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ship in recent years between electricity consumption and socio-economic indicators, but
little attention has been paid to regional differences in Turkey. This study determines the
electricity consumption indicators of Turkey
based on the Nomenclature of Territorial
Units for Statistics (NUTS 2) regions during
2004–2011. To achieve this objective, panel
data regression models, including socioeconomic indicators (gross value added, and
import and export amounts) were developed.
The study represents the first instance of regional knowledge for electricity consumption
using the panel data approach. The empirical
results show that electricity consumption for
the NUTS 2 regions can be modelled using
fixed effects models with standard errors obtained by the White estimator. The study reveals that regional development leads to increases in electricity consumption. Furthermore, electricity demand has grown impressively in line with regional economic developments in Turkey.

Introduction
Electricity is a key factor in improving quality of life and economic and social progress. Governments in developed and developing countries mainly pay attention to
the determinants that increase electricity consumption. Hence, the policies that will
increase electricity production or decrease electricity consumption are of prime
importance (Kavaklioglu et al. 2009).
Electricity is among the most important energy resources in Turkey. Electricity is
used in all areas of daily life, especially industrial production, the housing sector,
agriculture, lighting, and heating. Although electricity consumption in the industry
sectors has increased, its portion of total electricity consumption declined after the
1990s. The rate of electricity consumption in other sectors remained the same between 1970 and 2012. Following the restructuring of the electricity sector in the
1990s, both the consumption and the generation of electricity have expanded. Fig-
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ure 1 shows the percentage of electricity consumption in each sector between 1970
and 2012. Figure 2 shows the sectoral distribution of the electricity consumption of
Turkey in 2012.
Figure 1
Percentage of electricity consumption by sector
%
80
70
60
50
40
30
20
10

Household

Commercial

Government

Industrial

Illumination

2012

2010

2008

2006

2004

2002

2000

1998

1996

1994

1992

1990

1988

1986

1984

1982

1980

1978

1976

1974

1972

1970

0

Other

Figure 2
Distribution of electricity consumption by sector, 2012
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As observed in Figure 2, the industry sector has the largest portion of electricity
consumption in Turkey, consuming 47% of the produced electricity. In Turkey,
household consumption is second at 23%, reflecting the housing sector’s second
largest share of electricity consumption at 1,169 GWh in 1970 and 44,832 GWh
in 2012. Lighting is the sector with the lowest electricity consumption at 2%
(TEDAS 2012).
Turkey’s electricity demand has rapidly increased during the past few years, and
future increases are likely to continue given the country’s rapid economic growth,
young population, and other worldwide energy developments. According to the
International Energy Agency (IEA), energy consumption will continue to increase at
an approximate annual growth rate of 4.5% from 2015 to 2030. Given Turkey’s
limited energy resources, the country depends on imported energy sources for electricity production.
Turkey’s energy sources include hydropower, geothermal, lignite, hard coal, oil,
natural gas, biomass (wood, animal, and plant wastes), solar, and wind energy. Nuclear energy has not yet been included in the country’s energy sources (Erdogdu
2010), but Turkey will begin to utilize nuclear energy to produce electricity in the
next few decades. Most of the electricity is generated using fossil fuel sources. Fossil
fuels contributed approximately 60% of Turkey’s total energy consumption in the
1970s (Kentel–Alp 2013). This ratio reached 88% in 2011, with natural gas (32%) in
first place, followed by coal (29%) and oil (27%) (Uzlu et al. 2009). However, fossil
fuel reserves in Turkey are quite limited. Turkey’s energy policy mainly focuses on
improvements in sufficient and secure energy sources. To address the dependence
on imported fossil fuels and to take the necessary precautions, Turkey’s future electricity consumption should be known realistically. Thus, a critical factor for Turkey’s
energy policy is an accurate assessment of its future energy needs.
The relationship between energy consumption and economic indicators is analysed in several studies. In these studies, energy or electricity consumption was generally used as a dependent variable. We focus on investigating the relationship between regional economic indicators and electricity consumption for the Nomenclature of Territorial Units for Statistics (NUTS 2) regions of Turkey (Akay–Atak 2007,
Jebaraj–Iniyan 2006). For regional policy, identifying the key industries within a
given region, analysing their spatial and network dependencies, measuring their
dependencies from weaker to stronger and knowing how to influence them to improve their economic performance are the essential steps (Jarosi 2017). Regression
models, time series, neural networks, and econometric models are the most used
statistical methods in modelling and forecasting of energy or electricity research.
Regression models have been the most popular modelling method to determine the
factors that affect and predict electricity consumption (Yumurtaci–Asmaz 2004). In
particular, Zhang–Zhao (2014) used the panel data approach to estimate CO2 emissions in China. However, panel data analysis has never been used for either electricity consumption or Turkey.
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Research on predicting electricity consumption in Turkey has been conducted by
the Ministry of Energy and Natural Resources (MENR) and the State Planning Organization (SPO). The MENR uses the regression model to analyse energy demand
that historically has not produced reliable intermediate- to long-term results for
Turkey (MENR 2014). In recent years, the Regional Competitiveness Operational
Programme (RCOP) has been a basic document for the implementation of the Instrument for Pre-Accession in Turkey. The goal of the programme is to promote
Turkey in its preparation for membership to the European Union (EU); this is part
of the Regional Competitiveness Operational Programme framework to increase the
competitiveness of the Turkish economy when converging with that of the EU and
to reduce regional socio-economic differences. To achieve these aims, the RCOP
focuses on resources in a limited number of sectors, regions, and priorities for
which the impact of programmes and contributions will be greatest (Republic of
Turkey Ministry of Industry and Trade Report 2007). Hence, the regional statistics
and analyses are important steps in this programme. This statement has motivated
the present research to study a different modelling technique for Turkey’s electricity
consumption on the basis of regional economic indicators, such as gross value added (GVA) per capita, imports (IM), and exports (EX). Our study focuses on modelling electricity consumption for NUTS 2 regions of Turkey, whereas most previous
studies and analyses focused on modelling energy or electricity consumption for
Turkey as a whole and not at the regional level. Furthermore, no study on the regional analysis of electricity consumption for Turkey used a panel data regression
analysis.

