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Ozet

Birgok iktisadi degiskenin gosterdigi asimetrik davranistan dolayi, regresyon modellerindeki
bagimsiz degiskenlerin artis ve azalislarinin bagimli degisken {izerindeki etkisi farkll
olabilmektedir. Degiskenler arasindaki simetrik iliskiye gore, X degiskenindeki bir birimlik
artigin ve azalisin Y degiskeninde yarattigi etki birbirine esittir. Hangi veri tiirii ile galisilirsa
calisilsin ekonometrik analizlerde kullanilan standart regresyon modelleri, bu asimetriyi gézden
kagirmaktadir.

Asimetrik hipotezleri test etmek ve asimetrik modelleri tahmin etmek igin gerek yatay kesit
gerekse zaman serisi verileri ile gesitli calismalar yapilmistir. Chamlin ve Cochran (1998)2,
petrol fiyatlart ve hirsizliklara iligkin iki degiskenli zaman serisi verilerine uygulanan
otoregresif hareketli ortalama (ARIMA) modeliyle, Schorderet (2003)* asimetrik esbiitiinlesme
modeliyle ve Shin vd. (2014)° dogrusal olmayan otoregresif dagitilmis gecikmeli (NARDL)
modelle asimetriyi ele alan ilk ¢aligmalardandir. Son zamanlarda ise panel verilerle yapilan
caligmalara rastlanmaktadir. Panel dogrusal olmayan otoregresif dagitilmis gecikmeli (panel
NARDL) modeli ilk olarak Salisu ve Isah (2017)° tarafindan ele alinmistir. Panel regresyon
modellerinde asimetriyi ele alan ¢alismalar da York ve Light’mn (2017)" galismasini takiben
baglamistir. Panel veriler ile g¢alisilirken gozlenemeyen etkilerin bagimsiz degiskenlerle
korelasyonlu oldugu durumda, bu etkileri modelden diisiirmek i¢in yaygin olarak grup i¢i ya da
birinci fark doniisimleri uygulanmaktadir. Birinci fark modelinde asimetrik iliskiyi hesaba
katabilmek i¢in birinci fark degiskenleri pozitif ve negatif bilesenlere ayrilmakta ve bu
degiskenler kullanilarak birinci fark regresyonu tahmin edilmektedir. Birinci farklar modeli en
kiiciik kareler yontemi ile tahmin edildiginde, ardisik hata terimleri arasindaki korelasyon
tahmincilerin etkin olmamasina sebep olmaktadir. Bu durumda, Allison (2019)8 genellestirilmis
en kiiciik kareler tahmincilerinin sapmasiz ve etkin tahminler iirettigini gostermistir. Ardisik
hata terimleri arasindaki korelasyonun sabit tutuldugu, ardisik olmayan hata terimleri
arasindaki korelasyonun ise sifir olarak tanimlandigi bir varyans kovaryans matris yapisinin
kullanilmasini1 6nermistir.

