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Abstract
This study introduces a new research topic that investigates the relationship between fiscal development and carbon emissions in
Turkey through testing Environmental Kuznets Curve (EKC) hypothesis. Annual data covering the period, 1960–2013, has been
used and in addition to gross domestic product and energy consumption, fiscal policy variables have been regressed on the level
of carbon emissions in Turkey. Results reveal that fiscal policies and carbon emissions are in long-term equilibrium relationship
in Turkey; carbon dioxide emission level converges towards long-term paths as contributed by fiscal policy. The effects of fiscal
aggregates on the level of carbon dioxide emissions are negatively significant revealing that growth in fiscal aggregates leads to
declines on the levels of carbon emissions. This proves that as far as environmental effects are concerned, fiscal policies regarding
energy sector is successful in Turkey. Thus, the major finding of this study confirmed the validity of the fiscal policy-induced
EKC hypothesis in the case of Turkey.
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Introduction

Studies for environmental concerns have garnered consider-
able attention from researchers among which pollution has
taken an important place. Environmental Kuznets curve
(EKC) theory has been extensively studied in order to inves-
tigate environmental effects of various aggregates such as en-
ergy consumption. Although conventional EKC models have
been used in environmental studies for many years, sectoral
effects or roles have been also initiated in the last decade.
According to a simple EKC setting, energy consumption is
the main driver of climate change and, therefore, pollution

(Ozcan and Ari 2017; Istaiteyeh 2016; Anatasia 2015;
Kalayci and Koksal 2015; Kapusuzoglu 2014; Borhan and
Ahmed 2012). As also pointed out by Anatasia (2015) and
Kapusuzoglu (2014), real income is the main driver for energy
consumption and energy usage drives emissions. The main
question here is how successfully and friendly is energy con-
sumption since traditional fuel oil and gas consumption still
dominates global energy markets (Akdeniz and Arsel 2011;
Al-Abdulhadi 2014; Anoruo and Elike 2009). As many stud-
ies point out, in case countries invest on alternative energy
systems rather than investing on traditional energy systems
such as fuel oil, then real income will be positively related to
energy consumption which in turn will positively affect the
level of emissions. Such effect would denote failure of suc-
cessful energy policies of countries (Istaiteyeh 2016;
Katircioglu 2014). On the other hand, some newer studies
tested the effects of other economic aggregates such as finan-
cial sector and tourism (See Katircioglu and Katircioglu 2017;
Katircioglu 2017; Cetin and Ecevit 2017; Jalil and Feridun
2011; Katircioglu 2014). For example, Katircioglu and
Katircioglu (2017) find positive effects of urbanization on
the level of emissions which deteriorates environment quality.
On the other hand, however, Jalil and Feridun (2011) finds
negative effects of financial sector development on the level of
carbon emissions in the case of China proving successful
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energy policies in this large country. Gokmenoglu et al. (2016)
find that energy sector impact also on the development of
agricultural sector while Kalayci and Koksal (2015) show that
air transportation significantly drives carbon emissions.

The role of particular segments or sectors of the economy
in the conventional EKC still deserves further attention.While
studying the role of financial sector in the EKC, researchers
used financial aggregates such as money supply, which is one
of the important tools of monetary policy. The argument of
those finance-EKC nexus studies is that monetary policy is
likely to affect not only economic growth (Kaushal and
Pathak 2015) but also energy consumption and, therefore,
indirectly influences climate changes as proxied by carbon
dioxide emissions (CO2) (See Jalil and Feridun 2011). The
other alternative macroeconomic policy is fiscal policy; there-
fore, a similar argument might be initiated for the role of fiscal
policy in environmental concerns since it is the major deter-
minant of economic growth and therefore energy consump-
tion. To put it clearer, studying the role of fiscal policy and
fiscal aggregates on the EKC would be also an interesting
research area in the energy economics literature.
Government spending and taxation are the two major tools
of fiscal policy which are likely to play a role in not only in
economic growth and even current account balances (Bolat
et al. 2014) but also in energy policy and energy
consumption and, therefore, in the EKC. As fiscal policy is a
major determinant of income growth, energy consumption
will be affected from interaction between fiscal policy and
economic growth in the countries; therefore, not only
additional energy demand but also additional environmental
concerns will be raised in the economy. On the other hand,
Balcilar et al. (2016) argue that reduction in fiscal deficits is
likely to increase the rate of capital accumulation leading to a
higher rate of economic growth. Thus, in such a scenario
fiscal policy is expected to indirectly affect energy demand
due to higher economic activity. Dongyan (2009) argues
that fiscal and tax policies support energy efficiency in the
countries while Liu et al. (2017) document that fiscal in-
centives play role in the reduction of carbon emissions. As
also mentioned by Vera and Sauma (2015), some countries
have directed their environmental policies towards carbon
taxes in order to reduce greenhouse gas (GHG) emissions.
As Fisher and Fox (2012) document, the level of taxation is
closely related to the level of energy consumption and
therefore the level of carbon emissions; thus, taxation
plays major role not only in the economy but also in
environmental concerns. Fisher and Fox (2012) also men-
tion that climate policies of the economies need to be well
balanced with aggregate fiscal policies of governments.
There are many studies on the effects of general and/or
carbon taxation whose conclusions are of mixed findings;
however, generally it is found that taxation is effective for
environmental policies (Vera and Sauma 2015).

Fisher and Fox (2012) also mentioned that public sector rev-
enues play an important role in climate policy making. Ryan
et al. (2009) find that taxes an impact on energy consumption
and CO2 emissions. Goulder (2013) studies on the interactions
between climate change policy and fiscal system. Wirl (1993)
suggests that energy taxes are superior for governments com-
pared to the other sectoral taxes due to the fact that energy
products have low price elasticity and, therefore, provide higher
tax revenues. Thus, the literature studies document that fiscal
policy plays significant role in environmental concerns and en-
ergy sector. On the other hand, governments do also use envi-
ronmental taxes in via a broader fiscal system in order to raise
revenues for closing public debt (Rausch 2013). As mentioned
by Rausch (2013), searching the economic effects of such strat-
egy deserves attention from researchers.