Literature review
Prominent studies on electricity demand/consumption from literature search are
listed in Table 1. These studies generally utilized diverse co-integration and causality
tests to examine the relationship between electricity consumption and economic
indicators. In these studies, separate findings based on the country/country group
are obtained (Glasure–Lee 1997). In our study, we investigate the determinants of
electricity consumption at the regional level. For this reason, socio-economic indicators, such as GVA per capita, imports, and exports, are determined by considering
previous studies.
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Table 1
Prominent research on electricity demand/consumption for different countries
Research

Method

Indicator

Dependent
variable

Country

Glasure–Lee
(1997)

Co-integration

GDP

Electricity
South Korea
consumption

Shiu–Lam (2004)

Co-integration

GDP

Electricity
China
consumption

Bianco et al. (2009) Regression

Population, GDP
per capita

Electricity
Italy
consumption

Mohamed–Bodger
Regression
(2005)

GDP, average price of
electricity, population

Electricity
New Zealand
consumption

Pao (2006)

Artificial neural network

National income, GDP, Electricity
Taiwan
consumer price index
consumption

Zhou et al. (2006)

Trigonometric grey
prediction

–

Bianco et al. (2010)

Holt–Winters exponential smoothing, Trigo–
nometric grey model
with rolling mechanism

Zhang–Zhao
(2014)

Panel regression

Electricity
demand

China

Electricity
Romania
consumption

GDP per capita,
Gini-coefficient,
energy intensity, share CO2 emissions China
of industry sector,
urbanization

As observed in Table 1, seven of these studies are related to electricity consumption. Only one study on electricity consumption used the panel data approach.
The use of the panel data approach for modelling has attracted attention in recent
decades. Hence, this study purposes to determine the indicators of regional electricity consumption for Turkey based on NUTS 2 regions through a panel data regression. In addition, few studies examined the relationship between economic indicators and electricity consumption in Turkey using different methods and approaches.
A summary of the methods and variables used in these studies is presented in
Table 2.
Research on forecasting energy demand or consumption for Turkey began in the
1960s. Regression analysis is used by the SPO for energy forecasting. Since 1984,
several econometric methods have been used for energy demand or consumption
forecasts (Kankal et al. 2011). Some studies on energy demand or consumption for
Turkey are presented in Table 2.
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Table 2
Literature search on electricity consumption or demand in Turkey
Study

Independent
variable

Methodology

Population, energy
consumption, increase
rates per capita

Yumurtaci–Asmaz
(2004)

Regression

Ozturk et al. (2005)

Genetic algorithm approach –

Hamzaçebi (2007)

Artificial neural networks

Kavaklioglu et al. (2009) Artificial neural networks

Dependent
variable
Electricity
demand
Electricity
demand

Transportation, agriculture,
residence, industry sector

Electricity
consumption

Population, GNP, import,
export

Electricity
consumption

Erdogdu (2007)

Co-integration analysis,
ARIMA

–

Electricity
demand

Aslan (2014)

Granger
causality test

–

Electricity
consumption

Nazlioglu et al. (2014)

Co-integration, linear and
nonlinear Granger
causality test

–

Electricity
consumption

As observed in Table 2, the panel data approach has never been used to analyse
electricity consumption in Turkey.

