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TESTING CAUSAL RELATIONSHIPS BETWEEN
ENERGY CONSUMPTION, REAL INCOME AND
PRICES: EVIDENCE FROM TURKEY

Cem SAATCIOGLU H. Levent KORAP™

OZET

Bu galigmada, enerji tiketimindeki degisimler, reel gelir buytimesi ve yutigi entlasyon arasindaki
nedensellik digkilerd Tirkiye ckonomisi kogullarinda aragtinlmaktadir. Cagdas qok degiskenli cs-
biitiinlegim  tahmin yontemi kuallanilarak elde ettigimiz bulgular, cnerji titketiminin aragtirilan
nedensellik dliskilerinin aydmnlatilabilmesi igin, egitli kategorilere ayrigtirilmast gerektigini
gostermektedir. Vurgulanmas: gereken temel bulgularimiz, yurti¢i entlasyonist yvapinin olugtaralan
modeller igin oldukea igsel bir vaprya sahip ve dzellikle encrji tuketimindeki degisikliklere kargt
duyarh ve sanayi tiketimi uygun enerji titketim verisi olarak dikkate alindig1 zaman, nedensellik
¢oziimlemesi igerisinde birbirderine karg: oldukga igsel bir yapida tahmin edilen degiskenledn uzun
donemli bir nedensellik igkisi igerisinde olduklar seklinde belirtilehilir. Sonug olarak, beklentiler
dogrultusunda tasarlanan enerji politikalarimn ekonomi igerisinde belifleyicl bir sekilde yurtigi
entlasyonu ctkileme giiciine sahip oldugn ve ev halkinin loallanim amacina yonelik ya da ticar
igerikli cnerji titketiminin, toplam enerji titketiminden zivade sanayl cncrji tiketimi dikkate
alindig) zaman, enerji tasarruf politikalarimn reel gelir biiyiime siireci agisindan zararh olabilecek
sonuglar meydana getirehilecegi goritlmektecdir.

Anahtar Kelimeler: Lnerji ‘Tiketimi; Reel Geliry iyatlar; Nedensellik; Tirkiye Lkonomisi;

JEL simflamasy: €32; L31; (43;

ABSTRACT

In this paper, we examine the causal relationship amongst changes in energy consamption, real
income growth and domestic inflation within the conditions of Turkish cconomy. Bascd on a
contermporancous  multivariate co-integrating cstimation  methodology, our cstimation results
indicate that a distinction between varions categorics of energy consumption needs to be macde in
orcer for the caunsality issues of interest to be clucidated. We tind as a vital point to be cmphasizecd
that domestic inflationary framework is highly endogenous to all the mode] constructions and thus
subject to the changes in especially encrgy consumption. It is also signiticant that there secms to
be a Jong-run causal relationship between the vardables when the levels of industiial consumption
are used as the relevant energy consumption data since they have highly endogenous
characteristics against cach other within the causality analysis. We conclude that cnergy policies
ex-ante designed have the power of atfecting domestic inflation signiticantly. We also suggest
that, for the casc of industrial energy consumption data. energy conservation policics may lead to
hanmtful results tor the real income growth process though the latter issuc is not the relevant case
forthe residential and commercial energy consumption and total encrgy consumption data.
Keywords: Lnergy Consumption; Real Income; Prices; Causality; Turkish Leonomy;
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1. INTRODUCTION

Onc ol the main conwroversial issucs ol interest in contemporancous
cconomics policy debates is o detect the causal relations among cnergy
consumption and cconomic growth. This has been ol special importance lor
policy makers since both the temporal causality and the knowledge ol a
possible stationary relationship relating cnergy consumption and cconomic
growth Lo cach other would have signilicant implications in policy design and
implementation process so as o assess (he long-run course ol the cnergy
policies within developed as well as developing countries. I a uni-dircetional
causality can be auributed o the encrgy consumption and cconomic growth
relationship, running rom the latter o the former, this would mcan that no
signilicant adversc-causal cllect ol energy conscrvation policics mwust be
expected on economic growth. On the other side, il such a causality runs [rom
energy consumption o cconomic growth, policies aiming at reducing energy
consumption may deteriorate the real income growth process since this
indicates the encrgy-dependent characteristic ol the cconomy. Il no causality is
found between energy consumption and cconomic growth, relerred 0 as
neutrality hypothesis due to Yu and Choi (1985), this implics that encrgy
consumption is not corrclated with cconomic growth, and energy conservation
policies may be pursucd without adversely allecting the cconomy (Jumbe,
2004). Therelore, the relations between energy consumption and cconomic
growth arc deserved o be examined claboratcly and inlerences which can be
drawn [rom these analyses would cnable policy makers (o carry out
appropriate cnergy policies

In this paper, our aim is to cxamine the long- and the short- run causal
relations between the changes in energy consumption represented by clectric
power consumption, real mcome growth and domestic inflation in the Turkish
cconemy. For this purpose, the next scetion gives a large literature review and

the third section briclly highlights some stylized lacts ol the Turkish cconomy.

