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ABSTRACT

This study investigates the relationship between energy consumption and unemployment in
Turkey over the period from 1980 to 2015 by utilizing the Gregory-Hansen cointegration test and
Toda-Yamamoto causality test. The Gregory-Hansen cointegration test results show that there is
a cointegration relationship between the variables in the long run. According to Toda-Yamamoto
causality test results, there is unidirectional causality relationship between variables from energy
consumption to unemployment rates. Therefore, it is concluded that changes in energy consumption
affects unemployment rates. It should be taken into consideration that energy consumption has effect
on unemployment rates by policy makers.

Keywords: Energy consumption, Unemployment, Gregory-Hansen Cointegration Test, Toda-Yamamoto
Causality Test

oz

Bu calismada Gregory-Hansen esblitiinlesme testi ve Toda-Yamamoto nedensellik testi kullanilarak 1980-
2015 ddneminde Tiirkiye icin enerji tiiketimi ile issizlik arasindaki iliski arastirilmistir. Gregory-Hansen
esblitlinlesme testi sonuglarina gére degiskenler arasinda uzun dénemli bir iliski oldugu gériilmektedir.
Toda-Yamamoto nedensellik testi sonuclarina gére ise enerji tiiketiminden issizlik oranlarina dogru tek
yénlii nedensellik iliskisinin varligi belirlenmistir. Béylece, enerji tiiketimindeki degisikliklerin issizlik oranlari
lizerinde etkili oldugu sonucuna ulasilmstir. Politika yapicilar tarafindan enerji tiiketiminin issizlik oranlari
tizerinde etkili oldugu dikkate alinmalidir.

Anahtar Sézciikler: Enerji tiiketimi, [ssizlik, Gregory-Hansen Esbiitiinlesme Testi, Toda-Yamamoto
Nedensellik Testi
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1. Introduction

Itis assumed that some sort of causality between economic activity and energy consumption
since energy is a key source in production and in many consumption activities. Besides its
likely implications for economic activities energy consumption is widely of concern due to its
environmental effects. As in summarized in Payne (2009: 128) there are four hypotheses on the
assumed relationship between energy consumption and economic activity. The first hypothesis
is growth hypothesis suggesting that energy consumption affects economic growth directly,
implying that there is causality from energy consumption to economic activity. Thus, policies
aiming energy conservation results in reduction in real output because such policies reduce
energy consumption. The second hypothesis which might be called conservation hypothesis
suggests that conservation policies designed to reduce energy consumption and waste would
not result in decrease in real output. The search for unidirectional causality from real output to
energy consumption would be used to see whether this hypothesis has any support empirically.
The third hypothesis is feedback hypothesis stating that energy consumption and real output
are interdependent. That is, they are complements to each other. The fourth, and final hypothesis
is neutrality hypothesis which suggests that energy consumption has only minor effect on the
production of real output.

These four hypotheses all find support from empirical studies. Thus, the search for existence
and direction of the causality between economic growth measured by either real output or
employment/ unemployment goes on as data needed and new techniques and tests become
available.

This empirical study is one of those testing the relationship between energy consumption
and unemployment in Turkey over the period from 1980 to 2015. First, we summarize existing
studies on the relationship between energy consumption and unemployment. Second, this
relationship between energy consumption and unemployment in Turkey over the mentioned
period has been investigated by utilizing the Gregory-Hansen cointegration tests. And lastly,
causality relationship will be investigated by using Toda-Yamamoto causality test.

2. Literature Review

There are numerous studies having investigated the relationship between energy
consumption and unemployment. Findings of many of these studies point out the fact that
there is a significant relationship between energy consumption and unemployment. Table 1
provides an extensive but probably not exhaustive review of the empirical studies on the topic.
Looking through the empirical studies cited in Table 1, one can see that most of the studies find
a significant relationship between the two variables.