Methodology
Panel data, also called cross-sectional time series data, are repeated observations of
the same set of cross-section units. A panel dataset should have data on n cases over
t periods for a total of (n x t) observations.
Pooled ordinary least square
The simplest case of using longitudinal data arises from ignoring the panel structure
of the data. The model can be written as
(1)
=
+ ,
where e~N(0, σ2) is assumed to be identically independent distributed (iid) and, for a
given X, the observations have no serial correlation and the errors are not heteroskedastic. The pooled ordinary least square (OLS) approach might be reasonable
when the cross-sectional sample sizes are too small (Cancado 2005).
The pooled OLS estimator is considered a starting point for the empirical analyses. Two other models exist for an analysis of panel data in addition to the pooled
OLS: the fixed effects and random effects models.
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Fixed effects and random effects models
Consider the general panel data model
=

+

,

(2)

where the error term εit=αi+ηit consists of individual specific effect αi and common
stochastic error term ηit, and ηit is assumed to be uncorrelated with Xit.
The assumption that distinguishes the fixed effects model from the random effects model is that αi may or may not be correlated with the set of explanatory variables, Xit. αi is uncorrelated with Xit in the random effects model and is correlated
with Xit in the fixed effects model.
Two basic tests can determine which panel analysis should be used: the Lagrange
multiplier (LM) and Hausman specification test. The LM, proposed by Breusch–
Pagan (1980), is calculated to determine whether a pooled OLS regression or random effects model should be used. The LM test is easy to compute because it only
requires pooled OLS residuals and is given by
=

∑ =1(∑
2( − 1)

∑ =1 ∑

=1 ε
=1 ε

)2
2

2

−1 ,

(3)

where N is the number of cases and T is the number of periods.
The LM is distributed as X2 with one degree of freedom. If the LM exceeds the
critical value, we conclude that the pooled OLS method is inappropriate and the
random effects model is preferable. The Hausman specification test selects between
the fixed effects and random effects models under the null hypothesis that the individual effects are uncorrelated with the other regressors in the model. If they are
correlated (H0 is rejected), a random effects model produces biased estimators, violating one of the Gauss–Markov assumptions; hence, a fixed effects model is preferred. Note that under the null hypothesis, the Hausman statistic is asymptotically
distributed as X2 with k degrees of freedom (Srivasan 2012).

Modelling of determinants of electricity consumption for NUTS 2
regions
Data description and modelling
In this study, electricity consumption for the NUTS 2 regions of Turkey is modelled
as a function of socio-economic indicators. All of the data are obtained from
TURKSTAT (http://www.turkstat.gov.tr) under titled statistics by theme. For this
reason, we used a balanced panel dataset, which means that the number of periods
T is the same for all individuals i of the 26 NUTS 2 regions of Turkey during
2004–2011. The list of NUTS 2 regions is provided in the Appendix. Figure 3 indicates the regional distribution of electricity consumption.
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Figure 3
Map of electricity consumption by the NUTS 2 regions of Turkey, 2011

MWh
833,047 – 2,866,700
2,866,701 – 6,216,390
6,216,391 – 10,655,800
10,655,801 – 16,442,600
16,442,601 – 32,672,300
Note: For the list of the NUTS 2 regions of Turkey, see the Appendix.