£

Sosyul Bilinker Dergisa 1 (02), 2007, 1-29



Cem Saatgloglu, H. Levent Korap

The lourth scction examines some preliminary data issucs and the lilth section
discusscs somce cconometric methodological issucs (o be applicd lor empirical
purposcs. The sixth section conducts an empirical model upon the Turkish
cconomy and linally the last scction summarizes results, gives policy
implications, and concludes.
2. LITERATURE REVIEW

Following the energy criscs occured in the 1970s, there has been an
extensive rescarch arca on the energy consumption - cconomic growth relation
lor various country
cascs. The litcratwre constructed on this issuc ol interest (ollow clearly the
developments in modern time serics estimation echniques to reveal the extent
o which causality is attributed and (o cxamine the dircction ol this
relationship. The seminal paper by Kralt and Kralt using Sims causality tests
(1978) lind a uni-dircctional causality running lrom gross national product
(GNP) 1o energy consumption lor the US cconomy over the period 1947-1674.
However, Akarca and Long (1980) indicate that the results in Krall and Kralt
(1980) suller [rom temporary sample instability allecting the estimation results
when the data sample is shortened. Yu and Hwang (1984) also using US data
for the 1647-197% period cstimate no causal relationship between encrgy
consumption and GNP supporting the so-called reutrality hypothesis. Yu and
Choi (1985) using Granger causality Lests examine such a relationship lor a
group ol countries and lind a causality [rom GNP (o energy consumption lor
South Korca and from the latter to the former lor Philippiness over the period
1934-1976, while no causality is observed lor the cases ol US, UK and Poland.
Erol and Yu (1687) using Sims and Granger causality (ests lind uni-directional
causality [rom cnergy consumption o income lor West Germany, bi-
dircctional causality lor Ttaly and Japan and no causal rclations lor UK,
Canada and France. Yu and Jin (1992) investigaling integration and co-

integration propertics ol energy consumption against industrial output and
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cmployment lor the US over the period 1974-1990 reveal no long-run
stationary relationship between the variables and give support o the reutraliry
hypothesis lor energy consumption.

Masih and Masih (1996) and Masih and Masih (1998) cxamince the rclation
between total energy consumption and rcal income lor a group ol Asian
cconomics over the period ol 19535-1991. They lind no causal relation lor
Malaysia, Singaporc, and Philippincs, a uni-dircctonal causality [rom cncrgy
consumption to GNP (or India, Sri Lanka and Thailand, a reverse causal
relationship for Indoncsia, and a mutual causality lor Pakistan. Masih and
Masih (1997) also test lor co-integration between otal energy consumption,
real income and price level lor Korca and Taiwan. Their results using
multivariate co-integration and vector crror correction (VEC) approach as well
as considering some decomposition and impulsc-response Lests indicate that
there exists a jointly interactive causal chain between the variables in line with
the cstimation tesults of Hwang and Gum (1992) yiclding bi-dircctional
causality between income and energy in Taiwan. Glasure and Lee (1997)
examine the causality issuc between energy consumption and gross domestic
product (GDP) lor South Korca and Singaporce with the aid ol co-integration
and crror correction modceling over the period ol 1961-1990 and lind a bi-
dircctional causality between GDP and cnergy consumption. Likewisc,
Hondroyiannis ct al. (2002) using Greece data over the period ol 1960-1996
support the endogeneity ol energy consumption and real output and emphasize
the existence ol a bi-directional relationship between these variables. Asalu-
Adjaye (2000) employing a vector error correction methodology estimates that
considering the period ol 1973-1993 there exists uni-directional short-run
causality running [rom energy o income lor India and Indoncsia, while bi-
dircctional Granger causality runs [rom energy (o income lor Thailand and
Philippincs. Soytas and Sari (2003) re-cxamine (he causal relationship between

GDP and cnergy consumption lor the top en emerging markets except China
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and lor G-7 countrics. They discover bi-dircetional causality in Argentina and
causality [rom cncrgy consumption (0 GDP in Turkey, France, Germany and
Japan, which is attributcd to that energy conscrvaton may harm cconomic
growth lor these countrics. They also [ind that the causal relation appears o be
reversed lor Taly and Korea.

Bascd on a production lunction approach considering output, capital, labor
and cnergy usc, Ghali and Sakka (2004) also analysc the causal rclations
between energy use and output growth in Canada lor the period 1961-1997.
They indicate that cnergy enters signilicantly the long-run  stationary
relationship constructed between these variables. Morcover, a bi-dircetional
causality between output growth and encrgy use is found. Oh and Lee (2004)
construct demand and production side models using a VEC model o
investigate the causal relations between GDP and encrgy lor Korca and lind a
uni-dircetional causality running [rom GDP o energy in the long-run.
Following the estimation results obtained, they emphasize that encrgy
conservation policy may be leasible without compromising cconomic growth
in the long-run.

Finally, cmploying recently developed pancl unit root and heterogencous
pancl causality and co-integration tests, Lee (2005) investigate co-movement
and causality rclationship between energy consumption and GDP in 18
developing countries lor the period 19753-2001. Results indicate that long- and
short-run causalitics run [rom cnergy consumption o GDP leading o the
conclusion that encrgy conservation may harm cconomic growth in developing
countries. However, Al-Iriani (2006) using data from the countries ol Gull
Cooperation Council (GCC) and Mchrara (2007) using data lrom 11 oil
cxporting countrics through pancl cstimation techniques indicate a uni-
dircctonal causality [rom GDP to energy consumption and suggest that energy
conservation policics may be adopted without much concern about their

adverse cllcets on the cconomic growth. Thus, no clear-cut inlerence can be
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drawn about the causal relations between encrgy consumption and real income,
and this relatdon is highly sensitve o the tme periods and estimation
techniques employed lor cmpirical purposces cven lor the same country cases.
3.SOME STYLIZED FACTS FROM THE TURKISH ECONOMY

As a developing country, a cursory cxamination ol the courses ol both
cconomic growth and clectric cnergy consumption, and also dividing this
relation as o the sub-periods and sub-components lor the Turkish case arce able
o yicld some stylized lacts of the cconomy. In Tab. 1 below, we give some
knowledge ol electric power consumption and economic growth in the Turkish
cconomy:

