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Energy is a fundamental factor for economic development. Although in recent years there is a development in studies on an energy economics they
are focused on specific energy sources. In this study natural gas, electricity and oil consumption which are the energy sources that the greatest
market share of world and Turkey are investigating. In this investigation multivariate linear regression model is used. MVR model is a system of linear
regression equations having the same set of independent variables. In this model within-equation, linear restrictions are testable on an equation-
by—equation basis using a standard F test. The aim of the study is estimating demand of these three energy sources which are mentioned above.
For this purpose, the regression model estimated which has a natural gas, electricity and oil consumption as dependent variables and price of these
sources, income and population as independent variables by using 2001:01-2010:06 monthly data. Except for oil prices, coefficients of the model
are statistically significant in all models. Coefficients are interpreted economically and determined that supply and demand move peculiar to Turkish

energy markets despite the general expectations.
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INTRODUCTION

As a one of the energy importer country, Turkey has five primary energy re-
sources as petrol, natural gas, coal, hydroelectricity and renewable energy.

In the last twenty years Turkey went through three crises in 1994, 2000 and
2001, energy consumption fluctuated during these crises and showed a
decreasing attitude [1].

While the dominant fuel in energy production was coal in 1950’s, its ratio
in the total installed capacity which was 52.1% (212,6MW) decreased to
27.4% (348,3MW) in 1960’s. Supply for hydroelectricity reached 32.4% in
total capacity in the same year. Increase in the natural gas consumption
started in 1970’s. While the production rate of natural gas, the consump-
tion rate of which was quite low until 1980’s, in the energy plants was 1.1%
in 1985, it increased to 26.4% in 1999 [2].

The year 1984 is a milestone both for the economy of Turkey and for con-
ducting energy planning and energy demand for next years. The World

1 This paper is a derived version of author’s Ph.D. thesis entitied ‘Tirkiye Enerji Piyasasinin
Cok Degiskenli Dogrusal Regresyon Analizi ile Incelenmesi” defended at the Gazi University
Institute of Social Sciences, October 2011.

Bank proposed ETKB (Ministry of Energy and Natural Resources) to use
MAED (Model for Analysis of the Energy Demand) and WASP (Wien Au-
tomatic System Planning Package) Il models developed by IAEA (The In-
ternational Atomic Energy Agency) to determine the energy and electricity
demands [3].

Turkey as a mainly importer in terms of energy resources, met 74% of its
energy supply from abroad, above 90% in petroleum and natural gas and
about 20% in coal in year 2009. According to the data from 2008, 55.7%
of the imported natural gas was used in electricity production, 22.2% was
used in the houses and 22.0% was used in industry. Natural gas con-
sumption of Turkey was an annual 35.6 billion cubic meters at the end
of 2008, the consumption increased in the electricity sector and similarly
decreased in the industry sector [4].

Consumption of natural gas started to be used in 1976. In 2006 it had
28.6% of total supply of primary energy and 52.8% of this supply was
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used in electricity plants [5]2.

Electrical energy was first produced in 1906 in Tarsus by the Italian. The
plant commissioned in Tarsus was a generator in 2kW capacity connected
to a watermill. First major electricity plant in our country was established in
Silahtar Ada, Istanbul in 1913.

Coal, especially Brown coal is the most important local energy resource
of Turkey. TTK (Turkish Coal Corporation), sustains its actual monopoly
position in coal production, distribution and processing. While 55% of the
Brown coal produced in 2003 was produced solely by TTK, only 10% was
produced by private companies.

This study aims to estimate natural gas, electricity and petroleum demand
for Turkey. The equation to be estimated with this aim is known as demand
equation in the literature of economy.

There is wide literature about Turkish energy demand. [3] forecast energy
demand of Turkey using Winters’ exponential smoothing method and cy-
cle analysis. [6] finds that price elasticity of coal is very low for the pe-
riod 1987-2002 for Turkey. [7] shows that growth and investment have
positive, consumption and prices have negative relationship in Turkey.
[8] argues production effect, structural effect and intensity effect by us-
ing LMDI(Logarithmic Mean Divisia Index) approach on Turkish sectoral3
energy use then concludes that main source of the total effect is produc-
tion effect. [9] finds that long—run and the magnitude of price elasticity is
considerably larger than the income elasticity in Turkey. [10] investigate the
Granger causality of GDP and energy consumption and find that direction
of causality is GDP to energy consumption. [11] conclude that fossil fuels
will continue to play a major role in the future energy mix of Turkey. None-
theless Turkish energy system will be depended more on natural gas than
on other fuels. Also [12] investigates electricity demand and finds that the
price and income elasticity for electricity demand is very low in Turkey and
asserts that the electricity market have to be regulated.