Many studies have tested the validity of the environmental
Kuznets curve (EKC) hypothesis, which investigates the rela-
tionship between environmental pollution and real income
growth (Kapusuzoglu 2014; Coondoo and Dinda 2002;
Dinda 2004; Grossman and Krueger 1991; Luzzati and
Orsini 2009; Stern 2004). It would be reasonable to predict
that macroeconomic policy including fiscal policy might exert
effects on carbon emission level through energy sector and
change in income level. Against this backdrop, this new article
investigates the role of fiscal policy in the EKC of Turkey,
which has a developing economy with a current gross domes-
tic product of 208.76 billion USD (World Bank 2016). To the
best of the authors’ knowledge, this study is the first of its kind
as far as modeling approach is concerned. On the other hand,
Halkos and Paizanos (2016) studied the effects of fiscal policy
on CO2 emissions in the case of the USA by employing dif-
ferent econometric approach found that fiscal aggregates
exerted significant effects on the level of CO2 emissions.

As also mentioned by Kaya and Yılar (2011a, b), Turkish
economy has shown significant progress in stronger fiscal
policies over the last two decades in addition to developments
in financial sectors with lower risks (Erol et al. 2013). The
adoption of fiscal rules as a new anchor in public finances is
still at the agenda of Turkish authorities. Over the last decades,
Turkish governments have been successful in adopting fiscal
policies, which are mainly a result of strong fiscal adjustment
process. Thus, fiscal policy is a major macroeconomic policy
in Turkey over many years. After applying excessive deficit
financing and experiencing recessions due to public deficits
during 1990s, Turkey went through fiscal transformation by
means of a comprehensive reform agenda and adopted a tight-
ened fiscal policy in line with certain overall fiscal limits dur-
ing 2000s (Kaya and Yılar 2011a, b).

On the other hand, tax rates as a part of fiscal policies might
play a significant role in energy efficiency and environmental
protection. Aytac (2011) suggests that high-energy taxation
does not necessarily mean an indication of a priority being
attributed to energy efficiency and environmental protection.
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With this respect, European Union (EU) hints on the introduc-
tion of an implicit tax rate on energy for the purpose of pro-
viding energy efficiency and reducing environmental
pollution. Aytac (2011) concludes that implicit taxation signif-
icantly affects energy efficiency and environmental pollution
in the EU countries while it does not in the case of Turkey.

Furthermore, empirical studies show that Turkey does not
possess the EKC characteristic in the tourism sector. Although
Katircioglu (2014) finds that income, energy consumption,
and tourism growth contributes to changes in CO2 emissions
significantly, the EKC is not inverted U-shaped one; thus, the
EKC hypothesis via tourism growth could not be validated in
Turkey. On the other hand, Katircioglu and Taspinar (2017)
could not also validate the EKC in Turkey through controlling
financial sector development although financial sector exerts
significant direct and moderating effects on the EKC; they
find that the EKC of Turkey is not again inverted U-shaped
in the existence of financial sector. Then, an important re-
search question is arised: Bwhich sector(s) or economic fac-
tor(s) might lead to an inverted U-shaped EKC?^. This re-
search question is not only new research impetus but also
would be very interesting for such an interesting country con-
text like Turkey which has a developing and dynamic
economy.

The rest of the article is structured as follows. Section 2
describes the theoretical setting of the study; section 3 intro-
duces the data and methodology; section 4 presents the em-
pirical results and discussion, and section 5 concludes the
study.

Theoretical setting

As advised in the literature, environmental pollution has
been proxied by CO2 (carbon dioxide) emissions (kt).
The present study raises a new research question if fiscal
development might be a determinant of carbon emission
level through exerting effects on real income and energy
consumption levels. Real income is the main variable in
the conventional EKC setting, therefore, another important
determinant of CO2 emissions, as suggested in the litera-
ture as well, is energy consumption. The simple EKC the-
ory implies that there exists an inverted U-shaped pattern
between real income and emission level (see Stern 2004).
This study revisits the conventional EKC model by adding
fiscal policy variable as shown below:

CO2t ¼ f yβ1 ; y2β2 ;Eβ3
t FPβ4

t

� �
ð1Þ

where CO2 is carbon dioxide emissions (kt), E is energy
consumption (kt of oil equivalent), y is real income, y2 is
the squared real income, and FP stands for fiscal policy
proxy. β1, β2, β3, and β4 are the coefficients of regressors.

The proposed EKC model in Eq. (1) can be expressed in
logarithmic form to capture the growth impacts in the eco-
nomic long-term period:

lnCO2t ¼ β0 þ β1lnyt þ β2lny
2
t þ β3lnEt þ β4lnFPt þ εt ð2Þ

where at period t, lnCO2 is the natural log of carbon dioxide
emissions, lny is the natural log of real income, lny2 is the
natural log of squared real income, lnE is the natural log of
energy consumption, lnFP is the natural log of the fiscal policy
variable, and ε is the error disturbance.

As also mentioned by Katircioglu (2010), the dependent
variable in Eq. (2) might not immediately adjust to its long-
term equilibrium level following a change in any of its explan-
atory factors (regressors). Therefore, the speed of adjustment
between the short-term and the long-term levels of the depen-
dent variable could be captured by estimating the following
error correction model:

ΔlnCO2t ¼ β0 þ ∑
n

i¼1
β1ΔlnCO2t− j þ ∑

n

i¼0
β2Δlnyt− j þþ ∑

n

i¼0
β3Δlny

þ ∑
n

i¼0
β4ΔlnEt− j þ ∑

n

i¼0
β5ΔlnFPt− j þ β6εt−1 þ ut

ð3Þ

where Δ represents a change in the CO2, y, y
2, E, and FP

variables and εt − 1 is the one period lagged error correction
term (ECT), which is estimated from Eq. (2). The ECT in Eq.
(3) shows how fastly the disequilibrium between the short-
term and the long-term values of the dependent variable
(CO2) is eliminated each period. The expected sign of ECT
in the economerics theory is negative (Gujarati 2003).

Data and methodology

Data

Annual data covering the years between 1960 and 2013 has
been used in this study; The variables of the study are carbon
dioxide emissions (CO2) (kt), constant GDP in USD (2010 =
100) (y), squared constant GDP (2010 = 100) (y2), energy use
(E) (kt of oil equivalent), and overall government spending (G)
as percent of GDP as a first proxy of FP and overall tax reve-
nues as percent of GDP (T) and as a second proxy of FP. Two
more proxies also have been used for fiscal policy: firstly, fiscal
policy index (FI) has been constructed via principal compo-
nents analysis1 that made use of G and T variables given above.
Secondly, following the work of Baltagi et al. (2008), interac-
tion variable of Fiscal Policy (FPI) has been constructed by
multiplying G and T together in logarithmic forms. FPI would
be also a proxy of the overall FP. Data for CO2, y, and E have

1 See Katircioglu and Taspinar (2017) and Chen (2010) for more details.
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been gathered from the World Bank (2016) while data for G
and T have been gathered from TURKSTAT (2016).