Tahle 1. Electric Consumption and Real GNP Growth

(10-ycars average ol annual per cent growth rates lor the sub-periods)

Year 6005 % share  H)-69 )-79 80-89 90-99 0005

in total

Total 9.4 (1% 12.0 1.6 8.2 7.8 6.2
residential/commercial - 11,2 (24.3%)  12.6 13.4 4.9 11.4 8.4
government otficies 1.8 (3.8%) 17.1 9.3 7.4 13.1 3.9
strect illmumination 1.3 (2.8%) 6.2 L6 13.4 17.0 Q.1
industrial consumption 8.8 (67.7%) 120 11.3 4.0) a7 a5

anl others

Real GNP growth 4.6 3.6 4.8 44 3.9 4.7

Source: Statistical Inclicators 1923-2003. Prime Ministry Republic of Turkey ‘Tarkish Statistical
Institute. The relative shares of sub components of the total clectricity power consumption growth

rates may not be summed to S due to rounding problems.

In Tab. 1 above, we sce that the Turkish economy has been subject to a 4.6%
annual rcal income growth rate lor the 1960-2005 whole period. However,

there exist some [luctuations in the growth rates as o the sub-periods in the
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sense that the 1960s and 1970s have an average ol about 5% or higher annual
average growth rates, while the 1980s and 1990s witness a substantial drop to
the 4% in the growth rates. There scems to be a revival in the real income
growth ratcs lor the post-2000 period. which has an annual rcal incomce
average growth rawc ol 4.7%. The course ol total clectricity power
consumption data coincides somcewhat with the real income growth rates. We
can casily notice that the 1960s and 1970s have the largest growth rates in the
total clectricity consumption and these growth rates cven cxceeds considerably
real GNP growth rates indicating the pace ol indusirialization as well. But
substantial drops in the energy use growth rates occur in the 1980s and 1990s
such as the drops in real income growth rates. The two main items in the total
clectricity energy usc arc the residential plus commercial and the industrial
consumption data, lor which the latter dominates the total clectricity
consumption and has highly similar trends o the total consumption. The
sharcs ol other two items in the total clectricity use, i.c. the shares ol
government ollices and street illumination, take highly trivial values so that we

will omit below these latter items in our empirical model] estimation.

4. PRELIMINARY DATA ISSUES
4.1. Data

We now test lor the existence ol a potential long-run stationary relatdonship
between energy consumption and real income lor the Turkish cconomy.
Following Masih and Masih (1997) and Hondroyiannis ct al. (2002), we
consider the cllects of prices on this relationship as well. Hondroyiannis ct al.
(2002) auribute the inclusion of prices into the energy consumption — rcal
income relationship o that prices would represent a proxy lor the cllicient
[unctioning ol the cconomy and that such an inclusion may reveal the role ol
prices in allecting the use ol energy especially lor a developing country such

as Turkey. Thus prices may provide us the knowledge ol whether energy
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policies can allect the elliciency and the technological progress in the
cconomy.

In Tab. 1, we sce that the (wo main components in the total cnergy
consumption arc residential-commercial encrgy consumption and industrial
consumption. To cxamine the sensitivity ol the results, we therelore analyse
the relationship between energy consumption and real income as (o these sub-
consumption categorics separately. The empirical model is carried out lor the
investigation period ol 1968-2005 ol 38 annual obscrvations. The real income
variable (Y) is represented by real gross national product (GNP) data at 1987
constant prices. For the energy consumpton data, we usc total cnergy
consumption (TOT), residential and commercial energy consumption (RC) and
industrial consumption (IND), while GNP-dellator (DEF) is considered lor the
relevant price variable. All the data are taken [rom the Statstical Indicators
1923-2005 published by the Prime Ministry Republic ol Turkey Turkish
Statistical Institute and are in their natural logarithms. Besides, we include
three impulse-dummy variables into the model specilication as exogenous
variables which take on values ol unity lor the years 1980, 1994 and 2001
concerning the [inancial crises and the political breaks and instabilitics
overwhelming the Turkish cconomy.

Unit Root Characteristics

We now investigate the time series propertics ol the variables. Spurious
regression problem inwroduced by Yule (1926) and lurther analysed by
Granger and Newbold (1674) indicates that using non-stationary time scrics
steadily diverging rom long-run mcan will produce biased standard crrors,
which causes (o unrcliable corrclations within the regression analysis Icading
o unbounded variance process. In this way, when a non-stationary I(d) process
identilics any tme scries, the standard OLS regression in the level Torm will
possibly produce a good lit and predict statistically signilicant relationships

between the variables where none really exists (Mahadeva and Robinson,
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2004). This means that the variable must be dillerenced (d) ames o obtain a
covariancce-stationary process. Therelore, individual tme scrics propertics of
the variables should be claborately considered. Dickey and Fuller (1979, 1981)
provide onc ol the commonly used test methods known as augmented Dickey-
Fuller (ADF) test ol detecting whether the time scries are ol stationary [orm.

This can be lormulated such as:

IS
AX, =0+ BU+(p-DXo + D A+ (1)

=
ol which the null hypothesis is the presence ol a unit root (p=1) against the
allernative stationary hypothesis. For X; o be stationary, (p-1) should be
negative and signilicandy dillerent [rom zero. We compare the estimated ADF
statisucs with the simulated MacKinnon (1991, 1996) critcal valucs, which
cmploy a sct ol simulations to derive asymptotic results and o simulate critical
values lor arbitrary sample sizes. We expect that these statistics must be larger
than critical values in absolute value and have a minus sign.