In this study, factors of the goods demand quantity of which is to be esti-
mated are determined within the frame of traditional demand theory as the
price of the good, the price of substitute goods and income. In this case,
general demonstration of the model to be established is presented in the
vectorial form as below as D is for demand, P is for price, G is for income,
E is for electricity, NG is for natural gas and O is for oil:

[NGD, ED, OD]=f[NGP, EP,OP, G] M
It can be shown in vectorial form in (2) and also below:

NGD _t=[3m+[311 NGP + Bu EPt+13 Ot+[31 . Gtet,

EDt: Boz—l—[‘?‘m NGPt+Bzz EPt+BZ3 OPC+BZ4 Gt+£2t

PD =B +B, NGP+B_ EP+pB,_OP+p .4 Gtt+e,

GDP or GNP is used as the indicator of income level in the implementations
of macroeconomics. GNP data is estimated in four terms by TUIK(Turkish
Statistical Institute) as quarterly data. In this paper monthly data are used
therefore Industry Production Index is which is published monthly as in-
come level variable.

The variables are in different measurements, i.e. natural gas consump-
tion was obtained in Terajoule, electricity consumption was obtained in
GWs, petroleum consumption was obtained in Kilotone yet to make all the
measurements in the same type, all consumption values were converted
into Terajoule. Price values were converted into fixed prices by deflating
these values with PPI* . Also a correction was made on electricity data.

As known, electricity energy is obtained by using other energy sources.
Natural gas and petroleum consumption data comprises petroleum and
natural gas quantities used in electricity production. This situation causes
a correlation among independent variables and also causes the same data
to be calculated twice. Therefore, natural gas and oil quantities used in
electricity production are excluded from electricity consumption quantities.

The dependent variables are NGD natural gas demand (Turkey, Gross In-
land Deliveries (Observed) [in Terajoules] IEA Energy Statistics O OECD/ In-
ternational Energy Agency, 2010), ED electricity demand (EC-EGN-ENP?),
OD oil demand (Turkey (Total Products Demand as defined in the Oil

2 World Energy Council. Turkish National Committee.

3 Agriculture, industry and service secotors were used.

4 Inperiod 2001:01:2002:12 the data converted to 2003=100 indiced from 1994=100 indiced by
authors.

5 EC Electricity Consumption (Turkey Gross Electricity Consumption [ in GWs] , TEIAS), EGN
Electricity Generation Natural Gas: Distribution of Turkey’s Gross Electricity Generation by
Primary Energy Resources, Natural Gas part (GWs), TEIAS, EGP Electricity Generation Pe-
troleum: Distribution of Turkey’s Gross Electricity Generation by Primary Energy Resources ,
Liquids (Fuel-Oil, Diesel, LPG, Naphta) (GWs), TEIAS

Market Report [in KT] IEA Energy Statistics O OECD/ International Energy
Agency, 2010). Independent variables are NGP natural gas price (TUIK,CPI,
Product Name, Natural Gas Fee,TL), EP electricity price (TUIK,CPI, Prod-
uct Name, Electricity Fee, TL), OP oil price (T! UiK,CPI, Product Name, Petrol
Price, TL), IPI industrial production index (Monthly Industrial Production
Index (1997=100), Total Industry, Manufacturing+Mining+Ohters)®. Eco-
nomic expectations for the variables are discussed generally below.

When the price of energy resources increases, consumers alter it with
another energy resource which is a substitute. Yet electricity, natural gas
and petroleum are not exactly substitutes. An energy source for a machine
used both in residents and industry for energy or heating is either cannot
be replaced or it takes a long and/or expensive process to replace.

Petroleum is used more commonly in transportation diesel and LPG in-
volved. Along with this, it takes part in production as an intermediate input.
Impact of petroleum price on electricity is bidirectional. Firstimpact is sub-
stitute impact and the second impact is the one it makes as complemen-
tary good. A part of electricity consumption is procured from petroleum
and petroleum is a cost for electricity production. Increase in the price of
petroleum price causes an increase in the cost of electricity consumption
and therefore the more the price for petroleum is, the less the electricity
consumption is. Direction of the impact will be determined depending on
which of the two impacts is more dominant.

Along with this, there are losses and illegal use while this energy is trans-
mitted to the consumers. Especially in electricity energy distribution, there
is a high rate of losses and leaks. [13] mentions some reason of these
causes such as there is no investment in this field and maintenance-repair
works are not performed periodically. lllegal use in petroleum and electric-
ity constitutes a major problem too.

In the petroleum market, especially since the middle of 2007, various sub-
stances have been sold and used in cans instead of diesel oil under the
name of 10 number oil. According to [14] report, base oil import of Turkey
increased in 210.000 tones between 20052007. According to [15] report,
after fixed Special Consumption Taxes collected from certain fuel types
were increased by the Ministry of Finance of Republic of Turkey, legal con-
sumption of these fuels decreased and activities carried under the name
of 10 number oil etc. considerably increased. It is estimated that market
activities caused only by mixing base oils and waste oils in fuels is more
than an annual 500 thousand tones and the tax loss caused by this situa-
tion is far above 600 million TRY/Year.

In this study, loss and illegal use rates do not take into account, official
consumption data are used and the increase in the price is deemed to
have a consumption decreasing impact by increasing the rate of illegal
use.

