With loT-based monitoring data, there are more opportunities for feedback and reinforcement
from health care providers, other patients, and family members.

4 METHODOLOGY

The work developed followed the precepts of the exploratory study, through a qualitative
bibliographic research, which, according to GIL (2017) "is developed from material already
prepared, consisting of books and scientific articles.

The bibliographic research seeks to explain and discuss a theme based on theoretical references
published in books, magazines, journals and others. It also seeks to know and analyze scientific
content on a given theme (MARTINS, 2001).

The data collection followed the following premise:

a) Exploratory Reading of all selected material (quick reading to check if the work is of
interest to the work);
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b) Selective Reading deepening the knowledge on the most important issues; and

¢) Record of information extracted from sources in a specific instrument (authors, year of
publication, method used and conclusions).

An analytical reading was also performed in order to order the sequence of the information
obtained, in order to enable the response to the research problem.

5 POLICIES TO DEVELOP THE CULTURE OF INFORMATION SECURITY WITH
THE ADVENT OF THE INTERNET OF THINGS

One of the greatest enemies of security is overconfidence, so 10T devices are an attractive target
for criminals, since they collect private information about user behavior in several areas,
including health.

Protecting the Internet from Things will be a complex and difficult task, its estimated population
of billions of objects, which will interact with each other and with other entities, such as human
beings or virtual entities, create many possibilities of attacks available to malicious people
attacking various communication channels, physical threats, denial of service, identity
manufacturing among others (BABAR AND MAHALLE, 2010).

There are many security breaches involving loT, among the examples of these possible breaches
is the scheduling of cell phone consultations. If the cell phone is capable of making an
appointment, personal data with restricted access or even bank information may be available.
This aspect is further aggravated when data from a hospital system is saved in a cloud.

The ABNT NBR ISO/IEC 27002 standard, which has the controls for implementing an
information security management system based on ABNT NBR ISO/IEC 27001, recommends the
existence of information security policies, because "it is convenient that a set of information
security policies be defined, approved by the management, published and communicated to all
employees and external stakeholders™ (ABNT NBR ISO/IEC 27002, 2013).

The Security Policy assigns rights and responsibilities to the people who deal with the computing
resources of an institution and the information stored in them. It also defines the attributions of
each one in relation to the security of the resources with which they work. A Security Policy must
also foresee what can be done on the institution's network and what will be considered
unacceptable. Anything that does not comply with the Security Policy can be considered a
security incident. The Security Policy also defines the penalties to which those who do not
comply with the policy are subject (CERT.BR, 2005).
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According to Monteiro (2009), for an information security policy to be efficient, the availability,
integrity, confidentiality, legality and authenticity of the information must be guaranteed, making
explicit the commitment of the top management. Also according to Monteiro (2009, p. 21) "It is
recommended to have professionals from various departments or sectors of the organization,
forming an Information Security Committee [...] with the purpose of composing the policy
document”.

The information security policy may be composed of one or several documents, there is no
definition of the quantity or structure of the set of these documents, the important thing is that
they are linked, so says the Manual of Good Practices in Information Security of the Court of
Auditors of the Union, which is expressed as follows: "The Information Security Policy may be
composed of several interrelated policies. Furthermore, when the institution deems it convenient
and necessary, it is suggested that other documents be created that specify practices and
procedures and that describe in more detail the rules for the use of information technology"
(TCU, 2012, p. 12).

For Ferreira and Aradjo (2008), the Security Policy defines the set of norms, methods and
procedures used to maintain information security, and should be formalized and disclosed to all
users who make use of information assets.

The analysis of the bibliography and the previously mentioned norms allowed the listing of
actions aimed at information security as follows:

1. Analyze the risks;

2. Define the controls;

3. Create the Information Security Plan;

4. Apply the Information Security Plan; and
5. Train the users.

5 CONCLUSIONS

It is appropriate to state that information circulates in hospital environments sometimes without
adequate security. As has been seen at work, information security lacks technology, but also
trained personnel. It needs planning, but also effective actions. It requires that threats and risks be
known, but also the hospital itself. If such measures are ignored, there may be serious
consequences and, therefore, investments in this area are essential. The conclusion is that there is
only concrete success when everyone involved, from the user to the hospital director, becomes
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aware of the importance of adopting some security measures (use of passwords for access,
identity and access profile management, encryption system) capable of protecting the information
from its real threats. The information contained herein is sufficient to at least have an overview of
the threats and solutions associated with information security, allowing even the elaboration of an
information security policy or its improvement, if it already exists.

It is clear that in this new scenario, with the advent of l0T, the information technology
professional in a hospital must have a new profile, focused on the constant concern with
technological updating and the search for self-improvement. What we see in practice is that the
IT professional must be a multidisciplinary agent, capable of carrying a baggage of all desirable
knowledge, such as skills in auditing and computer forensics.

In spite of being very important to invest in technology, nowadays it is not enough to invest only
in technical knowledge. It is necessary to develop human capabilities. One of the great trends in
information security is in personnel development. It is necessary to invest in awareness programs,
because most of the time the weakest link in the security chain is the human being.

For future work, I think it is interesting to analyze the new profile of the information technology
professional and the improvement of protection mechanisms against new threats.
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OZET: Enerji ekonomisi literatiiriiniin iktisat biliminin farkli dallar1 ile ilintili ¢ok sayida alt kollar1 vardr.
Literatiire katki yapmay1 amaglayan ¢alismalar teorik bilgilerden yararlanmakta, aragtirma kapsami, dénem ve veri
kisit1 gibi degigkenlere bagl olarak farkli ekonometrik yontemler kullanmaktadir.

Enerji yoksullugu, enerji ekonomisinin 6nemli alt alanlarindan birisidir. Son yillarda bu alanda kayda deger bir
literatlir olusmustur. Enerji yoksullugu konusunu arastiran ¢alismalardan bazilar1 daha 6nce bu konuda kullanilan
kavramlar1 kullanirken, bazilar1 da yeni kavramlar gelistirme c¢abasina girmektedirler. Bu ¢alismanin amaci enerji
literatiirli lizerine bir degerlendirme yapmaktir. Enerji yoksullugu konusunu ele alan ¢aligmalarda kullanilan ya da
gelistirilmeye ¢aligilan kavramlar iizerinde durulacak, elde edilen bulgular ve analizler ele alinacaktir.

Anahtar Kelimeler: Enerji ekonomisi, enerji yoksullugu, yakit yoksullugu, enerji politikalar1.

AN INVESTIGATION OF ENERGY POVERTY

ABSTRACT: Energy economics literature has many sub-branches related to different fields of economics. Studies
aiming to contribute to the literature benefit from theoretical framework and use different econometric methods
depending on the variables such as research scope, period and data constraint.

Enegry poverty is one of the important fields of study in energy economics. In the recent years, there is a growing
literature on this subject. While some of the studies investigating energy poverty use the concepts on this subect,
some others try to develop new concepts. The aim of this study is to make a literature survey on energy literature.
The concepts used or tried to be developed in studies dealing with energy poverty will be emphasized and the
findings and analyzes will be discussed.

Key words: Energy economics, energy poverty, fuel poverty, energy policies.

GIRIS

Modern insanin hayat kalitesini belirleyen en temel degiskenlerin basinda enerji kullanimi
gelmektedir. Siradan bir insanin giindelik hayatinin her asamasinda enerji kullanimi1 olmaksizin
alisilagelmis hayat standardini siirdiirmesi miimkiin degildir. Yeme—i¢me, barinma (1sinma ve
aydinlatma) ve teknolojik cihazlardan yararlanma enerji kullanimi ile miimkiindiir. Birey
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acisindan gegerli olan bu durum, firma, sektdér ve makro diizeyde ekonominin tamami i¢inde
gecerlidir. Ureticiler cari iiretim diizeylerini siirdiirmek ve/veya iiretim hacimlerini genisletme
kararin1 gerceklestirmeleri enerji kaynaklarina baglhdir.

