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AND EMISSIONS AND ECOLOGICAL FOOTPRINT
THROUGH ECONOMIC GROWTH: TURKEY
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Abstract: The influence of external debt on the environment is a rising issue in the
rapidly developing climate crisis. This study analyzes the relationship between
carbon dioxide emissions per capita, gross domestic product per capita and ecolo-
gical footprint per capita by applying an autoregressive distributed lag model for the
Republic of Turkey. According to the results of this study there is an inverted

U relationship between carbon dioxide emissions and external debt. There is no
inverted U relationship between ecological footprint per capita and external debt
while there is bidirectional causal relationship between external debt and economic
growth. In addition, the results reveal that economic growth has a significant
impact on ecological footprint per capita in the long run. There is causal relationship
from external debt to emissions. This study recommends that further analysis be
done for other countries that have high foreign debt to investigate the relationship
between external debt and emissions. Similar analysis may be carried out for the
external debt and ecological footprint per capita nexus for future studies.

Subjects: Macroeconomics; International Economics; Environmental Economics

Keywords: developing countries; autoregressive distributed lag (ardl); sustainability;
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1. Introduction

The history of Turkey is central to that of modern civilization. The rise and fall of great powers
throughout history runs through the Turkish straits where some of antiquities most powerful
empires reigned. To sustain such power required resources raised through either conquest, taxes
or debt. All of these have a long tradition for funding Istanbul’s many rulers. The Republic of Turkey
inherited debt accrued by its predecessor, the Ottoman Empire who used the proceeds to sustain
economic development and maintain a strong military posture. It took Turkey into the 1950s to
retire this foreign debt. During and following World War II, Turkey also utilized substantial foreign
debt to stabilize its economy and modernize its infrastructure.

However, its most rapid increase in foreign debt followed Turkey’s transition to a more open,
market-based economy starting in the early 1980s. After opening their market to foreign invest-
ment, political instability, insufficient local reserves, an increase in oil prices and the devaluation of
the Turkish lira are major factors that contributed to the increased levels of Turkey’s external debt.
Turkey like many countries further increased its debt levels following the 2008 world financial crisis
to resuscitate internal markets and for the ever-anticipated stimulative effects of infrastructure
development. This debt was just one of many options employed by Turkey to revive their struggling
economy. For example, the Turkish government even sought to expedite investment in civilian
construction projects by conveying Turkish citizenship to foreigners willing to invest $250,000.
Through all of this, the Turkish Military’s continual purchases of foreign arms added its share to the
rising debt levels on the national balance sheet.

Kuznets (1955) examined the relationship between income inequality and economic growth and
stated that there was an inverted U relationship between them. Income inequality rises to a certain
point which is called the turning point, then after that point as economic growth increases income
inequality decreases. After 1990, a similar relationship is examined between environmental pollu-
tants and economic growth which is called the Environmental Kuznets Curve (EKC).

Studies examining the EKC show evidence that a similar inverted U relationship exists between
income inequality and economic growth. As income level increases, communities prefer to pay for
a cleaner environment by choosing less environmentally damaging products (Dinda, 2004). This
leads to the fundamental question in the EKC research which is at what point does economic
growth stop contributing to environmental pollution and start solving the environmental pollution
crisis (Dinda, 2004).

In Turkey, GDP per capita and external debt (EXD) levels increased significantly from 1970 until
today. Turkey aggressively used EXD to develop its overall infrastructure especially after 2000
mainly in the transportation, manufacturing, energy and construction sectors to improve overall
prosperity. These are sectors that can contribute directly to environmental pollution. But, as a part
of this spending sustained by the use of EXD in these areas, Turkey hopes to reduce the costs of
energy and transportation for its citizen and industry with a project they have titled “Savings in
Every Place.” This type of spending on conservation efforts and efficiencies in theory should lower
emissions. With these two competing sources of spending using external debt, it stands to reason
that EXD may provide greater insight than GDP alone into a possible EKC relationship.

The primary motivation for this study is delve into this relationship and ascertain Turkey’s heavy use
of EXD for economic growth and infrastructure effect on the environment. For this study we use EXD
alongside GDP per capita to measure their effect on the environment for two key factors that
measure environmental pollution, carbon dioxide emissions (C) and ecological footprint per capita
(EFPC). EFPC is a much broader measure incorporating the ecological assets a population or product
uses to produce the natural resources consumed. The question to be answered is does an EKC exists
for C and EFPC in terms of EXD. That is, as EXD continues to increase, do we see a “turning point”
where we transition and start seeing environmental improvement as measured by C and EFPC.
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Turkey, with its geographic location at a literal cross-roads between east and west and the
globes developed and developing economies is an ideal case for this analysis. Turkey is a country
with aspirations to join the ranks of Western economies and return to the global power and the
economic position it historically held.