MULTIVARIATE REGRESSION MODEL

In this paper multivariate regression model is used. [15] defined multivari-
ate regression model that a system of linear regression equations having
the same set of explanatory variables. Author stated that this technique
mostly used in demand analysis and empirical asset pricing. If the indi-
vidual equations of the system are classical regressions is used instead
of using multivariate regression linear restrictions are testable on an equa-
tion—-by—equation basis using a standard F test.

MVR is named as a multivariate regression model in [16], [17], [18], [19],
multivariate linear regression in [20], [21], [24] and general linear multivari-
ate model in [23].

In the MVR generalizes the univariate model by allowing more than one
dependent variables to be measured on each independent sampling unit.
Implicitly the model requires that the same design matrix apply to every
dependent variable and every independent sampling unit have the same
set of responses variables. The most important key difference is hypoth-
esis testing which is far more complicated than multiple regression model
[23].

Test problems in MVR model may also be found in seemingly unrelated
regressions (SURE) and simultaneous equations. Also the MVR model can
be interpreted as a SURE model with identical dependent variables across
equations in other words the SURE model may be nested within an MLR
framework, imposing exclusion constraints [24].

In MVR estimated coefficients and standard errors are identical to the esti-
mates obtained from muiltiple regression model of the individual equations.
The advantages of the MVR are in hypothesis testing since heteroscedas-
ticity across equations and contemporaneous dependence of the distur-

6 2001:01-2008:01 period 1997=100, 2009:01-2010:05 period 2005=100 indiced series are col-
lected from data source. The period of after 2009:01is converted to 1997=100 indiced series.
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bances are explicitly incorporated into the hypothesis tests [25].

Suppose that we have the response of the ith individual (i=1,...,n) is some
quantitative measure of dependent variables observed at time pointst,....
,t. The dependent variables depend on explanatory variables that are
shown by . A MVR model for this dependent variables is below

Yij:BOj+Zpl=1Blj Xil+sii i=1..,n, j=1,...q @)

In the Equation 3 the coefficients of the explanatory variables depend on
j - This accounts for the possibility that the pattern of influence of the ex-
planatory variables may depend on the time of measurement. Also the
observations of a given patient at different time points may be correlated.
The error variance for the various time points may also be different. These
variances and covariances may not be known at all [21]. In order to over-
come these kind of problems the model with several dependent variables
which is called MVR model is used.

Testing linearity is one of the main problem in MVR model like multiple
regression model(MR). The advantage of MVR model over multiple regres-
sion model is that significance of independent variables can be tested in
all models jointly. If we have collected data about several dependent vari-
ables and make separate MR model then we could make separate t tests.
If more tests we conduct on the same data, the more we inflate the fami-
lywise error rate.

Imagine a situation in which there were three model and we would like to
compare one independent variable between these three models separate-
ly. If we were to carry out t-tests on every pair of models, then we would
have to carry out three separate tests: one to compare models 1 and 2,
one to compare models 1 and 3, and one to compare models 2 and 3. If
each of these t-tests uses a 0.05 level of significance then for each test
the probability of falsely rejecting the null hypothesis (known as a Type |
error) is only 5%. Therefore, the probability of no Type | errors is 0.95 (95%)
for each test. If we assume that each test is independent then the overall
probability of no Type | errors is 0.857 (0.95x0.95x0.95). Thus the probabil-
ity of at least one Type | error is 0.143(1-0.857) or 14.3%. Therefore, across
this group of tests, the probability of making a Type | error has increased
from 5% to 14.3%. This error rate across statistical tests conducted on
the same experimental data is known as the familywise or experimentwise
error rate [26].

The most common tests which could be used to do these joint tests are
Wilks’ Lambda, Pillai’s Trace, Hotelling ~Lawley Trace and Roy’s Largest
Root statistics such as following:.

Wilks’ Lambda:
1

A:HHAI.

i=1

Pillai’s Trace :
S }\’

V= 1
Z 1+,

i=1

©)

Roy’s Largest Root : 7L1 ©)

Hotelling —Lawley Trace is also known as a Hotelling T2 is below.
S

T=]]
1

where s number of variables and is eigenvalues.

)

[27] point out that the Roy test is weaker than other three test but if there
is a one big eigenvalue it will be the most powerful test. Also they indicate
that in a big sample Wilk’s Lambda, Roy’ Largest Root and Hotelling Law-
ley Trace tests statistics values are approximately same.

Other Model Testing Methods

[27] suggest these four graphs’ to detect possible anomalies.

Residuals é‘[ are plotted against the predicted values Yi . The graph is
indicated the violating assumptions and has two interpretations and both
of them means not equal variance:

a) The relationship between éi and Yi may be increasing. A depend-
ence of the residuals on the predicted value. The numerical calculations

7 lllustration of graphs can be found in the book.

are incorrect or constant term has been omitted from the model.

b) The pattern of residuals may be funnel shaped. If this is the case, the
variance error is not constant and transformation or a weighted least
squares approach are required.

Residuals are plotted against independent variables or products of them.
A systematic pattern in these plots suggests the need for more terms in
the model.