Besides the conventional ADF test in Eq. (1), Elliot ct al. (1996) proposc a
more powerlul modilicd version ol the ADF test in which the data arc
detrended so that explanatory variables are taken out ol the data prior to
running the test regression. Elliot et al. (1996) deline a quasi-dillerence ol X,
that depends on the value @ representing the specilic point alternative against
which we wish to est the null. Following QMS (2004), we can write down:

X: ilt=1
dX,loy = (2)
X - 00Xy ile>1
An OLS regression ol the quasi-dilTerenced data d(X, | o) on the quasi-

dilferenced diZ, | o) yiclds:

X, ey = d(z, | oy Sy, 3)
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where 7, consists ol deterministic constant or constant and wrend terms and let
S(@) be the estimated value (rom an OLS regression. For the value of @, Elliot
ctal. (1996) consider:
1 -7T iz, = {1}
o = (4)
1 —13.5/T iz, ={1l.1}
Following these specilication issucs, generalized Ieast squares (GLS)

detrended data X2 are:
X=X, -Z/8(o) (5)

The DFGLS substitutes the GLS detrended Xtd data lor the original Xt data in
Eq. 1 above. While the DFGLS (-ratio lollows a Dickey-Fuller distribution in
the constant only case, the asymptotic distribution dillers when included both a
constant and wrend. Elliot et al. (1996) simulate the crideal valucs ol the test

statistic in this latler sewing lor T = {50, 100, 200, o},

For the MacKinnon critical valucs, we consider 3% level critical values lor
the null hypothesis ol a unit root. The numbers in parantheses are the lags used
lor the ADF stationary test and augmented up to a maximum ol 8 lags. The
choice ol the optimum lag lor the ADF and DF™ (ests was decided on the
basis ol minimizing the Schwarz information criterion. For all the unit root

Lests, we report below in Tab. 2 the results with a lincar tme trend in the est

cquation:

Table 2. Unit Root Tests
Variable T 1S At ATE
Y 2774 22,66 () -6.42 (' 658 (Y
TOT L2 W) 1,16 (1) -5.48 @) S050)
RC 343 () 2.82) 474 ) 4.37 )
IND 2.07 (@) -1.21 40 -6.05 Y 6.19 (@Y
DLI 22,48 () 231 (%) -6.28 (1) 642
5S¢ o, val. -3.54 -3.19
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Above, T and s

arc the est statistics with allowance lor constant and (rend
tems in the ADF and DF™" unit root (csts. respectively. ‘A’ denotes the [irst
dillerence operator, while < mcans that the data arc ol stadonary form. For all
the variables, the null hypothesis that there is a unit root cannot be rejected.
From now on, we thus assume that all the variables are dillerence-stationary,
and that they are integrated ol order 1. ic. I(1), which have an invertible
ARMA representation alier applying o livst dillerencing.

5. ESTIMATION METHODOLOGY

5.1. Meaning of Co- Integration

The classic paper by Nelson and Plosser (1982} rcveals that many
macrocconomic tme serics data have a stochastic trend plus a stationary
component, that is, they are dillerence stationary processes, and as Enders
(2004) stated numerious cconomic theorics suggest the importance ol
distinguishing between temporary and permanent movements in a serics.
Besides, cconomic theory assumes that at Ieast some subscts ol cconomic
variables do not drilt through time independenty ol cach other and somc
combination ol the variables in these subscls reverts o the mean ol a stable
stochastic process (Anderson ct al., 1998).

In this sense, Granger (1986), Engle and Granger (1987) and Granger (1988)
indicate that even though cconomic time scrics may be non-stationary in their
level forms, there may cxist some lincar combination ol these variables that
converge W a long run relationship over time, which also requires that there
must be Granger causality in at Ieast one direction in an cconomic sensc as onc
variable can help lorecast the others. That is, il the series are individually
stationary alier dillerencing but a lincar combination ol their levels is
stationary then the series are said Lo be co-integrated. In such a case, they
cannol move oo lar away [rom cach other in a theoretical sense (Dickey,

Jansen and Thormton, 1991).
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Therelore, error-correcction modeling derived [rom a co-integration analysis
enables rescarchers Lo track both short- and long- run dynamics between the
variables in the long-run variable space and provides long-run stability by the
introduction ol crror correction term in order o adjust lor departures [rom
equilibrium. Otherwise, by analysing only the dillerences ol cconomic time
series all inlormation about potential long-run relationships between the levels
ol cconomic variables would be lost (Hendry, 1986). Contemporancous co-
integration techniques, c.g. proposcd by Johansen (1988) and Johansen and
Jusclius (1990) as a [urther development to co-integration methodology, which
enables rescarchers o est that more than one statonary long-run cquilibrium
relation can be lying in the long-run variable space, take account ol the non-
stationarity characteristics ol the most cconomic aggregale time  scrics.
Whereas, employing conventional cstimation techniques bascd on an OLS
estimation would not possibly lead (o a constant mean and a linite variance and
therelore diverge alter a shock. In line with these developments in
cconomeltrics theory, contemporancous cconomic theories make usce ol these
estimation tools in constructing and (esting the theories bascd on modcl
specilication issucs conditioned upon cconometrics.