Methodology

This study revisits the conventional EKC model in the case of
Turkey by imposing fiscal policy constraint. Thus, new ap-
proaches in time series analysis are adapted to the study in
order to provide contemporary results on the model estima-
tions. The process is explained below in summary:

The quasi-GLS unit root tests under multiple structural breaks

New unit root tests allow researchers to consider breaks in
the series. Among them are Perron (1989), Zivot and
Andrews (1992), Lumsdaine and Papell (1997), Perron
(1997), and Ng and Perron (2001) that all allow one break
in the tests while Lee and Strazicich (2003) allow till two
breaks in the series during unit root tests. As also men-
tioned by Katircioglu (2014), unlike the other approaches,
Carrion-i-Silvestre et al. (2009) provide the latest ap-
proach for unit root tests that allow structural breaks in
the series till five. Thus, the quasi-GLS-based unit root
tests as investigated by Carrion-i-Silvestre et al. (2009)
will be employed in this study in order to estimate the
stationary nature of series under inspection. When Fig. 1
of this study is evaluated, it is observed that specially
fiscal series exhibit considerable break points over the
periods; thus, it would be a right choice to adapt the quasi
-GLS-based unit root tests that consider these breaks till
five in this study.

Bound tests to level relationships and Maki’s (2012)
cointegration test under multiple structural breaks

Cointegration among non-stationary series needs to be inves-
tigated by further tests. This study will employ two different
tests in order to detect a possible cointegration in Eq. (1) pre-
viously mentioned. Firstly, the bounds test within the
autoregressive distributed lag (ARDL) approach which was
developed by Pesaran et al. (2001) has been adopted and could
be applied regardless of the order of integration of the variables
(whether regressors are purely I (0), purely I (1), or mutually
co-integrated). The ARDL approach for estimating level rela-
tionships for the present study can be written as follows:

ΔlnCO2t ¼ a0 þ ∑
n

i¼1
biΔlnCO2t−i þ ∑

n

i¼0
ciΔlnyt−i þ ∑

n

i¼0
diΔlny2t−i

þ ∑
n

i¼0
eiΔlnEt−i þ ∑

n

i¼0
f iΔlnFPt−i þ σ1lnCO2t−i

þσ2lnyt−i þ σ3lny2t−i þ σ4lnEt−i þ σ5lnFPt−i þ εt

ð4Þ

where Δ is the difference operator and εt is the serially indepen-
dent random error with mean zero and a finite covariance matrix.

In bounds tests, the F test is adapted to investigate a (single)
long-term relationship in Eq. (4) (Katircioglu 2010). The null
hypothesis of this test in the present study is H0: σ1 = σ2 = σ3

=σ4 =σ5 = 0 while the alternative hypothesis of a level rela-
tionship is H1: σ1 ≠ σ2 ≠ σ3 ≠ σ4 ≠ σ5 ≠ 0.

Secondly, a newer test that takes multiple break points
in the series will be adopted in this study for a possible
cointegration in Eq. (1). Westerlund and Edgerton (2006)
suggest that cointegration tests for non-stationary series
that do not consider the existence of structural breaks
might provide biased results. Among newer approaches
that allow breaks in the series are Gregory and ve
Hansen (1996), Carrion-i-Silvestre and Sansó (2006),
Westerlund and Edgerton (2006), and Hatemi-J (2008)
which allow only a single break during cointegration
tests. On the other hand, Maki (2012) proposed a new
approach which internally considers structural breaks until
five different points in time. Thus, this study will employ
cointegration test proposed by Maki (2012) in order to
investigate a possible long-term association in Eq. (1).

Conditional error correction models and granger causality
tests

In the case of a long-term relationship in Eq. (1), the conditional
error correction model (ECM) for short-term coefficients and
speed of adjustment using the ARDL approach will be estimat-
ed via Eq. (3) in addition to level coefficients in Eq. (2) with
different lag structures for regressors (see Pesaran et al. 2001).
As Katircioglu (2010) also mentions, the short-term deviations
of series from their long-term equilibrium paths can be captured
by including an error correction term in Eq. (3).

Furthermore, conditional Granger causality tests under the
ARDL mechanism will be carried out to investigate the direc-
tion of association among series under inspection via the fol-
lowing matrix mechanism:

ΔlnCO2t
ΔlnEt

Δlnyt
Δy2t
ΔFPt

2
66664

3
77775
¼

μ1

μ2

μ3

μ4

μ5

2
66664

3
77775
þ

∂11;1 ∂12;1 ∂13;1 ∂14;1 ∂15;1
∂21;1 ∂22;1 ∂23;1 ∂24;1 ∂25;1
∂31;1 ∂32;1 ∂33;1 ∂34;1 ∂35;1
∂41;1 ∂42;1 ∂43;1 ∂44;1 ∂45;1
∂51;1 ∂52;1 ∂53;1 ∂54;1 ∂55;1

2
66664

3
77775

ΔlnCO2t−1
ΔlnEt−1
Δlnyt−1
Δy2t−1
ΔFPt−1

2
66664

3
77775

þ…þ

∂11;i ∂12;i ∂13;i ∂14;i ∂15;i
∂21;i ∂22;i ∂23;i ∂24;i ∂25;i
∂31;i ∂32;i ∂33;i ∂34;i ∂35;i
∂41;i ∂42;i ∂43;i ∂44;i ∂45;i
∂51;i ∂52;i ∂53;i ∂54;i ∂55;i

2
66664

3
77775

ΔlnCO2t−i
ΔlnEt−i
Δlnyt−i
Δy2t−i
ΔFPt−i

2
66664

3
77775
þ

ϕ1

ϕ2

ϕ3

ϕ4

ϕ5

2
66664

3
77775
ECTt−1 þ

ε1;t
ε2;t
ε3;t
ε4;t
ε5;t

2
66664

3
77775

ð5Þ

In Eq. (5), Δ stands for the difference operator. The
ECTt − 1 denotes the lagged error correction term
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derived from Eq. (2). On the other hand, ε1,t, ε2,t, ε3,t,
ε4,t, and ε5,t are serially independent random errors
with mean zero and a finite covariance matrix. As a
result of the ECMs for causality tests, obtaining statis-
tically significant F statistic(s) for each pair of vari-
ables and statistically significant t statistic(s) for ECTt

− 1 in Eq. (5) would meet the condition of having short-
te rm and long- te rm causa t ion(s ) , respec t ive ly
(Katircioglu 2014).