Q-Q plots and histograms used to detect normality in residuals.

Residuals are plotted versus time. Although the assumption of independ-
ence is hard to check if the data are naturally chronological, a plot of the
residuals versus time may reveal a systematic pattern. For instance, re-
siduals that increase over time indicate a strong positive dependence.

EMPIRICAL APPLICATION

Table 1 shows descriptive statistics of the variables. Range of the con-
sumption variables is quite high, the standard deviation of natural gas de-
mand is 28736 terajoule and it indicates how great the increase in natural
gas consumption is. Therefore, it was decided to take logarithm of the
consumption variables.

It is seen that the price variables are not high in variance. Also, because the
Industry Production Index is an index variable, it is not considered neces-
sary to take logarithms of these variables.

Table I: Descriptive Statistics of Variables

Variables

Dependent Variables Independent Variables

NGD EC 0D ED NGP EP oP IPI
Mean 89128,68 | 49523,29 | 10468,11 | 24748,31 | 0,0038 | 0,0017 | 0,0244 | 91,2223
Median | 90916,5 |48610,8 |10618,99 | 24709,14 | 0,0036 | 0,0016 | 0,0268 | 88,0709
Maximum | 152633 | 66210,48 | 14418,06 | 34061,23 | 0,0087 | 0,0029 | 0,0404 | 1271
Minimum | 41547 34878,6 | 6154,664 | 1749528 | 0,0011 | 0,0006 | 0,0059 | 61,2451
Std. Dev. | 28735,84 | 8490,41 | 1296,867 | 3981,927 | 0,0017 | 0,0005 | 0,0087 | 18,6819

Before the logarithms of the variables are taken, it is necessary to inves-
tigate if they include seasonality or not. Seasonal Stacked Line graphics
were used for this. When the graphics were examined it was seen that they
included high levels of seasonality. With the effect of seasonality being low
in price variables and PIPI, at first all variables are seasonally adjusted.
Also, it would be seen from the graphs that the price of electricity was
fixed for nearly 62 months. In this period comprising 2002:11-2007:12,
the difference between the highest and the lowest price was 0.00242 TRY.

First, all variables were seasonally adjusted using moving averages meth-
od then logarithms of the high variable demand series were taken. The
seasonally adjusted series are named by adding “MA” to the end of the
abbreviation of the series and logarithm of the series are named by adding
“L” to the beginning of the abbreviation of the series.

Before the model was estimated, to ensure the requirement that the re-
siduals terms [28] and dependent variables [23] must be un—correlated,
natural gas and liquid fuel quantities used in the electricity production were
excluded from the electricity consumption quantity and the electricity con-
sumption data from hydroelectricity and thermal plants were obtained. As
described above, electricity is a secondary energy source and a part of the
electricity is produced from natural gas and liquid fuels.

Table presents results of the MVR model. The model having LNGDMA
dependent variable is the natural gas demand model, the model having
LEDMA dependent variable is the electricity demand model and the model
having the LODMA dependent variable is the petroleum demand model.
It is seen that all of the estimated models are statistically significant in %1
significance level. When the R-squared of the models are interpreted, it is
seen that the first model has %95 and the second model has %82 coef-
ficient of determination. That the oil model has a low ratio of %29 indicates
that either there are more important variables affecting the petroleum con-
sumption or consumption does not move according to the price factors
due to the illegal use rate in oil consumption in Turkey.
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Table Il: Results of the Model

Table VII: OPMA — Multivariable Significance Test Results

LNGDMA | Variable Constant | NGPMA | EPMA OPMA | IPIMA
Coefficient 10,4046 |2,2183 | -171,765 | 33,9871 | 0,0033
F=587,1004 F—prob=0,0000 R—squared = 0,9556
LEDMA | Variable Constant | NGPMA | EPMA OPMA | IPIMA
% Coefficient 9,6282 | -27,4213 | 9,1451 16,9337 | 0,0012
E F=132,5032 F—prob=0,0000 R—squared= 0,8294
£ | LODMA | Variable Constant | NGPMA | EPMA OPMA | IPIMA
%_ Coefficient 9,3875 | 21,5037 |-194,069 |3,2739 | 0,0003
8 F=11,00698 F—prob=0,0000 R—squared= 0,2877

Error terms and coefficients should be tested before the estimated param-
eters of the independent variables are interpreted.

Testing Residuals

The independence of residuals were tested by Breusch Pagan (1980).
Table 3 shows that the correlation between residuals is at most 13% that
is to show there is no strong dependence between residuals. Also the null
hypothesis of the B-P test which refers to the error terms are not related

Test Statistic F Stat. Prob.

F Test 153.55 - 0,0000"
Wilks’ Lambda 0,1913 150,7293 0,0000***
Pillai’s Trace 0,8086 150,7293 0,0000%**
Roy’s Largest Root 4,2260 150,7293 0,0000%**
Hotelling—Lawley Trace 4,2260 150,7293 0,0000***

*** shows significance level in 1% .

Table 7 shows that the null hypothesis of oil price are not significant in the
MVR model is rejected in 1% significance level.