Enerji kaynaklar biitiin iilkeler arasinda esit dagilmadigindan, dogal kaynak ac¢isindan en zengin
ekonomiden en fakir ekonomiye enerji tasarrufu ve enerji verimliligi politika yapicilarin en temel
oncelikleri arasindadir. Dogal kaynak arzi sinirsiz olmadigindan dolay1 biitiin iilkeler ellerindeki
kaynaklart en etkin sekilde kullanmaya calismakta; alternatif enerji kaynaklar1 gelistirmektedir.
En etkin enerji politikalart konusunda biitiin {ilkeler caba sarf etmesine karsin, 6zellikle az
geligmis tlkeler, i¢cinde bulundugu fakirligin kisir dongiisii nedeniyle basarili olamamaktadirlar.
Az gelismis iilkelerde niifusun biiyiik bolimii yoksulluk ve sefalet igerisinde yasadigindan dolay1
enerji kaynaklarina yeterli 6l¢iide ulasmamaktadirlar. Benzer sekilde gelismekte olan iilkelerde
de enerji kullanimi konusunda arzulanan insani standartlarin yakalandigini sdylemek giictiir.

Bireylerin enerji kullanimi1 konusunda ihtiyaclarini karsilayamamasi enerji yoksullugu kavrami
ile ifade edilmektedir. Enerji yoksullugu kavrami konusunda farkli tanimlama girisimleri vardir.
Bunlar arasinda yakit yoksullugu en sik kullanilan kavramlardan biridir. Cogu zaman enerji
yoksullugu ile yakit yoksullugu ayn1 anlamda kullanilmaktadir Enerji kullanimi, sanayilesme ve
kentlesme siirecleri ile birlikte arttigi ig¢in yakit yoksullugu en genel anlamda ‘“‘sanayilesen
diinyada, hane halkinin 1sinma, enerji giiciinden yararlanma ve aydinlanma konusunda temel
standartlar1 yakalayamama” seklinde tanimlanmaktadir (Liddell, vd., 2012:27). Enerji yoksullugu
enerji ekonomisinin 6nemli alt kollarindan birisidir. Konunun niteligi esas alindiginda kalkinma
iktisadi ile de iliskilendirmek miimkiindiir.

Enerji yoksullugu konusunda (Liddell, vd., 2012:27)’in tanimina benzer ¢ok sayida tanimlama
girisimi vardir. Bu konuda yaymlanmis c¢aligmalarda yer alan tanimlamalardan bazilar
asagidadir:

- Enerji yoksullugu, temel ihtiyaclarin karsilanmasi i¢in temiz ve giivenilir enerjiye
erisimin olmamasi, s6z konusu ihtiyaclarin kati yakitlarla karsilanmasidir (Day, Walke ve
Simcock, 2016: 257). Bu ¢alismada su tanimlama onerilmistir: “Uygun fiyath ve giivenilir enerji
hizmetlerine erisim konusundaki yetersizligin dogrudan ya da dolayli sonucu olarak temel
becerilerin gergeklestirilememesidir”. Yazarlar bireylerin yetersizliklere maruz kalmalar
durumunda ulasabilecekleri araglar ile becerilerini hayata gegirebileceklerini ifade etmislerdir.
Becerilerden s6z edilirken, temel beceriler ve ikincil beceriler seklinde bir tasnif yapilmistir.
Temel beceriler icin, saglig1 korumak, sosyal saygi edinmek ve iyi egitim; ikincil beceriler i¢in
ise, camasir yikama, yiyecek hazirlama ve depolama (saklama), bilgiye erisim ve arag-gereg
kullanma 6rnek olarak gosterilmistir. (Day, Walke ve Simcock, 2016: 260-62).
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- “Hanehalkinin, sogutma, isitma, pisirme, ara¢c gere¢ kullanimi ve bilgi ve iletisim
teknolojilerinden yararlanma ihtiyaclarmi karsilayacak ulusal enerji hizmetlerinin kalite ve
seviyenin glivenli hale getirilememesi halinde enerji yoksullugu sorunundan s6z edilir”
(Bouzarovski, 2018:1). Enerji hizmetlerinin kapsami kabaca ii¢ baslik altinda toplanabilir:
Birincisi, temel insan ihtiyaclarimin karsilanmasidir. Aydinlatma, saglik, egitim ve iletisim bu
kapsamda degerlendirilmelidir. Ikincisi, iiretimde verimlilik artisna yénelik hizmetlerdir.
Tarimsal iiretim, sulama, gilibreleme ve mekanize isleme gibi faaliyetlerin gergeklestirilmesi
verimlilik artis1 amaciyladir. Ugiinciisii, modern toplumsal ihtiyaclarin karsilanmasidir:
Teknolojik arag-gereglerin kullanilmasi, sogutma ve 1sitma kentlesme ve modernlesme ile birlikte
ortaya ¢ikan ve enerji kullanimi ile karsilanabilen ihtiyaglardir (Sovacool ve Drupa, 2012:8).
Biitiin tlkelerin kentlesme ve modernlesme diizeyleri ayn1 degildir. Hatta ayni iilke igerisinde
bolge hatta il diizeyinde ciddi farkliliklar bulunmaktadir. Bazi insanlar oldukca ilkel kosullarda
yasarken, bazilari kismen modern bazilart da olduk¢a ileri derece modern kosullarda
yasamaktadir. Dolayistyla enerji yoksullugu kavraminin gergevesini ¢izerken bu gercekligi goz
onlinde bulundurmak gerekmektedir. Enerji kullanimi ihtiya¢ haline gelmeye basladiginda
enerjiye erisim noktasinda aksakliklarin olmasi durumunda enerji yoksullugunu tespit etmek
miimkiin olmaktadir.

- “Enerji yoksullugu, yiyeceklerin pisirilmesi ve 1sinma konusunda elektrige erigim
eksikligi ve kat1 yakitlara bagimlilik seklinde tezahiir eden kalici kiiresel bir sorundur” (Sovacool
ve Drupa, 2012:1). Yazarlar, diinya niifusunun 6nemli bir boliimiiniin halen kismen ya da
tamamen kati yakitlara bagimli oldugunu ifade etmislerdir

Enerji yoksullugunun kavramsal cergevesi ortaya konduktan sonra, iizerinde durulmasi gereken
nokta, enerji yoksullugunun boyutlaridir. Che, Zhu ve Wang, enerji yoksullugunun boyutlarini,
enerji kullanabilirligi (energy availability), enerji satin alabilirligi (energy affordability) ve
enerji temizlenebilirligi (energy cleanability) seklinde ii¢ baslik altinda toplamislardir. So6z
konusu degiskenlere iligkin bilgiler 6zetle asagidadir (Che, Zhu ve Wang, 2020:3):

- Enerji kullamilabilirligi:  Enerji kullanilabilirligi yiiksek kaliteli enerjiye ulagmak
anlamina gelmektedir. Yiiksek kalite standartlarina sahip enerji kaynaklarina ulagilamamasi
enerji yoksullugunun birinci boyutunu ifade etmektedir. Gelismis {ilkelerde yiiksek kaliteli enerji
kullanim imkanlarindan niifusun kayda deger bir ylizdesi yararlanabilirken gelismekte olan
tilkeler ve oOzellikle az gelismis {lilkelerde ayni orandaki bir imkandan s6z etmek miimkiin
degildir.