In the final step, the variance decompositions regard-
ing Eq. (1) will be estimated, which infers what per-
centage of the forecast error variance of the dependent
variable can be explained by exogenous shocks to inde-
pendent variables. Following variance decompositions,
impulse response interactions will be estimated to see
how the selected variable under consideration reacts to
the exogenous shocks in the others.

Results and discussion

Table 1 presents the GLS-based unit root test results as
modeled by Carrion-i-Silvestre et al. (2009) for the se-
ries of the study. The second generation unit root tests
gave evidence of five successful and significant break
points in the series as illustrated in Table 1. Results of
the GLS-based unit root tests give strong evidence that
all of series under inspection are integrated of order
one, I (1); this means series are not stationary at levels
but become stationary when differencing at first degrees.
Thus, it is suggested that Eq. (1) of the present study
might be a cointegration model (Katircioglu 2014).

All series in the present study are integrated of the same
order; thus, bounds test for Eq. (1) under the ARDL approach
would be suitable in this study. Results of bounds F and t tests
are presented in Table 3:
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Fig. 1 Time series plot of series at the natural logarithm
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Critical values for F and t statistics for smaller samples are
also provided in Table 2 as tabulated from Narayan (2005).
Bounds tests have been carried out under three scenarios as
suggested by Pesaran et al. (2001: 295–296); they are (1) with
restricted deterministic trends (FIV), (2) with unrestricted de-
terministic trends (FV) and (3) without deterministic trends
(FIII). It is important to mention that intercept terms in these
models are all unrestricted.2

Results in Table 3 provide strong evidence on the level
relationship for Eq. (2) of this study. This is because the null
hypothesis of H0: σ1 = σ2 = σ3 =σ4 =σ5 = 0 in Eq. (4) can be
rejected according to the bounds test results in Table 3. Results
suggest that CO2 emissions in Turkey are in a long-run rela-
tionship with its regressors including different proxies of FP.
Furthermore, the results of the bounds t tests in Table 3 do also
suggest for the imposition of the trend restrictions in the
models since they are strongly and statistically significant
(See Pesaran et al. 2001: 312).

Secondly, structural break points as observed in the
series via Fig. 1 are now considered in cointegration
tests by Maki (2012) to see if results from bounds tests
would be confirmed. Results in Table 4 show that the
null hypothesis of no cointegration can be again rejected
through the existence of various structural break years
in the models suggested by Maki (2012). Results from

Maki (2012) also give a strong evidence that Eq. (1) is
a cointegration model and estimating long-run parame-
ters in Eq. (2) would be robust as a further step.

Both bounds test andMaki (2012) cointegration test results
provided a very strong level relationship for Eq. (2) in the
study; this allows for estimating the level coefficients via the
ARDL approach as discussed in Pesaran and Shin (1999) and

Table 2 Critical values used in the present study

0.10 0.05 0.01

k = 4 I (0) I (1) I (0) I (1) I (0) I (1)

FIV 2.905 3.822 3.383 4.432 4.557 5.793

FV 3.240 4.350 3.834 5.064 5.184 6.684

FIII 2.614 3.746 3.136 4.416 4.306 5.874

tV −3.130 − 4.040 − 3.410 − 4.360 − 3.960 − 4.960
tIII − 2.570 − 3.660 − 2.860 − 3.990 − 3.430 − 4.600

Source: Narayan (2005) for F statistics and Pesaran et al. (2001) for t
statistics

(1) k is the number of regressors for dependent variable in the ARDL
models, FIV represents the F statistic of the model with unrestricted inter-
cept and restricted trend, FV represents the F statistic of the model with
unrestricted intercept and trend, and FIII represents the F statistic of the
model with unrestricted intercept and no trend. (2) tVand tIII are the t ratios
for testing σ1 = 0 in Eq. (4) with and without deterministic linear trend2 For detailed information, please refer to Pesaran et al. (2001), pp. 295–296.

Table 1 The quasi-GLS-based unit root tests under multiple structural breaks

Levels Break years

PT MPT MZα MSB MZt

lnCO2 7.908 [5.522] 7.966 [5.522] − 22.229 [− 30.417] 0.148 [0.131] − 3.299 [− 3.870] 1977; 1987; 1994; 1999; 2004

lny 8.985 [5.437] 8.636 [5.437] − 19.894 [− 30.138] 0.158 [0.132] − 3.153 [− 3.870] 1974; 1979; 1993; 2000; 2006

lny2 8.913 [5.437] 8.560 [5.437] − 20.071 [− 30.138] 0.157 [0.132] − 3.167 [− 3.870] 1974; 1979; 1993; 2000; 2005

lnE 9.993 [6.173] 10.331 [6.173] − 18.503 [− 31.031] 0.163 [0.128] − 3.029 [− 3.899] 1977; 1985; 1994; 1999; 2005

lnT 10.168 [6.415] 9.591 [6.415] − 20.681 [− 31.148] 0.155 [0.127] − 3.214 [− 3.919] 1969; 1979; 1985; 1990; 1997

lnG 11.153 [6.772] 11.054 [6.772] − 20.166 [− 32.519] 0.156 [0.124] − 3.153 [− 4.013] 1980; 1986; 1991; 1997; 2006

lnFI 15.965 [7.416] 14.999 [7.416] − 20.403 [− 41.145] 0.155 [0.109] − 3.180 [− 4.528] 1982; 1987; 1992; 1997; 2002

lnFPI 20.747 [9.129] 18.783 [9.129] − 22.910 [− 46.673] 0.147 [0.103] − 3.382 [− 4.807] 1969; 1979; 1985; 1990; 1997

First differences

ΔlnCO2 8.465 [6.177] 8.420 [6.177] − 24.743 [− 32.830] 0.141 [0.125] − 3.507 [− 4.039] –

Δlny 8.804 [6.479] 8.820 [6.479] − 24.956 [− 33.033] 0.140 [0.124] − 3.505 [− 4.054] –