5.2. Johansen-Juselins Co-Integration Methodology

In order to test lor a stationary relationship among the variables lor empirical
purposcs in our paper, we apply o the multivariate co-integration and vector
error correction (VEC) techniques proposed by Johansen (1988) and Johansen
and Jusclius (1690) and scarch lor whether it is possible (0 extract any stcady-
state knowledge [rom the long-run variable space. Gonzalo (1994) indicates
that this method performs better than other estimation methods cven when the
errors are non-normal distributed or when the dynamics are unknown. This
methodelogy constructs an error correction mechanism among the same order
integrated variables, which cnables that a stationary combination ol the

variables do not drilt apart without bound cven though all have been
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individually subject (o a non-stationary I(d) process, therelore ruling out the
possibility that cstimated relatdonships tend o be spurious. Besides, this
technique s superior o the regression-based techniques, c.g. Engle and
Granger (1987) two-step methodelogy, lor it cnables rescarchers o capture all
the possible stationary relatdonships lying within the long-run variable spacce.

Let us assumc a z vector ol non-stationary n endogenous variables and
model this vector as an unrestricted vector autoregression (VAR) involving up
o k-lags ol #:

AR DIPANIE S DEVAPSE SRR D IVADE 3 (6)

where €t [ollows an i.1.d. process N(0, 62) and 2 1s (nx1) and the ITi an (nxn)
matrix ol parameters. Eq. 6 can be rewritlen leading us o a veclor error

corrcction (VEC) model ol the Torm:

Az, =TAz + DAz, + .o+ DjAgy g + g + 5 (7
where:
C=T+4IL+...+40IL i=1,2, ..,k-1) and TII=1-T1, -1, - ... - II,  (8)

Eq. 7 can be arrived by subtracting 2z [rom both sides ol Eq. 6 and
collecting terms on 2,4 and then adding -(I1, - DX + (IT; - 1)X; . Repeating
this process and collecting ol terms would yicld Eq. 7. This specilication ol the
system ol variables carries on the knowledge ol both the shon- and the long-
run adjustment Lo changes in 2, via the cstimates ol I and I1. Following Hamris
(1995), I1 = of” where o measures the speed ol adjustment coellicient of
particular variables o a disturbance in the long-run cquilibrium relationship
and can be interpreted as a matrix ol error correction terms, while 3 is a matrix
ol long-run cocllicients such that 'z, embedded in Eq. 7 represents up o (n-
1) cointegrating relations in the multivariate model which ensure that z,
converge o their long-run steady-state solutions. Note that all terms in Eq. 7
which involve Ae; are I(0) while Iz, must also be stationary lor £, ~ I(0) 1o

be white noisc ol an N(0, 6, %) process.
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As anext step, we cstimate the long run co-integrating relationships between
the variables by using two likclihood test statistics known as maximum
cigenvalue for the null hypothesis ol r versus the alernative ol r+l1 co-
integrating relationships and trace lor the null hypothesis ol v co-integrating
relations against the alternative ol n co-integrating relations, Tor r= 0,1, ... n-1
where n is the number ol endogenous variables. Following Johansen (1992),
lor the co-integration Lest we restrict intercept and lincar trend lactors into our
long run variable space in line with so-caffed Pantula principle. This requires a
test procedure which moves through [rom the most restrictive model and at
cach stage compares the (race or max-cigen (est statistics o its critical valuc
and only stop the [irst time the null hypothesis is not rejected. Doornik et al.
(1998) also indicate that restricting the trend lactor into the co-integration
space is prelerable. However, we give the estimation results below with the
casc ol unrestricted trend in the co-integration analysis [or comparison
purposes.

5.3. Causality Analysis

We will test the possible causality relationships between change in energy
consumption, real income growth and domestic inflaton data through the
Granger causality tests considering also the knowledge ol co-intcgrating
relationship included into the causality analysis. In this way, we examine both
the long-run causality captured by the signilicance ol the error-correction term
and the short-run causality derived by testing the signilicance ol sum ol the

lags ol explanatory variables. II' we write down the variable system in a VEC

lorm:
n n n T
AY, = 0, + I AX, + Iy AY, + Zig ADEF, | + 0 ECT,,  + &, 9)
i=1 i=l i=1 i=l
n n n T
AX; = O + I AX + 2 AY, + Do ADEF, | + ZAECT . + 8y (1)
i=1 i=1 i=l i=1
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n n n T
ADEF, = §, + Zy,AX,, + INAY,, + ZkyADEF, + ZAECT., +&,  (11)
i=I i=1 i=1 i=1

where Y, is the real income, X, the energy consumption data which represent
cither (otal energy consumption or residential and commercial cnergy
consumption or industrial consumption, and DEF, the relevant GNP-dellator
data. n is the choosen lag length lor the order ol autorcgressive models and
gy'slori= 1,23 arc diswrbance terms assumed whitening the error structure
ol the models with a N(0O, o, 2) process. ECTs stand lor the crror correction
terms taken [rom long-term co-integrating spacce.

Eqs. 9-11 arc used below o evaluate the causality analysis between changes
in energy consumption, real income growth and domestic inllation. In Eq. 9 we
scarch for whether there exists a causal relatonship running [rom change in
energy consumption and domestic inllation to the real income, while in Eq. 10
and Eq. 11 causal relationships running [rom real income growth and domestic
inflation o the changes in cnergy consumption and also running [rom rcal
income growth and changes in cnergy consumption o the domestic inflation
arc considered, respectively.

