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¥zet: Bu ­alēĸmanēn temel amacē 1971-2017 dºnemi i­in T¿rkiyeônin petrol talebinin fiyat ve gelir esnekliklerini 

sektºrel bazda tahmin etmektir. Bu ama­ doĵrultusunda, sektºrel enerji t¿ketimi verileri Uluslararasē Enerji Ajansē, 

sektºrel gayrisafi yurti­i h©sēla (GSYĶH) verileri Birleĸmiĸ Milletler, d¿nya petrol fiyatlarē ise British Petrol veri 

tabanēndan temin edilmiĸtir. ¢alēĸmada serilerin duraĵanlēk dereceleri I(0) ya da I(1) olarak tespit edildiĵi i­in 

deĵiĸkenler arasēndaki eĸb¿t¿nleĸme iliĸkisi ARDL Sēnēr Testi ile tahmin edilmiĸtir. Elde edilen bulgulara gºre, 

sektºrel bazda, sanayide, hanede ve hizmetlerde deĵiĸkenler arasē uzun dºnemli iliĸkinin varlēĵē tespit edilirken, 

ulaĸēm sektºr¿nde bahsi ge­en deĵiĸkenler arasēnda herhangi bir iliĸki bulunamamēĸtēr. Bununla birlikte, toplam 

enerji t¿ketimi, GSYĶH ve d¿nya petrol fiyatlarēnēn uzun dºnemde eĸb¿t¿nleĸik olduĵu tespit edilmiĸtir. 

¢alēĸmada, uzun dºnemde enerji talebinin gelir esnekliĵi pozitif, fiyat esnekliĵi ise negatif olarak hesaplanmēĸtēr. 

Anahtar Kelimeler:  Enerji talebi, eĸb¿t¿nleĸme analizi, fiyat esnekliĵi, gelir esnekliĵi, T¿rkiye 

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 I(0) or I(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 

  

mailto:erdalkaragol@hotmail.com
mailto:msgorus@ybu.edu.tr
mailto:oozgur@ybu.edu.tr


 

2 

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

 

GĶRĶķ 

Ķnsanlar g¿nl¿k hayatlarēnēn hemen her alanēnda enerjiye ihtiya­ duymaktadērlar. Isēnmadan 

ulaĸēma, aydēnlatmadan ¿retime kadar hayatēn her alanēnda enerji t¿ketilmektedir. Ķnsanlar 

kullandēklarē elektronik ara­ gere­lerin ĸarj edilebilmesi i­in elektriĵe, ulaĸēmlarēnē 

saĵlayabilmek i­in akaryakēta, ēsēnma i­in doĵalgaza, elektriĵe veya kºm¿re ihtiya­ 

duymaktadērlar. Ayrēca, fabrikalar ¿retim yapabilmek i­in ­eĸitli enerji kaynaklarēna gereksinim 

duymaktadērlar (Altēnay, 2019). Enerjinin bir ekonomide ¿retimde yoĵun bir ĸekilde 

kullanēlmasē enerji t¿ketimi-ekonomik b¿y¿me iliĸkisinin de tarih boyunca pek ­ok araĸtērmaya 

konu olmasēna neden olmuĸ ve olmaya da devam etmektedir.  

¦lkelerin ekonomik kalkēnmayē saĵlamasē, ekonomilerinin tarēm sektºr¿ aĵērlēklē ¿retim 

yapēsēndan ºnce sanayi sektºr¿n¿n, sonrasēnda ise hizmetler sektºr¿n¿n baskēn olduĵu yapēya 

ge­mesiyle saĵlanmēĸtēr. Sektºrel enerji t¿ketimleri a­ēsēndan bakēldēĵēnda ise d¿ĸ¿k gelirli ¿lke 

gruplarēndan hane halkē enerji t¿ketiminin yoĵun olduĵu ifade edilebilmektedir (Burke and 

Csereklyei, 2016).  

T¿rkiye ekonomisinin de ºzellikle 2000ôli yēllarēn baĸēndan itibaren yaĸadēĵē y¿ksek b¿y¿me 

oranlarēna y¿ksek enerji t¿ketimi de eĸlik etmiĸtir. 2002-2019 yēllarē arasēnda T¿rkiye 

ekonomisi yēllēk ortalama %5,2 b¿y¿rken (TCMB, 2020), aynē dºnemde toplam birincil enerji 

t¿ketiminin yēllēk ortalama artēĸ oranē ise %4,2ôdir (British Petroleum, 2020). ¥te yandan 

T¿rkiye ekonomisinde enerji t¿ketiminin 1971-2017 yēllarē arasēndaki sektºrel daĵēlēmēna ise 

ķekil 1ôde yer verilmiĸtir.  

 

ķekil 1: T¿rkiyeôde sektºrel enerji t¿ketiminin gºr¿n¿m¿ (ktoe), 1971-2017. 

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

T¿rkiyeônin gºrece olarak daha d¿ĸ¿k gelirli bir ¿lke olduĵu 1970ôli yēllarda hane halkē enerji 

t¿ketiminin diĵer sektºrlere nazaran olduk­a y¿ksek olduĵu, ºzellikle hizmetler sektºr¿nde 
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t¿ketilen enerjinin toplam i­erisindeki payēnēn ­ok d¿ĸ¿k olduĵu ifade edilebilmektedir. 1971-

2017 dºneminde sektºrel enerji t¿ketiminin yaĸadēĵē dºn¿ĸ¿m de ķekil 1ôden anlaĸēlmaktadēr. 

ķºyle ki, sanayi sektºr¿nde t¿ketilen enerji miktarē giderek artmēĸ ve 2000 yēlē sonrasēnda en 

fazla enerjinin t¿ketildiĵi sektºr haline gelmiĸtir. Sanayi sektºr¿n¿n yaĸadēĵē artēĸa paralel 

olarak ulaĸēm ve hizmetler sektºr¿ndeki enerji t¿ketimi de giderek artmēĸtēr. Sektºrel enerji 

t¿ketiminin toplam i­erisindeki paylarēna ise ķekil 2ôde yer verilmiĸtir. 

 

ķekil 2: T¿rkiyeôde sektºrel enerji t¿ketiminin toplam i­indeki payē, 1971-2017 

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

Hane halkē t¿ketiminin toplam i­erisindeki payē 1970ôlerde %50ônin ¿zerinde iken 2017 yēlēna 

gelindiĵinde %20ôlere kadar d¿ĸm¿ĸt¿r. G¿ncel sektºrel enerji t¿ketimi a­ēsēndan bakēldēĵēnda 

ise T¿rkiye ekonomisinde t¿ketilen enerjinin yaklaĸēk ¿­te birlik kēsmēnēn sanayi sektºr¿nde 

kullanēldēĵēnē ifade edebiliriz.  

Artan enerji t¿ketiminin yanēnda T¿rkiye enerji ihtiyacēnēn karĸēlanmasē a­ēsēndan dēĸarēya 

baĵēmlē bir ¿lkedir. Uluslararasē Enerji Ajansē verilerine gºre T¿rkiye 2017 yēlē itibarēyla toplam 

enerji ihtiyacēnēn yaklaĸēk %86ôsēnē ithalat yoluyla karĸēlamaktadēr. Bu nedenle T¿rkiye i­in 

enerji talebinin fiyat ve gelir esnekliklerinin yorumlanmasē ºnem arz etmektedir. Her ne kadar 

enerji talebinin esneklikleri pek ­ok ­alēĸmanēn konusu olsa da sektºrel enerji talebinin fiyat ve 

gelir esnekliklerinin ºl­¿ld¿ĵ¿ ­alēĸmalar T¿rkiye ekonomisi i­in sēnērlē sayēdadēr. Bu baĵlamda 

bu ­alēĸma T¿rkiye ekonomisinde sektºrel enerji talebinin gelir ve fiyat esnekliklerini, sanayi, 

hane halkē, ulaĸēm ve hizmetler sektºrlerinde 1971-2017 dºnemi i­in ARDL Sēnēr Testi 

yºntemiyle incelemiĸtir.  

¢alēĸmanēn bir sonraki bºl¿m¿ enerji talebinin esnekliklerinin hesaplandēĵē ­alēĸmalarē 

ºzetlemektedir. Ķkinci bºl¿mde veri seti ve yºntem tanētēlmakta ve ampirik sonu­lara yer 

verilmektedir. Son bºl¿mde ise ­alēĸma sonu­landērēlmēĸtēr.  
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1. LĶTERAT¦R ¥ZETĶ 

Literat¿rde petrol talebinin gelir ve fiyat esnekliklerini tahmin eden bir­ok ­alēĸma 

bulunmaktadēr. Bu ­alēĸmalar baĵēmlē deĵiĸken olarak doĵrudan toplam enerji talebini ele 

almakta ya da toplam enerji ithalatēnē gºz ºn¿nde bulundurmaktadēr. Fakat son dºnemlerde 

sektºrel enerji talebinin de esneklikleri araĸtērmacēlar tarafēndan sēklēkla incelenen konular 

arasēnda yer almaktadēr. Bu bºl¿mde, ºncelikle toplam petrol talebinin/ithalatēnēn esnekliklerini 

inceleyen ­alēĸmalar ele alēnacak, sonrasēnda ise sektºrel bazdaki ­alēĸmalardan elde edilen 

sonu­lar sunulacaktēr. 

Cooper (2003), ºnc¿ ­alēĸmalar arasēnda yer alan makalesinde, 1979-2000 dºnemi i­in 23 

¿lkedeki ham petrol talebinin fiyat esnekliĵini kēsmi uyarlama modelini kullanarak tahmin 

etmiĸtir. Elde edilen sonu­lara gºre, ¿lkelerin b¿y¿k bir kēsmēnda talebin fiyat esnekliĵinin 

negatif ve inelastik olduĵu sonucuna ulaĸēlmēĸtēr. Diĵer yandan, Cho vd. (2011) 1971-2005 

dºnemi i­in 51 ¿lkedeki petrol t¿ketiminin temel belirleyicilerini araĸtērmēĸtēr. Elde edilen 

ampirik sonu­lara gºre hem OECD ¿yelerinde hem de Asya ¿lkelerinde talebin gelir 

esnekliĵinin pozitif, fiyat esnekliĵinin ise negatif olduĵu hesaplanmēĸtēr. Bununla birlikte, Asya 

¿lkelerinde gelir esnekliĵinin OECD ¿lkelerine gºre ­ok daha b¿y¿k olduĵu gºr¿lm¿ĸt¿r. 

Ayrēca, uzun dºnemde esneklik katsayēsēnēn kēsa dºneme kēyasla daha b¿y¿k olduĵu 

gºr¿lm¿ĸt¿r. Gºr¿ĸ ve T¿rkºz (2016) ise 1970-2013 dºnemi i­in T¿rkiyeôdeki petrol talebinin 

hem fiyat hem de gelir esnekliĵini hesaplamēĸlardēr. ¢alēĸmadan elde edilen bulgulara gºre, 

gelir ve fiyat esneklikleri beklendiĵi gibi sērasēyla pozitif ve negatif olarak bulunmuĸtur. Kēsa ve 

uzun dºnem sonu­larē birbirleriyle tutarlēdēr ve hata d¿zeltme katsayēsē anlamlēdēr.  

Bununla birlikte, Gºr¿ĸ ve ¥zg¿r (2017) yapēsal kērēlmalarē dikkate aldēklarē ­alēĸmalarēnda, 

1975-2014 dºneminde Ķtalyaôda petrol t¿ketimi, petrol fiyatlarē ve gelir seviyesi arasēndaki 

iliĸkiyi incelemiĸlerdir. ¢alēĸma sonucunda serilerin uzun dºnemde birlikte hareket ettikleri 

gºr¿lm¿ĸt¿r. Ayrēca, petrol talebinin hem fiyat hem de gelir esnekliĵinin uzun dºnemde 

istatistiki olarak anlamsēz olduĵu bulunmuĸtur. Kēsa dºnem esnekliklerinin ise gecikme 

sayēlarēna gºre farklēlēklar gºsterdiĵi belirlenmiĸtir. Shin vd. (2018) G¿ney Koreôdeki petrol 

ithalatēnēn fiyat ve gelir esnekliklerini doĵrusal olmayan ARDL modelini kullanarak tahmin 

etmiĸlerdir. Bu ama­ doĵrultusunda, 1991-2016 yēllarēnē kapsayan ­eyreklik verilerden 

yararlanmēĸlardēr. Ampirik sonu­lar hem kēsa hem de uzun vadede petrol fiyatlarēnēn ham petrol 

ithalatē ¿zerinde asimetrik bir etkisinin olduĵunu gºstermektedir. 

Sektºrel bazdaki ­alēĸmalardan Bose ve Shukla (1999), Hindistanôdaki elektrik talebinin gelir 

esnekliĵini ticaret sektºr¿nde esnek, hane ve tarēm sektºrlerinde ise katē olarak hesaplamēĸtēr. 

Fiyat esneklikleri ise tarēm i­in -1,35, hane i­in -0,65, ticaret i­in ise -0,26 olarak tahmin 

edilmiĸtir. Kamerschen ve Porter (2004), ­alēĸmalarēnda 1973-1998 dºnemi i­in Amerikaôda 
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elektrik talebinin fiyat esnekliĵini araĸtērmēĸlardēr. Eĸanlē denklem modelleri sonu­larēna gºre, 

hane ve sanayi sektºrlerinde talebin fiyat esnekliĵinin negatif olduĵu sonucuna ulaĸēlmēĸtēr. 

Ayrēca, Inglesi-Lotz ve Blignaut (2011) ise 1993 ve 2006 yēllarē arasēnda G¿ney Afrikaôdaki 

elektrik talebinin fiyat esnekliĵini sadece sanayi sektºr¿ i­in negatif ve anlamlē bulmuĸtur. Gelir 

esnekliĵi ise sanayi ve ticaret sektºrlerinde pozitif ve istatistiki olarak anlamlēdēr. 

Burken ve Csereklyei (2016), 132 ¿lkeyi ºrnekleme dahil ettikleri geniĸ kapsamlē 

­alēĸmalarēnda, enerji t¿ketimi ve gelir seviyesi arasēndaki iliĸkiyi incelemek i­in bir­ok model 

kurmuĸlardēr. Elde ettikleri sonu­lara gºre, ikinci dereceden olmayan ve birincil katē yakētlarēn 

dahil edilmediĵi modelde, enerji talebinin sektºrel bazda gelir esnekliĵinin pozitif, fiyat 

esnekliĵinin ise negatif (tarēm sektºr¿ hari­) olduĵu gºr¿lmektedir. Campbell (2018) ise ARDL 

tahmincisini kullanarak uzun dºnemde Jamaikaôdaki elektrik talebinin (1970-2014) gelir 

esnekliĵini pozitif, fiyat esnekliĵini ise negatif olarak bulmuĸtur. Elde edilen ampirik sonu­lar 

beklentilerle tutarlēdēr. 

Enerji ekonomisi yazēnēnda, sektºrel enerji talebinin belirleyicileri konusunda pek ­ok ­alēĸma 

bulunmaktadēr, fakat T¿rkiye ¿zerine yapēlan ­alēĸma sayēsē olduk­a azdēr. Bu ­alēĸmalarēn 

b¿y¿k bir kēsmē da nedensellik analizlerine dayanmaktadēr (bknz., Terzi, 1998; Jobert ve 

Karanfil, 2007; Kar ve Kēnēk, 2008; ķahbaz ve Yanar, 2013; Usta ve Berber 2017; Gorus, 

2020). Ampirik literat¿r taramasē sonucunda, yalnēzca Arisoy ve Ozturk (2014)ôun ­alēĸmasēnda 

sektºrel enerji talebinin gelir ve fiyat esnekliklerinin tahmin edildiĵi gºr¿lm¿ĸt¿r. 

¢alēĸmalarēnda, 1960-2008 dºnemi i­in T¿rkiyeôde sanayi ve hane sektºrlerindeki elektrik 

talebinin gelir ve fiyat esnekliklerini sērasēyla pozitif ve negatif olarak hesaplamēĸtēr. Elektrik 

zorunlu mallar arasēnda sayēlabileceĵinden fiyat esnekliĵi olduk­a d¿ĸ¿k bulunmuĸtur. 

Enerji talebinin esneklikleri alanēnda yapēlan ­alēĸmalar deĵerlendirildiĵinde, ­alēĸmalarēn daha 

­ok gelir esnekliĵini pozitif, fiyat esnekliĵini ise negatif olarak hesapladēklarē gºr¿lmektedir. 

Fakat, sektºrel bazdaki ­alēĸmalarda esneklik parametresinin sektºrlere gºre farklēlēklar 

gºsterdiĵi gºr¿lmektedir. Bunun sebepleri arasēnda ilgili sektºr¿n enerjiye olan baĵēmlēlēĵē, 

enerjinin kullanēldēĵē sektºrde ikamesinin bulunup bulunmamasē ve t¿keticilerin bilin­li olup 

olmamasē sayēlabilmektedir. 

2. VERĶ SETĶ, Y¥NTEM VE AMPĶRĶK BULGULAR 

Bu ­alēĸmada, sektºrel enerji talebinin gelir ve fiyat esnekliklerini hesaplamak i­in 1971-2017 

dºnemine ait yēllēk veri seti kullanēlmēĸtēr. Bu doĵrultuda, sektºrel enerji t¿ketimi, sektºrel 

GSYĶH ve d¿nya petrol fiyatlarē ­alēĸmanēn baĵēmlē ve baĵēmsēz deĵiĸkenleri olarak 

belirlenmiĸtir. ¢alēĸmada, sanayi, hane, hizmetler ve ulaĸēm olmak ¿zere dºrt ana sektºr ele 

alēnmēĸ, bununla birlikte, toplam enerji talebinin de esneklikleri tahmin edilmiĸtir. Sºz konusu 
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veriler Uluslararasē Enerji Ajansē, Birleĸmiĸ Milletler ve British Petroleum veri tabanlarēndan 

elde edilmiĸtir ve doĵal tabanda logaritmik dºn¿ĸ¿mleri yapēlmēĸtēr. 

¥ncelikle, serilerin birim kºk ºzellikleri geleneksel ADF ve PP testleriyle incelenmiĸtir. 

Deĵiĸkenlerin duraĵanlēk dereceleri, bu iki testten elde edilen sonu­lar deĵerlendirilerek 

belirlenmiĸtir. Birim kºk testlerinin sonu­larē Tablo 1ôde gºsterilmiĸtir. Sabitli model ve sabitli 

ve trendli modellerde elde edilen sonu­lar serilerin I(0) ve I(1)ôin birleĸimi olduklarēnē 

gºstermektedir. Yani, bazē seriler seviyede duraĵanken, bazēlarē birinci farkta duraĵandēr. 