- Enerji satin alinabilirligi: Hanehalkinin enerjiye erisimi acisindan en temel belirleyici
faktorlerin basinda enerji fiyatlar1 gelmektedir. Yiiksek enerji fiyatlar1 enerji erisimini imkansiz
yada kesintili hale getirmektedir. Hanehalkinin katlanmak zorunda oldugu enerji maliyetlerinin
cok yiiksek olmasi, enerji satin alinabilirligi kavrami ile ifade edilmektedir. Hayat pahaliliginin
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oldugu iilkelerde dar gelirli ya da ticretli kesim temel ihtiyaglarini karsilamaya yonelik harcama
kalemlerine daha fazla kaynak aktarma zorunda kalmaktadir. Enerji fiyatlarinin gorece diigiik
olmasi halinde diger harcama kalemlerinden kisint1 yaparak enerji tiiketimi finanse edilebilir.
Ancak diger harcama kalemlerinden kesinti yapmanin ¢ok gii¢ olmasi ya da es anli olarak enerji
maliyetlerinin de artmasi enerji satin alinabilirligi giiclinlin erimesi sonucunu dogurur.

- Enerji temizlenebilirligi: Enerji temizlenebilirligi, temiz su kaynaklarina erisim kadar
degerli bir refah gostergesidir. Modern teknolojik yeniliklerden yararlanamayan diisiik katma
degerli ve ¢evre dostu olmayan sektorlerin yogunlukta oldugu iilkelerde siirdiiriilebilir kalkinma
acisindan bagarili bir performans ortaya koymak miimkiin degildir. Buna karsin c¢evre dostu
teknolojik alt yapi ile iiretim yapan, enerji etkin akilli binalar insa eden, ulagim sektorii basta
olmak tizere evsel ara¢ geregler dahil giindelik hayatin biitiin alanlarinda zararli gaz saliniminm
minimal diizeylere ¢eken lilkeler kisi basina refah diizeylerini artirabilmektedir. Hanehalkinin
diisiik karbon emisyonuna yol acan kaliteli enerji tilketiminin artmasi, temiz yakit (yenilebilir
enerji kaynaklart dahil) ve enerji tasarrufu saglayan teknolojik gelismelere erisimi enerji
temizlenebilirligi kavrami ile agiklanmaktadir.

Enerji yoksullugu ile ilgili arastirmalarda kavramsal ¢erceve ve sorunun boyutlar1 konusunda
enerji giivensizligi (energy precariousness) ve enerji yoksunlugu (energy deprivation) gibi
ifadeler de kullanilmaktadir. Son zamanlarda kiiresel Olcekte 1.1 milyar insanin enerji
giivensizligi problemine maruz kaldig1 vurgulanmaktadir (Abbas, 2020).

Enerji yoksullugunun boyutlarini ortaya koymak amaciyla yeni degiskenler gelistirilebilecegi gibi
s0z konusu boyutlarla ilgi literatiirde yer alan gostergeler de tercih edilebilir. Her iki girisimde
literatiire katki yapabilecek arastirmalarin kurgulanmasina katki yapacaktir. Bu tiir yeniliklerin
yanisira enerji yoksullugunun ekonomi politik analizi, uluslararasi boyutlari, sosyo ekonomik
etkileri, beseri sermaye giicli lizerindeki etkileri, toplumsal yapiya yansimalari gibi konular
tizerinde derinlemesine aragtirmalar yapilabilir.

Bu caligmanin amaci, enerji yoksullugu literatiiriine katki yapmayr hedefleyen ya da ilgili
literatlirdeki calismalar1 degerlendiren arastirmalarin elde ettikleri bulgular inceleyerek, enerji
yoksullugu fiizerine arastirma yapacaklara yol gosterici olmak ve bu konuda planladigimiz
derinlemesine arastirmalara temel olusturmaktir.

LITERATUR ARASTIRMASI

Enerji yoksullugu konusunda genis bir literatiir bulunmaktadir. Literatiirde 6ne ¢ikan bazi
caligmalarin bu konuda kullandig1 kavramlara, degerlendirmeleri ve bulgulara iligkin 6zet bilgiler
asagidadir:
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Moore (2012)’un g¢aligmasinda, politika belirleme stirecleri {lizerinde durulmaktadir. Politika
yapicilar agisindan yakit yoksullugu kavraminin tanimlanmasinin neden dikkate deger bir husus
oldugu konusu tartigilmaktadir.

Bouzarovski, Petrova ve Sarlamanov (2012). Enerji yoksullugu ya da yakit yoksullugu
kavraminin  Avrupa Birligi’nin glindemine girisinin tedrici bir 06zellik gosterdigini
vurgulamaktadir. Politik areneda ve politika belirleme siireglerinde bu kavramin yer almasi ani
bir gelisme degildir. Yazarlar degerlendirmelerde bulunmak i¢in, uluslararasi bilimsel etkinlikler
gerceklestirmenin yanisira politika yapicilar, konunun uzmani ve ilgili toplumsal kesimler ile
goriismeler yapmak suretiyle bilgi toplamaya ¢alismislardir.

Walker vd. (2014), yakit yoksullugu konusunda hane halki merkezli (hane halki diizeyinde) bir
bakis acisini esas almiglardir. Yakit yoksullugunu “hane halkinin konutlarin1 makul bir maliyet
ile 1sitamamalar1” seklinde tanimlamislardir. Yazarlara gore yakit yoksullugu sorununun ayrintilt
olarak ortaya konmasi ve anlasilmasi, sorunun dogru teshis edilmesi disiplinler arasi
arastirmalara baglidir. Sorunun dar bir c¢ercevede ele alinmasi dogru bir bakis agis1 degildir.
Disiplinler arast bakis acisi ile sorunu ¢ozmeye yonelik girisimlerin daha basarili olacagini
belirtmek gerekir.

Liddell ve Guiney (2014), baz1 ¢alismalarda dikkat ¢ekilen “zihinsel saglik — soguk ve nemli
konutlarda yasama iliskisi” konusu iizerinde durmuslardir. incelenen arastirmalarin bulgularina
gore, soguk ve nemli konutlarda yasamak mental sagliga iliskin stres faktorlerini etkilemektedir.
Enerji etkinligindeki iyilesmelerin mental sagligi pozitif yonde etkiledigi vurgulanmistir.
Thomson ve Thomas (2015), enerji etkinligindeki iyilesmelerin insanlarin mental sagliginin
yanisira fiziksel saglhigindaki iyilesme tlizerindeki etkisini inceleyen caligmalarin bulgularina ele
almstir.

Lacroix ve Chaton (2015), Fransa Ozelinde yakit yoksullugu ile saglik arasindaki iliskinin
ekonometrik analizini yapmislardir. Bu arastirmada kullanilan saglik ve enerji yoksullugu
degiskenleri bireysel diizeydeki beyanlara dayandirilmistir. Bulgular yakit yoksullugunun saglik
tizerinde olumsuz etkilere sahip oldugunu ortaya koymustur. Yakit yoksullugu sorunu olan bir
bireyin, bu tlir sorunu olmayana gore kotii saglik kosullarii bildirme olasiligi %2.36 oraninda
daha yiiksektir.