Error correction mechanisms included in the autoregressive models given
above provide rescarchers additional knowledge ol causal relatdons between
the variables ignored by the initial Granger (1969) and Sims (1972) wests,
which allow (o distinguish short- and long-run causality [rom cach other. The
Wald- or F-tests applied Lo joint signilicance ol the sum of the lags ol cach
cxplanatory variable and the t-wests of the lagged crror correction erms will
highlight us lor the knowledge ol Granger exogencity or endogencity ol the
cach dependent variable in a statistical sense. I the dependent variables can be
driven by the error term yiclded in the stationary co-integrating veetor, which

cxplains speed ol [eedback cllects towards the long-term  sicady-stale
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relationship correcting short-term dynamic disequilibrium condidons, this
implics the existence ol a long-run causal relationship. Such a linding is
equivalent (o say that the variable considered has not been lound weakly
exogenous with respect (o stationary co-intagrating variable spacc. This can be
donc by testing Hy: & = 0 through ttests ol the lagged error correcton terms.
Il the non-signilicance ol the error correction erms is accepted, this means the
dependent variable responds only 1o short-term shocks o the stochastic
covironment (Masih and Masih, 1997; Oh and Lee, 2004). In this sensc, the
rejection ol the non-signilicance ol dilTerenced explanatory variables by the
Wald- or F-tests will be relerred o as short-term causality. This can be done
by testing the null hypothesis ol the non-signilicance ol ¥, My Or Ky in Eqs. 9-
11 through Wald- or F-tests. Finally, we (est jointly non-signilicance ol all the
explanatory variables including both dillerenced-stationary variables and the
lagged error corrcction terms in the VEC mechanism lor the absence ol
Granger causality, that is what Hondroyiannis ct. al. (2002) call “strong
exogencity ol the dependent variable™.
6. RESULTS

We report lirst below the  estimation results lor the co-integrating rank Lest
between energy consumpltion, rcal income and general price level. For the
energy consumption, we take into account these relationships separately as lor
the total energy consumption, residential and commercial encrgy consumption
and industrial consumption data. The lag length ol the unreswicted vector
autorcgressive (VAR) models upon which co-integrating models, il any, arc
tricd o be constructed is determined by using live lag order criterions i.c.,
scquential modilicd LR statistics employing small sample modilication,
minimized Akaike information criterion (AIC), [inal prediction error criterion
(FPE), Schwarz inlormation critcrion (SC) and Hannan-Quinn inlormation
criterion (HQ) to select appropriate model between dillerent lag specilications.

Considering the maximum lag ol lour lor the unrestricted VAR models ol
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annual obscrvations. all the criterions suggest (0 use two lag orders lor three
modcls using dillerent cnergy consumption data. The rank test results are
given in Tab. 3 below.  denotes rejection of the hypothesis at the 0,05 Tevel:

Table 3. Co — integration Rank Tests

Mol 0o Jincar trend restricted Jincar trengl restricted
TOU-Y-DLEIY  Null hypothesis r={) <l o2 = r<] <2
Ligenvalue .43 .25 001 03] 042 .11
A trace 2093 10,04 002 4823 2329 4722
3% cri. val. 200800 1349 384 42,92 2387 1232
hmiax 1989 10,01 002 2404 1907 4.22
% . val. 21,13 1426 384 2382 1939 1232
Muoxel 2 no Jinear trend restricted Jincar trend restricted
RC-Y-DLI Null hypothesis =) =] =2 =0 r<] =2
Ligenvalue 058 028 002 0.6 .48 .16
htrace 4282 1220 055 6513 2MH7 619
3% cri. val. 2080 1349 384 42902 2387 1232
A max .62 1165 055 3625 2264 6.19
3¢ crd. val. 21.13 0 1426 384 2382 19.39 12.32
Muoxle] 3 no Jineartiend restricted lincar trened restricted
IND-Y-DLI*  Null hypothesis =) =] <2 = r<l <2
Ligenvalue 040 0.23 0401 039 .36 .08
A trace .11 1044 (.22 4944 18.49  2.90
3¢ cri. val. 2080 1349 384 4292 2387 12,32
A max 17.67 1022 022 3099 13,39 6.19
3% crd. val. 2113 14260 384 2382 19.39 12,32

In Tab. 3 above, we [ind that there exists a stationary long-run relationship
through the trace-test statistics between total encergy consumption, real income
and general price level when we do not restrict the trend lactor into the long-
run variable space. Likewise, lor the Model 3 the null hypothesis ol no co-
integration can be rejected in lavor ol one co-integrating vector but now
assuming a restricted deterministic lincar rend lactor in the co-integrating
spacce. Finally, the rank test results for Model 2 reveal that two potential
stationary vectors lic in the variable space. It is not uncommon to [ind more
than one co-integrating relationship in a system with more than two variables

using Johansen procedure. In this casc. we choose o consider the co-
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integrating vector which yields the largest cigenvalue in order Lo avoid the
identilication problems occuring when the cointegrating rank r>1. Otherwise,
lollowing Harris (1993). what the reduced rank regression procedure provides
is inlormation on how many uniquc co-intcgrating vectors span the co-
integration space, while any lincar combination ol the stationary veclors is
itsell'a stationary veetor. In that casc, the cstimates produced [or any particular
columm in 3 would not be necessarily unique, which requires the identilication
ol cach vector in line with cconomics theory or arbitrarily by imposing
restrictions o obtain unique vectors lying within that space. Considering these
dillicultics and o avoid imposing any arbitrary identilication restriction lor the
sccond potential vector, we lollow lor the case ol Model 2 the first vector with
the largest cigenvalue. Besides, we cstimate Model 1 by assuming no
deterministic lincar trend lying in the long-run variable space, but duc o the
Pantula principle expressed above and lollowing Johansen (1992) we cstimate
Model 2 and Model 3 by restricting a deterministic linear trend in the co-
integration analysis.