This study uses external debt totals in current US$ for EXD, square of EXD (EXD2), GDP per capita
in constant 2010 USS$ (G) for the period from 1970 to 2016. EXD used in this study is the sum of
short-term and long-term debt and the use of IMF credit. C in this study is the metric tons of
carbon dioxide emissions per capita. The Ecological footprint per capita (EFPC), which is measured
in global hectares per capita, is used instead of C in the second model to examine the relationship
between EFPC and EXD. EFPC is used to represent productive surface area such as forests, carbon
demand on land, fishing grounds, cropland, built-up land and grazing land.

The Results confirm an inverted “U” effect on environmental pollution and external debt both in the
long run and short run. A significant causal relationship is observed from external debt to emissions
with no causality documented from emissions to external debt. Economic growth significantly affects
emissions for the short run while no significant effect is seen over the long run. Economic growth’s
effect is significant on the ecological footprint in both the short run and the long run.

2. Literature review and hypotheses

This study takes the EKC hypothesis as basis. The EKC hypothesis states that economic growth and
environmental degradation have an inverted U relationship. That is, environmental pollution
increases as economic growth increases but reaches a “turning point” where pollution levels
start declining as economic growth continues. There are mixed results through the literature on
this relationship and no consensus for the income level where a turning point is reached and the
environment starts to improve (Dinda, 2004).

A number of issues are at work ferreting out this relationship. This can be seen in the studies
that analyze a pollution haven hypothesis (PHA) in conjunction with the EKC hypothesis. The PHA
argues that companies move polluting operations to countries where environmental regulations
are lower to avoid stricter regulations developed countries impose. PHA posits that pollution
control costs have significant influence on trade flows and investment decisions affecting both
trade levels and foreign direct investment. Developing countries will put low environmental
standards alongside cheap labor to attract investment from developed countries to promote
their economic growth. According to PHA, as trade liberalization increases, the negative of envir-
onmental regulations will increase on the economic growth.

2.1. Related literature

For studies that analyze emissions and EFP as dependent variables, EXD is found to have no
significant effect on C by Katircioglu and Celebi (2018) and Bese, Friday and Spencer (2021) for
Turkey, and Brazil and Turkey respectively. Bese et al. (2021) found EXD had a significant effect on
emissions in the case of China. Akam et al. (2021) found EXD had a significant effect on C in the
long run for a panel of thirty-three heavily indebted poor countries (see Table 1).

For studies analyzing just EFP, the EKC hypothesis is confirmed between EG and EFP by Destek
and Sarkodie (2019) and Dogan et al. (2019) for panel country studies and single country studies
respectively. Al-mulali et al. (2015) analyzed the EKC hypothesis by grouping analyzed countries
into different income levels. Al-mulali et al. (2015) confirmed the EKC hypothesis for high-income
and upper middle-income countries (see, Table 1).

Koksal et al. (2020) confirmed that SEC affects the environment negatively. I. Ozturk et al. (2016)
analyzed the relationship between GDP from tourism and EFP by analyzing panel countries for
different income levels and confirmed the EKC hypothesis for high-income and upper middle-
income countries. While Ozcan et al. (2018) did not confirm the EKC hypothesis between EFP and
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Table 1. Literature Review
Authors Countries Period Findings

Similar studies examined EXD on environment

Katircioglu and Celebi Turkey 1960-2013 EXD had no significant

(2018) effect on Cin the long run

Bese et al. (2021) China 1978-2014 EXD had a significant

effect on C

Bese, Friday and Spencer | Brazil and Turkey 1971-2014 EXD did not have

(2021) a significant effect on C

Akam et al. (2021) Panel of 33 heavily 1990-2015 EXD had a significant
indebted poor countries effect on C

Studies analysing EFP in the literature

Al-mulali et al. (2015) Panel of 93 countries 1980-2008 Inverted U relationship
existed for high-income
and upper middle-
income countries but not
for lower middle and low

income
Destek and Sarkodie ' Panel of 11 countries 1977-2013 Confirmed the EKC
(2019) hypothesis for panel
countries between EFP
and EG
Dogan et al. (2019) Turkey, Nigeria, and 1971-2013 Confirmed the EKC
Mexico hypothesis for EFP and EG
Studies analyzing the EKC hypothesis for sublevels of EFP and EG relationship
Asici and Acar (2018) Panel of 87 countries 2004-2010 Did not confirm the EKC

hypothesis between EG
and non-carbon EFP

Acar and Asicr (2017) Turkey 1961-2008 Confirmed the EKC
hypothesis between EG
and production footprint
but EKC hypothesis is not
confirmed for import,
export and consumption
footprints