Table 1. Empirical Studies Testing the Relationship between Energy Consumption and
Unemployment

Study Country(ies) |Period |Model Result
1890- Cointegration, 1.54% annual average increase in oil
Uri (1996) USA ADF, PP and prices causes 0.0078% increase in
1994
CRDW unemployment.
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Table 1 continue

Study Country(ies) |Period | Model Result
Hoag and . 1957- Shocks to oil prices have statistically
Wheeler (1996) USA (Ohio) 1982 VAR significant effect on employment.
Increase in oil prices and labor force
Keane and USA 1966- oLsS have negative relationship in the
Prasad (1996) 1981 short run but in the long run their
relation is positive
Efﬁaency-Wage, Increase in oil prices decreases the
Carruth et al. 1954- | Error Correction,
USA demand for labor and enhances the
(1998) 1978 Granger .
- unemployment ratio.
Causality
Papapetrou 1989- A shock to oil prices has immediate
(2001) Greece 1999 VAR negative impact on labor force.
Cgporale and 1966- Fractional Un.employ.ment an.d oil prlces ha.lve
Gil-Alana Canada 2000 Cointearation cointegration relationship both in
(2002) 9 the long term and short term.
Fractional
Gil-Alana Australia 1971- | Cointegration, Real oil prices and unemployment
(2003) 1995 Univariate Tests | have cointegration relationship.
of Robinson
Chang and . 1978- Shocks to oil prices have negative
Wong (2003) Singapore 2000 VECM impacts on unemployment.
Dadkhah and USA 1950- | VAR and Granger | Oil prices and unemployment ratio
Stijns (2006) 2005 Causality have no relationship.
Ewing and 1982- | Hodrick-Prescott | Oil prices and unemployment has
Thompson USA . . -
2005 and Baxter-King | concurrent relationship.
(2007)
Yahia and Saleh | . 1970- . . Oil prices and employment have
(2008) Libya 2005 Cointegration cointegration relationship.
OPEC
Members and Cross Changes in oil prices especially have
Lescaroux and 1960- | Correlation, L .
Mignon (2008) Non-OPEC 2005 Granger negative impact for the countries
9 Member 36 ge which are not OPEC member.
- Causality Tests
Countries
For the period from 1968 to
1985, there is a cointegration
relationship amongst oil prices
Egl?/zlgoa(r;%OS) Portugal ;ggi VAR and unemployment. For the period
from 1986 to 2005, cointegration
relationship between oil prices and
unemployment are stronger.
Rafiq et al. . 1993- There is a causality relationship from
(2009) Thailand 2006 VAR oil prices to unemployment.
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Table 1 continue

Study Country(ies) |Period |Model Result
Soytas (2010) y 2009 and Causality nploy! 9
relationship.
Umar and 1970- Increase in oil prices decreases
Abdulhakeem | Nigeria 2008 VAR unemolo menF'Z
(2010) ployment.
Vector Qil p.rlces z.a\m.j unemployment have
. relationship in the long run. Changes
Erkan et al. 2005-  |Autoregressive |
Turkey in unemployment do not have any
(2011) 2009 and Granger S L
. effect on oil prices but changes in oil
Causality .
prices have effect on unemployment.
Chana etal Asia and There is no clear relationship
(201 1? ’ Ocean VAR and VECM amongst the fluctuations in oil prices
Countries and unemployment.
. Because of the shocks to oil prices
Ran and Voon |4 Asian 1984- ) .
(2012) Countries 2007 VAR and VECM countries may havej to face high
unemployment ratio.
Estrada and EU Countries 1965- Increase in oil prices has impact on
Cos (2012) 2007 structural unemployment ratio.
There is no significant cointegration
Bouchaour 1980- and causality relationship amongst
and Al-Zeaud | Algeria VECM - y P . 9
2011 oil prices and unemployment in the
(2012)
short term.
Fluctuations in oil prices have
impact on unemployment both in
Loganathan et . 1980- the long run and 'short run..The_re is
Malaysia ARDL a one-way causality from oil prices
al. (2013) 2010
to unemployment. As for both
variables, major breaking point is
Gulf War.
Oil prices and unemployment have
. 1991- | Toda Yamamoto |significant relationship in the long
Ahmad (2013) | Pakistan 2010 Causality run and the cause of unemployment

is oil prices.