Kose (2019), enerji yoksullugu ile saglik ¢iktilar1 arasindaki iliskiyi Tiirkiye ozelinde
arastirmistir. Calismada 26 bdlgeye iliskin mikro veriler, diger bir ifade ile, hanehalk:
aragtirmalart ve bolgesel diizeydeki veriler kullanilmistir. Elde edilen sonuglara gore, enerji
yoksullugu gostergeleri ile saglik indeksleri arasinda negatif iliski bulunmaktadir.
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Thomson, Snell ve Liddell (2016)’in calismasinda yakit yoksulu hane halkinin iki segenegi
olduguna vurgu yapilmaktadir:

- Sinirli gelir kaynaklaria sahip bireyler ihtiya¢ duyduklar1 mal ve hizmetlere istedikleri
kadar harcama yapma sansina sahip degillerdir. Dar gelirli bireyler, elde ettikleri gelirlerinin
ortalama miktar iizerindeki boliimiinii 1sinma, sogutma, yemek pisirme ve ara¢ — gere¢ kullanimi
icin harcamak zorundadirlar. Smirli biitgenin kayda deger bolimii bu sekilde eridikten sonra
yiyecek ve ulasim gibi alanlara aktarilacak gelir miktar1 azalmaktadir. Kisacasi, yakit giderleri
asli ihtiyaclara ayrilacak kaynak miktarin1 belirlemektedir. Asli ihtiyaclara yonelik harcama
miktarini yakit maliyetleri tayin etmektedir.

- Bireylerin yakit yoksullugu ile ilgili olanlarin yanisira ilgili ilgili olmayan mal ve
hizmetlere erisimde sikinti yasamasi, soguk ve kalite standartlar1 diisiik konutlarda barinma
zorunda kalmasi ve hayat standartlarini asagi dogru ¢ekmesi anlamima gelmektedir. Her iki
durumda da refah kaybindan s6z etmek miimkiindiir.

Thomson, Snell ve Liddell (2016), bireylerin hayat standartlarinin gerilemesinde asil tetikleyici
faktoriin yakit harcamalarinin tiiketici biitcesi igerisindeki agirliginin artmasi oldugunu
vurgulamaktadir. Yakit harcamalarina daha fazla gelir tahsisinin dogal sonucu olarak diger asgari
zaruri mal ve hizmetlere erisimde sikintilar ortaya ¢ikmaktadir.

Acharyaa ve Sadath (2019), Hindistan’da 2004 — 2011 donemi i¢in enerji yoksullugu ile iktisadi
gelisme arasindaki iliskiyi aragtirmiglardir. Elde edilen sonuglara gore, iktisadi gelisme ile enerji
yoksullugu arasinda negatif iliski bulunmaktadir. Yoksul bdlgelerdeki insanlarin enerji
hizmetlerine erisimde sikint1 yasadig1 vurgulanmistir.

Che, Zhu ve Wang (2020), 2001 — 2016 doneminde 125 iilke 6zelinde kiiresel enerji yoksullugu
0zelinde kapsamli bir degerlendirme yapmistir. Elde edilen bulgulara gore, bolgesel ve zamansal
farkliliklar olmasma karsin kiiresel enerji yoksullugu zaman igerisinde iyilesme egilimi
gostermektedir. Enerji kullanilabilirligi ve satin alinabilirligi, enerji yoksullugundaki iyilesme
egilimlerini negatif yonde etkileyen degiskenlerdir. Ulkesel bazda mukayese yapildiginda
gelismis tlkelerin daha iyi durumda oldugunu soylemek gerekmektedir. Yazarlar, enerji
yoksullugu iizerinde ayrintili degerlendirmelerde bulunmak amaciyla 11 gostergeden yararlanip
enerji yoksullugu gdsterge sistemi olusturmuslardir. S6z konusu gostergeler enerji yoksullugunun
boyutlarin1 gosteren, enerji kullanabilirligi, enerji satin alinabilirligi ve enerji temizlenebilirligi
degiskenlerine aittir. Enerji yoksullugu gosterge sistemi Tablo 1’de goriilmektedir.

Tablo 1: Enerji Yoksullugu Coklu Boyutlu Gosterge Sistemi

BOYUTLAR GOSTERGELER

1.Enerji Kisi Bag1 Hanehalki Enerji Tiiketimi
Kullanilabilirligi Kisi Bas1 Hanehalk1 Elektrik Tiiketimi
Elektrige Erisim (Niifusun % Olarak)
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2.Enerji Satin Kisi Basina Diisen GSYIH
Almnabilirligi Kisi Basina Hanehalki Nihai Tiiketim Harcamalar1
100 Kisi Bagina Cep Telefonu Sahipligi

3.Enerji Temiz Yakita ve Pisirme Teknolojilerine Erisim (Niifusun %
Temizlenebilirligi Olarak)
Hanehalki Biyo Yakit ve Atik Tiiketimi (Toplam Nihai Enerji
Tiiketimi % Olarak)
Kisi Basina Diisen CO2 Emisyonu
Hanehalki Kati1 Olmayan Ticari Enerji Miktar1 (Ticari Enerjinin %
Olarak)
Termal Olmayan Enerji Uretimi

Kaynak: Che, Zhu ve Wang (2020:3).

Abbas vd. (2020), alt1 Giiney Asya iilkesi 6zelinde hane halki ile ilgili farkli gostergelere iligkin
veri setini kullanarak enerji yoksullugunun sosyo ekonomik degiskenlerini incelemislerdir. Enerji
yoksullugu ile ilgili analizlerde bulunmak amaciyla ¢ok boyutlu enerji yoksullugu endeksi
(MEPI) kullanilmistir. Elde Edilen bulgulara gore, hane halki enerji yoksullugu agisindan konut
biiyiikliigii, servet, cinsiyet, egitim, meslek gibi degiskenler, negatif belirleyiciler; ikamet yeri, ev
sahipligi durumu, aile biiytikliigi gibi degiskenler de pozitif belirleyicilerdir.

Amin (2020), yedi Giiney Asya ilkesinin 1995 — 2017 donemine iliskin verilerini kullanarak
Enerji yoksullugu, istthdam, egitim, kisi basi gelir, enflasyon ve iktisadi gelisme arasindaki
iliskiyi incelemislerdir. Elde Edilen sonuglara gore, enerji yoksullugu, istihdam, egitim, kisi bas1
gelir, enflasyon ve iktisadi gelisme arasinda uzun dénemli iliski bulunmaktadir. Ote yandan
enerji yoksullugu iktisadi gelismeyi hem uzun hem de kisa donemde negatif yonde
etkilemektedir.

SONUC

Enerji yoksullugu/yakit yoksullugu {izerine yapilan aragtirmalarda sadece kavramsal analizler ve politika
stirecleri tizerinde durulmamaktadir. Yakit yoksullugunun bireysel ve toplumsal maliyetlerine de vurgu
yapilmaktadir. Yakit yoksullugu sorunu yasayan iilkelerde gelismis iilke standartlar1 ile bagdasmayan ve
diisiik refah gostergesi olarak kabul edilen ¢ok ciddi bireysel ve toplumsal sorunlar da ortaya ¢ikmaktadir.
Enerji etkinligine uymayan ve yeterince isinmayan konutlarda yasayan bireyler fiziksel hastaliklarin
yanisira ciddi mental hastaliklara da maruz kalmaktadir. Bireyler hastalik donemlerinde is hayatindan
veya egitim - O6gretim faaliyetlerinden geri kalmaktadir. Bu durum hem yetenek korelmesini tetiklemekte
hem de bireysel egitim diizeyinin zayif kalmasina ve dogal olarak beseri sermaye giiciiniin gerilemesine
neden olmaktadir.

Enerji yoksullugu/yakit yoksullugunun saglik, egitim ve sosyo ekonomik degiskenler gibi gostergeler
iizerindeki etkilerinin ortaya konmasi, farkli donemler, farkli Orneklem ve yeni modeller ile
aragtirilabilecek zenginlikte bir konudur. Bu konudaki aragtirmalarin inter disipliner nitelikte olmas1 da
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tavsiye edilebilir. Aragtirmalardan elde edilecek bulgular hem yeni calismalar icin esin kaynagi olacak
hem de politika belirleme siireclerinde kullanilabilecektir.