Regarding the regional distribution of electricity consumption, Figure 3 indicates
that the first five regions with the highest electricity consumption (the darkest regions) are TR10, TR41, TR31, TR42, and TR63. TRA2, TR82, and TRA1 are regions with the lowest electricity consumption. As is known, energy provides input
for each sector of the economy. As electricity is an indispensable input in industrial
production processes, energy consumption has increased. For this reason, the import and export amounts have a significant effect on electricity consumption. Turkish manufacturers are mainly located in TR10, TR41, and TR31. In recent years,
TR63 has become a main new industrial district in Turkey given that electricity consumption has increased in this region.
The data used in this study are obtained from the Turkish Statistical Institute.
Socio-economic indicators, such as the GVA/pop, imports, and exports – similar to
precedent studies – are considered to determine electricity consumption. In this
study, we examine electricity consumption for the NUTS 2 regions because the
variables are determined to reflect the regional structure. Hence, we have used
GVA/pop and not GDP as the regional development indicator. GVA/pop is a
measure in economics of the value of goods and services produced in an area, industry, or sector of the economy. GVA/pop, one of the major macroeconomic
indices in regional development, is an indicator of economic growth. An increased
GVA/pop means improved living standards in a region and, thus, increased electricity consumption. Import and export amounts for Turkey are related to manufacturing processes; therefore, they strongly affect the amount of electricity consumption
(Kankal et al. 2011). Electricity consumption is considered to be a dependent varia-
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ble, whereas GVA/pop, import amount (IM), and export amount (EX) are considered to be independent variables. Table 3 lists the definition of the variables.
Table 3
Definition of variables and acronyms
Variable

Units of measure

Total electricity consumption
Gross value added per capita
Imports
Exports

Definition

MWh
1,000 Turkish Lira
1,000 USD
1,000 USD

Total electricity consumption
GVA divided by population
Imports by economic activities
Exports by economic activities

Figure 4 reflects the electricity consumption, GVA per capita, import amount,
and export amount of Turkey from 2004 to 2011.
Figure 4
Electricity consumption and corresponding indicators in Turkey
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Figure 4 indicates that all of these variables in Turkey increased gradually until
2008. Because of the global crisis in 2009, imports and exports decreased aggressively, whereas electricity consumption and GVA per capita decreased slightly. After
2009, all variables steadily increased. Electricity consumption and GVA per capita in
all regions indicated similar tendencies, varying slightly during 2004 and 2011.
To examine the determinants of electricity consumption in Turkey, the panel data approach has been applied. The panel log–log form of the estimable regression
model can be written as follows:
= 0 + 1 ln(
/
) + 2
+ 3
+ .
The natural log form measures the GVA/pop elasticity, import elasticity, and
export elasticity of electricity consumption. εit is an error term that is assumed to be
independently and normally distributed.
Empirical results
First, we need to determine the panel data techniques that should be used. Before
the analysis, multicollinearity is controlled by variance inflation factor (VIF) values.
The VIF values of GVA/pop, import, and export are found to be 2.0946, 5.7096,
and 6.6574, respectively. No multicollinearity existed because all VIF values are less
than 10. For this reason, the LM test is used to determine whether the pooled OLS
regression or the random effects model should be selected. The calculated LM test
value (LM test value = 480.61) exceeds the tabulated chi-squared value
(X21,α=0.05=3.841), leading us to conclude that the random effects model is more
appropriate than pooled OLS. Next, we need to choose between the fixed and random effects models. For this reason, we conducted the Hausman specification test,
whose null hypothesis is that the preferred model is the random effects model.
The Hausman test statistic is defined as:
−1
HS =( βˆ FE −βˆ RE )′(Var( βˆ FE −βˆ RE )) ( βˆ FE −βˆ RE ),
where βSE is the estimated parameter vector of the fixed effects model and βRE is the
estimated parameter vector of the random effects model. The results of the Hausman test revealed that the random effects model is not appropriate and that the
fixed effects specification is preferred (p = 0.000 < 0.050).
Before estimating the fixed effects model, group-wise heteroskedasticity, autocorrelation, and cross-sectional independence are investigated (Zhang–Zhao 2014).
The modified Wald test in the fixed effects regression model is used to test groupwise heteroskedasticity. A Wooldridge test is used to test serial correlation. The Pesaran cross-sectional dependence (CD) test is used to determine whether the residuals
are correlated across entities. The results of the tests are presented in Table 4.
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Table 4
Test results
Modified Wald test
Wooldridge test
Pesaran CD test
* Means significant at the 5% confidence level.