Tablo 1: Birik kºk testi sonu­larē 

Deĵiĸkenler 

ADF Testi PP Testi 

Sabitli Model 
Sabitli ve Trendli 

Model 
Sabitli Model 

Sabitli ve Trendli 

Model 

Ὁ  -0,801 -4,758***  -1,515 -4,752***  

Ὁ  -1,887 -4,061**  -2,759* -4,041**  

Ὁ  -1,962 -3,702**  -2,838* -3,677**  

Ὁ  -0,674 -1,854 -0,683 -2,115 

Ὁ ĥ  -0,360 -2,118 -0,425 -2,508 

ὣ  0,272 -2,381 0,302 -2,521 

ὣ  -0,022 -2,208 -0,058 -2,208 

ὣ  0,795 -2,962 1,131 -2,881 

ὣ  0,514 -1,103 0,486 -1,435 

ὣ ĥ  -1,546 -3,571**  -1,545 -3,614**  

ὖὊ -2,650* -2,407 -2,677* -2,444 

ЎὉ  -8,168***  -8,078***  -9,597***  -10,363***  

ЎὉ  -8,644***  -8,672***  -9,761***  -14,046***  

ЎὉ  -7,206***  -7,141***  -8,370***  -10,903***  

ЎὉ  -6,647***  -6,561***  -6,669***  -6,561***  

ЎὉ ĥ  -5,288***  -5,236***  -5,288***  -5,235***  

Ўὣ  -6,607***  -6,589***  -6,607***  -6,654***  

Ўὣ  -5,539***  -5,493***  -5,450***  -5,394***  

Ўὣ  -6,842***  -6,821***  -8,362***  -9,488***  

Ўὣ  -6,483***  -6,496***  -6,495***  -6,503***  

Ўὣ ĥ  -5,649***  -5,650***  -5,646***  -5,651***  

ЎὖὊ -6,317***  -6,379***  -6,317***  -6,379***  

Not: *, **  ve ***  sērasēyla %1, %5 ve %10 i­in istatistiki anlam d¿zeyini gºstermektedir. Ў ise fark operatºr¿n¿ 

temsil etmektedir. 

Serilerin duraĵanlēk dereceleri gºz ºn¿ne alēndēĵēnda, Engle-Granger ya da Johansen gibi 

geleneksel eĸb¿t¿nleĸme yºntemleriyle uzun dºnemli tahminlerinin yapēlamayacaĵē 

anlaĸēlmaktadēr. Bunun temel sebebi, bu yºntemlerin sadece deĵiĸkenlerin birinci farklarēnda 

duraĵan olmasē durumunda uygulanabilir olmasēdēr. Fakat, 2000ôli yēllarēn baĸēnda Pesaran vd. 
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(2001)ônin geliĸtirdiĵi ARDL Sēnēr Testi yºntemi ile farklē duraĵanlēk derecelerine sahip 

deĵiĸkenler arasēndaki uzun dºnemli iliĸkinin araĸtērēlmasē m¿mk¿n hale gelmiĸtir. Bu ­alēĸma 

da veri setimize uygunluĵu sebebiyle bu yºntemi kullanmēĸtēr.  

Tablo 2: ARDL sēnēr testi sonu­larē 

Denklemler Model Test Ķstatistiĵi Sonu­ 

Ὁ Ὢὣ ȟὖὊ ARDL (1,1,0) 6,823**  Eĸb¿t¿nleĸme vardēr. 

Ὁ Ὢὣ ȟὖὊ ARDL (2,3,0) 4,679* Eĸb¿t¿nleĸme vardēr. 

Ὁ Ὢὣ ȟὖὊ ARDL (1,1,0) 4,827* Eĸb¿t¿nleĸme vardēr. 

Ὁ Ὢὣ ȟὖὊ ARDL (1,0,4) 9,088***  Eĸb¿t¿nleĸme vardēr. 

Ὁ ĥ Ὢὣ ĥ ȟὖὊ ARDL (1,1,1) 0,698 Eĸb¿t¿nleĸme yoktur. 

Not: 45 gºzlem sayēsē i­in ¿st kritik deĵerler (%10, %5 ve %1 anlam d¿zeyinde) sērasēyla 4,347, 5,207 ve 7,197ôdir 

ve Narayan (2005)ôden elde edilmiĸtir. *, **  ve ***  sērasēyla %1, %5 ve %10 i­in istatistiki anlam d¿zeyini 

gºstermektedir. Her model otokorelasyon, deĵiĸen varyans ve normallik testlerinden sorunsuz bir ĸekilde ge­miĸtir. 

Tablo 2ôde kurulan beĸ model i­in eĸb¿t¿nleĸme iliĸkisi sonu­larē gºsterilmektedir. Elde edilen 

sonu­lara gºre, sanayi, hane ve hizmetler sektºr¿nde bahsi ge­en deĵiĸkenler arasēnda uzun 

dºnemli bir iliĸkini olduĵu sonucuna ulaĸēlmēĸtēr. Bununla birlikte toplam enerji t¿ketiminin 

dikkate alēndēĵē modelde de serilerin eĸb¿t¿nleĸik olduĵu gºr¿lm¿ĸt¿r. Aksine, ulaĸēm 

sektºr¿nde enerji t¿ketimi, gelir seviyesi ve petrol fiyatlarē arasēnda uzun dºnemli bir iliĸkinin 

olmadēĵē anlaĸēlmēĸtēr. Bu aĸamadan sonra, eĸb¿t¿nleĸme iliĸkisinin bulunduĵu modellerde, 

uzun dºnemli katsayēlarēn tahmininin yapēlmasē ve hata d¿zeltme mekanizmasēnēn kurulmasē 

gerekmektedir. Tablo 3 ve Tablo 4ôte bu analizlerden elde edilen sonu­lar yer almaktadēr. 

Tablo 3: Uzun dºnem tahmin sonu­larē 

Baĵēmlē Deĵiĸken ╨▼▄▓◄Ę►▄■ ╟╕ 

Ὁ  0,834***  -0,053* 

Ὁ  0,837***  -0,184* 

Ὁ  0,404***  -0,044 

Ὁ  3,211***  -0,233* 

Not: *, **  ve ***  sērasēyla %1, %5 ve %10 i­in istatistiki anlam d¿zeyini gºstermektedir. 

Tablo 3ôte modellere ait uzun dºnem katsayēlarē gºsterilmektedir. Ampirik bulgulara gºre, dºrt 

modelde de talebin fiyat esnekliĵinin negatif ve katē olduĵu gºr¿lmektedir. Fakat, hane 

sektºr¿nde tahmin edilen katsayēnēn istatistiki olarak anlamsēz olduĵu gºr¿lmektedir. Fiyat 

esnekliĵinin katē olmasē, enerji t¿ketiminin fiyattaki deĵiĸimlerden ­ok fazla etkilenmediĵini 

gºstermektedir. Bunun temel sebebi, enerjinin zorunlu mallar arasēnda yer almasē olarak 

deĵerlendirilebilir. Diĵer yandan, t¿m modellerde talebin gelir esnekliĵinin pozitif ve anlamlē 

olduĵu gºr¿lmektedir. ¥zellikle hizmetler sektºr¿nde hesaplanan katsayēnēn diĵer sektºrlerin 
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­ok ¿zerinde olduĵu gºr¿lmektedir. Uzun dºnemli sonu­lar deĵerlendirildiĵinde, bu ­alēĸmadan 

elde edilen bulgularēn beklentilerle uyumlu olduĵu gºr¿lmektedir. 

Tablo 4: Hata d¿zeltme modeli sonu­larē 

Baĵēmlē Deĵiĸken Baĵēmsēz Deĵiĸkenler Katsayēlar 

Ὁ  

Sabit Terim -3,641***  

Ўὣ  0,796***  

ὌὈὝ -0,318***  

Ὁ  

Sabit Terim -2,641***  

ЎὉ ρ -0,279**  

Ўὣ  0,949***  

Ўὣ ρ -0,293 

Ўὣ ς -0,550**  

ὌὈὝ -0,248***  

Ὁ  

Sabit Terim -0,190***  

Ўὣ  0,326***  

ὌὈὝ -0,265***  

Ὁ  

Sabit Terim -27,362***  

ЎὖὊ 0,150**  

ЎὖὊ ρ 0,309***  

ЎὖὊ ς 0,224***  

ЎὖὊ σ 0,261***  

ὌὈὝ -0,366***  

Not: *, **  ve ***  sērasēyla %1, %5 ve %10 i­in istatistiki anlam d¿zeyini gºstermektedir. Ў ise fark operatºr¿n¿ 

temsil etmektedir. 

Tablo 4ôte sektºrler i­in hata d¿zeltme modeli sonu­larē yer almaktadēr. Dºrt modelde de hata 

d¿zeltme teriminin olmasē gerektiĵi gibi negatif ve istatistiki olarak anlamlē olduĵu sonucuna 

ulaĸēlmēĸtēr. Yani, uzun dºnem dengesindeki herhangi bir sapma kēsa bir s¿re sonra 

d¿zelmektedir; toplam t¿ketim modeli i­in 3 ayda, sanayi sektºr¿ i­in 4 ayda, hane sektºr¿ i­in 

yaklaĸēk 4 ayda, hizmetler sektºr¿ i­in ise yaklaĸēk 3 ayda. Bununla birlikte, gelir seviyesindeki 

artēĸlarēn toplam enerji t¿ketimi, sanayide kullanēlan enerji miktarē ve hanede kullanēlan enerji 

miktarē ¿zerinde pozitif bir etkisinin olduĵu gºr¿lmektedir. Ayrēca, d¿nya petrol fiyatēndaki 

artēĸlarēn hizmetler sektºr¿ndeki enerji talebini azaltmadēĵē; aksine artērdēĵē gºr¿lm¿ĸt¿r. Elde 

edilen bu son bulgu beklentilerle ­eliĸmektedir. 
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3. SONU¢ 

Bu ­alēĸmanēn amacē 1971-2017 dºnemi i­in T¿rkiyeônin petrol talebinin fiyat ve gelir 

esnekliklerini sektºrel bazda tahmin etmektir. Bu ama­ doĵrultusunda, seriler arasēndaki uzun 

dºnemli iliĸkiyi tespit edebilmek i­in ARDL Sēnēr Testi yaklaĸēmēndan yararlanēlmēĸtēr. Elde 

edilen ampirik sonu­lara gºre, sektºrel bazda, sanayide, hanede ve hizmetlerde deĵiĸkenler arasē 

uzun dºnemli iliĸki bulunmuĸtur. Bununla birlikte, ulaĸēm sektºr¿nde ise bahsi ge­en 

deĵiĸkenler arasēnda herhangi bir eĸb¿t¿nleĸme iliĸkine rastlanmamēĸtēr. Ayrēca, toplam enerji 

t¿ketimi, GSYĶH ve d¿nya petrol fiyatlarēnēn uzun dºnemde eĸb¿t¿nleĸik olduĵu tespit 

edilmiĸtir. ¢alēĸmada, uzun dºnemde enerji talebinin gelir esnekliĵi pozitif, fiyat esnekliĵi ise 

negatif olarak hesaplanmēĸtēr. Fiyat esnekliĵinin negatif ve katē olmasē enerji talebinin fiyattaki 

deĵiĸimlere sert tepki vermediĵini ve zorunlu bir mal olduĵunu gºstermektedir.  

Elde edilen sonu­lar, politika yapēcēlarēn sektºrel farklēlēklarē da gºze alarak daha efektif enerji 

politikalarē tasarlamasēnda ve y¿r¿rl¿ĵe koymasēnda yol gºsterici olacaktēr. Bundan sonraki 

­alēĸmalarda, sektºrel enerji talebinin fiyat ve gelir esnekliklerinin hesaplanmasēnda yapēsal 

kērēlmalarēn etkisi dikkate alēnabilir. ¥zellikle petrol arzē krizlerinde ya da fiyat 

dalgalanmalarēnda esnekliklerin nasēl ve ne derecede etkilendikleri araĸtērmacēlar tarafēndan 

¿zerinde titizlikle durulmasē gereken konular arasēnda yer almaktadēr. 
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¥ZET: Bu araĸtērmada bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicileri sabit etkiler mekansal panel 

veri yºntemi ile analiz edilmesi ama­lanmaktadēr. Araĸtērmada aĵērlēk matrisi olarak komĸuluk iliĸkisine 

dayanan Vezir yºntemi tercih edilmiĸtir. Analiz bulgularēnda bºlgesel konut ve sanayi elektrik t¿ketiminin 

belirleyicilerini tespit ¿zere kurulan modellerde mekansal hata ve mekansal gecikmenin varlēĵē tespit edilmiĸtir. 

D¿zey II bºlgeleri arasēndaki etkileĸimi yansētan mekansal hatanēn ve mekansal gecikmenin varlēĵēnēn tespit 

edilmesinin ardēndan araĸtērmanēn modelleri sabit etkiler mekansal ekonometrik tahminciler ile analiz 

edilmiĸlerdir. Analiz bulgularē bºlgesel konut elektrik t¿ketimi komĸu bºlgelerin konut elektrik t¿ketiminden 

pozitif yºnl¿ etkilendiĵini gºstermektedir. Ayrēca analiz bulgularēna gºre gelir d¿zeyi, n¿fus ve kentleĸme 

d¿zeyinin bºlgesel konut elektrik t¿ketimi ¿zerinde pozitif yºnl¿ etkisi var iken, elektrik fiyatēnēn bºlgesel konut 

elektrik t¿ketimi ¿zerinde anlamlē bir etkisi yoktur. Bununla birlikte, analiz bulgularēnda bºlgesel sanayi elektrik 

t¿ketiminin de komĸu bºlgelerin sanayi elektrik t¿ketiminden pozitif yºnl¿ etkilendiĵine rastlanēlmaktadēr. Gelir 

ve sanayileĸme d¿zeyi bºlgesel sanayi elektrik t¿ketimi ¿zerinde artērēcē etkiye sahipken, kentleĸme, n¿fus ve 

elektrik fiyatē bºlgesel sanayi elektrik t¿ketimi ¿zerinde anlamlē etkiye sahip deĵildir. Analiz bulgularē bºlgesel 

konut elektrik t¿ketiminin en ºnemli belirleyiĸinin n¿fus, bºlgesel sanayi elektrik t¿ketiminin en ºnemli 

belirleyicisinin ise sanayileĸme d¿zeyi olduĵunu belirtmektedir. 

Anahtar Kelimeler:  Bºlgesel konut elektrik t¿ketimi, bºlgesel sanayi elektrik t¿ketimi, 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 II 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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GĶRĶķ  

II. D¿nya savaĸēndan bu yana k¿resel enerji talebi artēĸ eĵilimindedir ve bu eĵilimin 2035ôe 

kadar ¿­te birden fazla artmasē beklenmektedir. Toplam enerji talebi, ulaĸēm, ticari, 

end¿striyel ve konut olmak ¿zere dºrt temel sektºrle iliĸkilidir. Bu sektºrler arasēndan konut 

ve sanayi sektºrleri ­oĵu ¿lke i­in enerjinin birincil t¿keticileridir. Enerji Bilgi Ajansē 

enerjinin ana t¿keticileri olan konut ve sanayi sektºr¿n¿n temel kaynaĵēnēn ise elektrik 

olduĵunu belirtmektedir (Salari & Javid,2016:637-638). Elektrik g¿c¿ konut ve sanayi 

sektºrlerinin temel enerji kaynaĵē olmasēnēn yanēnda ekonomik kalkēnmanēn 

desteklenmesinde ve yaĸam standartlarēnēn iyileĸtirilmesinde ºnemli rol oynamakta ve 

modern toplum i­in vazge­ilmez olmaktadēr. Belirli bir dºnemde yerleĸim yerleri ve 

end¿striler tarafēndan kullanēlan toplam elektrik g¿c¿, elektrik t¿ketimi olarak 

nitelendirilmektedir (Chunyang vd., 2012:126). Elektrik, iyi bir enerji taĸēyēcē olmasē, 

teknolojik aletlerin g¿­ kaynaĵē olmasē, temiz ve kolay kullanēmēnēn olmasē ve teknolojik 

aletler i­in depolanma ºzelliklerine sahip olmasē gibi diĵer enerji t¿rlerine gºre ¿st¿n yanlarē 

vardēr (¢almaĸur & Ķnan,2018: 72). Bu ¿st¿nl¿klerinden dolayē diĵer enerji t¿rlerine gºre 

daha fazla tercih edilen elektrik, eĵitim ve halk saĵlēĵēnēn yanēnda beslenme, sēcaklēk ve 

aydēnlatma gibi temel insan ihtiya­larēnē karĸēlamaktadēr (Khan & Abbas, 2017:1160). Bu 

y¿zden, elektrik talebinin belirleyicileri ¿zerine yeterli bilgiye sahip olmak gelecek dºnem 

elektrik talebinin projeksiyonu i­in ­ok ºnemlidir. Elektrik t¿ketiminin belirleyicilerinin 

elektrik t¿ketimine olan esneklikleri politikacēlara i­ t¿ketimi azaltmada ne t¿r politikalar 

uygulamalarē konusunda ipu­larē sunmaktadēr (Jordan vd., 2014:950). Bu sebepten dolayē 

araĸtērmacēlar elektrik t¿ketimini etkileyen faktºrler ¿zerine odaklanmēĸlardēr. Ekonomik, 

demografik ve iklimsel olmak ¿zere elektrik t¿ketimini etkileyen bir­ok boyut vardēr. 

Ekonomik olarak gelir d¿zeyi, elektrik fiyatlarē ve sanayileĸme d¿zeyinin de i­erisinde yer 

aldēĵē faktºrler elektrik talebi ile ilgilidir. Elektrik talebi ile ilgili demografik faktºrler 

kentleĸme, hanehalkē b¿y¿kl¿ĵ¿ ve n¿fustur. Elektrik talebini etkileyen iklimsel faktºrler ise 

soĵuk ve sēcak g¿n sayēsē, ortalama sēcaklēk deĵerleridir (Al-Bajjali & Shamayleh,2018:1311; 

Blazques vd., 2013:649-650; Yaylacē vd.,2011:166). 

Hanehalkē geliri ve elektrik fiyatē hanehalkē elektrik t¿ketiminin iki ana belirleyicisidir. Gelir 

ve elektrik fiyatēyla ilgili hanehalkē davranēĸlarē fayda maksimizasyonu ve t¿ketici 

rasyonelliĵini i­eren ekonomik teoriye dayanmaktadēr (Salari & Javid,2016:638). Gelir 

d¿zeyinin elektrik t¿ketimi ¿zerindeki etkisi ¿­ farklē kanal ¿zerinden a­ēklanmaktadēr. Bu 

kanallardan ilki, ¿retimdeki b¿y¿menin end¿striyel firmalarē elektrik kullanēmēnē artērmaya 

teĸvik ettiĵi ¿retim s¿re­leri i­in elektrik vazge­ilmez bir girdidir. End¿striyel ve ulaĸēm 
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sektºrleri ile elektrik t¿ketiminin artmasē ¿lkenin ekonomik b¿y¿mesinin hēzēnēn artērēlmasēnē 

gerektirmektedir. Ķkincisi, ekonomik b¿y¿menin sermaye birikimi ve elektrikle ­alēĸan 

makineleri teĸvik etmesinden dolayē ¿retim aktiviteleri geniĸlemiĸtir.  ¦­¿nc¿s¿, gelir 

d¿zeyinin y¿kselmesi sonucunda televizyon, klimalar, elektrikli ēsētēcēlar, kiĸisel bilgisayarlar 

gibi elektrikli ara­larēn kullanēmēnēn artmasē elektrik t¿ketiminin artmasēna yol a­maktadēr.  