Enerji yoksullugu/yakit yoksullugu ile ilgili politikalardan s6z ederken, yoksullukla miicadele ve
yoksullugun etkileri ile miicadele seklinde bir smiflandirma séz konusudur. Enerji yoksullugu ile
miicadeleden kast edilen enerji etkinligini artiracak politikalarin 6ne ¢ikarilmasidir. Yoksullugun etkileri
egitim, saglik, ve kamu destekleri gibi alanlarda yapilacak diizenlemeler ile en aza indirilebilir.
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ABSTRACT: This research addresses information security with the advent of the internet of
things in hospital environments. Such an approach is necessary due to the frequent cases of
failures in the protection of hospital information. This work aims to carry out a bibliographic
review, to update the information related to the understanding of the mechanisms that can
contribute to the information security in the hospital environment, all with the purpose of
improving the security procedures, contributing to the development of a culture of hospital
security. This intention will be achieved from the qualitative bibliographic review, developed
from material already prepared, consisting of books and scientific articles. The study showed
that, when it comes to information security in hospital management, there is only concrete
success when everyone involved is aware of the importance of adopting security measures
capable of protecting information from its real threats, in addition to the need to have investment
in the area of information technology, trained and constantly trained professionals.
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1 INTRODUCTION

With the large amount of information circulating on organizations' networks, information
security incidents have increased significantly in recent years, taking on the most varied forms,
such as theft and unauthorized access to information, attacks via networks unprotected wireless,
the weak protection implemented in the systems, denial of service attacks, virus and malware
infection, among other thousands of reasons. One of the factors driving this scenario is the spread
of the internet and the ease of carrying out attacks through it. At the same time that it helped with
the democratization of information and became essential to boost business, the internet also made
it possible for thieves from the digital world and the spread of threats that endanger the security
of an organization (ZAPATER E SUZUKI, 2005).

As the number of connected devices that collect personal information grows, so does the
need to worry about the security of information on the Internet of Things.

Information security is a current topic under constant discussion in the most diverse
organizations, be it government, education, industry, commerce or services; since organizations
use Information Technology (IT) to support and generate business, combined with the benefits of
the Internet. In this way, regardless of the market segment, all organizations will always benefit
from information, aiming at better productivity, cost reduction, gain in market share, increased
agility, competitiveness and support to decision-making. (SEMOLA, 2003).

With the advent of the internet of things, a major challenge for security is perceived, since
many access devices have limited security features, since they were designed to only add
functionality at a low cost.

This work describes aspects related to information security in hospital environments,
because with the increase in the number of recent episodes of failures in the security of patients'
confidential information, it started to have the perception that there are aspects to be improved in
hospital management, such as restricting access to the database, using word encryption in the
information technology media, using automatic backups and building a permission scale, where
each user has a different limit on access to information.

Such an approach is necessary since, from the moment security mechanisms are created,
other invasive mechanisms are also created. This is a challenge for hospital managers and those
responsible for the hospital safety culture, as it is necessary to carry out actions that map and
identify the situation of the hospital, its threats, vulnerabilities and risks, to allow a diagnosis and
the future solution.
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It is also important to emphasize the importance of work for hospital managers, as it helps
to understand the mechanisms that can contribute to information security in the hospital
environment.

The purpose of this research is to carry out a bibliographic review, to update the
information related to the understanding of the mechanisms that can contribute to information
security in the hospital environment, all with the purpose of improving security procedures,
contributing to the development of a culture of hospital security, showing concepts of
information security and the internet of things and taking into account the constant search to
ensure that the information generated in hospital environments is protected from undue access or
loss. In this sense, the research will identify the concepts related to information security, know
the current risks that involve the information generated in hospital environments, be aware of
concepts about the internet of things and establish policies that develop the culture of information
security in hospitals.

This purpose will be achieved through descriptive, exploratory and qualitative
bibliographic research, as the objective is to describe the information security process with the
advent of the internet of things in hospital environments. The source of consultation will be,
fundamentally, bibliographic, in addition to databases of academic content and published articles,
in a more specific way, current reading books and periodical publications.

2 INFORMATION SECURITY IN HOSPITAL MANAGEMENT

In spite of being such an old precept in the health area, the duty of secrecy is, even today,
one of the most disrespected ethical commitments in the daily routine of hospital and health units.
See, for example, how common are the conversations of corridors and elevators about the
illnesses of the patients seen, or even the frequency with which medical records are found on
counters with the names and diagnoses on display, or even the physical disposition of the
patients. Stretchers and beds, allowing unnecessary exposure of the patient. In a way,
computerization has reduced this risk, but it is still difficult to determine who should be given
access to such data, also protecting them from external interference (VILLAS BOAS, 2015).

With the constant advancement of technologies, the importance of information security
increases significantly. It is increasingly difficult to keep information about companies or people
safe. Carelessness in this area can bring significant losses, the challenge is to achieve balance
(PWC, 2013).

Information security is a game of advanced techniques and strategies that changes
quickly. As a consequence, the models of the past decade are no longer adequate. Leaders
recognize that in order to have effective security, it is necessary to transform and adopt a new
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way of thinking. They are aware that the very survival of the business requires an understanding
of security threats, the preparation to face them and quick responses (PWC, 2013).

Information security, according to Beal (2005), is the process of protecting information
from threats to its integrity, availability and confidentiality. Sémola (2003) defines information
security as "an area of knowledge dedicated to the protection of information assets against
unauthorized access, undue alterations or their unavailability".

Decree Nr 3.505 of June 13, 2000, which instituted the Information Security Policy in the
bodies and entities of the Federal Public Administration, defines Information Security as:

“protection of information systems against denial of service to authorized users, as well
as as against intrusion, and unauthorized modification of data or information, stored, in
process or in transit, including the security of human resources, documentation and
material, areas and installations of communications and computing, as well as aimed at
preventing, detecting, detaining and documenting possible threats to its development
”(BRASIL, 2000, s / p).

According to (ABNT NBR ISO / IEC 27002, 2018), effective information security
reduces risks, protecting the organization from threats and vulnerabilities and thus reducing the
impact on its assets.

Aratjo, Bezerra and Coelho (2014) define information security as a determining factor for
conducting successful business, both in the public and private sectors, in addition it is a
component that enables businesses, such as eGov (e-government) or e -commerce (electronic
commerce).

Aratjo, Bezerra and Coelho (2014), further, adds that information security covers all
information assets, preserving them against disasters and errors (intentional or not), trying to
reduce the probability or impacts caused by security incidents.

For the construction of more accurate knowledge on the subject, it is interesting to know
the basic principles of the subject.

2.1 INFORMATION SECURITY BASIC PRINCIPLES

The concept of “information” is used in almost all fields of scientific knowledge,
consequently it presents a variety of definitions, depending on the focus (observer's view) that
you want to assign to it. It has different explanatory and conceptual dimensions. This is justified,
mainly, because of the use of the word "information" in different areas of knowledge. Even in
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nearby areas, the word refers to concepts with some variations. We can say that “information”
today has an interdisciplinary concept (MARTINS, 2009).

In the last decades, information has increasingly taken on an important role, becoming
common sense in contemporary society, mainly leveraged by the new “Information and
Communication Technologies” (MARTINS, 2009).

With the constant advance of IT (Information Technology), companies started to depend
more and more on information and computer systems. More than ever, information means power
and its appropriate use can establish the competitive differential and better service to customers,
optimizing the chain of services, products and research (PEREIRA, 2012).