Test value

p-value

1537.25
0.255
0.783

0.000*
0.618
0.434

As Table 4 indicates, the null hypotheses ‘There is no serial correlation’ and
‘Residuals are not correlated’ are not rejected, respectively (p = 0.618 > 0.050) and
p = 0.434 > 0.050 Therefore, no autocorrelation and cross-sectional dependence
exist in the data. However, the null hypothesis ‘There is no heteroskedasticity’ is
rejected p = 0.000 < 0.050), indicating that heteroskedasticity exists.
Relying on ‘robust’ standard errors is common to ensure a valid statistical inference when some of the underlying regression model’s assumptions are violated.
One of the most popular of these alternative covariance matrix estimators was developed by Huber (1967), Eicker (1967), and White (1980). Standard errors, which
are obtained with the assistance of the White estimator, are consistent even if the
residuals have heteroskedasticity. As group-wise heteroskedasticity may exist within
the dataset, the White estimator is used to determine more reliable estimations given
violations of the classic hypothesis (Hoechle 2007). The results of the fixed effects
model (FE) and the White estimator are provided in Table 5.
Table 5
Panel estimation results
Fixed effect
GVA/pop
IM
EX
Constant
R2
Hausman test
(p-value)
LM test
(p-value)

92.93*
(0.000)
480.61*
(0.000)

0.5324*
(0.0431)
0.0136
(0.0214)
0.035
(0.0236)
9.724*
(0.1823)
0.73

White estimator
0.5324*
(0.00746)
0.0136
(0.0311)
0.035
(0.0324)
9.724*
(0.3499)
0.73

*Means significant at the 5% confidence level.
Note: Figures in parentheses are the standard errors.
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Table 5 indicates that the coefficient of GVA/pop is statistically significant at
the 5% level. The coefficient of GVA/pop (0.5324) is significantly positive, implying that electricity consumption will increase when regional development is improved.

Conclusion
Turkey is strategically located at the crossroads of the world’s largest oil and natural
gas routes. The Turkish economy is currently among the fastest growing in the
OECD and has become the 18th largest economy in the world based on purchasing
power parity. Turkey’s economy is driven by strong productivity gains and robust
growing private consumption, investments, and exports, and has not been hindered
by reductions in government consumption and investment. Given the country’s
growing population and ongoing industrialization, Turkey’s electricity consumption
has been increasing. For these reasons, Turkey is a source of interest in the energy
economics literature and has therefore been examined by numerous studies analysing the relationship between electricity demand or consumption and national income. In contrast, however, the findings are still indecisive. The recently introduced
panel data approach provides a flexible and powerful tool for electricity consumption. This approach has never been used for Turkey. Therefore, the contribution of
this study is to model the socio-economic indicators of electricity consumption for
the NUTS 2 regions of Turkey using the panel data approach. Regional data are
used because of the differences among the regions in terms of economic, social, and
cultural aspects. The major conclusion of this research is that electricity consumption in the NUTS 2 regions can be modelled as a function of economic indicators
using panel data regression models. This study reveals that regional economic
growth affects electricity consumption, indicating that increases in economic growth
increase electricity consumption. As a result of the empirical findings, we determine
that electricity consumption in regions is positively affected by the region’s development level. At this point, energy policies aimed at reducing electricity consumption may negatively affect the growth in the regions. This study represents an initial
study that determines the economic indicators of electricity consumption at the
regional level. This study has been constrained to the years from 2004 to 2011 given
a lack of availability statistics.
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Appendix
List of NUTS 2 regions of Turkey:
TRA1: Bayburt, Erzincan, Erzurum
TRA2: Ağrı, Ardahan, Iğdır, Kars
TRB1: Bingöl, Elazığ, Malatya, Tunceli
TRB2: Bitlis, Hakkâri, Muş, Van
TRC1: Adıyaman, Gaziantep, Kilis
TRC2: Diyarbakır, Şanlıurfa
TRC3: Batman, Mardin, Siirt, Şırnak
TR10: İstanbul
TR21: Edirne, Kırklareli, Tekirdağ
TR22: Balıkesir, Çanakkale
TR31: İzmir
TR32: Aydın, Denizli, Muğla
TR33: Afyonkarahisar, Kütahya, Manisa, Uşak
TR41: Bilecik, Bursa, Eskişehir
TR42: Bolu, Düzce, Kocaeli, Sakarya, Yalova
TR51: Ankara
TR52: Karaman, Konya
TR61: Antalya, Burdur, Isparta
TR62: Adana, Mersin
TR63: Hatay, Kahramanmaraş, Osmaniye
TR71: Aksaray, Kırıkkale, Kırşehir, Nevşehir, Niğde
TR72: Kayseri, Sivas, Yozgat
TR81: Bartın, Karabük, Zonguldak
TR82: Çankırı, Kastamonu, Sinop
TR83: Amasya, Çorum, Samsun, Tokat
TR90: Artvin, Giresun, Gümüşhane, Ordu, Rize, Trabzon
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