Table VIII: IPIMA — Multivariable Significance Test Results

Test Statistic F Stat. Prob.

F Test 8,44 0,0000***
Wilks’ Lambda 08114 8,2849 0,0001**
Pillai’s Trace 0,1885 8,2849 0,0001***
Roy’s Largest Root 0,2322 8,2849 0,0001***
Hotelling—Lawley Trace 0,2322 8,2849 0,0001***

*** shows significance level in 1% .

cannot be rejected.

Table lIl: Correlation matrix of residuals

Residuals of Model: LNGDMA LEDMA LODMA

LNGDMA 1,0000

LEDMA -0,0796 1,0000

LODMA 0,1460 0,0946 1,0000

Breusch Pagan Test Test Stat. Prob,
4173 0,2434

At last there is no significant result to omit IPI variable from the model
(Table 8).

Also all variables which are used in the MVR model can be tested by multi-
variate significance tests. In this situation the hypothesis is below:

B B B By
Hy: |\ By =B |=|B |=| B |=0
B B Bs B

Table 9 : Overall — Multivariable Significance Test Results

Joint Significance Test of Coefficients

It is main advantage of the MVR model that we can jointly test the coef-
ficients across models. The results are below:

Table IV: Constant Term — Multivariable Significance Test Results

Test Statistic F Stat Prob

F Testi 21676,50 - 0,0000***
Wilks’ Lambda 0,0007 49627,4311 0,0000***
Pillai’s Trace 0,9992 496274311 0,0000***
Roy’s Largest Root 1378,5397 49627,4311 0,0000***
Hotelling—Lawley Trace 1378,5397 49627,4311 0,0000***

*** shows significance level

in1%.

The null hypothesis of constant terms are not significant in the MVR model
is rejected in 1% significance level(Table 4).

Table V: NGPMA — Multivariable Significance Test Results

Test Statistic F Stat. Prob.

F Testi 4,58x10-5 - 0,0000***
Wilks’ Lambda 0,0206 78,8298 0,0000%**
Pillai’s Trace 1,3599 22,5966 0,0000***
Roy’s Largest Root 29,6612 261,1836 0,0000***
Hotelling—Lawley Trace 29,6612 261,1836 0,0000***
*** shows significance level in 1% .

The four independent variables in three models are significant to be in all
models. In conclusion we cannot reject to include any variables into model.

Results of Other Model Testing Methods

1. The residuals against fitted values of models are given below. In the
Figure 1, RNG, RE and RO shows natural gas, electricity and oil models
residuals respectively and the abbreviation “FIT” in the graphs means fit-
ted values of the series used.

Test Statistic F Stat. Prob.

F Test 2,88 - 0,0394*
Wilks’ Lambda 0,9266 2,8248 0,0422*
Pillai’s Trace 0,0733 2,8248 0,0422*
Roy’s Largest Root 0,0791 2,8248 0,0422*
Hotelling—Lawley Trace 0,0791 2,8248 0,0422**

** shows significance in 5% level.

The null hypothesis of natural gas price variables are not significant in the
MVR model is rejected in 1% significance level(Table 5).

Table VI: EPMA — Multivariable Significance Test Results

Test Statistic F Stat. Prob.

F Test 20,74 - 0,0000***
Wilks’ Lambda 0,6365 20,3629 0,0000***
Pillai’s Trace 0,3634 20,3629 0,0000***
Roy’s Largest Root 0,5709 20,3629 0,0000***
Hotelling—Lawley Trace 0,5709 20,3629 0,0000***

Figure 1 : Residuals Against Fitted Values

RNG

-8 - T T T
106 108 110 112 114 16 1138

LNGMAFIT

Figure 1
shows
that there
is no
patter
between
residuals
and fitted
values.

RO
5

*** shows significance level in 1% .

The null hypothesis of electricity price variables are not significant in the
MVR model is rejected in 1% significance level(Table 6).

98 99 100 101 102 103 104 910 915 9‘20 9.25 g_‘BU 9.35
LEDFIT LODMAFIT
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2. Plotted residuals against independent variables are below and show

that there is no pattern as required.
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3. Figure 6 shows that the points on a normal Q-Q plot are reasonably
well approximated by a straight line thus normal distribution hypothesis
is plausible.

Residuals: LNGMA
0 10000 20000
. . L

-10000
L

20000

T T T T
*-20000 -10000 10000 20000

0
Inverse Mormal

2000 4000
L I

Residuals: LEDMA

Residuals: LODMA

0 1000 2000 3000
L L L L

-1000

2000

" 2000

T T T
-1000 1000 2000

0
Inverse Mormal

T
-2000

Figure 6: Q-Q plot of Residuals

4. The plots of residuals versus time have no systematic pattern and they
show that no dependence on time.
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Testing Multicollinearity

The Variance Inflation Factor (VIF) is widely used measure of the degree of
multicollinearity. If the VIF value is large, usually larger than 10 ([29], [30],
[31])) indicate that a importance of multicollinearity.