Δlny2 8.801 [6.479] 8.836 [6.479] − 24.960 [− 33.033] 0.140 [0.124] − 3.502 [− 4.054] –

ΔlnE 6.700 [5.212] 6.570 [5.212] − 24.924 [− 29.751] 0.140 [0.133] − 3.510 [− 3.822] –

ΔlnT 3.671 [5.543] 3.755 [5.543] − 24.264 [− 17.325] 0.143 [0.168] − 3.483 [− 2.896] –

ΔlnG 5.138 [5.543] 5.212 [5.543] − 18.075 [− 17.325] 0.164 [0.168] − 2.978 [− 2.896] –

ΔlnFI 3.527 [5.543] 3.650 [5.543] − 24.965 [− 17.325 0.141 [0.168] − 3.533 [− 2.896] –

ΔlnFPI 3.531 [5.543] 3.647 [5.543] − 24.982 [− 17.325 0.141 [0.168] − 3.534 [− 2.896]

i Break years are obtained through using the quasi-GLS-based unit root tests of Carrion-i-Silvestre et al. (2009). ii Asterisk denotes the rejection of the null
hypothesis of a unit root at the customary 0.05 significance level. iii Numbers in brackets are critical values from the bootstrap approach by Carrion-i-
Silvestre et al. (2009)
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formulated in Eq. (2). Results of long-run coefficients in Eq.
(2) for different proxies of FP are given in Table 5:

Firstly, it is observed that coefficients of GDP (without
squaring) is highly elastic, statistically significant while that
of squared GDP (GDP2) is negative and again significant in all
of four models. This finding strongly confirms the suitability
of coefficients according to setting of the inverted U-shaped
EKC hypothesis in the case of Turkey. Energy consumption,
on the other hand, exerts positively significant effects on the
level of carbon emissions. Most importantly, the coefficients
of four different proxies of fiscal policy is negative and statis-
tically significant; this finding suggests that fiscal aggregates
in Turkey exerts negatively significant effects on climate
changes that signals for successful fiscal policies as far as
environmental issues are concerned. Finally, the coefficients
of intercept in Table 5 are negatively significant showing that

without any change its determinants in Eq. (1) of this study,
carbon emissions are likely to decline considerably.

Before the ECM regressions, it will be good to provide the
EKC figures in the case of Turkey induced by fiscal policy
proxies. The EKC figures are useful by providing a very clear
idea to readers if the economy of country under inspection
would be fitting with conventional EKC. Therefore, Fig. 2
plots the EKC in four different EKC model options with this
respect: (1) EKC induced by fiscal index; (2) EKC induced by
government spending; (3) EKC induced by tax revenues; and
(4) EKC induced by overall fiscal policy (with interaction
variable). Although all panels show similar evidence on the
shape of EKC, model estimations with fiscal index in panel (a)
gave better EKC plot where estimated CO2 emission from the
EKC model induced by fiscal index starts to move towards
horizontal path and gets closer to its peak point as theoretized

Table 3 The bounds test for level
relationships Variables With deterministic trends Without deterministic

trend
Conclusion

FIV FV tV FIII tIII

H0

(1) with FI FCO2 (lnCO2/lny, lny
2, lnE,

lnFI)
Rejected

p = 2 15.40c 20.48c − 5.64c 20.85c − 5.80c
3 10.10c 13.15c − 5.19c 13.73c − 5.34c
4 10.05c 13.28c − 4.45c 13.28c − 4.44c
5 8.94c 11.85c − 4.25c 12.37c − 4.33c

(2) With gov. spending FCO2

(lnCO2/lny, lny
2, lnE, lnG)

Rejected

p = 2 15.66c 20.86c − 5.65c 21.20c − 5.80c
3 9.92c 12.97c − 5.11c 13.53c − 5.29c
4 9.04c 11.97c − 4.17c 12.41c − 5.24c
5 8.32c 11.05c − 4.04c 11.27c − 4.08c

(3) Eith tax FCO2 (lnCO2/lny, lny
2,

lnE, lnT)
Rejected

p = 2 15.01c 19.89c − 5.62c 20.39c − 5.78c
3 9.99c 12.99c − 5.18c 13.64c − 5.31c
4 10.32c 13.61c − 4.55c 13.56c − 4.51c
5 9.35c 12.35c − 4.37c 12.87c − 4.44c

(4) With FPI FCO2 (lnCO2/lny, lny
2,

lnE, lnFPI)
Rejected

p = 2 15.34c 20.39c − 5.65c 20.77c − 5.80c
3 10.05c 13.08c − 5.18c 13.68c − 5.32c
4 9.94c 13.14c − 4.44c 13.20c − 4.43c
5 8.87c 11.74c − 4.23c 12.28c − 4.32c

Akaike information criterion (AIC) and Schwartz criteria (SC) were used to select the number of lags required in
the cointegration test. p shows lag levels

*Denotes optimum lag selection in each model as suggested by both AIC and SC. FIV represents the F statistic of
the model with unrestricted intercept and restricted trend, FV represents the F statistic of the model with unre-
stricted intercept and trend, and FIII represents the F statistic of the model with unrestricted intercept and no trend.
tV and tIII are the t ratios for testing σ1 = 0 in Eq. (4) with and without deterministic linear trend
a Indicates that the statistic lies below the lower bound, b that it falls within the lower and upper bounds, and c that
it lies above the upper bound
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in the conventional EKC models. However, it is very clear
from Fig. 2 that the inverted U-shaped EKC is not unfortu-
nately available for Turkey through the channels of fiscal pol-
icy aggregates. This major finding is parallel to the findings of

Katircioglu (2014) and Katircioglu and Taspinar (2017) again
in the case of Turkey.