Elektrik fiyatē elektrik t¿ketimi ¿zerinde belirsiz etkiye sahiptir. Elektrik fiyatēnēn elektrik 

t¿ketimi ¿zerindeki etkisi ekonomik geliĸmenin d¿zeyine ve alternatif enerji se­eneklerinin 

uygunluĵuna baĵlēdēr (Khan & Abbas,2016:1168). Elektrik t¿ketimini etkileyen bir diĵer 

faktºr de kentleĸme d¿zeyidir. Hanehalklarē i­in kentsel alanda yaĸamak elektrik ĸebekesine 

daha kolay ulaĸma anlamēna gelmektedir (Yin vd.,2016:2589). Kēsacasē kentleĸme, elektriĵe 

daha fazla eriĸimi ve elektrikli aletlerin deĵiĸtirilmesi i­in daha y¿ksek talebi ima eder. Bu 

faktºrler y¿z¿nden kentleĸmenin elektrik t¿ketimi ¿zerinde artērēcē etkisi olmasē 

beklenmektedir Elektrik t¿ketimi ¿zerinde etkisi olan bir diĵer demografik faktºr de n¿fustur. 

Daha fazla n¿fusa sahip olan bir bºlge daha fazla elektrik t¿ketecek ve dolayēsēyla n¿fusun 

elektrik t¿ketimi ¿zerindeki etkisi pozitif yºnl¿ olacaktēr (Su, 2020:741). Hanehalkē 

b¿y¿kl¿ĵ¿ ve elektrik t¿ketimini etkileyen bir diĵer demografik faktºrd¿r. Modern toplumda 

dikkate deĵer bir eĵilim hanehalkē b¿y¿kl¿ĵ¿n¿n gittik­e k¿­¿lmesidir ki bu durumun 

elektrik t¿ketimi ¿zerinde artērēcē etkisi vardēr. Bunun nedeni hanehalkē b¿y¿kl¿ĵ¿n¿n 

k¿­¿lmesinin daha fazla konut yeri ve daha fazla elektrikli ara­larēn kullanēlmasē anlamēna 

gelmektedir (Yin vd., 2016:2589). Konut ve sanayi elektrik t¿ketimi bºlgeler arasēnda 

farklēlēk gºstermektedir. Bu farklēlēĵēn temel nedeni konut ve sanayi elektrik t¿ketiminin 

belirleyicilerinin bºlgenin sosyo-ekonomik, demografik ve iklimsel ºzelliklerinden 

etkilenmesidir (Salari & Javid, 2016:638).  

Bºlgenin sosyo-ekonomik yapēsēnēn yanē sēra komĸu bºlgelerin sosyo-ekonomik yapēlarē da 

bºlgenin konut ve sanayi elektrik t¿ketimini etkileyebilmektedir. Bu etki iki farklē ĸekilde 

ortaya ­ēkmaktadēr. Ķlki, elektrik t¿ketim davranēĸēnda ve elektrikli cihazlarēn 

benimsenmesinde mek©nsal yayēlma etkisi oluĸturan komĸularē taklit etme yetisi iken, ikincisi 

bir bºlgede yaĸayan ancak komĸu bºlgede ­alēĸanlarēn varlēĵēdēr (Blazques Gomez vd., 

2013:558). Bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicilerini mek©nsal 

etkileĸimlerden etkilenip etkilenmediĵinin tespiti bu araĸtērmanēn motivasyon unsurudur. Bu 

temel motivasyona baĵlē olarak araĸtērmanēn iki temel amacē vardēr. Bu ama­lardan ilki 

bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicilerinde mek©nsal etkisinin varlēĵēnēn 

test edilmesidir. Ķkincisi ise bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicilerinin 

mekansal panel veri yºntemi ile analiz edilmesi ve karĸēlaĸtērēlmasēdēr. Araĸtērmanēn 

ama­larēna baĵlē olarak bºlgesel konut ve sanayi t¿ketiminin belirleyicileri T¿rkiyeônin 

D¿zey II bºlgeleri ºrnekleminde 2007-2018 dºnemi i­in sabit etkiler mekansal panel veri 

yºntemi ile analiz edilmiĸtir. 
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Motivasyon ve ama­larē kapsayan giriĸ bºl¿m¿ hari­ araĸtērma ¿­ bºl¿mden oluĸmaktadēr. 

Giriĸi takip eden ikinci bºl¿mde araĸtērmaya rehberlik eden literat¿r ve araĸtērmanēn 

literat¿rden farklarē sunulmaktadēr. Ardēndan ikinci bºl¿mde araĸtērmaya iliĸkin veri, model 

ve yºntem tanētēlmaktadēr. ¦­¿nc¿ bºl¿mde ampirik bulgular tablolar eĸliĵinde sunulmakta 

ve yorumlanmaktadēr. Son olarak sonu­ bºl¿m¿nde ampirik bulgular doĵrultusunda 

deĵerlendirmelerde bulunulmakta ve politika ºnerileri sunulmaktadēr. 

 

1. LĶTERAT¦R 

Ķktisadi literat¿rde elektrik t¿ketiminin belirleyicilerine yºnelik ­ok sayēda araĸtērma vardēr. 

Literat¿rdeki araĸtērmalar arasēndan Altēntaĸ & Ko­bulut (2014), Kwakwa (2017), Al-Bajjali 

&  Shamayleh (2018) gibi araĸtērmalar elektrik t¿ketiminin belirleyicilerinin tespitinde 

makroekonomik verilerden faydalanērlarken, Arimah (1993), Blazques vd. (2013), Akarsu 

(2017) gibi araĸtērmalar elektrik t¿ketiminin belirleyicilerinde bºlgesel verilerden 

faydalanmēĸlardēr. Ayrēca literat¿rde Yaylacē vd. (2011), Xai & Hu (2012), Altēntaĸ ve 

Ko­bulut (2014) gibi araĸtērmacēlar toplam elektrik t¿ketiminin belirleyicilerini incelerlerken, 

Blazques Gomez vd. (2013), Jordan vd. (2014), Liao vd. (2017) gibi araĸtērmacēlar konut 

elektrik t¿ketimini belirleyen faktºrleri incelemiĸlerdir. 

Tablo 1: Literat¿r ¥zeti 

Yazar Dºnem ve 

¥rneklem 

Yºntem Bulgular 

Arimah (1993) 1985-1989 

Nijerya (21 

Eyalet) 

Yatay kesit 

veri analizi 

Bulgulara gºre konut elektrik t¿ketiminde mek©nsal 

deĵiĸimin temel belirleyicileri kentleĸme d¿zeyi, gelir ve 

n¿fustur. Ayrēca bulgular ticari elektrik t¿ketiminin ana 

belirleyicisinin ticari faaliyet d¿zeyi, end¿striyel elektrik 

t¿ketiminin ana belirleyicisinin ise imalat faaliyet d¿zeyi, kiĸi 

baĸē d©hili ¿retilen gelir, yerleĸim alanē ve Kainji barajēna 

olarak uzaklēk olduĵunu gºstermektedir. 

Yaylacē vd. 

(2011) 

2006 

T¿rkiye 

(D¿zey III) 

Mekansal 

ekonometrik 

analiz 

Bulgular T¿rkiyeônin doĵu ve batē bºlgeleri arasēndaki 

elektrik t¿ketim modellerinde ºnemli bir fark olduĵunu 

gºstermektedir. Ayrēca bulgulara gºre elektrik t¿ketiminde 

y¿ksek talep k¿melenmeleri T¿rkiyeônin kuzey batē 

bºlgesinde yer alērken, d¿ĸ¿k talep k¿melenmeleri 

T¿rkiyeônin Doĵu Anadolu ve kuzey doĵusundaki bºlgelerde 

yer almaktadēr. 

Chunyang vd. 

(2012) 

1995-2008 

¢in (D¿zey 

III)  

Mekansal 

ekonometri 

analiz 

Bulgular ¢inôin ­oĵu bºlgesindeki elektrik g¿c¿ t¿ketimi, 

belirgin zamansal ve mekansal varyasyonlarla d¿ĸ¿k ila orta 

seviyelerde iken, y¿ksek seviyeli elektrik g¿c¿ t¿ketimi 

¢inôin doĵusundaki bºlgelerde yoĵunlaĸmēĸtēr  

Xai ve Hu 

(2012) 

2009              

¢in (D¿zey 

III)  

Panel veri 

analizi 

Bulgulara gºre kentleĸmenin elektrik t¿ketimi ¿zerinde 

pozitif yºnl¿ etkisi var iken, yasal d¿zenlemeler ve elektik 

fiyatēnēn negatif yºnl¿ etkisi vardēr. Ayrēca end¿striyel yapē, 

elektrik t¿ketim yoĵunluĵu ile kaynak donanēmē arasēndaki 

baĵlantēnēn dolaylē yºn¿n¿ a­ēklayabilecek bir ara baĵlantē 
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olarak gºr¿lmektedir. 

Yu (2012) 1988-2007 

¢in (30 

ĸehir) 

Mekansal 

panel veri 

analizi 

Araĸtērma bulgularēna gºre kiĸi baĸēna gelir, ulaĸēm alt yapēsē, 

piyasalaĸma d¿zeyi, enerji yoĵunluĵunu azaltērken, aĵē 

end¿strilerin toplam end¿striler i­erisindeki payē, kºm¿r 

t¿ketiminin toplam enerji t¿ketimindeki payē enerji 

yoĵunluĵunu artērmaktadēr. 

Blazques vd. 

(2013) 

2000-2008 

Ķspanya 

(47 ĸehir) 

Dinamik 

panel veri 

analizi 

Bulgulara gºre konut elektrik t¿ketiminin gecikmesinin, 

gelirin, n¿fusun ve sēcak g¿n sayēsēnēn konut elektrik t¿ketimi 

¿zerinde artērēcē etkisi var iken, elektrik fiyatē, hanehalkē 

b¿y¿kl¿ĵ¿ ve gaza eriĸim imkanēnēn konut elektrik t¿ketimi 

¿zerinde negatif yºnl¿ etkisi vardēr. 

Blazques 

Gomez vd. 

(2013) 

2001-2010 

Ķspanya 

(46 ĸehir) 

Mekansal 

panel veri 

analizi  

Bulgular nispeten d¿ĸ¿k gelir esnekliĵi ve ­ok d¿ĸ¿k fiyat 

esnekliĵini gºstermektedir. Ayrēca bulgulara gºre komĸu iller 

arasēnda konut elektrik t¿ketimindeki deĵiĸimin y¿ksek bir 

mekansal bulaĸma etkisinin yaygēnlēĵē vardēr. Bununla 

birlikte bulgular gelir, n¿fus ve soĵuk g¿n sayēsēnēn konut 

elektrik t¿ketimi ¿zerinde pozitif yºnl¿ etkisi olduĵunu, 

elektrik fiyatē, gaz etkinliĵi ve sēcak g¿n sayēsēnēn da konut 

elektrik t¿ketimi ¿zerinde negatif yºnl¿ etkisi olduĵunu 

gºstermektedir. 

Jordan vd. 

(2014) 

1998-2009 

Ķspanya 

(18 bºlge) 

Dinamik 

panel veri 

analizi 

Araĸtērma bulgularēna gºre konut elektrik t¿ketiminde en 

belirleyici faktºr konut elektrik t¿ketiminin gecikmeleridir. 

Ayrēca bulgular konut elektrik t¿ketiminin gecikmesi, gelir 

d¿zeyi, sēcaklēk aralēĵē, sēcak ve soĵuk g¿n sayēsē, elektrikli 

su ēsētēcē kullanma y¿zdesinin konut elektrik t¿ketimi 

¿zerinde artērēcē etkisi olduĵunu gºstermektedir. Bununla 

birlikte bulgularda elektrik fiyatē, gaz fiyatē, elektrikli ēsētēcē 

kullanma y¿zdesi ve en az bir ¿yesi 64 yaĸ ¿st¿ olan 

hanehalkēnēn y¿zdesinin ise konut elektrik t¿ketimi ¿zerinde 

azaltēcē etkisi gºzlenmektedir. 

Altēntaĸ ve 

Ko­bulut 

(2014) 

1960-2011 

T¿rkiye  

ARDL sēnēr 

testi 

Bulgulara gºre ekonomik b¿y¿me, ihracat ve yatērēm uzun 

dºnemde elektrik t¿ketimi ¿zerinde pozitif yºnl¿ etkiye 

sahiptir. 

Latif (2015) 1983-2010 

Kanada 

(D¿zey III) 

Panel veri 

analizi 

Bulgular elektrik t¿ketimi, gelir ve elektrik fiyatē arasēnda 

uzun dºnemli iliĸkinin varlēĵēnē gºstermektedir. Ayrēca 

bulgulara gºre gelirin elektrik t¿ketimi ¿zerinde pozitif yºnl¿ 

etkisi, elektrik fiyatēnēn ise elektrik t¿ketimi ¿zerinde negatif 

yºnl¿ etkisi vardēr. 

Khan ve Abbas 

(2016) 

1978-2012 

Pakistanôda 

toplam ve 

altē farklē 

sektºr  

Panel 

eĸb¿t¿nleĸme 

analizi 

Bulgulara gºre gelir ve enerji dēĸē ¿r¿nlerin uzun dºnemde 

toplam ve sektºrel d¿zeyde elektrik t¿ketimi ¿zerinde pozitif 

yºnl¿ etkiye sahiptir. Ayrēca bulgular elektrik fiyatēnēn 

toplam ve sektºrel d¿zeyde uzun dºnemde elektrik t¿ketimi 

¿zerinde negatif yºnl¿ etkisi olduĵunu gºstermektedir. 

Salari ve Javid 

(2016) 

2005-2013 

Birleĸik 

Devletler 

(51 eyalet) 

Statik ve 

dinamik 

panel veri 

analizi 

Bulgulara gºre gelir, bina yaĸē ve soĵuk g¿n sayēsē konut 

elektrik t¿ketimi ¿zerinde pozitif yºnl¿ etkiye sahip iken, 

hanehalkē b¿y¿kl¿ĵ¿, eĵitim d¿zeyi, elektrik fiyatē ve sēcak 

g¿n sayēsēnēn ise konut elektrik t¿ketimi ¿zerinde negatif 

yºnl¿ etkiye sahiptir. 

Yin vd. (2016) 2005-2010 

¢in (27 

ĸehir) 

Statik ve 

dinamik 

panel veri 

analizi 

Bulgulara gºre gelir, kiĸi baĸēna d¿ĸen yaĸam yeri, hanehalkē 

b¿y¿kl¿ĵ¿, konut elektrik t¿ketiminin gecikmeleri ve 

kentleĸme konut elektrik t¿ketimini pozitif yºnl¿ etkilerken, 

elektrik fiyatēnē konut elektrik t¿ketimini negatif yºnl¿ 

etkilemektedir. 

Akarsu (2017) 1990-2001 

T¿rkiye 

(D¿zey III) 

Mekansal 

veri analizi 

Bulgular, bºlgeler arasēnda mek©nsal yayēlma etkilerinin 

varlēĵēnē gºstermektedir. Bulgulara gºre elektrik t¿ketiminin 

gecikmeleri, kentleĸme, gelir ve komĸu bºlgelerin elektrik 
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1990-2011 

T¿rkiye 

(D¿zey II) 

t¿ketimi elektrik t¿ketimini pozitif yºnl¿ etkiler iken, elektrik 

fiyatē elektrik t¿ketimini negatif yºnl¿ etkilemektedir. 

Kwakwa 

(2017) 

1971-2012 

Mēsēr 

Eĸb¿t¿nleĸme 

testleri, 

FMOLS ve 

CCR 

tahmincileri 

Bulgular elektrik t¿ketimi, elektrik fiyatē, gelir, kentleĸme, 

finansal geliĸme, karbon emisyonu, ticaret ve eĵitim arasēnda 

uzun dºnemli iliĸkinin varlēĵēnē gºstermektedir. Ayrēca 

bulgulara gºre gelir, kentleĸme finansal geliĸme, ticaret ve 

eĵitim elektrik t¿ketimini pozitif yºnl¿ etkilerken, 

sanayileĸme d¿zeyi elektrik t¿ketimini negatif yºnl¿ 

etkilemektedir. Bununla birlikte bulgularda fiyat ve karbon 

emisyonun elektrik t¿ketimi ¿zerinde anlamlē etkisi tespit 

edilmemiĸtir. 

Liao vd. (2017) 1995-2014 

¢in (30 

ĸehir) 

Dinamik 

panel veri 

analizi 

Tahmin bulgularē 2016-2020 dºneminde geliĸmiĸ ĸehirlerdeki 

konut elektrik t¿ketiminde artēĸēn yavaĸlayacaĵēnē ancak daha 

az geliĸmiĸ ĸehirlerde ise konut elektrik t¿ketimindeki artēĸēn 

devam edeceĵini gºstermektedir. 

Al-Bajjali ve 

Shamayleh 

(2018) 

1986-2015 

¦rd¿n 

Johansen eĸ 

b¿t¿nleĸme 

testi ve 

vektºr hata 

d¿zeltme 

modeli 

Bulgulara gºre gelir, kentleĸme, ekonominin yapēsē ve toplam 

su t¿ketiminin elektrik t¿ketimi ¿zerinde pozitif yºnl¿ etkisi 

var iken, elektrik fiyatēnēn elektrik t¿ketimi ¿zerinde negatif 

yºnl¿ etkisi vardēr. 

Akarsu ve 

Berke (2020) 

1986-2013 

T¿rkiye 

(D¿zey III) 

Mekansal 

panel veri 

Sonu­lar, koĸullu yakēnsamayē belirlemek i­in uygulanan 

modele gºre farklē sonu­lara ulaĸēldēĵēnē gºstermektedir. 

Cabral vd. 

(2020) 

2008:M1-

2018M12 

Brezilya (5 

bºlge) 

Dinamik 

mekansal 

panel veri 

analizi 

Bulgulara gºre elektrik t¿ketiminin gecikmesi, elektrik fiyatē, 

ĸebekeye baĵlē hane sayēsē ve ortalama sēcaklēĵēn elektrik 

t¿ketimini pozitif yºnl¿ etkilerken; elektrik fiyatē ise elektrik 

t¿ketimini negatif yºnl¿ etkilemektedir. 

Lin ve Shu 

(2020) 

2006-2015 

¢in (30 

ĸehir) 

Marjinal 

maksimum 

olabilirlik 

tahmincisi 

Bulgulara gºre kiĸi baĸē gelir, n¿fus, ikincil sanayi oranē, 

kentleĸme d¿zeyinin elektrik t¿ketimi ¿zerinde pozitif yºnl¿ 

etkisi var iken, elektrik fiyatēnēn elektrik t¿ketimi ¿zerinde 

negatif yºnl¿ etkisi vardēr. Ayrēca bulgular end¿striyel 

yapēnēn optimizasyonunun elektrik t¿ketim verimliliĵindeki 

iyileĸmeye katkēda bulunduĵunu gºstermektedir. 