EG, Charfeddine and Mrabet (2017) confirmed the EKC hypothesis for selected panel countries.
Bulut (2021) confirmed the EKC hypothesis for EFP and EG and did not confirm PHA, while Oz and
Oztiirk (2016) and Gékmenoglu and Taspinar (2016) confirmed the EKC hypothesis for C and EG as
well as confirming PHA (see Table 2).

For studies confirming the EKC hypothesis for emissions, Uzar and Eyuboglu (2019), Pata (2018b),
Boluk and Mert (2015), and Beser and Beser (2017), Pata (2019), Gozgor and Can (2016), Pata (2018),
Katircioglu (2017) and Dogan (2016) confirmed the EKC hypothesis in Turkey. Income inequality,
noncarbohydrate energy consumption, export, oil prices and agriculture output are also analyzed
besides EG-C relationship in this context in the literature (see Table 3).

Studies not confirming the EKC hypothesis for emissions include Alola and Donve (2021), Aydin
and Esen (2017), Bese and Kalayci (2019), and Balibey (2015) who did not confirm the EKC
hypothesis in the context of Turkey. For studies analyzing the role of other variables for EG-C
nexus, Turan Katircioglu and Taspinar (2017) found that financial development affected emissions
differently on short run and long run. For other studies analyzing emissions, Direkci and Govdeli
(2016) found international tourist arrivals decreased emissions, Magazzino (2016) found no rela-
tionship between EG and emissions and Lebe and Akbas (2015) found that financial development
and urbanization significantly affected energy use in the context of Turkey (see, Table 4).
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Table 3. Literature Review

Authors Countries Period Findings

For studies confirming the EKC hypothesis for emissions

Uzar and Eyuboglu Turkey 1984-2014 A positive effect of
(2019) income inequality on
C and confirmed the EKC
hypothesis
Pata (2018) Turkey 1971-2014 Confirmed the EKC

hypothesis and found
that noncarbohydrate
energy consumption and
export decreased C

Boltk and Mert (2015) Turkey 1961-2010 Confirmed the EKC
hypothesis between
greenhouse gas
emissions and EG and
confirmed the existence
of the EKC hypothesis

Beser and Beser (2017) Turkey 1960-2015 Confirmed the inverted
U relationship between
Cand EG

Pata (2019) Turkey 1969-2017 Confirmed the EKC
hypothesis for EG-C nexus

Gozgor and Can (2016) Turkey 1971-2010 Confirmed the EKC
hypothesis

Pata (2018a) Turkey 1974-2013 Confirmed the EKC
hypothesis

Katircioglu (2017) Turkey 1960-2010 Confirmed the EKC

hypothesis and the
negative effect of oil
prices on C

Dogan (2016) Turkey 1968-2010 Confirmed the EKC
hypothesis in Turkey and
negative impact of
agriculture output on

C for short run and long
run

2.2. Objectives, contribution and hypotheses of the study

The contribution of this study is to fill a significant gap in the literature by examining the relationships
between C and EXD, and EFPC and EXD which heretofore is not examined in the literature. Confirmation of
the inverted U relationship between EXD and C is a unique contribution to the EKC literature.

The objectives of this study are to examine how EXD levels of Turkey affect the environment in C and
EFPC terms. Since climate change is among the top issues in the world, examination of the spending of
high foreign-indebted countries such as Turkey is important.

The following hypotheses are examined in this study regarding the Kuznets curve relationship
between EXD and C, EXD and EFPC for the period between 1970 and 2016 for Turkey.
Hypothesis 1: There is long-run relationship between EXD, G, EXD2 and C.