The ECM regressions as modeled in Eq. (3) are presented
in Table 6. Firstly, all the ECT terms as shown in Eq. (3) are

Table 4 Maki (2012)
cointegration tests Number of break points Test statistics [critical values] Break points

(1) With FI

FCO2 (lnCO2/lny, lny
2, lnE, lnFI) TB ≤ 5

Model 0 − 9.331 [− 8.111]* 1967; 1970; 1973; 1976; 1984

Model 1 − 8.837 [− 8.547]* 1974; 1984; 1988; 1992; 2000

Model 2 − 17.510 [− 8.866]* 1963; 1966; 1974; 1998; 2005

Model 3 − 16.979 [− 9.480]* 1966; 1973; 1980; 1987; 1996

(2) With gov. spending

FCO2 (lnCO2/lny, lny
2, lnE, lnG)

Model 0 − 9.836 [− 8.111]* 1967; 1970; 1973; 1976; 1984

Model 1 − 8.917 [− 8.547]* 1974; 1984; 1988; 1992; 2000

Model 2 − 18.580 [− 8.866]* 1963; 1966; 1974; 1998; 2005

Model 3 − 17.991 [− 9.480]* 1966; 1973; 1980; 1987; 1996

(3) With tax

FCO2 (lnCO2/lny, lny
2, lnE, lnT)

Model 0 − 7.860 [− 8.111]* 1967; 1970; 1973; 1976; 1984

Model 1 − 9.765 [− 8.547]* 1974; 1984; 1988; 1992; 2000

Model 2 − 10.630 [− 8.866]* 1963; 1966; 1974; 1998; 2005

Model 3 − 12.576 [− 9.480]* 1966; 1973; 1980; 1987; 1996

(4) With FPI

FCO2 (lnCO2/lny, lny
2, lnE, lnFPI)

Model 0 − 14.546 [− 8.111]* 1964; 1973; 1982; 1987; 1990

Model 1 − 18.605 [− 8.547]* 1967; 1982; 1990; 1995; 1998

Model 2 – –

Model 3 − 15.151 [− 9.480]* 1966; 1975; 2004

i Numbers in corner brackets are critical values at 0.05 level. ii Asterisk denotes statistical significance at 0.05 level

Table 5 Level coefficients in the
long-run growth models through
the ARDL approach

Dependent
variable

Regressors

lny lny2 lnE lnFP Intercept

Fiscal index

lnCO2 9.507 (0.005) − 0.472**
(0.014)

0.124**
(0.087)

− 0.280**
(0.067)

− 46.839 (0.000)

Gov. spending

lnCO2 5.830 (0.022) − 0.324**
(0.025)

0.684**
(0.015)

− 0.125**
(0.047)

− 30.310 (0.004)

Tax

lnCO2 10.493
(0.001)

− 0.559 (0.001) 0.100**
(0.062)

− 0.094**
(0.084)

− 48.789 (0.000)

Interaction

lnCO2 8.194**
(0.025)

− 0.418**
(0.044)

0.349**
(0.055)

− 0.058**
(0.044)

− 40.885 (0.006)

Numbers in brackets are prob. values of t statistics in each model
* , ** , and *** denote the statistical significance at the 1, 5, and 10% levels, respectively
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not so high but negatively significant as expected throughout
four models. For example, the ECT term in the first model
where fiscal index is the proxy of fiscal policy is − 0.406,
statistically significant, and negative (β = − 0.406,
p < 0.000). This implies that lnCO2 (carbon dioxide emission)
converges towards its long-term equilibrium path by 40.6%
speed of adjustment through the channels of energy consump-
tion, real income, and fiscal policy aggregates. The other
ECTs in the remaining three model options in Table 6 gave
similiar evidence. This finding shows that fiscal policy in
Turkey significantly contributes to the EKC to reach its
long-term equilibrium path. On the other hand, the short-
term coefficients in Table 6 again give strong evidence on
behalf of the EKC of Turkey since the coefficients of the level

of real income are positive while the coefficients of squared
real income are negative.

In the next step, the direction of causality will be searched
within the Granger causality tests through the ARDL error
correction mechanism for the short-term and long-term pe-
riods. t statistics for long-term and F statistics for short-term
causations are presented in Table 7 as estimated via Eq. (5).

Results in Table 7 provide strong evidence on long-term
causality that runs from the EKC regressors including fiscal
policy to CO2 emissions. Any change in these regressors
would lead to changes in the level of CO2 emissions in the
case of Turkey. This is because t statistics for the ECT term in
all of four models are negatively significant. Results of -tests
in Table 7 show that changes in fiscal policy aggregates in

Panel (a). 

EKC with Fiscal Index 

Panel (b). 

EKC with Government Spending 

Panel (c). 

EKC with Tax Revenues 

Panel (d). 

EKC with Overall Fiscal Aggregate 
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Fig. 2 Plots of EKCs with fiscal policy
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Table 6 Conditional error
correction models through the
ARDL approach

Fiscal index Government spending

Dependent variable: lnCO2 (3, 5, 4, 5, 1)
* Dependent variable: lnCO2 (2, 0, 0, 2, 1)

*

Regressor Coefficient Standard
error

p
val-
ue

Regressor Coefficient Standard
error

p
val-
ue

ût – 1 − 0.406 0.069 0.000 ût − 1 − 0.396 0.052 0.000

ΔlnCO2t − 1 − 0.369 0.131 0.008 ΔlnCO2t − 1 − 0.443 0.094 0.000

ΔlnCO2t − 2 − 0.248 0.128 0.062 Δlny 2.088 1.751 0.239

Δlny 4.430 2.040 0.038 Δlny2 − 0.118 0.102 0.251

Δlnyt − 1 − 2.556 2.065 0.226 ΔlnE 1.092 0.103 0.000

Δlnyt − 2 − 1.883 2.165 0.391 ΔlnEt − 1 0.447 0.125 0.001

Δlnyt − 3 − 6.794 2.182 0.004 ΔlnG 0.051 0.035 0.154

Δlnyt − 4 − 0.268 0.126 0.041 Intercept 0.002 0.003 0.555

Δlny2 − 0.243 0.118 0.049

Δlny2t − 1 0.137 0.118 0.254

Δlny2t − 2 0.086 0.124 0.492

Δlny2t − 3 0.396 0.127 0.004

ΔlnE 0.961 0.098 0.000

ΔlnEt − 1 0.413 0.171 0.022

ΔlnEt − 2 0.527 0.153 0.001

ΔlnEt − 3 − 0.197 0.108 0.080

ΔlnEt − 4 0.166 0.109 0.140

ΔlnFI 0.042 0.035 0.244

Intercept − 0.003 0.004 0.546

Adj. R2 = 0.904, S.E. of Regr. = 0.015, Adj. R2 = 0.886, S.E. of Regr. = 0.018,

AIC = − 5.191, SBC= − 4.443, AIC = − 4.980, SBC = − 4.674,
F stat. = 25.086, F prob. = 0.000, F stat. = 55.756, F prob. = 0.000,

D-W stat. = 2.238 D-W stat. = 1.998

Tax Interaction fiscal variable

Dependent variable: lnCO2 (2, 3, 0, 3, 3)
* Dependent variable: lnCO2 (3, 4, 4, 4, 1)