Su (2020) 1998-2018 

Tayvan (21 

ĸehir) 

Panel veri 

analizi 

Bulgulara gºre elektrik talebini belirleyen faktºrlerin kērsal ve 

kentsel bºlgeler arasēnda farklēlēk gºstermektedir. Bulgular 

n¿fus, gelir, klima sayēsē, soĵuk g¿n sayēsē, klima sayēsē ve 

d¿ĸ¿k gelire sahip olan hanehalkēnēn y¿zdesi elektrik 

t¿ketimini pozitif yºnl¿ etkilerken, elektrik fiyatē ve 

hanehalkē b¿y¿kl¿ĵ¿ elektrik t¿ketimini negatif yºnl¿ 

etkilemektedir. 

Literat¿r incelendiĵinde bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicilerinin 

analizinde yatay kesit, panel veri ve mek©nsal panel veri yºntemlerinin tercih edildiĵi 

gºr¿lmektedir. Mekansal panel veri analizinin tercih edildiĵi bu araĸtērma iki nedenden dolayē 

literat¿rden farklēlaĸmaktadēr. Bu nedenlerden ilki, bºlgesel konut ve sanayi elektrik 

t¿ketiminin belirleyicilerinin T¿rkiye D¿zey II bºlgelerinde ilk defa incelenecek olmasēdēr. 

Ķkincisi, bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicilerinin analizinde bºlgeler 

arasēndaki mek©nsal etkileĸimi de dikkate alan mek©nsal panel veri yºnteminin kullanēlacak 

olmasēdēr. 
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2. VERĶ, Y¥NTEM VE MODEL 

Literat¿r, bºlgesel konut ve sanayi elektrik t¿ketiminin belirleyicileri olarak bir ­ok faktºre 

dikkat ­ekmektedir. Gelir d¿zeyi, elektrik fiyatē, gaz fiyatē, kentleĸme d¿zeyi, n¿fus, 

hanehalkē b¿y¿kl¿ĵ¿, sēcak ve soĵuk g¿n sayēsē literat¿rde en yaygēn kullanēlan 

faktºrlerdendir. Bu faktºrlerden gaz fiyatē ve hanehalkē b¿y¿kl¿ĵ¿n¿n 2010 yēlēndan ºnceki 

verilerine eriĸilememesinden dolayē bu deĵiĸkenler araĸtērmanēn modelinde yer almamaktadēr. 

Ayrēca soĵuk ve sēcak g¿n sayēsēnēn bºlgesel verilerine ulaĸēlamamasēndan dolayē bu deĵiĸken 

araĸtērmanēn modeline d©hil olamamēĸtēr. Araĸtērmanēn analizinde kullanēlan deĵiĸkenlerin 

kēsaltmalarē, tanēm ve kaynaklarē Tablo 2ôde verilmektedir. 

Tablo 2. Deĵiĸkenlerin Tanēm ve Kaynaklarē 

Deĵiĸkenler Tanēm Kaynak 

lres D¿zey II bºlgelerinde konut elektrik t¿ketimi TUĶK 

lindet D¿zey II bºlgelerinde sanayi elektrik t¿ketimi TUĶK 

lgdp D¿zey II bºlgelerinde kiĸi baĸēna gelir d¿zeyi TUĶK 

lpri D¿zey II bºlgelerinde elektrik fiyatē TUĶK 

lpop D¿zey II bºlgelerinin n¿fusu TUĶK 

lurb D¿zey II bºlgelerinde kentleĸme d¿zeyi TUĶK 

lind D¿zey II bºlgelerinde sanayileĸme d¿zeyi TUĶK 

Tablo 2ôdeki deĵiĸkenler logaritmik formlarē ile araĸtērmada kullanēlmēĸtēr. Deĵiĸkenlerin 

logaritmik formlarē ile kullanēlmasē analizde tahmin edilen katsayēlarēn doĵrudan esneklik 

ºl­¿leri olarak yorumlanmasēnē saĵlar. Ayrēca deĵiĸkenlerin logaritmasēnēn alēnmasē deĵiĸen 

varyans oluĸumunu azaltmakta ve parametre tahminlerinin etkinliĵini artērmaktadēr (Arimah, 

1993: 73). T¿rkiyeônin D¿zey II bºlgelerinin konut ve sanayi elektrik t¿ketiminin 2007 

yēlēndan ºnceki ve 2018 yēlēndan sonraki verilerine eriĸilememesinden dolayē araĸtērmanēn 

dºnemi 2007-2018 olarak belirlenmiĸtir. 2007-2018 dºnemi i­in T¿rkiyeônin D¿zey II 

bºlgeleri ºrnekleminde konut ve sanayi elektrik t¿ketiminin belirleyicileri mek©nsal panel 

veri yºntemi ile analiz edilmiĸtir. Analizde kullanēlan modeller aĸaĵēda sunulmaktadēr. 

Model 1: ὰὶὩί=‍ ”В ὡ ὰὶὩί‍ὰὫὨὴ‍ὰὴὶὭ‍ὰὴέὴ‍ὰόὶὦ‐ ,  

‐ ɚW‘                                                                                                                                  (1) 

Model 2: ὰὭὲὨὩὸ= ‍ ”В ὡ ὰὶὩί‍ὰὫὨὴ‍ὰὴὶὭ‍ὰὴέὴ‍ὰόὶὦ

‍ὰὭὲὨ‐ ,            ‐ ɚW ‘                                                                                                    
(2) 

Model 1, bºlgesel konut elektrik t¿ketiminin belirleyicilerini incelemek ¿zerine kurulurken, 

Model 2 bºlgesel sanayi elektrik t¿ketiminin belirleyicileri incelemek ¿zerine kurulmuĸtur. 
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Modellerde yer alan ” sembol¿ mek©nsal gecikmeyi, ɚ sembol¿ mek©nsal hata terimini temsil 

etmektedir. (1) ve (2) nolu eĸitlikteki W ise komĸuluk iliĸkisine dayanan Vezir aĵērlēk 

matrisidir. Baĵēmsēz bir deĵiĸkendeki deĵiĸim etkisinin bºlgeler arasēnda doĵrudan ve dolaylē 

yollardan izin vermesinden ve bºlgeler arasēndaki mekansal etkileĸimi yakalamasēndan dolayē 

araĸtērmanēn modellerinin analizinde sabit etkiler mekansal panel veri yºntemi tercih 

edilmiĸtir. Sabit veya tesad¿fi bir model aracēlēĵēyla gºzlenmemiĸ heterojenliĵi dikkate alan 

mekansal panel verinin tahmininde Genel Momentler Yºntemi (GMM) ve Maksimum 

Olabilirlik (ML) yaklaĸēmlarē kullanēlmaktadēr. Genellikle araĸtērmalarda sēklēkla ML, 

GMMôe tercih edilmektedir (Blazques Gomez vd.,2013: 559-560). Bu araĸtērmada da ML 

yaklaĸēmēna dayanan sabit etkiler mekansal panel veri yºntemi kullanēlmēĸtēr. 

3.AMPĶRĶK BULGULAR 

Sabit etkiler mekansal panel veri analizinin ilk aĸamasēnda aĵērlēk matrisi modellerin i­ine 

d©hil edilir. Ardēndan aĵērlēk matrisin d©hil edildiĵi modeller en k¿­¿k kareler tahmincisi ile 

analiz edilmektedir. En k¿­¿k kareler tahmin bulgularēnda mekansal etkinin varlēĵē LM ve 

diren­li LM testleri ile sēnanmēĸtēr. LM ve diren­li LM testlerinin bulgularē Tablo 3ôte 

raporlanmaktadēr. 

Tablo 3. Mekansal Baĵēmlēlēk Test Sonu­larē 

LM Testleri Model 1 Model 2 

Ķst. deĵeri Olasēlēk Ķst. deĵeri Olasēlēk 

ὒὓ 40.810 0.001 3.132 0.077 

ὒὓ  z 1.260 0.261 5.541 0.019 

ὒὓ 119.99 0.000 7.040 0.007 

ὒὓ  z 80.441 0.000 9.448 0.002 

Not:* LM testinin diren­li formunu temsil etmektedir. 

LM test bulgularēna gºre %5 anlamlēlēk d¿zeyinde Model 1 i­in mekansal gecikme ve 

mekansal hatanēn varlēĵē tespit edilirken, Model 2 i­in sadece mekansal hatanēn varlēĵē tespit 

edilmektedir.  Diren­li LM test bulgularē ise %5 anlamlēlēk d¿zeyinde Model 1 ve Model 2ôde 

mekansal gecikme ve mekansal hatanēn varlēĵēnē gºstermektedir. LM ve diren­li LM testi 

bulgularē Model 1 ve Model 2 i­in iki yºntemin de uygun olduĵuna iĸaret etmektedir. En 

k¿­¿k kareler, sabit etkiler mekansal gecikme ve sabit etkiler mekansal hata tahmin sonu­larē 

Tablo 4ôte raporlanmaktadēr. 

Tablo 4. Mekansal Analiz Bulgularē 

Deĵiĸken Model 1  

Baĵēmlē deĵiĸken: lres 

Model 2 

Baĵēmlē deĵiĸken: lindet 
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OLS Lag-SE Err-SE OLS Lag-SE Err-SE 

ὰὫὨὴ 0.469*** 

(15.257) 

[0.031] 

0.138*** 

(4.88) 

[0.028] 

0.242*** 

(10.11) 

[0.024] 

0.363*** 

(4.950) 

[0.073] 

0.298*** 

(5.34) 

[0.056] 

0.299*** 

(6.76) 

[0.044] 

ὰόὶὦ -0.198** 

(-2.229) 

[0.089] 

0.078* 

(1.87) 

[0.042] 

0.132*** 

(2.98) 

[0.045] 

-0.443** 

(-2.152) 

[0.206] 

0.011 

(0.15) 

[0.077] 

0.044 

(0.54) 

[0.081] 

ὰὴέὴ 1.092*** 

(40.983) 

[0.027] 

0.552*** 

(3.75) 

[0.147] 

0.642*** 

(4.20) 

[0.169] 

0.697*** 

(11.380) 

[0.061] 

0.259 

(0.97) 

[0.267] 

0.409 

(1.46) 

[0.279] 

ὰὴὶὭ -0.088 

(-0.826) 

[0.106] 

0.024 

(0.70) 

[0.035] 

0.027 

(0.46) 

[0.059] 

0.142 

(0.581) 

[0.244] 

0.101 

(1.61) 

[0.063] 

0.110 

(1.40) 

[0.079] 

ὰὭὲὨ    2.453*** 

(26.887) 

[0.094] 

0.587*** 

(5.54) 

[0.106] 

0.685*** 

(5.96) 

[0.115] 

ɚ   0.420*** 

(6.42) 

[0.065] 

 0.083 

(1.06) 

[0.084] 

 

Rho  0.380*** 

(5.75) 

[0.066] 

   0.217*** 

(2.59) 

[0.084] 

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

Not: Asimptotik t istatistik deĵerleri parantez i­erisinde, standart hata deĵerleri kapalē parantez i­erinde 

verilmiĸtir. LR ise olabilirlik oranēnē, ɚ mek©nsal gecikme terimini, rho mek©nsal hata terimini 

temsil etmektedir.*,**,*** sērasēyla %10,%5, %1 anlamlēlēk d¿zeyini temsil etmektedir. 

Tablo 4ôe gºre Model 1 i­in bºlgeler arasēndaki etkileĸimi yansētan mekansal hata terimi 

pozitif deĵer almaktadēr. Bu bir bºlgedeki elektrik t¿ketiminin komĸu bºlgedeki elektrik 

t¿ketimi ¿zerinde artērēcē etkisi olduĵunu gºstermektedir. Ayrēca Tablo 4ôe gºre %5 

anlamlēlēk d¿zeyinde gelir, kentleĸme ve n¿fusun bºlgesel konut elektrik t¿ketimi ¿zerinde 

pozitif yºnl¿ etkisi vardēr. Analiz bulgularēnda elektrik fiyatēnēn bºlgesel konut elektrik 

t¿ketimi ¿zerinde anlamlē bir etkisine rastlanēlamamēĸtēr. LR test bulgularē klasik yºnteme 

gºre mekansal hata yºnteminin daha uygun olduĵunu belirtmektedir. Model 1 i­in elde edilen 

mekansal gecikme tahmin bulgularē mekansal genel itibariyle mekansal hata bulgularēnē 

desteklemektedir. Tahmin bulgularē arasēndaki tek fark kentleĸmenin bºlgesel konut elektrik 

t¿ketimi ¿zerindeki etkinin anlamlēlēk d¿zeyidir. 

Tablo 4ôe gºre Model 2 i­in bºlgeler arasēnda mekansal etkileĸimi yansētan mekansal hata 

terimi pozitif deĵer almaktadēr. Bu, bir bºlgedeki sanayi elektrik t¿ketiminin komĸu 

bºlgelerdeki sanayi elektrik t¿ketimi ¿zerinde artērēcē etkisi olduĵunu gºstermektedir. Ayrēca, 

Tablo 4ôe gºre gelir d¿zeyi ve sanayileĸme d¿zeyi bºlgesel sanayi elektrik t¿ketimini pozitif 

yºnl¿ etkilemektedir. Bununla birlikte, analiz bulgularēnda kentleĸme, n¿fus ve elektrik 
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fiyatēnēn bºlgesel sanayi elektrik t¿ketim ¿zerinde anlamlē etkisi tespit edilememiĸtir. LR testi 

bulgusu Model 2 i­in mekansal hata tahmincisinin klasik yºnteme gºre daha tutarlē sonu­lar 

vereceĵini gºstermektedir. Model 2 i­in elde edilen mekansal gecikme tahmin bulgularē 

mekansal mekansal hata bulgularē ile benzeĸmektedir. 

Bºlgesel konut elektrik t¿ketiminin en ºnemli belirleyicisi n¿fus iken, bºlgesel sanayi elektrik 

t¿ketiminin en ºnemli belirleyicisi sanayileĸme d¿zeyidir. Bºlgeler arasēndaki etkileĸimi 

yansētan mekansal hata terimi bºlgesel konut sanayi elektrik t¿ketimine gºre bºlgesel sanayi 

elektrik t¿ketiminde daha belirgindir. Model 1 ve Model 2ônin en k¿­¿k kareler ve sabit 

etkiler mekansal hata tahmincilerinin bulgularēnēn karĸēlaĸtērēlmasē sonucunda gºzlenen 

farklēlēklar mekansal etkiyi ihmal etmenin tutarsēz ve yanlē tahminlere yol a­acaĵēnē 

gºstermektedir. Sabit etkiler mekansal hata yºntemi ile bºlgesel konut elektrik t¿ketiminin 

belirleyicilerinin analiz edilmesinin ardēndan gelir d¿zeyi, kentleĸme, n¿fus ve elektrik 

fiyatēnēn bºlgesel konut elektrik t¿ketimi ¿zerindeki etkilerinin doĵrudan ve dolaylē olarak 

ayrēlmasē Tablo 5ôte ºzetlenmektedir.  

Tablo 5. Doĵrudan ve Dolaylē Etkiler 

Deĵiĸken Doĵrudan etkiler Dolaylē Etkiler Toplam Etki 

ὰὫὨὴ 0.143*** 

(5.21) 

[0.027] 

0.078*** 

(5.39) 

[0.015] 

0.220*** 

(6.81) 

[0.032] 

ὰόὶὦ 0.082* 

(1.84) 

[0.045] 

0.048 

(1.56) 

[0.030] 

0.130* 

(1.77) 

[0.073] 

ὰὴέὴ 0.582*** 

(4.05) 

[0.144] 

0.327*** 

(2.87) 

[0.114] 

0.909*** 

(3.87) 

[0.235] 

ὰὴὶὭ 0.025 

(0.68) 

[0.037] 

0.014 

(0.64) 

[0.022] 

0.039 

(0.67) 

[0.057] 

Not: Asimptotik t istatistik deĵerleri parantez i­erisinde, standart hata deĵerleri kapalē parantez i­erinde 

verilmiĸtir.*,**,*** sērasēyla %10,%5, %1 anlamlēlēk d¿zeyini temsil etmektedir. 

Tablo 5ôe gºre gelir d¿zeyi ve n¿fusun bºlgesel konut elektrik t¿ketimi ¿zerinde doĵrudan ve 

dolaylē anlamlē etkisi vardēr. Tablo 5, bºlgesel konut elektrik t¿ketiminin komĸu bºlgelerin 

n¿fusundan da ºnemli ºl­¿de etkilendiĵini gºstermektedir. Komĸu bºlgelerin n¿fusunun 

yanēnda gelir d¿zeyleri de bºlgesel konut elektrik t¿ketimi ¿zerinde zayēf pozitif yºnl¿ etkisi 

vardēr. Tablo 5ôte sabit etkiler mekansal gecikme tahmin bulgularēna gºre de %5 anlamlēlēk 

d¿zeyinde komĸu bºlgelerin kentleĸme d¿zeylerinin ve elektrik fiyatlarēnēn bºlgesel konut 

elektrik t¿ketimi ¿zerinde anlamlē etkisi yoktur. 
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4. SONU¢  

Modern toplumlar i­in vazge­ilmez bir konumda olan elektrik enerjisi konut, sanayi, ulaĸēm 

ve ticari olmak ¿zere dºrt sektºrde kullanēlmaktadēr. Bu sektºrler arasēndan konut ve sanayi 

sektºrlerinde diĵer sektºrlere gºre daha fazla elektrik kullanēlmaktadēr. Sosyo-ekonomik 

kalkēnma ve yaĸam gereksinimlerin karĸēlanmasēnda da ºnemli rol¿ olan konut ve sanayi 

elektrik t¿ketiminin belirleyicilerinin bilinmesi politika yapēcēlar i­in ºnem arz etmektedir. 

Literat¿rdeki araĸtērmalar konut ve sanayi elektrik t¿ketiminin belirleyicileri olarak gelir 

d¿zeyi, elektrik fiyatē, gaz fiyatē, n¿fus, kentleĸme ve sanayileĸme d¿zeyi, hanehalkē 

b¿y¿kl¿ĵ¿, sēcak ve soĵuk g¿n sayēsē gibi faktºrleri tespit etmiĸlerdir. Ancak elektrik 

t¿ketiminin belirleyicileri bºlgeler arasēnda deĵiĸkenlik gºstermektedir. Bu baĵlamda 

araĸtērmada T¿rkiyeônin D¿zey II bºlgeleri bazēnda 2007-2018 dºnemi i­in konut ve sanayi 

elektrik t¿ketiminin belirleyicileri sabit etkiler mekansal panel veri yºntemi ile analiz 

edilmiĸtir. 