Turan Katircioglu and Taspinar (2017) analyzed the effect of financial development on emissions,

Katircioglu (2017) analyzed the effect of oil prices on emissions, Uzar and Eyuboglu (2019) analyzed the
effect of income inequality on emissions, and Katircioglu and Celebi (2018) and Akam et al. (2021)
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Table 4. Literature review

Authors Countries Period Findings

For studies analyzing the role of other variables for EG-C nexus

Turan Katircioglu and Turkey 1960-2010 Financial development
Taspinar (2017) affected C negatively in
the short run but
positively in the long run

For studies not confirming the EKC hypothesis for emissions

Alola and Donve (2021) Turkey 1965-2017 Did not confirm the EKC
hypothesis for Turkey but
oil and coal use positively

affects C

Aydin and Esen (2017) Turkey 1971-2014 Did not confirm the EKC
hypothesis

Bese and Kalayci (2019) | Kenya, Turkey and Egypt 1971-2014 Did not confirm the EKC
hypothesis

Balibey (2015) Turkey 1974-2011 Did not confirm the EKC
hypothesis

For other studies analyzing emissions

Direkci and Govdeli Turkey 1963-2011 Confirmed international

(2016) tourist arrivals decreased
emissions and energy use

Magazzino (2016) Turkey and South 1992-2013 No relationship between

Caucasus EG and energy use, and

emission increased as
energy use increased

Lebe and Akbas (2015) Turkey 1970-2011 Confirmed financial
development, EG and
urbanization significantly
affected energy use

analyzed the effect of external debt on emissions. Following these studies, we hypothesize there is long-
run relationship between economic growth, external debt and carbon dioxide emissions.

Hypothesis 2: There is inverted U relationship between EXD and C.

Katircioglu and Celebi (2018), Bese, Friday and Spencer (2021) and Bese, Friday, Ozden (2021)
and Akam et al. (2021) analyzed the effect of external debt on carbon dioxide emissions. Following
these studies, we hypothesize there is inverted U relationship between EXD and C.

Hypothesis 3: There is long-run relationship between EXD, G, EXD2 and EFPC.

Koksal et al. (2020) analyzed the effect of SEC on EFP, Bulut (2021) and Charfeddine and
Mrabet (2017) confirmed the EKC hypothesis for EG-EFP nexus, and Ozcan et al. (2018) did not
confirm the EKC hypothesis for EG-EFP nexus. Following these studies, we hypothesize there is
long-run relationship between external debt, economic growth and ecological footprint per capita.

Hypothesis 4: There is inverted U relationship between EXD and EFPC.

Following studies of Koksal et al. (2020), Bulut (2021), Charfeddine and Mrabet (2017), Ozcan
et al. (2018), and Kdéksal et al. (2020), we hypothesize there is inverted U relationship between
external debt and EFPC.
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Hypothesis 5: EXD has a significant effect on C and EFPC in the long run.

Following studies of Katircioglu and Celebi (2018), Bese, Friday and Spencer (2021), Bese et al.
(2021) and Akam et al. (2021), we hypothesize external debt has a significant effect on carbon
dioxide emissions and EFPC.

In addition to testing the hypothesis above, other relationships between the variables are
examined in the results part and addressed in the discussion and conclusions.

3. Data and Methods

The data used in this study is retrieved from the World Bank database website. Data for EFPC is
retrieved from the Global Footprint Network website. The variables used in this study are C, EXD,
EXD2 and G and EFPC for Turkey for the period 1970 to 2016.

The ARDL model is the general methodology in the EKC literature according to Shahbaz and Sinha
(2019). This study also employs the ARDL model to be consistent with current literature and the ARDL
model allows for the analysis of the relationship between the variables which are at stability levels of I(0)
and I(1). The relationship between C, EXD, square of EXD and G are modeled in the equations below. EXD
and EXD2 are used in addition to G which is employed in the traditional environmental Kuznets curve. The
addition of energy consumption is not made to the equation since the model did not satisfy the stability
requirements in this case. In Equation 1, C, for carbon dioxide emissions per capita is the dependent
variable. On the right side of the equation, vy, v;,v,andvs are coefficients for the examined variables
which are EXD, square of EXD and G, with b; for the error term. In Equation 2, EFPC is entered as the
dependent variable with the same set of explanatory variables.

In (C), = vo + v1 In (EXD), + v, In (EXD),* + v3In (G), + by (1)

In (EFPC), = vg + v1 In (EXD), + v, In (EXD)t2 +v3In(G), + bt (2)

3.1. ARDL model application

The ARDL model is used to investigate the cointegration between the variables and is modeled as
below in equation 3. M is for long run coefficients and N is for short run coefficients for the related
variables. b; is for White noise residuals.

s
ALNC; = Mg + M1LnGC;_4 + M,LnEXD; 1 + M3 In (EXD)t;lz + MyLnG;_4 + Z N1,'LnC,',1 +
h c m i=1
2 Nz,'LnEXD,',l =+ Z N3,’ In (EXD)I-_12 =+ Z Nz,,'LnG,',l + bt (3)
i=0 i=0 i=0