In the current context of development, in which technological innovations and knowledge
production are striking characteristics, information takes on a very important role, being vital for
the company that wishes to be successful in the current market in the formatting of an
information system that meets the needs of organization in the development of its activities
(CONCEICAO, 2012).

The basic principles governing information security are seen by the CIA triangle,
composed of confidentiality, integrity and availability, as shown below (Fig. 1):

Figure 1 - ClA triangle

/' Confidencialidade

Segurancga
da
Informacao

Integridade Disponibilidade

Source: (BROOK, 2010)

These security concepts Information guides the analysis, planning and implementation of

security for the information you want to protect, and as follows are defined as:
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. Data confidentiality data means that is only available to the appropriate parties, who may

be parties that require access to data or parts that are reliable. The data that has been kept
confidential is that which has not been compromised by other parties; confidential data is not
disclosed to people who do not need or should not have access to it. Ensuring confidentiality
means that information is organized in terms of who should have access, as well as their
sensitivity. However, the breach of confidentiality can occur through different means, such as
social engineering (BROOK, 2010).

o Data inteqgrity refers to the certainty that data is not tampered with, destroyed or corrupted.
It is the certainty that the data will not be modified by unauthorized persons. There are basically
two points during the transmission process in which integrity can be compromised: during data

loading and / or during storage or collection of the database (BROOK, 2010).

The availability of data and information means that it is available when needed. For a system to
demonstrate availability, it must have a well-functioning computer system, security controls and
communication channels. Most of the available systems are accessible at all times and are
guaranteed against power outages, natural disasters, hardware failures and system upgrades.
Availability is a major challenge in collaborative environments as such environments must be
stable and continuously maintained. Such systems should also allow users to access the necessary
information with a short wait time. Redundant systems can be put in place to offer a high level of
fail-over. The concept of availability can also refer to the usability of a system. Information
security refers to the preservation of integrity and confidentiality, when information is stored or
transmitted. Information security breaches occur when information is accessed by unauthorized
persons or parties. Violations can be the result of actions by hackers, intelligence agencies,
criminals, competitors, employees or others. In addition, people who value and want to preserve
their privacy are interested in information security (BROOK, 2010).

According to Campos:

Knowing the concepts of information security does not necessarily mean knowing how
to guarantee this security. Many have experienced this sensation when they elaborate
their security plans and end up not achieving the desired results (CAMPQS, 2007, p. 29).

Information security refers to the preservation of integrity and confidentiality, when
information is stored or transmitted. Information security breaches occur when information is
accessed by unauthorized persons or parties. Violations can be the result of actions by hackers,
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intelligence agencies, criminals, competitors, employees or others. In addition, people who value
and want to preserve their privacy are interested in information security (BROOK, 2010).

According to the Global Information Security Survey (PWC, 2013), there was a drop in
the use of security tools, with a relaxation of policies that set standards in organizations.

Organizations need to adopt security controls - protection measures that cover a wide
range of initiatives - that are capable of adequately protecting data, information and knowledge,
chosen taking into account the real risks to which these assets are subject (BEAL, 2005).

2.2 SECURITY AND CONTROL MECHANISMS

One way to apply and support the basic principles of information security is to establish

security and control mechanisms, which can be physical or logical.

Applying controls is one of the aspects to achieve information security, as ABNT (2013)
says: “information security is achieved by implementing an adequate set of controls, including
policies, processes, procedures, organizational culture and functions of software and hardware .
The standard also highlights in this same item the importance of maintaining, monitoring and
improving controls. "These controls need to be established, monitored, critically analyzed and
improved, when necessary, to ensure that business objectives and information security are met"
(ABNT NBR ISO / IEC: 27002, 2013, item 0.1).

According to Abreu (2015), physical controls are the barriers that hinder direct contact or
access to information or infrastructure which guarantees its existence, such as doors, locks, walls
and shields.

Logical controls can be defined as barriers that prevent or limit access to information
electronically, such as cryptography, digital signature and authentication.

Logical controllers are supported by security mechanisms such as cryptography and
digital signature, but it is more common to find on the Internet, limiters and access controllers for
user authentication, through a password system (ABREU, 2015).

Da Silva and Stein (2007) argue, however, that the requirements for the elaboration of a
secure password come up against the cognitive capacity of its users, giving rise to numerous
problems.
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2.2.1 Passwords

A password is an authentication mechanism, used in the identity verification process,
ensuring that the person who accesses the information is who he / she really claims to be.

A password that is easy to crack can be obtained by malicious people and once
authenticated as someone else, it will obtain information and launch attacks without being
identified.

The Center for the Study, Response and Treatment of Security Incidents in Brazil -
Cert.br (2006), advises that names, surnames, document numbers, license plates and telephone
numbers be out of passwords, in addition to pointing out rules for the insurance design.

According to ANAHP (2015), the best practices recommended for password policy are:
1) Set expiration dates, which requires the user to change the password periodically.
2) Prevent the new password from being repeated.

3) Force the reconciliation of numbers, letters and even special characters so that the
complexity is greater and thus the password is less susceptible to attacks based on password

dictionaries.
4) Mandate the use of upper and lower case characters.
5) Establish a minimum password length of at least 8 characters.

6) In cases of advanced security, use of complementary authentication systems, such as

biometrics.

Hospitals that provide services and information over the internet, relating to the personal
data of patients or health professionals, must request the provision of this data through the user's
free and express consent, especially before making any personal data collected available to third
parties.

2.2.2 ldentity management and access profiles
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Identity Management has emerged as an essential foundation for cost reduction,
management control, operational efficiency and business growth. Hospitals need to manage
access to information and applications spread across multiple locations. In addition, they must
provide access to an increasing number of identities, without compromising the security or
exposure of sensitive information. Identity Management is defined as “business and IT processes
of organizations, applied to guarantee the integrity and privacy of identity, allowing access, being
crucial for the security of information.

Access control is the way in which an institution will control the use of resources in
general. Access control models are divided into three basic types:

1) The MAC (Mandatory Access Control) type is a model in which the system
administrator is responsible for assigning the appropriate permissions to users. This model uses
the concept of "Label"” to identify the level of sensitivity to a given object (ANAHP, 2015).

2) The Discretionary Access Control (DAC) model is a more flexible model from the
point of view of the user who wants to share resources with other users. In this model, the user
has the control to guarantee access privileges to the resources that are under his responsibility.
The system administrator needs to be extra careful when adopting this model, and it is employed
because users can give more permissions than they should and thereby open a gap that can be
exploited (ANAHP, 2015).

3) In role-based control (RBAC - Role-Basic Access Control), the system administrator
guarantees privileges according to the role performed by the user. This model is totally focused
on the role that the user plays within the institution (ANAHP, 2015).

According to ANAHP (2015), the best practices for administrative access control are:

1) The Least Privilege Policy, where access is denied for everyone. The user who is not
allowed to access certain information must request access. The request will be evaluated and, if
access is allowed, it will also be necessary to define the extent to which the user can have access
to the information in question.

2) The separation of duties policy is based on the premise that a single user cannot be
responsible for tasks that intersect, for example, the user who issues an invoice cannot be the
same user who approves the purchase of a good stuff.

These good information security practices also help prevent fraud in a work environment
or even a conspiracy where more than one user in the environment tries to defraud data for the
purposes of personal or third party benefits.
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2.2.3 Cryptography

Cryptography is essential to ensure security in any computing environment that requires
confidentiality in relation to information. Malicious people have sophisticated mechanisms that
circumvent security systems and are able to intercept the communication of a network. If there is
no good encryption system implemented in the sending and receiving of information from this
network, the data will be vulnerable (ANAHP, 2015).