Analizin ilk aĸamasē olan LM testi bulgularēna gºre bºlgesel konut ve sanayi elektrik 

t¿ketiminin belirleyicilerini inceleyen modellerde mekansal hata ve mekansal gecikmenin 

tespit edilmiĸtir. Bºlgeler arasēndaki etkileĸimi temsil eden mekansal hata ve mekansal 

gecikmenin tespit edilmesinin ardēndan araĸtērmanēn modelleri sabit etkiler mekansal hata ve 

sabit etkiler mekansal gecikme tahmincileri ile analiz edilmiĸtir. Analiz bulgularēna gºre 

Model 1 ve Model 2 i­in bºlgeler arasēndaki etkileĸimi yansētan mekansal hata katsayēlarē 

pozitiftir. Bu durum bir bºlgedeki konut ve sanayi elektrik t¿ketiminin komĸu bºlgelerdeki 

konut ve sanayi elektrik t¿ketimlerinden pozitif yºnl¿ etkilendiĵini ima etmektedir. Ayrēca 

analiz bulgularēna gºre gelir d¿zeyi, n¿fus ve kentleĸmenin bºlgesel konut elektrik t¿ketimi 

¿zerinde pozitif yºnl¿ etkisi var iken, elektrik fiyatēnēn bºlgesel elektrik t¿ketimi ¿zerindeki 

anlamlē etkisi yoktur. Bununla birlikte analiz bulgularēna gºre gelir ve sanayileĸme d¿zeyinin 

bºlgesel sanayileĸme ¿zerinde pozitif yºnl¿ etkisi var iken, n¿fus, kentleĸme ve elektrik 

fiyatēnēn bºlgesel sanayi elektrik t¿ketimi ¿zerinde anlamlē etkisi yoktur. 

Araĸtērma bulgularē doĵrultusunda bºlgesel konut elektrik t¿ketimiyle ilgili gelecek 

projeksiyonu hazērlamaktan sorumlu olan politika yapēcēlara bºlgelerin n¿fuslarēnē, gelir 

d¿zeyleri ve mekansal etkileĸimleri dikkate almasē ºnerilmektedir. Ayrēca politika 

yapēcēlarēnēn hazērlayacaĵē bºlgesel sanayi elektrik t¿ketiminin gelecek projeksiyonunda 

bºlgelerin gelir ve sanayileĸme d¿zeylerinin dikkate almalarē ºnerilmektedir. 
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¥ZET: K¿resel alandaki karbonsuzlaĸma ve 4. sanayi devriminin birlikteliĵi ekonomik ve finansal sistemlerin 

yanē sēra toplumsal yapē ¿zerinde de kºkten deĵiĸim beklentisi yaratarak sēfēr karbonlu gelecek i­in fērsat 

oluĸturabilmektedir. Net sēfēr emisyon hedefine ulaĸēlmasēndaki faktºrler kapsamēnda ekonomik b¿y¿menin, 

araĸtērma-geliĸtirme harcamalarēnēn, finansal kalkēnmanēn, enerji t¿ketiminin, karbondioksit emisyonlarēnēn ve 

diĵer aktºrlerin etkileri incelenmektedir. Geliĸmiĸ ve geliĸmekte olan ¿lkeler sēnēfēnda ­alēĸmalar mevcut olsa da 

dinamik ekonomileriyle birlikte gen­-b¿y¿yen n¿fusu i­inde barēndēran Kolombiya, Endonezya, Vietnam, Mēsēr, 

T¿rkiye ve G¿ney Afrika ¿lkelerini kapsayan CIVETS grubu ¿lkeler ¿zerinde karbon emisyonlarē ile ilgili 

neredeyse hi­bir ­alēĸma bulunmamaktadēr. ¢alēĸma kapsamēnda, gecikmesi daĵētēlmēĸ otoregresif sēnēr testi 

yaklaĸēmē kullanēlarak kēsa ve uzun dºnemli iliĸkilerin ortaya ­ēkarēlmasē ama­lanmaktadēr.  

Anahtar Kelimeler:  Karbon Emisyonu, ARDL model, CIVETS. 

NET-ZERO CARBON EM ISSION TARGET: CIVETS COUNTR IES 

ABSTRACT: The combination of decarbonisation and the 4th industrial revolution create an opportunity in 

future for zero carbon emissions within anticipation of radical change in economic and financial 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.GĶRĶķ 

Doĵal ve doĵal olmayan nedenlere dayanan iklim deĵiĸikliĵi k¿resel bir sorun olarak ortaya 

­ēkmaktadēr. K¿resel ēsēnmanēn/soĵumanēn asēl kaynaĵē ise doĵal olmayan nedenler arasēnda 

yer alan fosil yakēt kullanēmē ve salēnan zararlē gazlar, arazi kullanēmēndaki bozulma ve 

ormansēzlaĸtērma, sanayi s¿re­leri ve enerji t¿ketimi gibi etmenler sēralanabilmektedir. 

K¿reselleĸme ve iklim deĵiĸikliĵi sonucunda eko-sistem ¿zerinde meydana gelen bozulmalar 

sosyo-ekonomik yapē ¿zerinde ciddi etkiler ortaya koyduĵundan makroekonomik 
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deĵiĸkenlerle birlikte daha sēk bi­imde incelenmektedir. Sanayi devrimi sonrasēnda sera gazē 

emisyonlarēnēn seviyelerinde meydana gelen ciddi artēĸlar, geliĸmiĸ/geliĸmekte olan ¿lkelerin 

ekonomilerinin kalkēnma programlarēna ortaya ­ēkan bozulmalarē da dahil etmesi gerekliliĵini 

ortaya ­ēkarmaktadēr (¥zen, 2019). Kalkēnma programlarēyla birlikte doĵal kaynaklarēn etkin 

kullanēlmasēnē ve zararlē gazlarēn havaya salēnēmēn en aza indirilmesini hedeflemektedirler.  

¢evrenin bozulmasēna neden olan faktºrlerin kontrol altēna alēnmasē ­er­evesinde enerji 

g¿venliĵinin saĵlanmasē, ­evresel bozulma ve iklim deĵiĸikliĵiyle m¿cadeleyi kapsayan yeĸil 

b¿y¿me ve yeĸil ekonomi kavramlarē ortaya ­ēkmaktadēr. B¿y¿menin ve kalkēnmanēn 

saĵlanabilmesi i­in ­evresel parametrelere zarar vermeden ekonomik faaliyetlerin 

ger­ekleĸtirilebilmesinin saĵlanmasē ama­lanērken; ­evre ve kaynaklarēn kullanēmē kamu 

politikalarē ve ­evre dostu alternatif teknolojilerle desteklenmesi gerekmektedir. Bu yaklaĸēm 

kēsa dºnemde kēsa dºnemde y¿ksek maliyet gerektirmekle birlikte uzun vadede 

deĵerlendirildiĵinde hem k¿resel hem de ¿lkeler i­in ºnemli avantajlar saĵlayabilmektedir 

(Prato, 1998).  

Ekonomiler i­in kritik bir unsur olan ve enerji talebi ile sēnērlē enerji kaynaklarē arasēnda 

denge kurmayē ama­layan enerji ekonomisindeki verimlilik ve rekabet­ilik, ekonomik 

faaliyetlerin ger­ekleĸtirilmesi ve s¿rd¿r¿lebilir hale getirilmesi i­in ºnem arz etmektedir 

(Demir, 2007). Enerji kullanēmēndaki artēĸ iklim deĵiĸikliĵi ¿zerinde etkili olduĵundan 

alternatif enerji kaynaklarēnēn kullanēmē desteklenmektedir. ¦lkelerin birincil hedefi olan 

toplumun refahēnēn ve yaĸam kalitesinin arttērēlmasē kiĸi baĸēna d¿ĸen gelirle orantēlē 

olmaktadēr (¥zt¿rk ve G¿len, 2019). Kuznets(1955), kiĸi baĸēna d¿ĸen gelirdeki artēĸla 

birlikte ekonomik geliĸmenin ilk dºnemlerinde gelir eĸitsizliĵini y¿kselttiĵini ve artan gelir 

eĸitsizliĵiyle birlikte ekonomik b¿y¿meye baĵlē olarak belirli bir dºnemde eĸitsizliĵin 

azalmaya baĸladēĵēnē ileri s¿rmektedir. Politik kanallar yaklaĸēmēna, bºlgesel farklēlēk 

yaklaĸēmēna, n¿fusun yaĸ daĵēlēmēna, tercihler-teknoloji d¿zeyi ve iĸlem etkinliĵi yaklaĸēmēna 

ve kurumsal iktisat yaklaĸēmēna da uygulanabilen Kuznets Eĵrisi yaklaĸēmē, 1992 yēlēnda 

ger­ekleĸen Rio Konferansē sonrasēnda kalkēnmēĸlēk d¿zeyi ve ­evre kirliliĵi d¿zeyi 

arasēndaki iliĸkinin incelenmesinde kullanēlmaya baĸlanmaktadēr. ¢evresel Kuznets Eĵrisi 

yaklaĸēmēna gºre, ­evresel kirlilik d¿zeyi ile ekonomik kalkēnma s¿recinde ters U ĸeklinde 

ºnce artēĸ gºzlemlenmekte ve belirli bir dºnem sonrasē d¿ĸ¿ĸ meydana gelmektedir. ¢evresel 

Kuznets Eĵrisi kapsamēnda yapēlan ­alēĸmalarda ¿lke bazēnda ve incelen dºnem bazēnda 

farklē sonu­lar elde edildiĵinden kesin bir sonuca varēlmamaktadēr.   

Robledo ve Olivares (2013), CIVETS ¿lkelerinde karbondioksit emisyonlarē ile enerji 

t¿ketimi ve Gayri Safi Yurti­i Hasēla arasēndaki iliĸkiyi incelemektedir.  Ibrahiem (2016), 

Mēsērôda ­evresel bozulma ve ekonomik b¿y¿me arasēndaki iliĸkiyi karbondioksit 

emisyonlarē, ekonomik b¿y¿me, enerji t¿ketimi, ticaret a­ēklēĵē ve n¿fus yoĵunluĵu ¿zerinden 

sorgulamaktadēr. Pata (2018), T¿rkiyeôde kiĸi baĸēna d¿zen gayri safi yurti­i hasēla, kiĸi 

baĸēna d¿ĸen karbondioksit emisyonlarē, finansal geliĸme, kiĸi baĸēna toplam yenilenebilir 
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enerji t¿ketimi, hidroelektrik t¿ketimi, alternatif enerji t¿ketimi ve ĸehirleĸme arasēndaki kēsa 

ve uzun vadeli dinamik iliĸkiyi araĸtērmaktadēr. Roman vd. (2018), Kolombiyaôda 

karbondioksit emisyonlarēnda meydana gelen deĵiĸiklikleri fosil yakētlarēn ikame edilmesi, 

yenilenebilir enerji, enerji yoĵunluĵu, gelir d¿zeyi ve n¿fus a­ēsēndan ele almaktadēr. Bashir 

vd. (2019), Endonezyaôda beĸer´ sermaye, enerji t¿ketimi, karbondioksit emisyonlarē ve 

ekonomik b¿y¿me arasēndaki nedensellik iliĸkisini incelemektedir. Salahuddin vd. (2019), 

G¿ney Afrikaôda ĸehirleĸme ve k¿reselleĸmenin karbondioksit emisyonlarē ¿zerindeki 

etkilerini ortaya koymaktadēr. Shanbaz vd. (2019), Vietnamôda karbondioksit emisyonlarē ile 

ekonomik b¿y¿me arasēndaki kēsa ve uzun vadeli iliĸkiyi ­evresel Kuznets eĵrisi yaklaĸēmē ile 

araĸtērmaktadēr. Petroviĺ-RanĽeloviĺ vd. (2020), CIVETS ¿lkelerinde karbondioksit 

emisyonlarē ile kiĸi baĸēna d¿ĸen Gayri Safi Yurti­i Hasēla, doĵrudan yabancē yatērēmlar 

stoĵu, br¿t sabit sermaye oluĸumu, end¿stri ve katma deĵer arasēndaki nedensellik iliĸkisini 

incelemektedir. Nathaniel vd. (2020), CIVETS ¿lkelerinde yenilenebilir enerji ile ĸehirleĸme, 

ekonomik b¿y¿me, ticaret a­ēĵē ve ekolojik ayak izi arasēndaki nedensellik iliĸkisini ele 

almaktadēr. ¢alēĸma kapsamēnda konuya giriĸ yapēlarak karbondioksit emisyonlarē, enerji 

kullanēmē, doĵrudan yabancē yatērēmlar, b¿y¿me oranē ve sanayi katma deĵeri arasēndaki uzun 

ve kēsa dºnem iliĸkilerin ortaya ­ēkartēlmasēnda kullanēlan ekonometrik model yapēsē 

hakkēnda bilgi verildikten sonra elde edilen bulgular yorumlanmaktadēr.  

2.EKONOMETRĶK METODOLOJĶ 

Ķktisat teorilerinin ge­erliliĵinin sēnanmasē i­in kullanēlan ekonometrik yºntemlere 

ge­ilmeden ºnce ilk aĸamada ele alēnan serilerin birim kºk kontrollerinin yapēlmasē 

gerekmektedir. Serilerin birim kºke sahip olmasē model tahminlerinin sapmalē ve tutarsēz 

olmasēna neden olmakta ve anlamlē bir iliĸki olmadēĵē durumda bile anlamlē bir iliĸkinin 

mevcut olduĵu yanēlgēsēnē ortaya ­ēkarmaktadēr (¥zt¿rk ve ¢ēnar, 2018). Pesaran vd. (2001), 

duraĵanlēk dereceleri I(0) ve I(1) olan serilerin birlikte incelenmesini saĵlayan ve daha 

saĵlam(robust) sonu­lar  veren otoregresif daĵētēlmēĸ gecikme (ARDL) modelini ortaya 

koymaktadēr.  Duraĵan olmamadan kaynaklē sēkēntēlarēn bir miktar ortadan kaldērēlabildiĵi ve 

farklē gecikme uzunluklarēna sahip deĵiĸkenlerle modelleme yapabilmeyi saĵlayan ARDL 

modeli ­er­evesinde, baĵēmlē deĵiĸkenin gecikmeleri ARDL yaklaĸēmēnēn otoregresif (AR) 

kēsmēnē oluĸtururken; baĵēmsēz deĵiĸkenlerin gecikmelerinin yer aldēĵē kēsēm ise daĵētēlmēĸ 

gecikmeyi (DL) oluĸturmaktadēr (Paseran vd. 2001:290). K¿­¿k ºrneklemler ¿zerinde de kēsa 

ve uzun dºnem iliĸkilerin birlikte incelendiĵi ARDL modeli, klasik eĸt¿mleĸme modellerine 

gºre daha g¿­l¿ ve g¿venilir sonu­lar verebilmektedir.  

 

ὣ ‌ В ‌ὣ В ‍ὢ ‐                                                                                   
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ĸeklinde gºsterilen ARDL modelinde  gecikme sayēlarē bilgi kriterleri kullanēlarak 

belirlenmektedir (Sev¿ktekin ve Nargele­ekenler, 2010). Model kapsamēnda serisel 

korelasyon, deĵiĸen varyans, spesifikasyon hatasēnēn olmamasē ve parametre tahminlerinin 

tutarlē olmasēna gerekmektedir (Mert ve ¢aĵlar, 2019). ARDL yºntemine esas olan ºrnek 

kēsētsēz hata d¿zeltme modeli, ñmò bilgi kriterleri kullanēlarak elde edilen geliĸme sayēsēnē 

gºstermek ¿zere, 

 

ɝώ ‌ В ‍ɝώ В ‍ɝὼ ‍ώ ‍ὼ ‐                                             

(2) 

 

ĸeklinde yazēlabilmektedir. Modele iliĸkin otokorelasyon varlēĵēnē araĸtēran testlerinden sonra, 

F-sēnēr testi yaklaĸēmēna gºre seriler arasēnda uzun dºnemli iliĸkinin varlēĵē 

incelenebilmektedir.  F-istatistik deĵeri alt ve ¿st sēnēr deĵeri arasēnda belirlendiĵinde ise 

Engle-Granger veya Johansen test yºntemlerinin kullanēlmasē uygun olmaktadēr. Uzun dºnem 

katsayēlarē  

 

 ώ ‌ В ‍ώ В ‍ὼ ‐                                                                                   

(3) 

 

ĸeklinde ifade edilmektedir. Uzun dºnem denkleminden elde edilen parametreler 

belirlendikten sonra modelin tanēsal sonu­lar incelenerek modelin g¿venilirliĵi 

belirlenmektedir. Kēsa dºnemli iliĸkilerin belirlenmesinde kullanēlan ºrnek hata d¿zeltme 

modeli, Ὁὅὓ  uzun dºneme ait denklemdeki kalēntēlarēn gecikmesi alēnarak oluĸturulan ve 

hata d¿zeltme modeli olarak ifade edilmek ¿zere, 

 

ɝώ ὥ В ‗ɝώ В ‗ɝὼ ‗Ὁὅὓ ‐                                                       

(4) 

 

ĸeklinde gºsterilmektedir. ‗ olarak ifade edilen katsayē negatif ve istatistiki olarak anlamlē 

olmasē durumunda kēsa dºnemde oluĸabilecek denge sapmalarēnēn ne kadarēnēn uzun 

dºnemde ortadan kalktēĵēnē belirtmektedir (Yenisu, 2019).  

 

3.UYGULAMA  
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¢alēĸma kapsamēnda, karbondioksit emisyonlarē (CO2), enerji kullanēmē (EK), doĵrudan 

yabancē yatērēmlar (DYY), Gayri Safi Yurti­i Hasēla (GSYIH) ve sanayi katma deĵeri (SKD) 

arasēndaki uzun ve kēsa dºnem iliĸkilerin 1970-2018 yēllarē kapsamēnda Kolombiya, 

Endonezya, Mēsēr, T¿rkiye ve G¿ney Afrika ve 1986-2018 yēllarē kapsamēnda Vietnam i­in 

ortaya ­ēkarēlmasē ve ­evresel Kuznets eĵrisinin varlēĵēnēn araĸtērēlmasē ama­lanmaktadēr. 

Deĵiĸkenlere iliĸkin veri setlerin D¿nya Bankasē, Global-Carbon-Atlas ve Our-World-in-Data 

veri yayēnlama kaynaklarēndan ulaĸēlabilmektedir. T¿m deĵiĸkenlerin logaritmalarē alēnarak 

analize dahil edilmektedir. ¦lkeler kapsamēnda, ele alēnan deĵiĸkenlere iliĸkin birim kºk 

varlēĵēnēn araĸtērēlmasē, otoregresif daĵētēlmēĸ gecikme (ARDL) modeline iliĸkin sonu­lar ve 

tanē testleri Tablo 1.ôde gºsterilmektedir.   