Under the assumption ol'r = 1, we can casily notice in Tab. 4 below that all
the variables have statistical signilicance and belong o the relevant co-
integrating relationship by using zero restriction LR tests on the long-run co-
integrating coellicients:

Table 4. Significance of Co-integrating Coefficients

Model | Model 2 Model 3

xz {1)-stat Prob. sz 1)-stat Prob. ‘)f( 1)-stat Prob.
Y Q.78 0.0 17.76 .00 8.24 .00
TOT K.66 0.0
RC 17.49 0.0
IND 7.17 .00
DLIY 3.83 .03 11.83 0.0 8.87 .00

In Tab. 4, we lind that both real income, cnergy consumption and gencral

price level data enters the co-integrating vectors in a statistically signilicant
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way. For this purposc, we assume chi-squarc (1) test statistics using onc d.o.[.
and rtelevant probability (Prob.) valucs under the null hypothesis ol
insignilicance ol cach variable in the long-run.

We report below the two way ol causal relationships considering both short-
term characteristics represented by dillerenced data and long-term knowledge
through the lagged crror-correction term  taken  [rom  co-integration
relationship, which s ol special concern lor a long-term cquilibrium
relationship since it requires that it is cssentail to reduce the deviations [rom
stationary relationship cach period gradually 0 reduce the cxisting
discquilibrium over tme. For this purposc, the dynamic propertics ol the
causal relations is constructed on the lag structure identilicd by the inlormation
criterions when we cstimate the unrestricted VARs. For all the equations, the
co-intecgrating vectors [rom which the lagged crror-correction terms arc
extracted have been normalized on the energy consumption data, which cnable
us Lo impose cconomic meaning upon the co-integrating regression cquations.
The cstimation results are given below:

Table 5. Granger Causality Analysis For Model I

Dep. var. Shornt-run dynamics
H.: there is no cansal relation (source of causation is independent variables)
ATOT AY ADLIY LCT
ATOT e 0.273 (11.59) 3.63(0.16) 260011
AY 0400082 e 1.77 (0.41) 1.61 (0.21)
ADLIY 11.585 (.00 4030.13) e Q.26 (0.400)
Joint tests of both short-run dynamics and FCT
Dep. var. H..: there is no causal relation (source of causation is independent variables)
ATOT AY and ADLIY AY, ADLI and LCT
Wald ¥ tests 6.12 (0.19) 6.63 (0.25)
AY ATOT and ADLI ATOT, ADLT‘and LCT
Wald % tests 1.81 (0.77) 249 ((1.7%)
ADLIY ATOT and AY ATOT, AY and LCT
Wald ¥ tests 16.74 (0.00) 16.79 (0.00)
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Table 6. Granger Causality Analysis For Model II

Dep. var, Short-run dynamics
H.: there is no causal selationcausation from independent variables)
ARC AY ADLIY LCT
ARC ————— 13.42 (0.00) 041 ({181 (L84 ({1L.36)
AY 193 (11.35) R (.29 ({L86) (.01 (1.9
ADLT/ 3142 (0.00) 41.22 (L) - RLRVERCIR V1]
Joint tests of both shot-mun dynamics and ECT
Dep. var. H.: there is no causal relation (causation from independent variables)
ARC AY and ADLI AY, ADLI and LCT
Wald %3 tesis 2219 ({1l 23.16 (.00
AY ARC and ADLIY ARC, ADLI'and LCT
Wald %3 tesis 1.9% (1.74) 480 (11.43)
ADLIDY ARC and AY ARC, AY and LCTU
Wald %3 tesis 3773 (AN 87.72 (LN

Tahle 7. Granger Causality Analysis For Model ILI

Dep. var. Short-run dynamics
H.: there is no causal relationteansation from independent variables)
AIND AY ADLIY LCT
AIND s 2.92 ({1.03) (L300 141.56) 8.98 ({(0L.00)
AY 708 (.03 e 271 1).26) 7.93 (0.00)
ADLI .13 (.02) 2.65(0.27) e 25.64 ((.0)
Joint tests of block exoecneity of both short-min dynamics and TCT
Dep. var. H.: there is no causal relation (causation from independent variables)
AIND AY and ADLIY AY, ADLIL and LCT
Wald %: tests 6.21 ({L18) 14,39 ({1401)
AY AIND and ADLI- AIND, ADLIY and LCT
Wald yf tests 11.34¢0.02) 2727 (04N
ADLIDY AIND and AY AIND, AY and LCT
Wald yf tests .67 (0.03) 3230 (L

From Tab. 5 w Tab. 7, we cxamine causal relatonships derived [rom
Granger causality tests assuming both cxogeneity ol cach variables with
lagged dynamic structure and block exogeneity ol all the variables under the
null hypothesis in cach equations. In the upper part ol the ables, we examine
separately satstical signilicance ol the sum ol the lags ol cach cxplanatory
variables as well as the signilicance ol one-period lagged error-correction term

(ECT) aken [rom the long-tern co-integrating reladonship, while lower part ol
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the tables is devoted o testing both the block exogencity ol all the dillerenced
cxplanatory variables and those plus the signilicance ol lagged crror-correction
term as a whole, which, lor the lauwer case, tests the strong cxogencity ol
dependent variable under the null hypothesis. The test statistics in the tables
arc yiclded by the Wald 7° tests distributed with d.o.l. the number of
restrictions. The numbers in paranthesis arc probability (Prob.) valucs ol
relevant statistics, lor which we accept that Prob. values lower than 0.035 would
indicate the rejection ol the null hypothesis in lavor ol the statistical
signilicance ol the restrictions applicd lor causality tests.