Yapilan bu galismada, simdiye kadar yapilan ¢aligsmalara ilave olarak, birinci mertebeden
otokorelasyonun birimlere gore heterojen oldugu ve olasi heteroskedasiteyi de dikkate alan bir
yap1 uygulanarak, genellestirilmis en kiiciik kareler tahmincisi daha esnek hale getirilmistir.
Calismada 2000-2018 donemi verileri kullanilarak 42 net enerji ithalatcist iilke i¢in dort
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yenilenebilir enerji tikketimi modeli tahmin edilmistir. Giines, riizgar, jeotermal ve hidroelektrik
enerji tiketimlerinin bagimlhi degisken oldugu modellerde gelir, ham petrol fiyat1 ve CO32
emisyonu bagimsiz degiskenler olarak modele dahil edilmistir. Oncelikle bu dért enerji
tilkketimi tizerinde gelir ve fiyatin asimetrik etkisi olup olmadig test edilmistir. Glines enerjisi
modelinde hem fiyat hem gelirin; riizgar ve jeotermal enerjisi modellerinde sadece fiyatin
tilketim tizerindeki etkisinin asimetrik oldugu gozlenmistir. Hidroelektrik enerji modelinde ise,
fiyatin ve gelirin tliketim T{izerindeki etkisi simetrik ¢ikmistir. Birimlere gore degisen
otokorelasyon yapisi ve varsa heteroskedasite, varyans kovaryans matrisine dahil edilerek her
bir enerji modeli genellestirilmis en kiiciik kareler yontemi ile tahmin edilmistir. Sonuglara
gore, riizgar ve giines enerji modellerinde gelir elastikiyeti birden biiylik iken jeotermal enerji
modelinde ise birden kii¢iik ¢ikmistir. Benzer sekilde yine bu ii¢ enerji kaynagmin da ham
petrol fiyatina kars1 duyarli oldugu anlasilmistir. Riizgéar ve giines enerjisi tiiketimlerinin ¢evre
kirliliginden (COz salinimindan) pozitif yonde etkilendigi ortaya konulmustur. Hidroelektrik
enerji tiiketiminin ise fiyat, gelir ve ¢evre kirliligi ile baglantis1 bulunamamastir.
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Analysis of Renewable Energy Consumption with Asymmetric Panel Data
Models
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Abstract

Due to the asymmetric behavior of many economic variables, the effect of the increase and
decrease of the independent variables in the regression models on the dependent variable may
be different. According to the symmetric relationship between the variables, the effect of one
unit increase and decrease in the variable X is an equal effect on Y. Standard regression models
used in econometric analysis, ignore this asymmetry for all data types.

In order to test the asymmetric hypotheses and to estimate the asymmetric models, various
studies have been conducted with both cross-sectional and time series data. Initial studies
dealing with asymmetry have done by Chamlin and Cochran (1998)%, Schorderet (2003)* and
Shin et al. (2014)°. Chamlin and Cochran (1998) have examined the relationship between the
oil prices and theft with autoregressive moving average (ARIMA) model. Schorderet (2003)
and Shin et al. have applied asymmetric cointegration model and nonlinear autoregressive
distributed lag (NARDL) model respectively. The studies with panel data are more recent. Panel
NARDL model was first discussed by Salisu and Isah (2017)®. The studies on asymmetry in
panel regression models also began following York and Light's (2017)7 study. In panel data
models where individual unobservable effects which are correlated with explanatory variables,
within or first difference transformations is commonly used to drop these effects from the
model. In order to take into account the asymmetric relationship in the first difference model,
the first difference variables are divided into positive and negative components and the first
difference regression is estimated using these variables. When the first differences model is
estimated with the least squares method, the correlation between sequential error terms causes
the estimators to be inefficient. In this case, Allison (2019)® showed that generalized least
squares estimators provide unbiased and efficient estimates. Allison (2019) proposed the use of
a variance-covariance matrix structure in which the correlation between sequential error terms
is defined as zero and the correlation between non-sequential error terms is kept constant. In
this study, in addition to these studies, the generalized least squares estimator has been made
more flexible by applying a structure in which first order autocorrelation is heterogeneous for
units and also considering possible heteroscedasticity.
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The four renewable energy consumption models are estimated for 42 net energy importing
countries by using data for 2000-2018 periods. Solar, wind, geothermal, and hydroelectric
energy consumption variables used as dependent variables while income, crude oil price, and
CO- emission included as independent variables in these models. Firstly, it has been tested
whether the income and price have an asymmetric effect on the energy consumption. In the
solar energy model, both the effects of price and income; in the wind and the geothermal energy
models, only the effect of price on consumption is asymmetric. In the hydroelectric energy
model, the effects of price and income on consumption are symmetric. The autocorrelation
structure varying for units and heteroscedasticity are included in variance-covariance matrix
and each model is estimated by generalized least squares method.

According to the results in the wind and solar energy models, income elasticity is greater than
one while it is less than one in the geothermal energy model. Similarly, these three energy
sources is also sensitive to price. It is also seen that wind and solar energy consumption are
positive relation with environmental pollution (CO. emission). In addition, hydroelectric
energy consumption has not been linked to price, income and environmental pollution.
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