*

Regressor Coefficient Standard
error

p
val-
ue

Regressor Coefficient Standard
error

p
val-
ue

ût − 1 − 0.334 0.061 0.000 ût − 1 − 0.352 0.059 0.000

ΔlnCO2t − 1 − 0.382 0.094 0.000 ΔlnCO2t − 1 − 0.442 0.120 0.000

Δlny 2.883 1.757 0.109 ΔlnCO2t − 2 − 0.222 0.116 0.065

Δlnyt − 1 − 0.008 0.121 0.945 Δlny 4.416 2.030 0.037

Δlnyt − 2 − 0.339 0.112 0.004 Δlnyt − 1 − 1.859 2.045 0.370

Δlny2 − 0.161 0.102 0.123 Δlnyt − 2 − 0.628 2.069 0.763

ΔlnE 1.028 0.100 0.000 Δlnyt − 3 − 6.583 1.857 0.001

ΔlnEt − 1 0.413 0.148 0.008 Δlny2 − 0.242 0.117 0.048

ΔlnEt − 2 0.281 0.111 0.015 Δlny2t − 1 0.107 0.117 0.369

ΔlnT − 0.042 0.029 0.157 Δlny2t − 2 0.021 0.120 0. 860

ΔlnTt − 1 − 0.077 0.029 0.012 Δlny2t − 3 0.391 0.110 0.001

Intercept 0.001 0.004 0.744 ΔlnE 0.998 0.098 0.000

ΔlnEt − 1 0.371 0.160 0.027

ΔlnEt − 2 0.397 0.144 0.009

ΔlnEt − 3 − 0.243 0.107 0.030

ΔlnFPI − 0.011 0.007 0.162

Intercept − 0.001 0.004 0.696

Adj. R2 = 0.882, S.E. of Regr. = 0.017, Adj. R2 = 0.905, S.E. of Regr. = 0.015,
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particular leads to changes in the level of CO2 emissions in the
short-term periods. Granger causality test results in Table 7
suggest that CO2 emissions in Turkey are not only the EKC
regressors-driven but also fiscal policy-driven.

Table 8 presents the variance decomposition results, which
show that in the initial periods, low levels of the forecast error
variance of CO2 emissions are explained by exogenous
shocks to energy consumption, output, and fiscal policy

variables. These ratios start to increase in the later periods.
For example, the forecast error variance of CO2 emissions
due to a shock to the interaction variable of fiscal policy is
slightly the highest compared to the other fiscal policy prox-
ies, which is 12.775% in period 10. This shows that, for ex-
ample, 12.775% of the forecast variance of CO2 emissions can
be explained by a shock (upwards/downwards) in fiscal policy
aggregates. On the other hand, it is also observed that the

Table 6 (continued)
Fiscal index Government spending

AIC = − 5.025, SBC= − 4.524, AIC = − 5.178, SBC = − 4.516,
F stat. = 30,947, F prob. = 0.000, F stat. = 29.167, F prob. = 0.000,

D-W stat. = 1.990 D-W stat. = 2.131

*Denotes p lag structures in the model

Table 7 Conditional granger causality tests through ARDL approach

Panel (a): fiscal index

Dependent variable F statistics [probability values]

Δlnyt Δlny2t ΔlnEt ΔlnFIt ΔlnCO2t t stat (prob) for ECTt − 1
Δlnyt – 0.010 [0.918] 0.061 [0.805] 2.895*** [0.096]] 0.348 [0.557] − 0.320 [0.750]

Δlny2t 0.001 [0.968] – 0.064 [0.800] 2.907*** [0.095] 0.256 [0.615] − 0.286 [0.775]

ΔlnEt 0.213 [0.646] 0.228 [0.635] – 0.655 [0.422] 1.198 [0.279] 0.042 [0.966]

ΔlnFIt 0.049 [0.825] 0.061 [0.805] 0.006 [0.938] – 0.094 [0.759] − 0.391 [0.697]

ΔlnCO2t 0.596 [0.444] 0.650 [0.424] 0.006 [0.936] 0.632 [0.430] – −2.369** [0.022]

Panel (b): government spending

Dependent variable F statistics [probability values]

Δlnyt Δlny2t ΔlnEt ΔlnGt ΔlnCO2t t stat (prob) for ECTt − 1
Δlnyt – 0.029 [0.864] 0.021 [0.882] 1.821 [0.184] 0.316 [0.576] − 0.019 [0.984]

Δlny2t 0.001 [0.973] – 0.024 [0.877] 1.844 [0.181] 0.234 [0.630] − 0.001 [0.999]

ΔlnEt 0.200 [0.657] 0.217 [0.643] – 0.272 [0.604] 1.329 [0.255] − 0.035 [0.972]

ΔlnGt 0.146 [0.703] 0.093 [0.761] 1.294 [0.261] – 0.195 [0.660] 0.051 [0.958]

ΔlnCO2t 0.811 [0.372] 0.899 [0.348] 0.005 [0.943] 0.391 [0.534] – − 2.341** [0.023]

Panel (a): tax revenues

Dependent variable F statistics [probability values]

Δlnyt Δlny2t ΔlnEt ΔlnTt ΔlnCO2t t stat (prob) for ECTt − 1
Δlnyt – 0.003 [0.950] 0.070 [0.791] 2.175 [0.147] 0.388 [0.536] − 0.263 [0.793]

Δlny2t 0.007 [0.930] – 0.074 [0.786] 2.186 [0.146] 0.292 [0.591] − 0.230 [0.818]

ΔlnEt 0.215 [0.644] 0.231 [0.633] – 0.545 [0.464] 1.139 [0.291] − 0.190 [0.849]

ΔlnTt 0.048 [0.826] 0.087 [0.768] 0.426 [0.517] – 0.065 [0.799] − 0.553 [0.583]

ΔlnCO2t 0.608 [0.439] 0.659 [0.421] 0.015 [0.902] 0.384 [0.538] – − 2.161** [0.036]

Panel (b): interaction fiscal variable

Dependent variable F statistics [probability values]

Δlnyt Δlny2t ΔlnEt ΔlnFPIt ΔlnCO2t t stat (prob) for ECTt − 1
Δlnyt – 0.014 [0.905] 0.070 [0.792] 2.730 [0.105] 0.306 [0.582] − 0.312 [0.755]