3. Data Set and Econometric Method

3.1. Data Set

To analyze the relationship between primary energy consumption as million tonnes oil
equivalent (ENG) and unemployment rates (UNEMP) annual Turkish data from 1980 to 2015 have
been used. The ENG dataset is obtained from BP Statistical Review of World Energy 2016 while
the UNEMP dataset is obtained from the Turkish Statistical Institute.
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Graph 1. The Trends of the Variables (1980-2015)
From the graph, we see that the two series have different trends during the period from 1980
to 2015. However, it requires formal testing to decide whether these two series move together.
Following subsections undertakes this task.

3.2. Augmented Dickey Fuller and Phillips Perron Unit Root Test

Dickey Fuller test is shown in theory and practice as:

AY, =0Y. . +u, M

with constant and trend,

AY[ = bo+8Yt_1+’U,t (2)

with constant and without trend,

AY,=by+bit+0Y, +u, 3)

with constant and regressions with trend. Moreover, t or DF statistics and MacKinnon critical
values are obtained.

If error term 2, contains autocorrelation, equation 3 is constructed as:

m (4)
AYt - bo + b1t + 8Yt71 + CZ,;ZAYH + u,
i=1

Here, regressive difference terms are used and the number of these terms is generally
determined by empirically. The main purpose in constructing the equation by this form is adding
terms into the equation which make error term without autocorrelation problem. The null
hypothesis is P = 1 or 6 = 0. The null hypothesis is “Y contains unit root’, thus Y is not stationary.
The test becomes “Augmented Dickey Fuller” (ADF) test when DF test is applied to models as in
the equation (4). The critical test statistics values of these tests are same (Tari, 2010:388-390).
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Phillips Perron (PP) test is more flexible than DF and ADF tests according to hypothesis about
error term. For DF and ADF tests, error term is independent and with constant variance. It should
be noted when using this methodology is the certainty on not having correlation between error
terms and whether constant variances. PP has extended his hypothesis about DF’s error terms.
This regression expresses this situation much better (Tari, 2010:400):

Y=atay-+u (5)

Yt:ao+yt71+a2(t—T/2)+ut 6)

In this regression, T and u, represents the number of observations and distribution of error
terms, respectively. The expected average of this error term is equal to 0. However, there is a
homogeneity assumption here that there shouldn't serial correlation between error terms. In
this regard, the independence and homogeneity assumptions of DF test are not considered in PP
test. On the contrary, the weak dependence and heterogeneous distribution of error terms are
accepted. Therefore, Phillips-Perron did not take into account the limitations about error terms’
hypotheses in developing DF t-statistics. (Tari, 2010:400).

3.3.The Gregory-Hansen Cointegration Test

Contrary to Johansen cointegration test which assumes that the coefficients in the
cointegrated vector do not change by time the cointegration test developed by Gregory and
Hansen (1996) allows for a single structural break (Catik, 2006:10).

The Gregory and Hansen cointegration test uses three different models to test for the
presence of a long-term relation among the variables. These three models include:

Model C (Level Shift):
Yu = ﬂ1+ﬂ2§0zT+a'Ty2t+€t 7)
t=1,...,n

in the model stands for the constant before the break while indicates the change brought
about by the break on the constant.

Model C/T (Level Shift with Trend):

Yu= i+ Qo+ Bt aTyute ®)

This model considers the breaks both in the constant and the trend.

Model C/S (Regime Shift):

Yu = /,61+/12§0n+a'1Ty2t+a'2Ty2t§0cT+€z ©)
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L1 and [£5 show breaks in the constant and the change caused by the break on the constant,
respectively. &1 is the slope coefficient before the break while &5 indicates the change in slope
after the break (Gregory and Hansen, 1996:103).

Structural breaks for the three models will be defined using the following dummy variables:

_{O, if t <[nr]
o, i ttlnr]

T refers to the structural break point that takes the values of (0, 1) while [nr] indicates the
integer section of the structural break (Gregory and Hansen, 1996: 102).