 

Tablo1: CIVETS ¦lkelerine Ķliĸkin Model Tahmin Sonu­larē 

KOLOMBĶYA 

 ADF Birim Kºk Testi   PP Birim Kºk 

Testi 

KPSS Birim Kºk Testi 

Deĵiĸkenler I(0) I(1) I(0) I(1) I(0) I(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 -

15.541* 

0.839 0.265* 

GSYĶH  -4.019* - -4.026* - 0.22* - 

GSYĶH2 -4.326* - -4.012* - 0.331* - 

SKD -4.354* - -4.305* - 0.260*  - 

ARDL  (1,1,4,2,3,3) Test Sonu­larē 

CO2(-1) 0.729* DYY(-4) 0.021* GSYĶH2(-3) -0.001* 

EK 0.374 GSYĶH  0.03* SKD -0.006 

EK(-1) -0.258 GSYĶH (-1) 0.0009 SKD(-1) -0.004 

DYY 0.009 GSYĶH (-2) 0.023* SKD(-2) -0.006 

DYY(-1) 0.0004 GSYĶH2 -0.002* SKD(-3) 0.004 

DYY(-2) 0.008 GSYĶH2(-1) -0.0007  

DYY(-3) -0.004 GSYĶH2(-2) -0.0008  

Tanē Testleri 

Breusch-Godfrey Test 0.389 

Breusch-Pagan-Godfrey Test 0.816 

Ramsey Reset Test 0.238 

Koĸullu Hata D¿zeltme Modeli 

CO2(-1)* -0.27** D(DYY) 0.009 D(GSYĶH2(-

1)) 

0.002* 

EK(-1) 0.115 D(DYY(-1)) -0.026* D(GSYĶH2(-

2)) 

0.001* 

DYY(-1) 0.036* D(DYY(-2)) -0.017** D(SKD) -0.006 

GSYĶH(-1) 0.054* D(DYY(-3)) -0.021* D(SKD(-1)) 0.001 

GSYĶH2 (- -0.006* D(GSYĶH) 0.03* D(SKD(-2)) -0.004 
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1) 

D(SKD) -0.013** D(GSYĶH(-

1)) 

-0.023*  

D(EK) 0.374 D(GSYĶH2) -0.002*  

Uzun Dºnem Tahmini 

EK 0.426 GSYĶH 0.2** SKD -0.048** 

DYY 0.133* GSYĶH2 -0.023**  

Sēnēr Testi 2.834* 

Kēsa Dºnem Tahmini 

D(EK) 0.374* D(GSYĶH) 0.03* D(SKD) -0.006** 

D(DYY) 0.009 D(GSYĶH(-

1)) 

-0.023* D(SKD(-1)) 0.001 

D(DYY(-1)) -0.026* D(GSYĶH2) -0.002* D(SKD(-2)) -0.004** 

D(DYY(-2)) -0.017* D(GSYĶH(-

1)) 

0.002* CointEq(-1) -0.27* 

D(DYY(-3)) -0.021* D(GSYĶH(-

2)) 

0.001*  

Sēnēr Testi  -4.96* 

ENDONEZYA  

 ADF Birim Kºk Testi   PP Birim Kºk 

Testi 

KPSS Birim Kºk Testi 

Deĵiĸkenler I(0) I(1) I(0) I(1) I(0) I(1) 

CO2 -1.225 -7.856* -3.355* - 0.918 0.36* 

EK -1.228 -3.349* -2.533 -6.444* 0.891 0.419* 

DYY -2.445 -7.448* -3.3* - 0.127* - 

GSYĶH  -4.019* - -4.869* - 0.279* - 

GSYĶH2 -4.326* - -6.838* - 0.389* - 

SKD -4.354* - -4.524* - 0.6 0.286* 

ARDL (2,5,5,1,3,5) Test Sonu­larē 

CO2(-1) 0.202 DYY(-1) 0.012 GSYĶH2(-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* GSYĶH  0.056* SKD(-4) 0.016* 

EK(-4) 0.866** GSYĶH2  -0.0005 SKD(-5) 0.009* 

EK(-5) 0.641** GSYĶH2 (-1) -0.0008  

DYY -0.039 GSYĶH2(-2) -0.002*  

Tanē Testleri 

Breusch-Godfrey Test 0.391 

Breusch-Pagan-Godfrey Test 1.054 

Ramsey Reset Test 1.444 

Koĸullu Hata D¿zeltme Modeli 

CO2(-1) -1.269* D(EK(-2)) -0.054 D(GSYĶH2(-

1)) 

0.003* 

EK(-1) 1.583* D(EK(-3)) -1.508* D(GSYĶH2(- 0.001* 
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2)) 

DYY(-1) -0.01 D(EK(-4)) -0.641** D(SKD) -0.033 

GSYĶH(-1) 0.056* D(DYY) -0.039 D(SKD(-1)) -0.059* 

GSYĶH2 (-

1) 

-0.004* D(DYY(-1)) -0.016 D(SKD(-2)) -0.046* 

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(GSYĶH2) -0.0005  

Uzun Dºnem Tahmini 

EK 1.247* GSYĶH 0.044* SKD 0.0243 

DYY -0.008 GSYĶH2 -0.003*  

Sēnēr Testi  6.717* 

Kēsa 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(GSYĶH2) -5.10E-05 D(SKD) -0.009* 

D(EK(-4)) -0.641* D(GSYĶH2(-

1)) 

0.003* CointEq(-1) -1.269* 

D(DYY) -0.039* D(GSYĶH2(-

2)) 

0.001*  

Sēnēr Testi  -7.917* 

VĶETNAM 

 ADF Birim Kºk Testi PP Birim Kºk 

Testi 

KPSS Birim Kºk Testi 

Deĵiĸkenler I(0) I(1) I(0) I(1) I(0) I(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* - 

GSYĶH  -3.247* - -3.238* - 0.108* - 

GSYĶH2 -3.038* - -

2.913** 

- 0.117* - 

SKD -3.514* - -3.542* - 0.162* - 

ARDL (2,3,3,3,3,3) Test Sonu­larē 

CO2(-1) 0.496* DYY(-2) -0.025** GSYĶH2(-2) 0.002 

CO2(-2) -0.184 DYY(-3) -0.017** GSYĶH2(-3) -0.016** 

EK 1.457* GSYĶH  0.08 SKD 0.001 

EK(-1) -0.162 GSYĶH (-1) -0.338** SKD(-1) -0.014* 

EK(-2) 0.918** GSYĶH (-2) -0.055 SKD(-2) 0.002* 

EK(-3) -1.52* GSYĶH (-3) 0.258* SKD(-3) 0.006** 

DYY 0.026 GSYĶH2 -0.011  

DYY(-1) -0.021 GSYĶH2(-1) 0.027*  

Tanē Testleri 

Breusch-Godfrey Test 1.184 
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Breusch-Pagan-Godfrey Test 0.591 

Ramsey Reset Test 1.079 

Koĸullu Hata D¿zeltme Modeli 

CO2(-1)* -0.687* D(EK(-1)) 0.601 D(GSYĶH2) -0.011 

EK(-1) 0.693* D(EK(-2)) 1.52* D(GSYĶH2(-

1)) 

0.014** 

DYY(-1) -0.038* D(DYY) 0.026 D(GSYĶH2(-

2)) 

0.016** 

GSYĶH(-1) -0.054 D(DYY(-1)) 0.042* D(SKD) 0.001 

GSYĶH2 (-

1) 

0.002 D(DYY(-2)) 0.017** D(SKD(-1)) -0.009* 

SKD (-1) -0.003 D(GSYĶH) 0.08 D(SKD(-2)) -0.006* 

D(CO2 (-1)) 0.184 D(GSYĶH (-

1)) 

-0.202*  

D(EK) 1.457* D(GSYĶH(-

2)) 

-0.258*  

Uzun Dºnem Tahmini 

EK 1.007* GSYĶH -0.079 SKD -0.005 

DYY -0.055* GSYĶH2 0.003  

Sēnēr Testi 4.758* 

Kēsa Dºnem Tahmini 

D(CO2(-1)) 0.184 D(GSYĶH) 0.017* D(SKD) 0.001 

D(EK) 1.457* D(GSYĶH (-1)) 0.08 D(SKD(-1)) -0.009* 

D(EK(-1)) 0.601* D(GSYĶH(-2)) -0.202* D(SKD(-2)) -0.006* 

D(EK(-2)) 1.520* D(GSYĶH2) -0.258* CointEq(-1) -0.687* 

D(DYY) 0.026* D(GSYĶH2(-1)) 0.014*  

D(DYY(-1)) 0.045* D(GSYĶH2(-2)) 0.016*  

Sēnēr Testi  -7.867* 

MISIR  

 ADF Birim Kºk 

Testi 

PP Birim Kºk Testi KPSS Birim Kºk 

Testi 

Deĵiĸkenler I(0) I(1) I(0) I(1) I(0) I(1) 

CO2 -2.409 -8.48* -2.654 -8.467* 0.908 0.387** 

EK -3.167* - -2.867** - 0.843 0.412** 

DYY -3.852* - -3.043* - 0.207* - 

GSYĶH  -3.434* - -4.013* - 0.345* - 

GSYĶH2 -3.392* - -4.254* - 0.434* - 

SKD -3.69* - -3.69*  0.664 0.369* 

ARDL  (5,5,5,1,5,3) Test Sonu­larē 

CO2(-1) 0.226 EK(-5) -1.275* GSYĶH2(-1) -0.002 

CO2(-2) 0.178 DYY -0.001 GSYĶH2(-2) -0.002* 

CO2(-3) 0.13 DYY(-1) 0.003 GSYĶH2(-3) -0.001 

CO2(-4) -0.087 DYY(-2) -0.01 GSYĶH2(-4) -0.001** 

CO2(-5) 0.876* DYY(-3) 0.003 GSYĶH2(-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 GSYĶH  0.079* SKD(-2) 0.013** 

EK(-3) -0.278 GSYĶH (-1) 0.027 SKD(-3) 0.007 

EK(-4) 1.293 GSYĶH2 -0.006*  

Tanē Testleri 

Breusch-Godfrey Test 1.434 

Breusch-Pagan-Godfrey Test 0.704 

Ramsey Reset Test 0.245 

Koĸullu Hata D¿zeltme Modeli 

CO2(-1)* 0.323* D(EK) 0.022 D(GSYĶH) 0.079* 

EK(-1) -0.633* D(EK(-1)) 0.850 D(GSYĶH2) -0.006* 

DYY(-1) 0.017 D(EK(-2)) 0.260 D(GSYĶH2(-

1)) 

0.005* 

GSYĶH(-1) 0.107* D(EK(-3)) -0.018 D(GSYĶH2(-

2)) 

0.003* 

GSYĶH2 (-

1) 

-0.014* D(EK(-4)) 1.275* D(GSYĶH2(-

3)) 

0.002* 

SKD (-1) 0.052** D(DYY) -0.001 D(GSYĶH2(-

4)) 

0.0009** 

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* GSYĶH -0.331* SKD 0.045* 

DYY -0.055 GSYĶH2 -0.162   

Sēnēr Testi  4.88* 

Kēsa Dºnem Tahmini 

D(CO2 (-1)) -1.097* D(EK(-4)) 1.275* D(GSYĶH2(-

1)) 

0.005* 

D(CO2 (-2)) -0.918* D(DYY) -0.001 D(GSYĶH2(-

2)) 

0.003* 

D(CO2 (-3)) -0.788* D(DYY(-1)) -0.015* D(GSYĶH2(-

3)) 

0.002* 

D(CO2 (-4)) -0.876* D(DYY(-2)) -0.0265* D(GSYĶH2(-

4)) 

0.0009* 

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(GSYĶH) 0.079* D(SKD(-2)) -0.007* 

D(EK(-3)) -0.018 D(GSYĶH2) -0.006* CoinEq(-1) 0.323 

Sēnēr Testi Sonu­larē 4.882 

T¦RKĶYE 

 ADF Birim Kºk Testi PP Birim Kºk Testi KPSS Birim Kºk 

Testi 

Deĵiĸkenler I(0) I(1) I(0) I(1) I(0) I(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* 

GSYĶH  -6.752* - -6.750* - 0.064* - 

GSYĶH2 -6.416* - -6.399* - 0.221* - 

SKD -5.893* - -5.815* - 0.048* - 

ARDL  (1,4,5,5,4,5) Test Sonu­larē 

CO2(-1) 0.005 DYY(-4) 0.028 GSYĶH2(-2) -0.0001 

EK 0.504* DYY(-5) -0.075* GSYĶH2(-3) -0.0001 

EK(-1) -0.301 GSYĶH  -0.01* GSYĶH2(-4) -0.0018* 

EK(-2) 0.747* GSYĶH (-1) 0.009 SKD 0.008* 

EK(-3) 0.423* GSYĶH (-2) -0.002 SKD(-1) 0.001 

EK(-4) 0.12 GSYĶH (-3) -0.004 SKD(-2) 0.006* 

DYY 0.001 GSYĶH (-4) 0.008 SKD(-3) 0.003 

DYY(-1) -0.009 GSYĶH (-5) -0.006** SKD(-4) 0.0002 

DYY(-2) 0.052* GSYĶH2 0.0012* SKD(-5) 0.006* 

DYY(-3) -0.034* GSYĶH2(-1) 0.0001  

Tanē Testleri 

Breusch-Godfrey Test 1.677 

Breusch-Pagan-Godfrey Test 0.806 

Ramsey Reset Test 1.074 

Koĸullu Hata D¿zeltme Modeli 

CO2(-1)* -0.994* D(DYY) 0.001 D(GSYĶH2) 0.001* 

EK(-1) 1.495* D(DYY(-1)) 0.028** D(GSYĶH2(-

1)) 

0.002* 

DYY(-1) -0.035* D(DYY(-2)) 0.081* D(GSYĶH2(-

2)) 

0.001* 

GSYĶH(-1) -0.006 D(DYY(-3)) 0.046* D(GSYĶH2(-

3)) 

0.001* 

GSYĶH2 (-

1) 

-0.0006 D(DYY(-4)) 0.075* D(SKD) 0.008* 

SKD (-1) 0.025* D(GSYĶH) -0.010* D(SKD(-1)) -0.016* 

D(EK) 0.504* D(GSYĶH(-1)) 0.005 D(SKD(-2)) -0.10** 

D(EK(-1)) -1.292* D(GSYĶH(-2)) 0.002 D(SKD(-3)) -0.006 

D(EK(-2)) -0.544* D(GSYĶH(-3)) -0.001 D(SKD(-4)) -0.006* 

D(EK(-3)) -0.120 D(GSYĶH(-4)) 0.006**  

Uzun Dºnem Tahmini 

EK 1.502* GSYĶH -0.006 SKD 0.026* 

DYY -0.036* GSYĶH2 -0.0006  

Sēnēr Testi  7.7977* 

Kēsa Dºnem Tahmini 

D(EK) 0.504* D(DYY(-4)) 0.075* D(GSYĶH2(-

2)) 

0.001* 

D(EK(-1)) -1.292* D(GSYĶH) -0.010* D(GSYĶH2(-

3)) 

0.001* 

D(EK(-2)) -0.544* D(GSYĶH(-

1)) 

0.005 D(SKD) 0.008* 
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D(EK(-3)) -0.120 D(GSYĶH(-

2)) 

0.002 D(SKD(-1)) -0.016* 

D(DYY) 0.001 D(GSYĶH(-

3)) 

-0.001 D(SKD(-2)) -0.010* 

D(DYY(-1)) 0.028* D(GSYĶH(-

4)) 

0.006* D(SKD(-3)) -0.006* 

D(DYY(-2)) 0.081* D(GSYĶH2) 0.001* D(SKD(-4)) -0.006* 

D(DYY(-3)) 0.046* D(GSYĶH2(-

1)) 

0.002* CointEq(-1) -0.994* 

Sēnēr Testi  -8.830* 

G¦NEY AFRĶKA 

 ADF Birim Kºk 

Testi 

PP Birim Kºk Testi KPSS Birim Kºk 

Testi 

Deĵiĸkenler I(0) I(1) I(0) I(1) I(0) I(1) 

CO2 -

2.651** 

- -2.695* - 0.850* - 

EK -

2.873** 

- -2.911** - 0.521* 0.438* 

DYY -1.504 -8.685* -4.938* - 0.513 0.181* 

GSYĶH  -4.801* - -4.673* - 0.131* - 

GSYĶH2 -4.666* - -4.536* - 0.219* - 

SKD -6.229* - -6.225* - 0.095* - 

ARDL  (2,2,0,2,0,2) Test Sonu­larē 

CO2(-1) 0.531* DYY -0.002 SKD 0.002 

CO2(-2) 0.427* GSYĶH 0.003 SKD(-1) 0.01* 

EK 0.98* GSYĶH (-1) -0.007** SKD(-2) 0.007* 

EK(-1) -0.254 GSYĶH (-2) -0.006  

EK(-2) -0.623* GSYĶH2 -0.001  

Tanē Testleri 

Breusch-Godfrey Test 1.141 

Breusch-Pagan-Godfrey Test 1.051 

Ramsey Reset Test 0.51 

Koĸullu Hata D¿zeltme Modeli 

CO2(-1)* -0.041 SKD(-1) 0.020* D(GSYĶH(-

1)) 

0.006 

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* 

GSYĶH(-1) -0.010 D(EK(-1)) 0.623*  

GSYĶH2  -0.001 D(GSYĶH) 0.003  

Uzun Dºnem Tahmini 

EK 2.458** GSYĶH -0.256 SKD 0.498 

DYY -0.061 GSYĶH2 -0.035  

Sēnēr Testi  3.958* 

Kēsa Dºnem Tahmini 

D(CO2(-1)) -0.427* D(GSYĶH) 0.003 D(SKD(-1)) -0.007* 

D(EK)  0.980* D(GSYĶH(-1)) 0.006* CointEq(- -0.041* 
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1) 

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

Sēnēr Testi  -5.722* 
*,** sērasēyla %5 ve %10 ºnem d¿zeylerini ifade etmektedir. 

¢alēĸma kapsamēnda ele alēnan ¿lkeler ­er­evesinde Tablo 1.ôde elde edilen ARDL test 

sonu­larē incelendiĵinde, karbondioksit emisyonlarēnēn ge­miĸ dºnem deĵerlerinin ĸimdiki 

dºnem deĵerini Kolombiya, Mēsēr ve G¿ney Afrikaôda istatistiksel olarak anlamlē ve pozitif 

yºnde etkilerken; Endonezya ve Vietnamôda istatistiksel olarak anlamlē ve negatif yºnde 

etkilediĵi gºr¿lmektedir. Enerji kullanēmēnēn ĸimdiki ve ge­miĸ dºnem deĵerlerinin 

karbondioksit emisyonlarēnēn ĸimdiki dºnem deĵerini Endonezya, Vietnam, T¿rkiye ve 

G¿ney Afrikaôda istatistiksel olarak anlamlē ve pozitif yºnde etkilerken, Mēsērôda istatistiksel 

olarak anlamlē ve negatif yºnde etkilediĵi gºr¿lmektedir. Doĵrudan yabancē yatērēmlarēn 

ĸimdiki ve ge­miĸ dºnem deĵerleri karbondioksit emisyonlarēnēn ĸimdiki dºnem deĵerini 

Kolombiya ve Mēsērôda istatistiksel olarak anlamlē ve pozitif yºnde etkilerken, Endonezya, 

Vietnam ve T¿rkiyeôde istatistiksel olarak anlamlē ve negatif yºnde etkilediĵi gºr¿lmektedir. 