In Tab. 5, we lind that short-run causality runs [rom total cnergy
consumption (o the changes in the gencral price dellator, and such a casc is
supported by the lact that the only signilicant error correction cocllicient is
that ol the changes in price dellator, i.c., that ol the domestic inllation. This
reveals also the endogenous characteristic ol general price lIevel as lor the total
energy consumption so that we can casily assume that shocks on energy prices
arc dirccly transmited into the changes in general price level when we
consider the short-run causal relations between the variables ol interest. These
results are strongly verilied by the rejection ol the strong exogencity lor the
only domestic inllation data in the lower part ol the Tab. 5. Therelore, the lack
ol'evidence in lavor ol the causal relationship between changes in total energy
consumption and real income growth gives support to the neutrality hypothesis
explained above. Besides, the estimation results lor the causal relationships
between changes in total energy consumption, real income growth and
domestic inllation arc nearly same as the causal relations between the changes
in residential and commercial energy consumption, real income growth and
domestic inllation data used in Tab. 6 except the linding that strong cxogencity
ol the changes in residential and commercial energy consumption has now
been rejected in the lower part ol the Tab. 6. As lor the short-run dynamics,

though there scems o be a signilicant shon-run Granger causality running
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[rom rcal income growth rate to changes in residential and commercial encrgy
consumption data lor the Model 2, the insignilicance ol the crror-correction
term precludes any long-run knowledge ol causal relationship. Thus, the
causality in the system ol variables is carried out in genceral by allccting the
domestic inllationary lramcwork ol the cconomy. In a dillerent sense, these
results emphasize that lor the Model | and Model 2 changes in encrgy
consumption and rcal income should be considercd exogenous to the course ol
domestic inllation at least when we consider the short-run dynamics.

In Tab. 1 above, we can casily notice that the predominant component ol the
energy consumption data in the Turkish cconomy is o a greater extent that ol
the industrial consumption. In Tab. 7 assuming industrial consumption as the
relevant energy consumption data, all the error-correction cocllicients have
statistical signilicance, while there scems 0 be a short-run mutual causal
relationship  between  real income  growth and  changes in industrial
consumption. We also [ind that the strong exogeneity ol all variables can now
be rejected when the causal cllects ol error-correction erms are taken into
account by the Wald test statistics, which leads us o extract the knowledge ol
that all the variables tend o be in this casce in a long-run as well as in a short
run causal relation by imposing cach other an endogenous characteristic.

Following these estimation lindings, we can conclude that the Turkish data
requires lor the causality issues between changes in energy consumption, rcal
income growth and domestic inflation that we need (o0 make a distinction
between dillerent groups ol energy consumption data considered in these
relations. There exists a mutual relationship in both short and long- run
between all the variables in so lar as the industrial consumption data is used
lor relevant energy consumption data, and lollowing this linding is that the
neutrality hypothesis between changes in energy consumption and real income
growth in addition o the domestic inllation variable used in this paper can be

rejected provided that induswrial energy consumption data are ol special
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concern lor the empirical purposes. But when the otal energy consumption or
residential and commercial encry consumption data are considercd, the main
causal reladons and the leedback cllects leading us o the existence ol a
stcady-state relationship run lrom changes in encrgy consumption and rcal
income to the changes in general price level. Thus the main policy conclusion
extracted [rom the analysis implemented thus lar can be summarized such that
energy policies ex-ante designed have the power ol allecting the domestic
inflation in a predominant way in the cconomy, lor we lind that the main
endogenous lactor upon which other lactors in the causal system, i.c., real
income growth and changes in energy consumption, have the tendency o lIead
Lo the causal ellects is the changes in the price level, 1.c., domestic inllation.

7. CONCLUDING REMARKS

The potential links between energy consumption and rcal income have been
ol special importance in designing discretionary macrocconomic policics lor
stabilization purposcs, and impact ol this relation upon the issuc ol how
changes in energy consumption and the course real income growth allcet the
purposc ol price stability needs to be examined claborately lor developed as
well as developing countries. Thus revealing the direction ol causal relations
between these macrocconomic aggregates give cconomic agents and policy
makers signilicant knowledge in policy design and implementation process so
as Lo asscss the long-run course ol the energy policics.

In our paper, we (ry to examine the long- and the short-run causal relations
between change in energy  consumption, represented by clectric power
consumption, rcal income growth and domestic inllation in the Turkish
cconomy. Based on a contemporancous multivariate co-integrating [rameworlk,
our estimation results indicate that a distinction between various catcgories ol
encrgy consumption needs to be made when the causality issucs are to be
highlighted. For this purposc. we construct three distinetive modcels as lor the

encrgy consumption data considered, i.c., total encrgy consumption, residential
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and commercial energy consumption and industrial cnergy consumption. We
lind that the so-called neutrality hypothesis that means no causal relations
found between change in energy consumption and cconomic growth cannot be
rejected lor the model using total energy consumption data. For the model
using residential and commercial cnery consumption data we have somc
conllicting results lor the long- and the short-run dynamics, but can express
brielly that there scems o be a causal link towards the changes in encrgy
consumption through the real income growth. But the vital point to be
emphasized can be generalized such that domestic inflatdonary [ramework is
found highly endogenous Lo all the model constructions and thus subject o the
changes in especially energy consumption data in addition to the real income
growth. Besides, both short- and long-run causal relations verily these
lindings. For the special case ol Model 3 using industrial consumption as the
relevant energy consumption data, there scems w0 be a long-run causal
relationship between all the variables, lor they have highly cndogenous
characteristics against cach other within the causality analysis. Thus, we reject
the neutrality hypothesis lor this model.

All in all. we conclude that encrgy policics ex-ante designed have the power
ol allecting the domestic inllation in a predominant way and lor the case ol
industrial energy consumption data cnergy conscrvation policics may lead o
harmlul results for the real income growth process though the latier issue is not
the relevant case lor residential and commercial energy consumption and Lotal

energy consumption data.
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