Table X : VIF Values

Variable VIF
NGPMA 9,16
EPMA 3,84
OPMA 5,95
IPIMA 7,36

Although Table 10 shows that there is no strong multicollinearity in the
models natural gas prize has high VIF value.

After the goodness of fit tests of the model shows that the model statisti-
cally significant the model can be interpreted in terms of economics. When
the first model in which the natural gas consumption is the dependent vari-
able is examined, it is seen that the relation between the natural gas price
and the natural gas consumption is in the same direction. Although a nega-
tive directional relationship is expected between price and consumption
theoretically, demand increases continuously in terms of the use of natural
gas both in residents and in real sector production. Also, because the pric-
ing of natural gas is determined not based on the demand but based on
the exchange rate and unit price factors of the natural gas obtained from
different countries by the central government, change in demand is not a
determinative factor in the price of natural gas.

In addition to these factors, that some part of the natural gas purchases
Turkey obtains from abroad is in “purchase or pay” way, considering the
annual purchases which will be paid even in it is not purchased, requires
the extend the consumption of natural gas. That the natural gas consump-
tion doesn’t decrease even if the price of it increases can be explained
by this situation. Because nearly the half of the natural gas consumption
is used in electricity production and production and consumption values
shows an increasing trend every year. Also, thanks to the infrastructure
investments realized, number of residents benefiting from the aforemen-
tioned energy source is similarly increases. According to the data from
BOTAS, while 9 cities had Access to natural gas in 2002, this number in-
creased to 61 in 2009.

Although the present consumers decrease the natural gas consumption,
the increase in the number of consumers increases the consumption in-
dependently. Also, as stated in [32], in spite of the reforms and regulating
institution the market structure couldn’t be liberalized and it is said that
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both not being able to strengthen the liberal market structure and not be-
ing able to realize the demand-price relationship are effective. Again in [1]
study, a positive relation between the natural gas consumption used in
electricity production sector and price was detected. It must be consid-
ered that nearly the half of the natural gas consumption used in the model
established above is used in electricity production. The relation between
the price of electricity and natural gas consumption is in reverse direction,
in this context there is an important complementary effect between these
two energy sources. The determinative factor here can be considered as
the effect the natural gas has on electricity as complementary good. When
the price of electricity increases, share of natural gas in electricity produc-
tion decreases.

The results obtained indicate that the electricity and natural gas are not
substitutes of each other but they are complementary goods. [33] detect-
ed in his study that the electricity price had a negative effect on the total
energy demand of service sector and industry sector in the cointegration
model estimated for the period of 1985-2004.

Natural gas and petroleum used mainly as a production input for the in-
dustry sector can be subject to a substitute effect as using the cheaper
one to the extend the production process allows. Also, the relationship
between the Liquid Petroleum Gas (LPG) and natural gas is parallel to this.
Because LPG pricing is parallel with the raw petroleum pricing mecha-
nism, the changes in petroleum prices in the world markets are more ap-
parent on LPG pricing and the pricing of natural gas (as defined before)
is determined by terms and free from market conditions by the central
government. It is seen that the petroleum prices have a positive effect on
natural gas consumption. Because petroleum and natural gas are used
as substitutes especially in industry, it is an expected situation that when
the price of petroleum increases the natural gas which is the substitute is
preferred by the consumers.

The relation between the natural consumption and the Industry Production
Index used as the representative of the income variable in the equation
is marked in positive direction as expected. On the other hand it draws
attention that the price of natural gas has a negative effect, electricity and
petroleum prices have a positive effect and income has the same positive
effect on electricity demand.

When considered in terms of the electricity demand (second equation), the
increase in the natural gas price decreases the electricity consumption.
Energy plants particularly using natural gas as input are determinative and
because the price of natural gas used as input is determinative on elec-
tricity consumption costs, the increase in the price of natural gas used in
electricity energy production decreases the electricity consumption.

Contrary to the expectations the relationship between the price of elec-
tricity and electricity consumption is positive. In the periods in which the
economies expand, the populations increase thus the energy demand
increases, the consumption of electricity, which is used as the primary
energy input, increases regardless of the direction the price changes. In
addition to this, because of the developments in the technology and en-
hancements in the purchase power, household people use electrical appli-
ances more and these results in the increase in the electricity consumption
in spite of the increase in the price. In this point, it shouldn’t be forgotten
that the electricity is not in a structure that can be priced in the market and
thus the price of which can change in accordance with the changes in the
input costs but it is also a “good” the price of which is determined by the
public. As in the pricing of natural gas, pricing in the electricity does not
change according to the demand increase; it is determined “externally” by
the public as a means of policy. Also it should be considered that the price
of electricity was hold fixed in nearly 40% of the investigated data period.