The date on which the calculated Philips test statistics (Z, and Z;) and Augmented Dickey
Fuller test statistics (ADF") for these three models are at the minimum level is specified as the
appropriate break date.

The test statistics are expressed as follows (Gregory and Hansen, 1996:106):

Z,=1inf Z,(7)
Z,=infZ,(r) (t€T
ADF" = inf ADF (1)

After comparing the calculated test statistics with table critical values for the appropriate
model, the null hypothesis that there is no cointegration among variables is tested against the
alternative hypothesis stating the existence of a cointegration relationship among variables
with the structural breaks. The table critical values determined by the number of variables are
provided by Gregory and Hansen (1996) (Tirasoglu and Yildirim, 2012:115).

3.4. The Toda-Yamamoto Causality Test

Since the Granger causality analysis requires zero restrictions with specific parameters, the
test statistics can be obtained applying the Wald or 7(2 test. However, in the case that VAR models
contain nonstationary variables, distributions of F or X2 may have non-standard asymptotic
characteristics. As a result of their study, Toda and Yamamoto (1995) developed a causality test
that uses series in level and require no knowledge on stationarity and cointegration. That is,
whether the series are stationary or they have cointegration relationship the test can be applied.
Before this test is applied, an appropriate lag length (p) is to be determined for the VAR model
(Akgaci, 2013:74).

TheVAR (p+d__ ) model is estimated for the Toda and Yamamoto test. d_ refers to the degree
of maximum integration. The VAR (p+d__) models used in the Toda and Yamamoto test are as
follows:

PFdmax PFdmax

Y =a,+ Z Aiva) Yi-G+a) T Z Asra) + Xi-ra) T Ex

i=1 i=1

P+ dmax P+ dmax

X, = 80 + z Bl(i+d) Yt—(i+d) + z ,82(i+d) +Xt—(i+d) + &y
i=1 i=1
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The null hypothesis in the first model Ho: @arq) = 0 is tested against the alternative
hypothesis H : @ai+q) 7 0. That is the null hypothesis that the variable X is not the Granger-
cause for the variable Y is tested against the alternative hypothesis that X is the Granger-cause
for Y. These hypotheses are tested with the Wald test that complies with the XQ distribution with
p degrees of freedom. Similarly, the second model is also tested. The additional terms here (d_ )
is not included in the limitation (Yilanci and Ozcan, 2010:28).

4. Empirical Results and Discussion
4.1. Empirical Results and Evaluation of Unit Root Tests
ADF and PP unit root test results are shown in Table 2.

Table 2. ADF and PP Unit Root Tests Results

ADF Test ENG D(ENG) UNEMP D(UNEMP)
Intercept 1.275 -6.389%%* -1.981 -5.308%**
(0) [0.9980]  |(0) [0.0000] | (0)[0.2934] (0) [0.0001]
Irend and Intercept -1.920 -6.719%%* -3.159 -5.004%%x
(0) [0.6228]  |(0) [0.0000] |(1) [0.1095] |(0) [0.0008]
PP Test ENG D(ENG) UNEMP D(UNEMP)
Intercept 3.801 -6.438%%* -1.877 7.726%%*
(11) [0.9998]  |(3) [0.0000] |(5) [0.3390] |(17) [0.0000]
-1.788 -8.071%%* 2.728 -7.399%%*

Trend and Intercept ) [0.6890] (7) [0.0000] (4) [0.2322] (17) [0.0000]

Notes: Lag length in ADF test is determined according to Schwarz Information Criterion (SIC) and showed in the
parenthesis. The numbers in the square brackets are showing p-values. In PP test, kernel method and bandwidth
values are determined with “Barlett Kernel” and “Newey West Bandwidth’, respectively.

According to ADF and PP test results, both ENG and UNEMP series are not stationary and
contains unit root at level for both models. Series become stationary when their first differences
are taken at 1% significance level for all models. Therefore, ENG and UNEMP series are I(1).