Hypothesis of no cointegration is Hp =M; =M, = M3 =M,=0
Hypothesis of cointegration is H; = My #M,#M3#M, # 0

After cointegration is confirmed, long run coefficients are calculated according to the model of
ARDL in equation 4. Short-run coefficients are calculated as in equation 5. Error correction model
(ECM) of ARDL model is calculated as in equation 6.

s h c m
LnCy = Co + Z CliLnCt,l + Z Cz,’LnEXDt,l + Z C3; In (EXD)t_lz + Z Cz,,'Lnthl + bt (4)
i=1 i=0 i=0 i=0

s h c m
LnC = Do + 3 DyALCe; + 3 DyALNEXD.; + Y. DyAln(EXD), 2+ Y DuALnGe_; + yECTe 1 +
bt (5) i=1 i=0 i=0 i=0
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ECT; = LnC; — i Yl,-ALnCt,,» — % Yz,'ALnEXDt,,' - i D3,’A In (EXD)t—iZ — i Dz,,‘ALnGt,,' (6)
i=1 i=0 i=0 i=0

3.2. Zivot and Andrews structural break unit root tests application

Zivot and Andrews (1992) structural break unit root test is used to investigate the unit root of the
variables in this study. According to unit root test results, 2004 is the break date for G, 1979 is the
break date for EXD and EXD2, and 1978 is the break date for C, and 2005 is the break date for EFPC. All the
variables are found to be stable at I(1) level except EFPCis found to be stable at I(0) level. 1978 break date
is used in the analysis of ARDL model for cointegration between the variables for C, and 2005 break date is
used in the analysis for EFPC being the dependent variable. Schwarz criteria is used to determine the
number of optimal lags. ARDL model chooses the optimal level of variables according to Schwarz criteria
(see, Figure A1 and Figure A4).

After cointegration is found between the variables and long run and short run coefficients are
calculated, Ramsey Reset Test (RT), Heteroskedasticity Test: Breusch-Pagan-Godfrey (BT),
Heteroskedasticity Test: ARCH (HT), Heteroskedasticity Test: White (HTT), Breusch-Godfrey Serial
Correlation LM Test (BMT), Normality Test (NM), Cusum Test (CUS) and Cusum square Test (CUSQ)
are used to determine if the model is stable.

3.3. Toda and Yamamoto granger noncausality tests application

After cointegration is found and determined the model is stable, the Toda and Yamamoto (1995) granger
noncausality test is used to determine the direction of causality between the variables. For calculating
the causality with Toda and Yamamoto granger noncausality test, first unit root levels of the variables are
considered. Then a lag order is determined to provide the stable model between the variables by running
Vector Autoregressive Model (VAR). The stability of the model is checked with VAR Residual
Heteroskedasticity Tests (VART), VAR Residual Serial Correlation LM Tests (VARLM) and Roots of
Characteristic Polynomial Endogenous variables (RCP). After lag order is determined, a VAR model is
run with determined lag order by adding variables as exogenous variables to the system with lag order of
determined lag order plus a maximum number of stationary levels of variables which is 1 in this case. The
direction of causal relationships between the variables are calculated with VAR Granger Causality/Block
Exogeneity Wald Tests. EViews software is used for all calculations in this study.

4. Results

4.0.1. ARDL model results for C and EXD relationship

An ARDL model is used to check the long run relationship between the variables. Cointegration between
the variables is confirmed with an F-statistic value of 4.90 with 2.5% significance. After cointegration is
found between the variables, cointegration and long run form is run to calculate the short run and long
run coefficients of the variables. The cointegration between the variables is confirmed also with the
coefficient cointegration equation being —0.48 at the 1% significance. According to ARDL-ECM results,
EXD has a significant positive effect on emissions in the long-run with 1% significance and EXD2 has
a significant negative effect on emissions in the long run with 1% significance (see Table A2). Results
confirm that there is an inverted U relationship between EXD and emissions in the long run which is called
an external debt Kuznets curve. Results confirm external debt Kuznets curve in Turkey for the period
1970-2016. G though showing a positive effect on emissions in the long run is not statistically significant.
Stability of the model is confirmed with related stability test results provided below (see Table A1, Figure
A2 and Figure A3).