Table 2 shows that there is a relationship in the same direction between the
petroleum prices and the electricity consumption, petroleum price increas-
es the electricity consumption. It is known that petroleum prices usually
increases in periods on which economies expand and energy demands
increase. The consumption of electricity, which is related to the expand-
ing in world economies (incomes of the exporting countries) through the
export channel and which is affected by the price changes in the energy
market through import in energy consumption increases. This increase oc-
curs also in Turkey’s economy in parallel to the global economic expand-
ing periods (when the crisis years which are incidental and occurred only
in the domestic economy are excluded from the analysis) both because
of the increasing household income and increasing industry and services
production. Therefore, increase in the petroleum price and increase in the
electricity production occur in overlapping periods. That the electricity
consumption in residents does not have a substitute results in no effect of
electricity price on consumption. On the other hand, the increase in the pe-
troleum price and income has an increasing effect on electricity consump-
tion. [1] stated that even though the natural gas costs are not determina-
tive on electricity price, its reflection on the costs of the company would
be determinative (cost-pass-through) in the estimation of the cost of the
electricity produced in the electricity generation plants, in other words, the

reason why the relationship between the price and the consumption is not
negative as expected in the theory is that the plants generating electricity
by burning natural gas sell the electricity they produce without reacting the
increase in the natural gas prices on a determined tariff.

IPIMA coefficient indicates that the increase in the income increases the
electricity consumption of the individuals (both by using present electrical
appliances and by purchasing new electrical appliances).

The results of the last model, which is the petroleum consumption model
shows that the relationship between the price of natural gas and petroleum
consumption is in the same way and the increase in the natural gas price
increases the petroleum consumption. This situation seems to verify the
substitute effect between petroleum and natural gas explained in the first
equation. Petroleum consumption increases as a result of increase in the
natural gas price and the end users (either household people or company
sectors) increase their petroleum consumption as a result of this increase.

The relationship between the price of petroleum and petroleum consump-
tion is in the same direction it may be reason of the period of increase
in the petroleum demand occurs in the expanding periods of economies
thus two variables increase in same term. Petroleum, one of the most
important inputs of the production and trade thus demand of this resource
increases free from the price. That the IPIMA, coefficient indicating the
relationship between the income and the petroleum consumption.

CONCLUSION

In this study, the demands of natural gas, electricity and petroleum, which
are the primary energy source in Turkey and in the world, were estimated
using MVR model. The aforementioned energy sources were discussed in
many studies yet the examinations conducted usually focused on a single
energy source. In this study, the three energy resources were investigated
together.

Because the three energy sources were the substitutes or the complemen-
tary goods of each other, a MVR model used to deal with these variables
simultaneously. Therefore a method that was capable of such examination
needed to be used. These requirements were met by using MVR model.

It was concluded that there should be different variables to be considered
especially in petroleum demand. Yet these variables were to be specific
to petroleum demand and wouldn’t be used in natural gas and electricity
demands, which were the other two models. As expected in all estimated
models, the effects of the income variable on the consumption of all three
energy resources were in the same direction. When the incomes of the
consumers increased, their energy consumptions, which was a part of
their social and economic lives also increased.

As a result of the analyses conducted, it was observed that the effects of
energy prices in Turkey’s energy market didn’t meet the classic economic
expectations but they developed in accordance with the economic struc-
ture of Turkey. In a newly constituting market such as natural gas market,
demand and supply increased continuously with an increasing trend and
therefore changes in the price didn’t have an effect on consumption. In
the electricity market, competitive market conditions still didn’t develop
and production became dependent on natural gas. Therefore the comple-
mentary good effect of the natural gas, which actually should have been
a substitute energy resource, was higher than its substitute good effect.
Turkey, which was among the fastest developing countries in the world
used petroleum as a main input in production process and many by-pro-
cesses of production (such as transportation) and therefore the effect of
petroleum prices on its consumption decreased. Also, it is decided that in
the petroleum demands occurred due to the illegal use and use of similar
goods instead of petroleum, not due to the petroleum prices.

In the light of these findings, it is suggested that the energy market should
become a market having a stronger market structure.

9 E. Ugurlu, Estimating Demand of Turkish Energy Market: a Multivariate Regression Model, Journal of Energy, vol. 68 Number 1 (2019), p. 3-10



REFERENCES

[1] Erdogdu, E., “Natural Gas Demand in Tur-
key”, Applied Energy, No:87, S. 211-219,
2010a

[2] Madlener, R., Kumbaroglu, G., Ediger, V.
S., “Modeling Technology Adoption As An
Irreversible Investment Under Uncertainty:
The Case Of The Turkish Electricity Supply
industry“,Energy Economics, 139- 16327,
2005.

[3] Ediger, V.S-., Tatldil, H., Forecasting the
primary energy demand in Turkey and
analysis of cyclic patterns. Energy Con-
version and Management 43 (4), 473-487,
2002.

[4] BOTAS, 2008 Faaliyet Raporu, BOTAS, An-
kara, 2008.

[56] DEKTMK, Diinya Enerji Konseyi Tirk Milli
Komitesi, Hidrolik ve Yenilenebilir Ener-
ji Galisma Grubu Biyokitle Enerjisi Alt
Calisma Grubu Raporu. Ankara. 2007.

[6] Demirbugan, M. A., “Konut Sektérli icin
Linyit Kémur ‘Tlketici Fazlasi™”, Maden-
cilik, 45— 4, 29-40, 2006.