Gayri safi yurti­i hasēlanēn ĸimdiki ve ge­miĸ dºnem deĵerleri karbondioksit emisyonlarēnēn 

ĸimdiki dºnem deĵerini Kolombiya, Endonezya ve Mēsērôda istatistiksel olarak anlamlē ve 

pozitif yºnde etkilerken, Vietnam, T¿rkiye ve G¿ney Afrikaôda istatistiksel olarak anlamlē ve 

negatif yºnde etkilediĵi gºr¿lmektedir. Gayri safi yurti­i hasēlanēn karesinin ĸimdiki ve 

ge­miĸ dºnem deĵerleri karbondioksit emisyonlarēnēn ĸimdiki dºnem deĵerini Vietnamôda 

istatistiksel olarak anlamlē ve pozitif yºnde etkilerken, Kolombiya, Endonezya, Mēsēr ve 

T¿rkiyeôde istatistiksel olarak anlamlē ve negatif yºnde etkilediĵi gºr¿lmektedir. Sanayi 

katma deĵerin ĸimdiki ve ge­miĸ dºnem deĵerleri karbondioksit emisyonlarēnēn ĸimdiki 

dºnem deĵerini Endonezya, Mēsēr, T¿rkiye ve G¿ney Afrikaôda istatistiksel olarak anlamlē ve 

pozitif yºnde etkilerken, Vietnamôda istatistiksel olarak anlamlē ve negatif yºnde 

etkilemektedir. 

ķekil 1. CUSUM ve CUSUMSQ Grafiĵi 

Kolombiya 

 
 

Endonezya 

 

 

Vietnam 
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 T¿rkiye 

 

 

G¿ney Afrika                                                                

 

 

  

 

Tablo 1.ôde elde edilen uzun dºnem tahmininde; enerji kullanēmē karbondioksit emisyonlarēnē 

Endonezya, Vietnam, Mēsēr, T¿rkiye ve G¿ney Afrikaôda istatistiksel olarak anlamlē ve pozitif 

yºnde etkilemektedir. Doĵrudan yabancē yatērēmlar karbondioksit emisyonlarēnē 

Kolombiyaôda istatistiksel olarak anlamlē ve pozitif yºnde etkilerken, Vietnam ve T¿rkiyeôde 

istatistiksel olarak anlamlē ve negatif yºnde etkilemektedir. Sermaye katma deĵer 

karbondioksit emisyonlarēnē T¿rkiyeôde istatistiksel olarak anlamlē ve pozitif yºnde 

etkilemektedir. Kolombiya ve Endonezyaôda gayri safi yurti­i hasēlanēn istatistiksel olarak 

anlamlē ve pozitif, gayri safi yurti­i hasēlanēn karesinin ise istatistiksel olarak anlamlē ve 

negatif sonu­ vermektedir.  Kolombiya, Endonezya, Vietnam, T¿rkiye ve G¿ney Afrika ele 

alēndēĵēnda eĸ b¿t¿nleĸme iliĸkisinin ge­erli olduĵu ve hata d¿zeltme katsayēlarēnēn 

beklenildiĵi gibi negatif ve istatistiksel olarak anlamlē olduĵu gºr¿lmektedir. Bununla birlikte, 

Mēsēr ele alēndēĵēnda F-sēnēr testine gºre serilerin eĸb¿t¿nleĸik olduĵu fakat eĸb¿t¿nleĸmenin 

ge­erli olmadēĵē ve hata d¿zeltme katsayēsēnēn istatistiksel olarak anlamlē olmadēĵē 

belirlenmektedir. T¿m ¿lkeler i­in tanē testleri ve CUSUM ve CUSUMSQ grafikleri 

incelendiĵinde; hi­bir ¿lkenin tahmin sonu­larēnda serisel korelasyona, deĵiĸen varyansa ve 

spesifikasyon hatasēna rastlanmazken, ķekil 1.ôde tahminler g¿ven sēnērlarē i­erisinde yer 

aldēĵēndan parametre tahminlerinin istikrar koĸulu saĵlanmaktadēr. 

4.SONU¢ 

¢evre, ekonomiyle birlikte doĵrudan/dolaylē yollardan s¿rekli iletiĸim halinde olmaktadēr. 

Geliĸmiĸ olan ¿lkelerde ­evre faktºr¿ ekonomik b¿y¿menin tamamlayēcēsēyken, geliĸmekte 

olan ¿lkelerde ­evre kalitesinin daha iyi hale getirilmesi ve ekonomik b¿y¿menin 

s¿rd¿r¿lebilir olmasēyla ekonomik geliĸmiĸlik d¿zeyinde meydana gelecek olan artēĸ ve doĵal 

kaynak kullanēmē arasēnda ­eliĸkiler meydana gelebilmektedir. ¢alēĸma kapsamēnda, CIVETS 

olarak sēnēflandērēlan Kolombiya, Endonezya, Vietnam, Mēsēr, T¿rkiye ve G¿ney Afrika 
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¿lkeleri deĵerlendirilmektedir. Baĵēmlē deĵiĸken olarak karbondioksit emisyonlarē 

kullanēlērken baĵēmsēz deĵiĸkenler olarak enerji kullanēmē, doĵrudan yabancē yatērēmlar, gayri 

safi yurti­i hasēla ve karesi ve sanayi katma deĵer ele alēnmaktadēr. ¢alēĸmada deĵiĸkenler 

arasēndaki iliĸkinin ortaya ­ēkarēlmasēnēn yanē sēra ­evresel Kuznets eĵrisi hipotezinin 

¿lkelerde ge­erli olup olmadēĵēnēn incelenmesi ama­lanmaktadēr. ¢evresel bozulmanēn 

ekonomik etkisi, beĸeri/doĵal sermaye kayēplarēndan ortaya ­ēkan maliyetleri i­inde 

barēndērdēĵēndan elde edilen sonu­larēn ¿lkeden ¿lkeye farklēlēklar gºsterdiĵi 

belirlenmektedir. ¦retimde ve n¿fusta meydana gelen artēĸlar t¿ketim miktarēnē direkt olarak 

etkilemekte ve buna baĵlē olarak atēk miktarēnda artēĸ yaĸanarak toplum refahē olumsuz yºnde 

etkilemektedir. Ek olarak, gelirin belirli bir noktaya gelene kadar karbondioksit 

emisyonlarēnda artēĸ yaratacaĵē ve bir noktadan sonra azalmaya baĸlayacaĵēnē ifade eden 

­evresel Kuznets eĵrisinin uzun dºnemde Kolombiya ve Endonezya i­in ge­erli olduĵu 

sºylenebilmektedir.  
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ABSTRACT: In the study, we try to explore whether changes in countriesô 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 (CO2) 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, O13, O44, 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 CO2 emissions (EPA, 2020; IPCC, 

2020). Consistently, both international and national policies formulated to limit greenhouse 

mailto:mdemiral@ohu.edu.tr
mailto:odemiral@ohu.edu.tr
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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 CO2 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 CO2 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 CO2 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 1995-20181. 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 countryôs 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 countryôs 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 CO2.  

A simple two-factor version of the aggregated Cobb-Douglas production function can be 

mathematically shown as in equation 1: 

1( ) ( ) ; (0 1) (1)Y A KN HLa a 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, 

1
;(0 1)

( ) ( )

Y
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KN HLa a
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-

å õ
= < <æ ö

ç ÷
, represents the total factor productivity (TFP). Technically, 

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.   

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 (C§rdenas Rodr²guez 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 C§rdenas 

Rodr²guez et al. (2016) within a production-based CO2 productivity aspect and separating 

 
1 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:    

e e e
µ µ µ µ

- = +
µ µ µ µ

2
GDP growth Adjustment for CO Change in human capital Chang e in pysical

and labor contribution capital contributemission abatement
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In equation 2, E denotes energy-related CO2 emissions and EATFP is the environmentally-

adjusted TFP based on CO2 emissions in the production process while Ů symbolizes the 

relevant elasticities of the GDP growth. For example, (ŮYE), the GDP elasticity of the pollution 

measured by CO2 emissions is the trade-off between producing more and emitting less. The 

greater elasticity of GDP with respect to emissions (ŮYE) 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 CO2 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 CO2 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 CO2 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 countries3. 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 CO2 fluxes.  

Table 1: Environmental Performance of the Largest Emitters 

 EU-22 

Average 

China USA India Russia Japan 

 
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 

index 
74.27 50.74 71.19 30.57 63.79 74.69 

Energy (power) related CO2 

emissions performance index 

55.74 45.59 46.3 17.66 33.88 16.8 

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

Total (cumulative) number of 

policies 

166 156 332 150 41 166 

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

Environmental policy stringency 

index 

1.99****  0.89 1.65 0.73 0.58 1.81 

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

All tax revenue based on the total 

environment, % GDP 

2.68 0.84 0.88 1.15 -- 1.58 

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.  

a b b (3)
c,t 0 1 c,t i c,t c,t

GreenProd = + EnInf + X + e  

Where c denotes cross-section units, i.e. countries (c = 1,é,22 = C), and t denotes a linear 

trend in time units, i.e. years (t = 1995,é,2018 = T=24) while Ŭ0 is the regression constant 

and e is the error term. Our study focuses on the parameter ɓ1 which explains the effect of 

energy inflation on green productivity together with the effects (ɓi; i=2,é,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 b b

b b

+ + +
=

+ + +

0 1 , 2 , 3 ,

,
4 , 5 , ,

ln( ) ln( ) ln( )
ln( ) (4)

ln( ) ln( )
c t c t c t

c t
c t c t c t

EnInf TechCompet TrOpen
GreenProd

Deindust EnvTax e
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All variables are analyzed in their natural logarithmic forms to interpret the corresponding 

coefficients as elasticities. We expect ɓ1, (ɓ1= Öln(GreenProdc,t)/Öln(EnInfc,t), to be positive 

whereas the other variablesô 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 

 

GreenProd 

 

Green productivity 

GDP per unit of energy-related 

CO2 emissions. Constant (2015) 

United States Dollar (USD) per 

kilogram. 

 

OECD (2020) 

Explanatory variable 

EnInf Energy inflation CPI in the energy sector. Index, 

2015=100 

OECD (2020) 

Control variables 

TechCompet Technological 

competitiveness in 

exports 

RCA index in high-tech 

products 

Authorsô 

calculations from 

UNCTAD (2020) 

TrOpen Trade openness Total trade of goods and 

services. % of GDP 

WB-WDI (2020) 

Deindust Deindustrialization Value-added in services. % of 

total value-added 

OECD (2020) 

EnvTax Environmental tax Tax revenue. % of GDP. All 

tax-bases and total environment 

OECD (2020) 

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) 

 

ln(GreenPro

d) 

ln(EnIn

f) 

ln(TechComp

et) 

ln(TrOpe

n) 

ln(Deindus

t) 

ln(EnvTa

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  

ln(GreenProd

) 1      

ln(EnInf) 0.613 1     

ln(TechComp

et) 0.345 0.321 1    

ln(TrOpen) -0.068 0.251 0.105 1   

ln(Deindust) 0.529 0.394 0.142 -0.306 1  
ln(EnvTax) 0.048 0.066 0.013 0.004 0.102 1 

Centered VIF Values (Dependent variable: ln(GreenProd)) 

ln(EnInf) 1.539 

ln(TechCompet) 1.116 

ln(TrOpen) 1.348 

ln(Deindust) 1.504 

ln(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 Paganôs (1980) Lagrange Multiplier (LM), Pesaranôs (2004) scaled LM, 

Pesaranôs (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 

ln(GreenProd) 321.420*** 4.207***  -1.593* 153.247*** 

ln(EnInf) 368.348***  6.390***  -2.206**  41.776*** 

ln(TechCompet) 326.152*** 4.427***  -2.552*** 145.545*** 

ln(TrOpen) 384.916***  7.161***  -1.666** 161.378*** 

ln(Deindust) 472.532***  11.237*** 0.677 146.392*** 

ln(EnvTax) 322.950***  4.278*** -2.332*** 93.777*** 

Intercept and Trend 

ln(GreenProd) 338.296*** 4.992***  -1.512* 145.098*** 

ln(EnInf) 380.936*** 6.976***  -1.933** 41.060*** 

ln(TechCompet) 362.985*** 6.141*** -2.180** 133.999*** 

ln(TrOpen) 393.734***  7.571*** -1.636* 150.735*** 

ln(Deindust) 450.977***  10.234***  0.321 138.052*** 

ln(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 ln(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  

 

Variables 

CADF 

Intercept Trend and intercept 

Level First difference Level First difference 

ln(GreenProd) -2.010 -2.820*** -1.958 -2.801** 

ln(EnInf) -2.163 - -2.340 - 

ln(TechCompet) -2.268** - -2.308 -3.644*** 

ln(TrOpen) -2.030 -2.559*** -2.215 -2.632* 

ln(Deindust) -2.210 -2.629*** -2.017 -2.828** 

ln(EnvTax) -1.720 -2.562*** -1.821 -2.826** 

 

 

Variables 

PANICCA (Idiosyncratic Components) 

Intercept Trend and intercept 

Pa Pb PMSB Pa Pb PMSB 

ln(GreenProd) 0.590  0.586  0.274  0.511 0.553 0.661 

ln(EnInf) -0.468 -0.544 1.096 1.612 2.185 2.876 

ln(TechCompet) -1.924**  -1.570  -0.895  -0.876 -0.802 -0.606 

ln(TrOpen) -0.628  -0.580  -0.263  -1.642 -1.406 -1.101 

ln(Deindust) -0.089  -0.087  0.031  -0.009 -0.009 0.023 

ln(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, I(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) 

 

Cross-Section Dependency 

Breusch-Pagan LM 636.382*** (0.000) 

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 

 

Tests 

Pedroni (1999, 2004) 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) 

 

Tests 

Panel Bootstrap Test 

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  

 

 

Predictor 

FMOLS  

Intercept Intercept and trend 

Coefficient t-stat. p Coefficient t-stat. p 

ln(EnInf) 0.469*** 41.764 0.000 0.097*** 3.247 0.001 

ln(TechCompet) -0.042 -1.575 0.116 -0.087** -2.129 0.034 

ln(TrOpen) 0.265*** 11.262 0.000 -0.097*** -2.486 0.013 

ln(Deindust) 0.474*** 43.539 0.000 -0.195*** -6.091 0.000 

ln(EnvTax) -0.229*** -13.078 0.000 0.015 0.411 0.681 

 R2 = 0.928 R2 = 0.979 

 

 

Predictor 

DOLS 

Intercept Intercept and trend 

Coefficient t-stat. p Coefficient t-stat. p 

ln(EnInf) 0.429*** 9.761 0.000 0.165*** 6.022 0.000 

ln(TechCompet) -0.214*** -3.351 0.001 -0.317*** -5.817 0.000 

ln(TrOpen) 0.125* 1.902 0.059 -0.143** -2.184 0.032 

ln(Deindust) 1.561*** 6.696 0.000 0.956*** 4.796 0.000 

ln(EnvTax) -0.239*** -4.757 0.000 -0.062 -1.646 0.104 

 R2 = 0.991 R2 = 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 1970sô 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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GELĶķMEKTE OLAN ¦LKELERDE K¦RESELLEķMENĶN  ¢EVRE ¦ZERĶNE 

ETKĶLERĶ 

Neĸe TUN¢BĶLEK  

Recep ULUCAK 

¥ZET 

Bu ­alēĸma, T¿rkiye, ¢in, Endonezya, G¿ney Afrika, Brezilya, ķili, Mēsēr, Tayland, Kolombiya, 

Meksika, Filipinler, Peru, Malezya, Polonya, Hindistan olmak ¿zere 15 geliĸmekte olan ¿lke i­in 

1970-2016 dºnemi panel veri yºntemleriyle k¿reselleĸmenin ­evre ¿zerindeki etkisini analiz 

etmektedir. Bunun i­in k¿reselleĸme ile kontrol edilen bir ­evresel Kuznets eĵrisi modeli takip 

edilmektedir. Ayrēca, ­alēĸmada literat¿rden faklē olarak ­evresel tahribatlarēn en kapsamlē 

gºstergesi, ekolojik ayak izi, baĵēmlē deĵiĸken olarak kullanēlmēĸtēr. Deĵiĸkenler arasēndaki 

iliĸkiyi tespit etmek i­in ºncelikle birim kºk testleri, eĸb¿t¿nleĸme testleri uygulanmēĸtēr ve daha 

sonra uzun dºnem katsayēlarē tahmin edilmiĸtir.  Ekonometrik uygulamalarēn sonucunda kiĸi 

baĸē gayri safi yurti­i hasēla (GSYĶH) ve kiĸi baĸē gayri safi yurti­i hasēlanēn karesinin (GSYĶH) 

ekolojik ayak izini arttērdēĵē, k¿reselleĸmenin ise ekolojik ayak izini azalttēĵē sonu­larē elde 

edilmiĸtir. Buna ekolojik ayak izi a­ēsēndan ­evresel Kuznets eĵrisi hipotezinin ge­erli olmadēĵē 

sonucuna ulaĸēlmēĸtēr.  

Anahtar Kelimeler: K¿reselleĸme, ¢evre Sorunlarē, Ekolojik Ayak Ķzi 

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) 
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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 

GĶRĶķ 

K¿reselleĸme hareketi ekonomik, k¿lt¿rel, siyasal, toplumsal, teknolojik ve ­evresel s¿re­leri 

etkilemektedir (Hamm, 2001, s.46). D¿nya ¿zerinde yaĸanmakta olan k¿reselleĸme s¿reci 

insanlēĵa yeni olanaklar sunmasēnēn yanē sēra yeni sorunlarēn ortaya ­ēkmasēna, mevcut 

sorunlarēn ise daha geniĸ ­apta etkili olmasēna yol a­maktadēr. Bu sorunlarēn en ºnemlilerinden 

biri de ­evre sorunlarēdēr (Pfl¿ger, 2013, s.171-180).  

K¿reselleĸmenin etkisiyle son kērk yēlda d¿nya ekonomisi muazzam bir ekonomik b¿y¿me 

yaĸamēĸtēr. Y¿ksek ekonomik b¿y¿me ile enerji kullanēmēda artmēĸ bu ise ­evresel sorunlarēn 

b¿y¿mesine katkēda bulunmuĸtur (Shahbaz vd. 2017, s.1). ¢evresel tahribatlarēn ºnemli 

b¿y¿kl¿kteki kēsmē enerjinin ¿retimi, dºn¿ĸ¿m¿ ve t¿ketiminden kaynaklanmaktadēr. Bu 

iĸlemlerde en ­ok birincil fosil yakētlar kullanēlmaktadēr. Bu yakētlarēn yanmasē esnasēnda karbon 

oksijenle birleĸir ve birincil sera gazē olan #/ oluĸur. Birincil fosil yakētlarēn yanmasēndan 

kaynaklanan atmosfere sera gazē salēmē en ºnemli ­evresel sorunlarē ortaya ­ēkarmaktadēr 

(Sweeney, 2000, s.20).  