Δlny2t 0.000 [0.981] – 0.073 [0.787] 2.722 [0.106] 0.221 [0.640] − 0.279 [0.780]

ΔlnEt 0.217 [0.643] 0.231 [0.632] – 0.608 [0.439] 1.165 [0.286] 0.028 [0.977]

ΔlnFPIt 0.049 [0.824] 0.059 [0.808] 0.000 [0.976] – 0.133 [0.716] 0.518 [0.606]

ΔlnCO2t 0.618 [0.435] 0.675 [0.415] 0.004 [0.947] 0.605 [0.440] – − 2.375** [0.022]
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Fig. 3 Impulse responses in the revised EKC model

Table 8 Variance decompositions

Variance decomposition of lnCO2:

Period S.E. lnCO2 lny lny2 lnE lnFI lnG lnFPI lnT

1 0.051604 100.0000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

2 0.068260 94.41812 2.044034 0.257624 1.049111 0.148790 0.466320 0.338310 1.277689

3 0.083905 90.78693 3.994225 0.182406 2.595195 0.178118 0.670169 0.577104 1.015854

4 0.099274 82.87983 7.095045 0.189097 4.543651 0.150219 2.104983 1.997479 1.039695

5 0.114191 77.76955 8.264111 0.182704 6.251544 0.159426 2.532512 3.718489 1.121665

6 0.129144 71.87690 9.072718 0.236811 8.506973 0.423691 3.069857 5.392148 1.420901

7 0.142968 67.68525 9.146721 0.229545 10.19616 0.698306 3.124667 7.312351 1.606997

8 0.156143 64.03267 9.024635 0.233701 11.63651 1.143069 3.017426 9.183442 1.728551

9 0.168557 61.11604 8.791791 0.219238 12.70860 1.614496 2.781327 11.02974 1.738772

10 0.180530 58.63407 8.580437 0.197232 13.50628 2.136952 2.505387 12.77527 1.664369
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forecast error variance of CO2 emissions due to a shock to
energy consumption is the highest compared to all the other
regressors, which is 13.506% in period 10.

Finally, Fig. 3 plots impulse responses among CO2 emis-
sions, energy consumption, output, and fiscal policy proxies.
As observed from the figures, the response of CO2 emissions
to a shock in fiscal developments in Turkey is insignificantly
negative as far as government spending and tax revenues are
concerned; however, this response becomes significantly pos-
itive when overall fiscal index and interaction variable are
concerned. It is worth noting that the response of CO2 emis-
sions to GDP and squared GDP are respectively positive and
negative in parallel to the EKC setting.

Conclusion

This new research paper empirically investigated the fiscal
policy-induced EKC hypothesis in the case of Turkey.
Annual data covering the period 1960–2013 have been select-
ed and constructed for this purpose. The long-term equilibri-
um relationship and the direction of causality between fiscal
development and carbon dioxide emissions through the chan-
nels of energy consumption and real income growth have also
been studied in this research paper. The theoretical EKC
framework has been taken into consideration in empirical
analysis in order to investigate these relationships. The results
of the present study are of interest to both scholars and policy
makers due to the reason that fiscal policies are one of two
major macroeconomic policy tools and their role in the sectors
is important; therefore, this study contributed for the first time
to the relevant literature by augmenting fiscal policy aggre-
gates into the theoretical EKC setting in order to investigate if
fiscal developments in Turkey exert significant effects on the
level of carbon dioxide emissions.

Results of the present study confirm the validity of fiscal
policy-induced EKC hypothesis and reveal that a long-term
equilibrium relationship exists between fiscal development
and carbon emission level in Turkey through the channels of
energy consumption and real income growths. The level of
carbon dioxide emissions in Turkey significantly converge to
long-term equilibrium paths as contributed by fiscal develop-
ments. The long-run effects of fiscal policy on climate chang-
es in Turkey are negative proving that fiscal policies are ef-
fectively adopted in reducing pollution levels. At the further
levels of income and energy consumption as stimulated by
fiscal policy, CO2 emissions in Turkey tend to decline over
time. It can be argued in this study that fiscal policies in
Turkey are environmentally successful. Results of this study
sufficiently reveal that environmental conservation policies
are well balanced with fiscal policies in Turkey. However, it
is clearly found that fiscal policy does not impact on the levels
of CO2 emissions at very high levels to reach inverted U-

shaped EKC. This major finding provided similar evidence
as compared with the results of Jalil and Feridun (2011) for
China, and Katircioglu (2014), and Katircioglu and Taspinar
(2017) for the case of Turkey.

Granger causality tests suggest long-term causality that runs
from fiscal aggregates, GDP, and energy consumption to CO2

emissions in Turkey; furthermore, there also exist causality that
runs from fiscal aggregates to CO2 emissions and GDP in the
short-term periods. On the other hand, the response of CO2

emissions to given shocks in fiscal policy in Turkey is negative
but insignificant as far as government spending and tax reve-
nues are concerned; however, the response becomes positive
and significant when overall fiscal index and interaction vari-
able are concerned. It is also found that the response of CO2

emissions to shocks in GDP and squared GDP are respectively
positive and negative through the EKC setting.

Although this study finds negative effects of fiscal devel-
opments on the levels of carbon emissions in Turkey, still
there arise important messages for policymakers; that is, fiscal
aggregates in Turkey exerts significant but low effects on car-
bon emissions through real income and energy consumption.
Thinking that the Turkish authorities extensively adapt fiscal
policies to manage the economy, such policies related with
energy sector might be improved at further levels such as tax
regulation for the energy sector, further government invest-
ment and participation in alternative energy systems other
than fuel oil, and encouragement of private sectors (through
tax and incentive programs) towards investing on alternative
energies and even foreign direct investments (FDI) due to the
fact that FDI might drive real income (Gungor et al. 2014;
Gungor and Katircioglu 2010) and energy sectors. Such im-
provements in fiscal policies towards public and private sec-
tors will lead to better effect in the energy sector and achieving
downward sloping of the EKC as presented in Fig. 2 of this
study would be possible.

Since this study has introduced a new and important research
area in the energy economics literature as mentioned before;
further researches (i.e., for the other countries or regions) will
be needed for comparison purposes. Furthermore, different
methodological approaches not only via time series data but
also panel data can be also adapted as further researches in order
to investigate the role of fiscal policy in environmental concerns
of countries again for comparison purposes.
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