[7] Gemrek, F., Elektrik Enerjisi Sektorinde
Esbitlinlesme Analizi, Unpublished Ph.D.
Dissertation, Science Institute, Eskisehir
Osmangazi University, 2006.

[8] Ediger, V. S, Huvaz, O “Examining The
Sectoral Energy Use In Turkish Economy
(1980-2000) With The Help Of Decompo-
sition Analysis”, Energy Conversion And
Management, 47, 732-745, 2006

[9] Halicioglu, F., “Residential Electricity De-
mand Dynamics In Turkey”, Energy Eco-
nomics, No: 29, S.199-210. 2007.

[10] Lise, W., Montfort, K. V., “Energy Con-
sumption and GDP in Turkey:

Is There A Co-integration Relationship?”,
Energy Economics, 29, 1166-1178, 2007.

[11] Ediger, V. S., Akar, S., “ARIMA Forecasting

Of Primary EnergyDemand By Fuel in Tur-
key”, Energy Policy, No: 35, S.1701-1708,
2007.

[12] Erdogdu E. “Electricity Demand analysis
using cointegration and ARIMA modelling
A case study of Turkey” Energy Policy (35),
pp 1129-1146, 2007.

[13] Meral M. E., Teke, A., Timay, M., “Elektrik
Tesislerinde Enerji Verimliligi” Uludag Uni-
versitesi Muhendislik-Mimarlik Fakuiltesi
Dergisi, 14-1,31-37, 2009.

[14] PETDER, 2008 Yili Sektér Rapo-
ru, Access: http://www.petder.org.tr/
uploads/2013/05/ccfd1b2b3b4f420a-
87b4a11a5dd86506, 2008.

[15] PETDER, 2009 Y1l Sektor Raporu, Access:
http://www.petder.org.tr/uploads/2013/0
5/99dc52eb7600bc66f1c39a851cf2a38e.
pdf, 2009,

[16] Stewart, K. G., “Exact Testing in Multiva-
riate Regression”, Econometric Reviews,
No:3, §.321 -352, 1997.

[17] Bilodeau, M, Brenner, D., “Theory Of Mul-
tivariate Statistics”, Springer Texts In Stati-
stics, Springer-Verlag New York,Inc, 1999.

[18] Greene, W. H., “Econometric Analysis”,
Pearson Education Ltd. New Jersey, 2002.

[19] Timm, N. H. “Applied Multivariate
Analysis”, Springer Texts in Statistics,
Springer-Verlag New York, Inc., 2002.

[20] Seber, G. A. F., »Multivariate Observati-
ons«, John Wiley & Sons, New Jersey,
2004.

[21] Sengupta, D., Jammalamadaka, S. R.,
“Linear Models: An Integrated Approach”,
World Scientific Publishing Company, NJ,
2003

[22] Kollo T., Rosen, D. V., Advanced Multi-
variate Statistics With Matrices, Springer,
Dordrecht. 2005.

[23] Muller, K. E., Stewart, P. W., “Linear Mo-
del Theory: Univariate, Multivariate, And
Mixed Models”, John Wiley & Sons, Inc.,
2006.

[24] Binder ,John J., “On the Use of The Mul-
tivariate Regression Model in Event Stu-
dies”, Journal Of Accounting Research,
23-1, 370-383, 1985.

[25] Dufour, J.-M., Khalaf, L. “Simulation Based
Finite and Large Sample Tests in Multiva-
riate Regressions”, Journal Of Econome-
trics, 111-2, 303-322, 2002.

[26] Field, A., Discovering Statistics Using
Spss, Third Edition, Sage Publications,
London, UK. , 2009.

[27] Johnson, R. A., Wichern D. W., “Applied
Multivariate Statistical Analysis” 6h Editi-
on, Prentice Hall. 2007.

[28] Izenman, A. J., “Modern Multivariate Sta-
tistical Techniques: Regression, Classifi-
cation, and Manifold Learning”, Springer
Science, 2008.

[29]Montegomery D, C., Runger, G. C., Runger,
“Applied Statistics And Probability For En-
gineers”, 4th Ed., New York: Wiley, 2007.

[30] Hair, J. F., et al.,. “Multivariate Data
Analysis, Sixth Edition, New Jersey: Pren-
tice Hail Inc . 2006

[31] Myers, R. H., “Classical And Modern
Regression With Applications”, Boston
Ma:Duxury, 1990.

[32] Erdogdu, E., “A Review of Turkish Natural
Gas Distribution Market”, Renewable and
Sustainable Energy Reviews, 14, S.806-
813.2010b.

[33] Akbostanci E, Turut -Asik S, Tunc Gl.
(2009). The Relationship Between Income
And Environment in Turkey: Is There An
Environmental Kuznets Curve?, Energy
Policy ; 37(3): 861-867

10 E. Ugurlu, Estimating Demand of Turkish Energy Market: a Multivariate Regression Model, Journal of Energy, vol. 68 Number 1 (2019), p. 3-10