Yapēlan araĸtērmalar sonucu, karbon emisyonlarēnēn b¿y¿k kēsmēnēn hēzlē ekonomik b¿y¿me 

nedeniyle geliĸmekte olan ¿lkeler tarafēndan oluĸturulduĵu bilinmektedir (Khalid ve Long, 2013, 

s.189). Bu noktada geliĸmekte olan ¿lkelerin temiz teknoloji satēn alma g¿­lerinin olmamasē 

nedeniyle k¿reselleĸme geliĸmekte olan ¿lkelere ­ok uluslu ĸirketler kanalēyla uluslararasē 

pazarlardan enerji tasarruflu teknolojiler elde etmelerine olanak saĵlayabilir. Bu durum 

geliĸmekte olan ¿lkelerin ¿retim s¿re­lerinde daha verimli enerji kullanmalarēna ve karbon 

emisyon seviyelerini d¿ĸ¿rmelerine yardēmcē olabilir (Copeland ve Taylor, 2004, s.10; Shahbaz, 

Shahzad, Mahalik, 2017, s.4).  

¢alēĸmada literat¿rden faklē olarak ­evresel tahribatēn en kapsamlē gºstergesi ekolojik ayak izi 

(EF) deĵiĸkeni kullanēlmaktadēr. Literat¿rdeki yapēlan ampirik ­alēĸmalarda ­oĵunlukla ­evresel 

bozulmalarē gºzlemlemek i­in #/ emisyonlarē kullanēlmēĸtēr. EF deĵiĸkeni #/ emisyonlarēna 

gºre ­evredeki bozulmalarē daha kapsamlē olarak temsil etmektedir (Ulucak ve Apergis, 2018, s. 

21-27; Ulucak ve Lin, 2017, s.337-343).  

1. Model, Veri Seti ve Yºntem 

Analizde kullanēlan panel veriler ekolojik ayak izi (EF), k¿reselleĸme gºstergeleri KOF 

(ekonomik k¿reselleĸme, sosyal k¿reselleĸme, politik k¿reselleĸme) ve kiĸi baĸē gayri safi yurti­i 

hasēladan (GDP) oluĸmaktadēr. ¢alēĸma 15 geliĸmekte olan ¿lke ile sēnērlandērēlmēĸtēr. ¦lkelerin 

se­imi S&P Dow Jones Endeksi tarafēndan listelenen geliĸmekte olan ¿lkeler sēnēflandērēlmasēna 
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gºre yapēlmēĸtēr. Bu ¿lkler T¿rkiye, ¢in, Endonezya, G¿ney Afrika, Brezilya, ķili, Mēsēr, 

Tayland, Kolombiya, Meksika, Filipinler, Peru, Malezya, Polonya, Hindistanôdēr. Analiz i­in 

1970-2016 gºzlem aralēĵē se­ilmiĸtir ve 1 numaralē model oluĸturulmuĸtur.  

ÌÎ%& ɼ ɼÌÎ'$0ɼÌÎ'$0ɼÌÎ+/&Å                 (1) 

Modelde EF ekolojik ayak izini, GDP kiĸi baĸēna gayrisafi yurt i­i hasēlayē, GDP2 kiĸi baĸēna 

gayrisafi yurt i­i hasēlanēn karesini temsil etmektedir. KOF deĵiĸkeni ise toplam k¿reselleĸmeyi 

yani ekonomik, sosyal ve politik k¿reselleĸme boyutlarēnēn etkisini i­ermektedir. i=1,ééN ele 

alēnan ¿lkeleri, t=1,éé,T zamanē gºstermektedir.  

Bu ­alēĸmada uzun dºnem katsayēlarēn tahmini i­in Pedroni (2000, 2001) tarafēndan geliĸtirilen 

panel DOLS (Dynamic Ordinary Least Square) yºntemi ve panel FMOLS (Full Modified 

Ordinary Least Square) yºntemleri dikkate alēnacaktēr. 

Tablo 1. Birinci Nesil Panel Birim Kºk Testi Bulgularē (D¿zey) 

 

 

Tablo 

1ôde 

dºrt 

farklē 

panel 

birim 

kºk 

testi 

kullanēlmēĸtēr. LEF serisinin birim kºk¿n¿ incelemek i­in LLC, IPS, Fischer ADF ve PP testi 

olasēlēk deĵerlerine bakēldēĵēnda, seviyelerde birim kºk bulunduĵu i­in boĸ hipotezi 

rededilememiĸtir. Bu nedenle, seri duraĵan deĵildir. Serilerin birinci farkē alēnarak t¿m seriler 

i­in boĸ hipotez reddedilmiĸtir.  

Johansen Fisher panel eĸ b¿t¿nleĸme testi uygulanmēĸ ve sonu­larē Tablo 3ôde gºsterilmiĸtir. 

Tablo 3. Johansen Fisher Eĸb¿t¿nleĸme Testi 
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Ekolojik ayak izi ile modelde ele alēnan a­ēklayēcē deĵiĸkenler arasēnda uzun dºnem bir iliĸki 

mevcuttur. Bu iliĸkide uzun dºnem eĸ b¿t¿nleĸme parametrelerinin tahmin edilmesi 

gerekmektedir. Bunun i­in FMOLS ve DOLS eĸ b¿t¿nleĸme tahmincileri kullanēlmēĸtēr.  

Tablo 4. Panel FMOLS ve DOLS Sonu­larē 

 

 

 

FMOLS sonu­larēna gºre, GDP katsayē tahmini pozitif ve istatistiki olarak anlamlēdēr. Ayrēca 

GDP2 pozitif olduĵu i­in ¢KE hipotezi reddedilmektedir.  

K¿reselleĸmenin etkisini belirlemek i­in modele dahil edilen KOF deĵiĸkeni i­in elde edilen 

katsayē ise istatistiki olarak anlamlē ve negatif katsayēya sahiptir. Yani k¿reselleĸmenin ekolojik 

ayak izi ¿zerinde azaltēcē bir etkisi vardēr, dolayēsēyla k¿reselleĸme ­evre bozulmalarēnē uzun 

vadede olumlu etkilemektedir. 

2. SONU¢ 

¢alēĸmada, T¿rkiye, ¢in, Endonezya, G¿ney Afrika, Brezilya, ķili, Mēsēr, Tayland, Kolombiya, 

Meksika, Filipinler, Peru, Malezya, Polonya, Hindistan olmak ¿zere 15 geliĸmekte olan ¿lke i­in 

1970-2016 dºnemi panel veri yºntemleriyle k¿reselleĸmenin ­evresel etkisi analiz edilmiĸtir. 

Sonu­lar ekolojik ayak izinin gelirdeki artēĸla birlikte artacaĵēnē; buna karĸēn gelir seviyesindeki 

belirli bir y¿kseklikten sonra (dºn¿m noktasē) azalacaĵēnē varsayan ¢KE hipotezinin ters ñUò 

ĸeklindeki iliĸkisini desteklememektedir. Ayrēca sonu­lar k¿reselleĸme d¿zeyindeki artēĸēn 

ekolojik ayak izini azaltēĵēnē gºstermektedir. Yani k¿reselleĸme ekolojik ayak izi ¿zerinde 

azaltēcē bir etki yaratmaktadēr, dolayēsēyla k¿reselleĸme ­evre kalitesinin iyileĸtirilmesine katkē 

saĵlamaktadēr. 
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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 ñreleasedò. 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 Bankôs 

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 óNeutrality hypothesisô, 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 óGrowth hypothesisô 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, óConservation hypothesisô, 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 óFeedback hypothesisô, 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 worldôs 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'Ivoire, 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 1990ï2014 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 1992ï2007. 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 1985ï

2005, confirming the ófeedbackô 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 1980ï2006. 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 1996ï2014 (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: 

ὣ ὑ ὃὒ ὉὟὩ    [1]  

where: Y is real domestic output, A is technological factor, K is capital, L is labour, EC is energy 

consumption, and Ὡ is error assumed N(i.i.d) (independent and identically distributed). ὥȟὥȟὥ 

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 (ὥ

ρȠ ὥ ὥ ὥ ρ. The model assumes that ὃ is the technological progress (presenting in 

productivity growth) with the growth rate, g: 

ὃ ὃὩ Ὂ     [2]  

where ὃ  is the constant time-invariant; F is the part of technological progress produced by 

exogenous factors, and .srotcaf suonegoxe fo noitcnuf fo yticitsale eht sa si ‮ 

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: 

ὃ ὃὩ ὝὶὥὨὩᶮὊὈ    [3]  
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in which: Trade and FD represent trade openness and financial development, respectively.  ɲand 

“ are the elasticities of technological advancement to trade openness and financial development, 

respectively. With the assumption as ὥ ὥ ὥ ρ, the equation [3] is put into equation [1] 

as follow: 

ὣ ὑ ὒ ὃὩ ᶻ ὝὶὥὨὩ
ᶮz
ὊὈ

ᶻ
ὉὟὩ   [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: 

ὣ ὥ ‍ὑ ‍ὒ ‍ὝὙὃὈὉ‍ὊὈ ‍ὉὟ ‬ — ‐   [5]  

in which: i, t denote country i at year t; ὥ and ‍ are coefficients; ‬ and — 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: 

ώ ὥᴂ ‍ᴂὯ ‍ᴂὸὶὥὨὩ‍ᴂὪὨ ‍ᴂὩό ‬ — ‐   [6]  

where: ὥᴂ and ‍ᴂ 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 ï World Bank) to proxy for real output and 

real output per capita, respectively. The capital stock at constant 2011 national prices (in mil. 

2011US$) 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 A1 ï 

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)ôs 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)ôs 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. 
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[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 DascŁlu (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 1971ï2011.  

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 1971ï2010. 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 
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growth for HIEs in this study has brought new evidence on the unimportance of fossil fuel 

energy in the long run for HIEsô 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 UMEs 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 

prices (in mil. 2011US$) 
PWT 2,033 13.22 1.78 9.37 18.09 

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 

consumption 
Log of total fossil energy use (kg of oil equivalent) WDIs 2,033 27.76 1.95 23.16 33.22 

EUrenew Total renewable energy 
consumption 

Log of total renewable energy use (kg of oil 
equivalent) 

WDIs 2,033 26.38 1.82 20.47 31.25 

Variables in per capita 
y Real output per capita Log of GDP per capita (constant 2010 US$) WDIs 2,033 8.70 1.43 5.35 11.63 
k Capital stock per capita Log of Capital stock per capita at constant 2011 

national prices (in mil. 2011US$) 
PWT 

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 

equivalent) 
WDIs 

2,033 7.22 0.96 4.88 9.15 
eufossil Total fossil energy 

consumption per capita 
Log of total fossil energy use per capita (kg of oil 
equivalent) 

WDIs 
2,033 11.30 1.39 6.19 13.66 

eurenew Total renewable energy 
consumption per capita 

Log of total renewable energy use per capita (kg 
of oil equivalent) 

WDIs 
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 
in level  

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

CD test CIPS test IPS test Fisher test  LLC test HT test 

Statistic CD-test CIPS* Z-t-tilde-
bar 

Inverse 
chi-

squared 

Adjusted 
t* 

Rho (Z)  CD-test CIPS* Z-t-tilde-
bar 

Inverse chi-
squared 

Adjusted 
t* 

Rho (Z) 

Aggregated variables  

Y 299.8*** -2.040** 11.76 199.6 -1.855** 9.073 ЎY 71.79***  -2.916***  -15.00***  1010***  -20.25***  -36.02***  
K 291.5*** -1.653 20.82 669.2*** 0.448 10.56 ЎK 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 ЎL 3.950***  -3.021***  -12.48***  1009***  -9.900***  -43.60***  

TRADE 314.0*** -2.373*** 12.39 42.54 -2.347*** 7.983 ЎTrade 187.7***  -3.585***  -18.90***  1388***  -19.47***  -56.86***  

FD 141.9*** -2.817*** -5.841*** 680.9*** -6.501*** -10.60*** ЎFD 27.84***  -4.624***  -23.00***  2669***  -21.27***  -74.88***  
EU 122.0*** -2.075** 7.176 168.6 -0.670 6.679 ЎEU 15.45***  -3.901***  -20.97***  2054*** -14.79***  -60.21***  
EUfossil 81.05*** -2.257*** 6.217 223.6 -0.749 5.553 ЎEUfossil 16.22***  -4.130***  -21.42***  2141***  -17.05***  -58.63***  
EUrenew 149.1*** -2.042** 6.855 136.2 -3.515***  5.769 ЎEUrenew 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 Ўy 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 Ўk 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 Ўtrade 187.4***  -3.553***  -18.86***  1381***  -19.46***  -56.76***  
eu 43.98***  -2.161***  5.810 161.8 -0.508 3.246 Ўeu 15.59***  -3.893***  -20.83***  1994***  -14.64***  -60.05***  
eufossil 33.02***  -2.217***  5.378 233.8 0.259 2.068 Ўeufossil 16.45***  -4.124***  -21.35***  2094***  -17.08***  -58.75***  
eurenew 49.18***  -2.076** 3.091 220.6 -5.128***  4.727 Ўeurenew 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): H0 (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. Ў ÉÓ ÆÉÒÓÔ ÄÉÆÆÅÒÅÎÃÅȢ 

Table 4. Granger causality test results 

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

X Variable 
X does not Granger-cause Y 

(GDP) 
Y (GDP) does not Granger-

cause X 
ЎX Variable ЎX does not Granger-cause ЎY ЎY does not Granger-cause ЎX 

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 ЎEU 0.563 0.573 5.864***  0.000 
EUfossil 13.03***  0.000 29.82***  0.000 ЎEUfossil 2.214** 0.026 4.475***  0.000 
EUrenew 12.96***  0.000 17.04***  0.000 ЎEUrenew 2.702***  0.006 4.792***  0.000 

Per capita variables  
eu 13.91***  0.000 24.71***  0.000 Ўeu 0.178 0.858 5.751***  0.000 
eufossil 12.77***  0.000 23.50***  0.000 Ўeufossil 1.611 0.107 4.738***  0.000 
eurenew 13.84***  0.000 15.14***  0.000 Ўeurenew 2.863***  0.004 4.282***  0.000 

Note: The Granger non-causality test of Dumitrescu & Hurlin (2012) is used, H0: 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 
use); Energy use= 

Kao test Pedroni test Westerlund test 
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 
per capita ); energy use= 

Kao test Pedroni test Westerlund test 
Dickey-Fuller t Phillips-Perron t Variance ratio 

eu -1.415* -3.450***  -2.286** 

eufossil -1.317* -4.472***  -2.441***  
eurenew -1.942** -4.331***  -2.290** 

Note: In Kao test for cointegration: Ho: No cointegration, Ha: All panels are cointegrated. In Pedroni test for 

cointegration: Ho: No cointegration, Ha: All panels are cointegrated. In Westerlund cointegration test: Ho: No 

cointegration, Ha: Some panels are 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 0.1411*** 0.1387*** 0.1432*** -0.1892** -0.1885** -0.1621* 0.1862** 0.2173*** 0.1966** 0.1771** 0.1697* 0.1713**  
[0.0517] [0.0519] [0.0502] [0.0834] [0.0820] [0.0835] [0.0803] [0.0836] [0.0776] [0.0897] [0.0880] [0.0852] 

EU 0.1471**  
  

0.1341    -0.0361    0.2002     
[0.0683] 

  
[0.1118]   [0.0862]   [0.1600]   

EUfossil 
 

0.1994***  
 

 0.0898    0.0727    0.0964     
[0.0511] 

 
 [0.0840]   [0.0838]   [0.0946]  

EUrenew 
  

-0.1207***    0.0487    -0.0854    -0.0639     
[0.0324]   [0.0354]   [0.0544]   [0.0831] 

N 1926 1926 1926 720 720 720 594 594 594 612 612 612 

Note: Standard errors are in []; *, **, *** denote statistical significance at 10%, 5%, 1% levels, respectively. 
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Table 7. The influences of energy consumption on economic growth ï 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 []; *, **, *** denote statistical significance at 10%, 5%, 1% levels, respectively.
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Appendix  

Table A1. 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 ɀ 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*** 0.71*** 

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 44.19 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*** 0.41*** 0.36*** 0.42*** 

t-stat 22.82 38.68 26.4 -3.85 -0.05 1.93 17.12 26.81 16.88 27.8 42.26 28.11 

TRADE 0.13*** 0.13*** 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 24.12 

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. 
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Table A3. The influences of energy consumption on economic growth ɀ Per capita analysis (robustness check) 

FMOLS - Panel Fully Modified OLS 
Dep. var: y Full HIEs UMEs LMEs 
k 0.57*** 0.59*** 0.63*** 0.61*** 0.65*** 0.73*** 0.53*** 0.54*** 0.52*** 0.54*** 0.56*** 0.61*** 

t-stat 270.3 280.7 286.6 148.7 135.3 133.3 149.7 121.9 141.0 170.7 231.1 224.9 

trade 0.14*** 0.14*** 0.15*** 0.12*** 0.12*** 0.14*** 0.18*** 0.18*** 0.19*** 0.13*** 0.12*** 0.13*** 

t-stat 212.4 223.4 248.7 85.56 95.55 110.4 169.3 152.4 183.8 117.2 142.5 140.4 

FD 0.08*** 0.08*** 0.09*** 0.09*** 0.09*** 0.12*** 0.06*** 0.05*** 0.05*** 0.08*** 0.09*** 0.08*** 

t-stat 51.53 73.03 60.98 37.19 49.25 42.06 19.45 30.95 25.06 31.91 45.66 37.88 

eu 0.15***   0.20***   0.12***   0.13***   

t-stat 86.00   74.38   55.67   17.04   

eufossil  0.12***   0.17***   0.08***   0.09***  

t-stat  101.9   81.21   40.05   53.35  

eurenew   0.02***   -0.09***   0.03***   0.14*** 

t-stat   -3.48   -32.18   15.63   13.34 

CCR - Canonical Correlation Regression methods 
Dep. var: y Full HIEs UMEs LMEs 
k 0.58*** 0.6***  0.63*** 0.64*** 0.68*** 0.74*** 0.53*** 0.53*** 0.52*** 0.56*** 0.56*** 0.61*** 

t-stat 210.9 218.9 217.8 119.6 107.2 107.5 111.0 79.62 96.07 134.8 193.5 175.0 

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***   0.2***    0.12***   0.14***   

t-stat 51.26   43.15   35.5   9.16   

eufossil  0.11***   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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Key Words: volatility stock market, economic policy uncertainty, fluctuation of oil price, TVP-SV-

VAR Model 

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; P§stor 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 (P§stor 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 Chinaôs. 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; P§stor and 

Veronesi, 2012; P§stor 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 (P§stor 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. P§stor 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. Bjßrnland 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 investorsô 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. 


















































































































































































































































