4.0.2. ARDL model results for EFPC and EXD relationship

ARDL model application for the relationship between EFPC and EXD is satisfactorily established (see
Table A3, Figure A5 and Figure A6). The long run relationship between the variables is confirmed with
cointegration test where F-statistic is significant with 10.46 at the 1% significance and coefficients of
the variables are calculated (see Table A4). The long-run relationship between the variables shows
that EXD does not significantly affect EFPC, and G has a significant and positive effect on EFPC.
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4.1. Zivot and Andrews structural break unit root tests application

First unit root levels of each variable obtained by Zivot and Andrews (1992) Structural Break Unit
Root Test. All variables are found to be stable at unit root level 1 except EFPC which is stable at unit
root level 0. The structural break dates for the variables are 1978 for C, 1979 for EXD and EXD2 and
2004 for G, and 2005 for EFPC.

4.1.1. Toda and Yamamoto granger noncausality results for C and EXD relationship

A VAR model is established with lag order satisfying the stability test results. Stability of the
established model is confirmed with related stability tests where the VAR Residual
Heteroskedasticity test has chi-square value of 365.84, degrees of freedom value of 350 and
probability value of 0.2692, and VAR Residual Serial Correlation LM test has LM-stat value of
14.31 and probability value of 0.5750. According to Roots of Characteristic Polynomial
Endogenous Variables, no roots lie outside the unit circle and VAR satisfies the stability condition
(Figure A7). Then, new VAR model is established by adding exogenous variables, and VAR Granger
Causality/Block Exogeneity Wald Tests are run (see Table A5). According to the results, causality
from EXD and EXD2 to C is confirmed. The causal relationship is not confirmed from G to C with test
results. Causality from C to EXD is not confirmed but causality from G to EXD is confirmed. Causality
from C to G is not confirmed but causality from EXD to G is confirmed.

4.1.2. Toda and Yamamoto granger noncausality results for EFPC and EXD relationship

A VAR model is established with lag order satisfying the stability test results. Stability of the
established model is confirmed with related stability tests where the VAR Residual
Heteroskedasticity test has chi-square value of 97.77, degrees of freedom value of 80 and prob-
ability value of 0.0862 and VAR Residual Serial Correlation LM test has LM-stat value of 12.15 and
probability value of 0.7335. According to Roots of Characteristic Polynomial Endogenous Variables,
no roots lie outside the unit circle and VAR satisfies the stability condition (Figure A8). Then, new
VAR model is established by adding exogenous variables, and VAR Granger Causality/Block
Exogeneity Wald Tests are run (see Table A5). According to the results, no causal relationship
between the variables is confirmed.

5. Discussion

Turkey began aggressive investment for big projects in 2000 to develop infrastructure and increase
efficiency especially in the transportation and energy sectors. Investments mostly financed by
foreign debt aimed to decrease transportation times between local places and big cities and
increase the percentage of cleaner energy sources. Findings of this study are compatible with
this for Turkey’s last two decades of investment that are mostly financed with foreign debt. This
study confirms the inverted U relationship between EXD and C which means that EXD first affects
environmental pollution then after a point in time, EXD’s effect on environment starts to decrease.
This is similar to the relationship between growth and environmental pollution for the traditional
EKC hypothesis. This inverted U relationship between EXD and C which is found in this study is
compatible with Turkey’s investments financed by foreign debt.

5.1. Relationship between C and EXD

The results of this study show that EXD has a significant effect on C and a causality relationship exists
from EXD to Katircioglu and Celebi (2018) confirmed causality from EXD to C in the short run but no
causality is found in the long run between EXD and C. Further analysis did not confirm causality from
C to EXD which is in line with Katircioglu and Celebi (2018). Akam et al. (2021) on the other hand,
found bi-directional causality between EXD and C for a panel of 33 heavily indebted poor counttries.

There is no causal relationship between C and G, and G does not have a significant effect on
C according to ARDL model results. The results also show that EXD does not increase emissions in
the long run which is in line with Katircioglu and Celebi (2018). Akam et al. (2021) found that EXD
increases C in the long run for panel of 33 heavily indebted poor countries.
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5.2. Relationship between G and EXD

Another result of this study shows that there is bidirectional causality relationship between G and EXD
which is also found by Akam et al. (2021) for panel of 33 heavily indebted poor countries. In this case,
G and EXD are influencing each other over the long run. Turkey’s growth needs EXD and EXD further
influences Turkey’s growth. This finding is also compatible with the current reality that the Turkish
economy is over reliant on foreign debt. Although the public sector has tried to minimize its borrowing
from external sources, the private sector is still heavily indebted to external sources. This foreign debt
problem mostly affects small and medium enterprises which can be more heavily impacted by the
fluctuation in exchange rates between the US dollar and Turkish lira to finance their debts.