With an encryption system in place, information stored or sent from a system is
encrypted. Upon reaching its destination point, it is decrypted using an encryption key. Only the
real recipient will have possession of this key, so that, if the message is intercepted, it cannot be
read correctly (ANAHP, 2015).

There are two main types of encryption: symmetric and asymmetric. In symmetric
encryption, the algorithm and the key are the same. This means that the sender and recipient use
the same key. Asymmetric encryption uses one (public) key to encrypt and another (private) key
to decrypt. We can say that, instead of sharing a secret key, two mathematically related keys are
used. One of the keys is open for everyone to see (public key) and the other is kept private
(private key). In this way, a message encrypted with a public key, can only be decrypted with the
corresponding private key of the recipient (ANAHP, 2015).

Asymmetric cryptography is used more frequently on the Internet, as it is more
technically feasible, since it is not previously known where the data will be sent. If symmetric
encryption were used, we could have big problems, because to distribute the key to all authorized
users, we would have a time delay problem, and also allow the key to reach unauthorized people
(ANAHP, 2015).

3 THE INTERNET OF THINGS (loT)

The Internet of Things can be defined as a new world in which objects will be connected
and will perform tasks without human interference (ASHTON, 2015).

The 10T can be considered as a comprehensive network structure, consisting of several
types of objects, which depend on sensor, communication, network and information processing
technologies. The basic technology for 10T is radio frequency identifiers (RFID), which allows
microchips to transfer identification data to the reader wirelessly. Through this technology, it is
possible to analyze, track and monitor the objects connected with their tags. Another key
technology is Wireless Sensor Networks (WSNSs), which work mainly on intelligent sensors for
detection and monitoring. RFID finds its application in the transportation of goods to consumers,
production of pharmaceutical products and retail since the year 1980 and the WSN applies to
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traffic, health and monitoring. Advances in both technologies accelerate the growth of 10T. Many
other technologies and devices, including bar codes, location-based services, near-field
communication and cloud computing are already beginning to form a comprehensive network to
strengthen 10T (MEHTA, 2018).

According to Peter Waher (2015) the Internet of Things is something we get when we
connect things, not operated by human beings, to the Internet. Currently, the main form of
Internet communication is human and according to the author, 10T can be considered as the
future evaluation of the Internet that performs machine to machine learning (M2M, from
Machine to Machine) providing connectivity for everyone and everything (PETER WAHER,
2015).

The basic idea of the loT will be to allow an autonomous and secure connection and
exchange of data between real-world devices and applications (FAN and CHEN, 2010).

Imagine a hospital capable of maintaining continuous attention to each vital sign of
patients admitted to wards and automatically adjusting the parameters, without human
intervention. Or an elderly person who has sensors that alert emergency teams to a potential heart
attack. With loT-enabled devices, hospitals will be able to monitor patients more efficiently, no
matter where they are, and have information collected, stored and sent anywhere and anywhere.

3.1 THE SURGE OF loT

According to Ashton (2015), the term loT originated in 1999, when he wrote an article
called “The things of the Internet of Things”. According to him, people's lack of time opens doors
for tools to be created to do things that, in fact, do not need to be done by people. They can be
replaced by devices. These devices, which talking through different protocols within the same
network, are able to follow people, read their activities, generate information and, from there,
assist them in their daily lives.

Universal devices of digital access are also a powerful trend, of great influence for the
future of health informatics. This term means that several digital devices that previously had
specific and separate functions, such as Internet access and navigation, fixed and mobile
telephony, TV, radio, video games, cameras and video, etc., are rapidly adding functions that
make them universal machines. For example, MP3 players can surf the Internet and send e-mails,
in addition to playing music. TV sets surf the Internet and can videoconference, cell phones allow
voice and video communication, and also access e-mail and the Web, provide maps and GPS
directions and play videos and audios, some video game devices are already powerful computers,
capable of many functions that can only be found on more complex desktops, and so on.
Smartphones, especially, are having a major impact in the US and Europe for the development of
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an entirely new area and accelerated growth, called mHealth (mobile e-health, see Anta et al.
2009 and the extensive article on Wikipedia, 2010a). In the USA, about 94% of doctors already
use smartphones in their profession, which 75% of them being Apple iPhones, a major turning
point in mHealth (SPYGLASS, 2010).

3.2 10T APPLICATIONS

There are many application domains that will be impacted by the 10T. They can be
classified based on the type of network availability, coverage, heterogeneity, scale and user
involvement. There is almost no application area where the 10T cannot find a function and, above
all, there is no application area where the 10T does not bring any economic advantage over time
(SILVA, 2017).

loT is the basis of the digitalization process of the economy, which has transformed
traditional methods of production, the use of information and communication technologies and
the interconnection of devices. The connection between IT systems, subsystems, processes,
objects and applications, which communicate with each other and with humans, is the key vector
of this transformation, and IoT applications and digital technologies are expected to promote
gains in productivity and competitiveness of nations (BRASIL, 2018).

In the field of human health, loT applications are concentrated, whose main objective is to
improve health and well-being through devices that are within the context of the human body, not
necessarily related to devices connected in hospitals or other medical facilities. Unlike other loT
applications, where a sensor reading can initiate a specific action such as turning off a switch, the
sensor data aimed at the human body provides information (Fig. 2) that people will use in their
actions and decisions, whether to convince them to migrate to healthier lifestyle habits, to help
them follow medical prescriptions correctly, or to keep a doctor informed with access to real-time
data on their patients (TECHNOLOGY ADVICE COMPANY, 2017).

Figure 2 - 10T in Health
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Source: TechnologyAdvice - healthcare, 2017.

Three technologies divide the devices used in human health, the portable technology
found under the term “Wearables”, from the English language “dressing” which means
“wearable”, the non-portable technology found under the term “Non-Wearable” and the

injectable technology found under the term “Implantables” (MCKINSEY E COMPANY, 2015).

3.2.1 10T and remote monitoring

The emergence of the Internet of Things has enabled a series of technological advances in
health. Through remotely connected devices, it is possible to automatically gather a series of
information about the patient's health status, which helps in the work of diagnosis and subsequent
treatment or prevention (MASSOLA and PINTO, 2018).

According to the consulting company Tractica (2016), with the help of 10T it is possible
to measure indicators such as blood pressure, heart rate and body temperature at a distance. This
data is sent to applications and analyzed by healthcare professionals. With this, it is possible to
avoid a series of complications resulting from the lack of care, taking the necessary measures as
soon as possible and considerably reducing unnecessary hospitalization rates.

There are also the so-called wearables, which are devices used as garments, connected to
the internet, which transmit real-time updates on the patient's health status. Today, there are
bracelets, necklaces or watches that automatically send a signal to the health team if any indicator
deviates from the control parameters. According to a report by consultancy Tractica (2016),
worldwide shipments of health products will increase from 2.5 million in 2016 to 97.6 million
units annually by 2021. At the end of that period, the market intelligence firm predicts that the
global health products market will account for $17.8 billion in annual revenue.
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The possibilities are truly limitless and 10T has the potential to affect the health area in
several ways.

3.2.2 Use of 10T to monitor newborns

In a Boston hospital, sensors are used for safety purposes. Newborn babies receive
bracelets, allowing a wireless network to locate them at any time. If a newborn is taken too close
to an exit door without being disconnected, the elevators will stop and the exit doors will be
locked. And in the neonatal intensive care unit, nurses receive alerts on hospital cell phones about
their patients 'medical conditions, including the heart rate and oxygen changes that the sensors
have detected, allowing them to reach the patients' bed more quickly. In addition, the use of 10T
in healthcare services has enabled the hospital to update electronic medical records more quickly.
The hospital also installed wireless sensors in refrigerators, freezers and laboratories to ensure
that blood samples, medicines and other materials are kept at the appropriate temperatures (GUIA
ESSENCIAL TECHTARGET, 2016).