4.2, Results and Evaluation of the Gregory-Hansen Cointegration Test

Since using ADF and PP unit root tests it is determined that both energy consumption and
unemployment rates are / (1) the Gregory-Hansen cointegration test is performed to see whether
a long-run relationship between the variables exists.

Table 3. The Results of the Gregory-Hansen Cointegration Test

Model Breaking Dates ADF Stat. Critical Values
%1 %5

Model C 2003 -4.73**(0) -5.13

Model C/T 2003 -5.61*** (1) -5.45 -4.99

Model C/S 1988 -5.84*** (1) -5.47

Notes: Critical values are obtained from Gregory and Hansen (1996:109). *** represents that there is cointegration
relationship between variables at %1 significance level and ** represents that there is cointegration relationship
between variables at %5 significance level The values in parentheses show the number of lags selected by the
Akaike Information Criteria.
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Minimum ADF test statistics and the corresponding breaking dates are presented in Table
3. Because minimum ADF statistics calculated for all models is greater than critical values in
absolute terms, the null hypothesis that assumes no cointegration relationship between the
series is rejected at 1% significance level for Model C/T and Model C/S, and at %5 significance
level for Model C. Therefore, we conclude that there is a long-run relationship between the
energy consumption and unemployment. Moreover, the first two model predicts a structural
break in 2003 and the third model predicts itin 1988.

4.3. Results and Evaluation of the Toda-Yamamoto Causality Test

This subsection of the study will turn to the question of causality relationship between the
energy consumption and unemployment in Turkey during the period from 1980 to 2015 using
the Toda-Yamamoto method based on the Granger causality test.

Table 4. VAR Lag Order Selection Criteria

Lag LogL LR FPE AIC SC HQ
0 -212.54 NA 1521.21 13.01 13.09 13.03
1 -125.79 157.73* 10.10* 7.99*% 8.26* 8.08*
2 -122.25 6.02 10.42 8.02 8.47 8.17
3 -120.65 2.51 12.16 8.16 8.79 8.37

Notes: * indicates lag order selected by the criterion. LR: sequential modified LR test statistic (each test at 5%
level), FPE: Final prediction error, AIC: Akaike information criterion SC: Schwarz information criterion HQ: Hannan-
Quinn information criterion.

As Table 4 shows the optimum VAR lag order (p) is 1 for all selection criterias.

Table 5. The Results of the Toda-Yamamoto Causality Test

Null Hypothesis Lag Length x’ Stat.
UNEMP > ENG (p=1)+(d_ =1=2 1.046924 (0.5925)
ENG > UNEMP (p=1)+(d_ =1)=2 5.583394** (0.0413)

Notes: The values in parentheses are probability values of the related test statistics. The p value for appropriate
VAR model has been determined according to the Schwarz Information Criteria. ** represents that there is
causality relationship between variables at %5 significance level.

As Table 5 shows both main hypotheses stating that each variable is not Granger-cause of
the other variable are rejected. Therefore, according to the Toda-Yamamoto causality analysis,
it is concluded that there is a unidirectional causality relationship from energy consumption to
unemployment rates. According to results it can be said that the changes in energy consumption
affects the unemployment rates in Turkey.

5. Discussion and Conclusions

This study investigates the relationship between energy consumption and unemployment
rates using Turkish case during the period from 1980 to 2015. According to the ADF and PP unit
root test results, we find that both series have unit root at 1% significance level in all models.
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Because the conclusion reached is that both series are I(1), the existence of long-run
relationship between the variables is tested by Gregory-Hansen cointegration test. The test
predicts that such relationship indeed exists. As for causality relationship, we conclude that there
is a unidirectional causality relationship between the energy consumption and unemployment
rates in Turkey during the period from 1980 to 2015.

According to results there is causality relationship is from energy consumption to
unemployment rates that means changes in energy consumption affects unemployment rates.
It should be taken into consideration that energy consumption has effect on unemployment
rates by policy makers.
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