Over reliance of Turkey on foreign debt has created opportunities for its growth and at the same
time created risks for its private sector which mostly consist of small and medium enterprises.
Turkey may should consider efforts to minimize the foreign debt reliance for the private sector
especially small and medium enterprises. Further regulations for EXD are needed in Turkey since
EXD has a significant effect on both C and G.

Turkey should continue to pursue its efforts for efficiency in the construction, transportation and
energy sectors. Turkey currently has projects for constructing three nuclear plants within the next
25 years. Turkey has adapted their laws and regulations to accommodate the wind and sun energy
sectors. Further efforts are needed to protect and maintain the inverted U relationship between
Turkey’s EXD and emissions. Besides the effect of EXD on emissions, EXD’s effect on G is important.
Economic reqgulations are very critical for Turkey to balance its foreign debt with more domestic
resources to prevent the impact of foreign debt on small and medium enterprises.

5.3. Relationship between G, EXD and EFPC

EXD does not have a significant impact on EFPC. The results of the ARDL model shows that there is
no significant relationship between EXD and EFPC. G positively affects EFPC in the long run but no
causal relationship from G to EFPC is confirmed. The results for EFPC are that EXD does not have
a significant effect and causal effect on EFPC. Although Turkey’s economic growth increases EFPC,
it does not cause EFPC. The overall relationship between EXD, EFPC and G shows that the use of
foreign debt does not significantly affect the environment in terms of EFPC, but further policies
should be carried out to protect the environment as well.

6. Conclusions

This study examines the Environmental Kuznets Curve relationship between both EXD (External
Debt) and G (Economic Growth measured as Per Capita GDP) with C (Carbon Dioxide Emissions) and
EFPC (Economic Footprint) from 1970 through 2016 for Turkey.

Turkey historically and especially over the last two decades has relied heavily on EXD to develop
its overall infrastructure in the transportation, manufacturing, energy, and construction sectors to
improve overall prosperity. These are sectors that can contribute directly to environmental pollu-
tion. However, within these investments, Turkey aims to provide big savings for spending on energy
and transportation for every citizen and industry through a project called “Savings in Every Place.”
The hoped outcome is to reduce these costs which in turn should reduce emissions.

The main findings of this study are that there is long-run relationship between EXD, G and EFPC, an
inverted U relationship between EXD and EFPC is not confirmed, G has a significant impact on EFPC in
the long run, there is long-run relationship between EXD, G and C which is also confirmed by
Katircioglu and Celebi (2018) in Turkey. For other findings of this study, there is bi-directional causality
between G and EXD which is also confirmed by Akam et al. (2021) for a panel of 33 heavily indebted
countries, there is causality from EXD to C which is confirmed only for the short run by Katircioglu and
Celebi (2018) in Turkey, and there is an inverted U relationship between EXD and C.
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The inverted U relationship between EXD and C shows that Turkey’s investments for its infra-
structure for “Savings in Every Place” may have contributed in reducing carbon dioxide emissions.

The bidirectional causal relationship between G and EXD shows that Turkey’s infrastructure
investments and economy are highly dependent on external debt. Turkey should manage this
dependency carefully to not destabilize its economic growth and its infrastructure development.

Positive and significant effects of G on EFPC over the long run shows that Turkey may start
projects similar to emissions-related issues for ecological footprint issues to stabilize the effect of
economic growth on the environment in terms of its ecological footprint.

The time period analyzed and the focus specifically to the case of Turkey are the limits of this
study. This study mainly focused on the effect of EXD on emissions in the long run, the significance
of EXD on both economic growth and environmental pollution and Turkey’s over reliance on foreign
debt. This may limit the applicability of policy recommendations for Turkey to reduce its reliance on
foreign debt especially for the private sector which mainly consists of small and medium enter-
prises and modeling the effect of EXD on carbon dioxide emissions.

This study recommends that further analysis be done for other countries which have high foreign
debt to investigate the relationship between EXD and C. In addition, this analysis can be further
extended by analyzing total greenhouse gas emissions, methane, nitrous oxide and fluorinated
gases. In addition, comparison of EFPC and C can be pursued for other countries as well. Besides
greenhouse gas emissions, future research should analyze how different countries spending from

foreign debt affects EFPC and its more general effect to the environment than just emissions.
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Appendix

Table A1l. Stability Test Results for ARDL Model of C-EXD Relationship

Test F-statistic Jarque-Bera Prob
RT 1.032816 - 0.3159
BT 0.201344 - 0.9744
HT 0.202248 - 0.6552
HTT 0.242266 - 0.9596
BMT 0.258654 - 0.6140
NM - 0.319590 0.852318