According to Jim Piepenbrink, director of clinical engineering at Boston hospital,
temperatures were recorded and documented manually. But now, with the installation of wireless
sensors, it has saved a lot of time for the local health team.

3.2.3 10T in hospital inventory management

According to Ganguly (2016), hospitals are not using 10T to track inventory in the
broadest way that would be desirable. He added that healthcare could learn some lessons from
retail.

For hospitals, the big advantage they can gain from inventory management with 10T will
be in areas such as pharmacy and general warehouse stock control.

3.2.4 10T in monitoring patients with chronic diseases

The greatest benefit and economic impact of applications in this area is the use of 10T
devices to monitor the treatment of patients with chronic diseases, reducing the incidence of
serious crises caused by diseases like diabetes for example. The lack of correct treatment, non-
adherence to changing healthy habits and carelessness in taking medication properly can triple
the costs of treating a patient who has a chronic disease, especially when it has a worse clinical
picture where the debilitated patient ends up and with low immunity having to return to
emergency rooms, being subject to new complications and even vulnerable to other diseases
(MARIBEL SALAS, 2009).
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The benefits include better patient acceptance, early detection of changes in their
conditions and real-time treatment management, alerting patients to check with doctors if
readings indicate any potential danger. In developing economies, home health monitors can be
prohibitively expensive, but these devices can be used to remotely assess patients in rural health
clinics which ends up adding potential value in remote locations (MCKINSEY E COMPANY,
2015).

Without access to continuous time series of data, physicians are often unable to detect
critical changes in patient conditions well in advance to prevent emergencies (MCKINSEY
GLOBAL INSTITUTE, 2015).

Estimates from the Mckinsey Global Institute (2015) show that loT applications can
reduce the cost of chronic disease care to patients by 10 to 15%, based on experience from recent
clinical data. Some remote monitoring tests have indicated potential cost reductions of more than
50% in the treatment of acute populations, but it is expected that this large cost reduction will not
be sustainable in larger patient populations. However, if healthcare technology is able to reach its
full potential to improve adherence to prescribed therapies, 10T could reduce the cost of treating a
patient with illness by 50%. Additional benefits can be obtained if loT-based systems can
generate substantial changes in diet and exercise. Currently, the ability to encourage these
lifestyle changes is limited. With loT-based monitoring data, there is more opportunity for
feedback and reinforcement from healthcare providers, other patients and family members.

4 MATERIAL AND METHOD

The work developed followed the precepts of the exploratory study, through a qualitative
bibliographic research, which, according to GIL (2017) "is developed from material already
prepared, consisting on books and scientific articles".

Bibliographic research seeks to explain and discuss a topic based on theoretical references
published in books, magazines, periodicals and others. It also seeks to know and analyze
scientific content on a given theme (MARTINS, 2001).

The data collection followed the following premise:

a) Exploratory Reading of all the selected material (quick reading to check if the work is
of interest to the work);

b) Selective Reading, deepening the knowledge in the most important questions; and
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c) Registration of information extracted from sources in a specific instrument (authors,
year of publication, method used and conclusions).

An analytical reading was also carried out in order to order the sequence of the
information obtained, in order to facilitate the answer to the research problem.

5 POLICIES TO DEVELOP THE INFORMATION SECURITY CULTURE WITH
THE ADVENT OF THINGS INTERNET

One of the biggest enemies of security is overconfidence, with this, 0T devices are an
attractive target for criminals, as they collect private information about user behavior in several
areas, including health.

Protecting the Internet of Things will be a complex and difficult task, its population
estimated at billions of objects, which will interact with each other and with other entities, such
as human beings or virtual entities, create many possibilities of attacks available to malicious
people attack on various communication channels, physical threats, denial of service, identity
fabrication, among others (BABAR AND MAHALLE, 2010).

There are many security loopholes involving the 10T, among the examples of these
possible loopholes are scheduling appointments by cell phone. If the cell phone is able to make
an appointment, personal data with restricted access may be available, or even bank information.
This aspect gets even worse when data from a hospital system is saved in a cloud.

The ABNT NBR 1SO / IEC 27002 standard, which has the controls for implementing an
information security management system based on ABNT NBR ISO / IEC 27001, recommends
the existence of information security policies, as "a set of information security policies is defined,
approved by management, published and communicated to all employees and interested external
parties "(ABNT NBR ISO / IEC 27002, 2013).

The Security Policy assigns rights and responsibilities to people who deal with the
computational resources of an institution and the information stored in them. It also defines the
roles of each in relation to the security of the resources with which they work. A Security Policy
must also provide for what can be done on the institution's network and what will be considered
unacceptable. Anything that does not comply with the Security Policy can be considered a
security incident. The Security Policy also defines the penalties that are subject to those who do
not comply with the policy (CERT.BR, 2005).
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According to Monteiro (2009), for an information security policy to be efficient, the
availability, integrity, confidentiality, legality and authenticity of information must be
guaranteed, making the commitment of top management explicit. Still according to Monteiro
(2009, p. 21) "It is recommended for its elaboration, to have professionals from different
departments or sectors of the organization, forming an Information Security Committee with the
purpose of composing the policy document. ".

The information security policy can be composed of one or several documents, there is no
definition of quantity or structure of the set of these documents, the important thing is that they
are linked, as stated in the Court's Information Security Best Practices Manual Federal Accounts,
which is expressed as follows: “The Information Security Policy can be composed of several
interrelated policies. Furthermore, when the institution deems it convenient and necessary, it is
suggested to create other documents that specify practices and procedures and that describe in
more detail the rules for the use of information technology "(TCU, 2012, p. 12).

For Ferreira and Aratjo (2008), the security Policy defines the set of standards, methods
and procedures used to maintain information security, should be formalized and made public to
all users who make use of information assets.

The analysis of the literature and the aforementioned standards allowed listing actions
aimed at information security as follows:

1. Analyze risks;

2. Define controls;

3. Create the Information Security Plan;

4. Apply the Information Security Plan; and
5 Training of users

5 FINAL CONSIDERATIONS

It is appropriate to state that information circulates in hospital environments, sometimes
without adequate security, as was seen at work, information security lacks technology, but also
trained personnel. It needs planning, but it also needs effective actions. It demands to know the
threats and risks, but also the hospital itself. If such measures are ignored, there could be serious
consequences and, therefore, investments in this area are essential. The conclusion is that there is
only concrete success when everyone involved, from the user himself to the hospital director,
becomes aware of the importance of adopting some security measures (use of passwords for
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access, identity management and access profiles, security system encryption) capable of
protecting information from its real threats. The information contained here is sufficient to, at a
minimum, have an overview of the threats and solutions associated with information security,
even allowing the elaboration of an information security policy or the improvement of it, if it
already exists.

It is evident that in this new scenario, with the advent of 10T, the information technology
professional of a hospital must have a new profile, focused on the constant concern with
technological updating and the search for self-improvement. What we see in practice is that the
IT professional must be a multidisciplinary agent, capable of carrying baggage of all desirable
knowledge, such as skills in auditing and computer forensics.

Although investing in technology is very important today, it is not enough to invest only
in technical knowledge. Human capacities must be developed. One of the major trends in
information security is in the development of personnel. It is necessary to invest in awareness
programs, as most of the time the weakest link in the security chain is the human being.

For future work, | think it is interesting to analyze the new profile of the information
technology professional and the improvement of the protection mechanisms against the new
threats.
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