Table A2. ARDL-ECM Test Results for C-EXD Relationship

Variable Coefficient Std. error t-statistic Prob.
Short-run coefficients

D(EXD) 0.857826 0.318605 2.692439 0.0104
D(EXD2) -0.015602 0.006547 -2.382900 0.0221
D(G) 0.677213 0.134084 5.050662 0.0000
D(D1978) -0.143706 0.039006 —3.684207 0.0007
CointEq(-1) -0.484201 0.115071 —4.207841 0.0001
Long-run coefficients

EXD 1.771633 0.495754 3.573615 0.0010
EXD2 -0.032222 0.010704 -3.010177 0.0046
G 0.416924 0.247798 1.682517 0.1005
D1978 -0.296791 0.078366 -3.787220 0.0005
C -26.502512 7.024278 —3.772987 0.0005

Table A3. Stability Test Results for ARDL Model of EFPC-EXD Relationship

Test F-statistic Jarque-Bera Prob
RT 2.402210 - 0.1297
BT 1.246986 - 0.3023
HT 0.702317 - 0.4066
HTT 1.255122 - 0.2982
BMT 2.567433 - 0.1176
NM - 0.977543 0.613380
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Table A4. ARDL-ECM Test Results for EFPC-EXD Relationship

Variable Coefficient Std. error t-statistic Prob.
Short-run coefficients

D(EXD) -0.111840 0.737795 -0.151587 0.8803
D(EXD2) 0.011119 0.017080 0.650959 0.5190
D(G) 2.281828 0.396070 5.761175 0.0000
D(D2005) 0.058297 0.068364 0.852740 0.3991
CointEq(-1) -0.827150 0.134796 -6.136308 0.0000
Long-run coefficients

EXD -0.135211 0.892949 -0.151421 0.8804
EXD2 0.004811 0.019726 0.243910 0.8086
G 0.850170 0.379727 2.238897 0.0311
D2005 0.070480 0.082970 0.849459 0.4009
C —4.736435 12.538848 -0.377741 0.7077

Table A5. VAR Granger Causality/Block Exogeneity Wald Tests

Dependent variable C

Dependent variable EFPC

Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
EXD 19.96717 5 0.0013 EXD 0.989905 1 0.3198
EXD2 20.86931 5 0.0009 EXD2 1.074745 1 0.2999
G 8.223526 5 0.1443 G 1.683718 1 0.1944
All 33.80371 15 0.0036 All 2.911999 3 0.4054
Dependent variable EXD Dependent variable EXD

Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
C 7.315455 5 0.1982 EFPC 0.150792 1 0.6978
EXD2 8.409664 5 0.1351 EXD2 0.862302 1 0.3531
G 12.09550 5 0.0335 G 2.065073 1 0.1507
All 18.54431 15 0.2351 All 2.804921 3 0.4227
Dependent variable EXD2 Dependent variable EXD2

Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
C 7.668082 5 0.1755 EFPC 0.170671 1 0.6795
EXD 9.498651 5 0.0908 EXD 0.732010 1 0.3922
G 13.04373 5 0.0230 G 1.928285 1 0.1649
All 20.33863 15 0.1593 All 2.538216 3 0.4684
Dependent variable G Dependent variable G

Excluded Chi-sq df Prob. Excluded Chi-sq df Prob.
C 3.245344 5 0.6622 EFPC 2.762752 1 0.0965
EXD 11.39262 5 0.0441 EXD 0.919083 1 0.3377
EXD2 12.32752 5 0.0306 EXD2 0.910970 1 0.3399
All 26.07897 15 0.0372 All 4.889898 3 0.1800
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Figure Al. ARDL model selec-
tion according to schwarz
criteria.

Figure A2. CUS test results for
ardl model of C-EXD
relationship.
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Figure A3. CUSQ test results for 1.4
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Figure A5. Cus test results for
ardl model of EFPC-EXD
relationship.

Figure A6. CUSQ test results for
ardl model of EFPC-EXD
relationship.

< cogent -~ economics & finance

10.0

7.5

5.0 1

2.5

0.0

-2.54

5.0 4

-754

-10.0

1.2

0.8 +

0.4 +

0.0

08 09 10 11 12 13 14 15 16

Page 18 of 20



Bese & Friday, Cogent Economics & Finance (2022), 10: 2063525

https://doi.org/10.1080/23322039.2022.2063525

Figure A7. Roots of character-
istic polynomial endogenous
variables.

Figure A8. Roots of character-
istic polynomial endogenous
variables.
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