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ABSTRACT

Purpose - The purpose of this study is to examine the effect of export, import, and renewable energy consumption on the ecological footprint
for the period 1990-2015 in Turkey.

Methodology - In this study, firstly Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests were applied. Then, long-term
relationships between variables were investigated by Johansen Cointegration Test. Finally, the long-term elasticity coefficients were
estimated with the Fully Modified Ordinary Least Square (FMOLS), Dynamic Ordinary Least Squares (DOLS) and Canonical Cointegrating
Regression (CCR) Models.

Findings- The ADF and PP unit root test results showed that the variables generally contain unit root at level value. When the first difference
of the variables was taken, the series became stationary. The Johansen Cointegration Test findings demonstrated that there is a cointegration
relationship between the variables. According to the FMOLS, DOLS and CCR models that predicted long-term elasticity coefficients, while the
renewable energy consumption and export reduced the ecological footprint, the import increased the ecological footprint.

Conclusion- The analysis results showed that the variables of export and renewable energy consumption improve environmental quality in
Turkey. The rate of consumption of natural resources is greater than the production rate in Turkey. This situation gradually increases the
ecological deficit in the economy. The success of the economy in sustainable development depends on reducing the ecological deficit. First
of all, dependency on imported resources should be reduced, and investments aimed at preserving and increasing biological capacity should
be increased. In addition, priority should be given to using renewable energy rather than fossil-based energy consumption. Economic policies
that can be implemented in this direction have a critical importance.

Keywords: Export, import, renewable energy consumption, ecological footprint, Turkey.
JEL Codes: Q57, F18, F14

1. INTRODUCTION

The production model that has become widespread on a global scale in order to achieve sustainable development goals is
expressed with the concept of “green economy”. In the process of green economic transformation, which is a low-carbon
economy, it is foreseen to protect the environment and increase competitiveness with cleaner production and eco-efficiency
in production sectors (Ozsoy, 2015:200).

Increasing environmental problems on a global scale caused new concepts such as eco-city, ecological energy, green
certificate, eco-label and ecological footprint to be included in the literature. Ecological footprint refers to the pressure on
the environment that arises as a result of human activities. It is an indicator of human impact and environmental degradation
(Simsek and Bursal, 2019:454). The concept of ecological footprint has been scientifically included in the literature since the
1990s. This concept emerged with the studies of Wackernagel and Rees after 1990 (Wackernagel 1991,1994; Rees 1992,1996;
Wackernagel and Rees 1998). According to McDonald and Patterson (2004), the ecological footprint is a criterion as “carrying
capacity”, that is, showing how much of our existing capacity we have or could not carry to the next time period. Ecological
footprint is a system designed to compare the biocapacity generated by the ecosystem in order to tolerate the consumption
of biological resources by humans and the wastes generated by this consumption (Kitzes et al., 2009:1992).
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According to the definition of the World Wide Fund for Nature (WWF), the ecological footprint, which measures
environmental sustainability, is expressed as biologically fertile land and water areas that are necessary to produce with the
existing technology the resources that consumed by an individual or society. The ecological footprint of consumption and
biological capacity are considered as two important indicators in determining the ecological footprint. The ecological footprint
of consumption refers to the renewable natural resources we use to produce products consumed by society. Biological
capacity is an indicator of the capacity of a geographical region to produce renewable natural resources. If the amount of
ecological footprint of consumption per capita exceeds the per capita biological capacity, it means that the consumption
patterns of the people living in that region cannot be sustained (WWF, 2012:6).

In Turkey, according to the WWF report, in 2007, the ecological footprint of consumption per capita is 2.7 global hectares
(gha). This value corresponds to 50% more of the global biocapacity per capita. In other words, when everyone in the world
consumes as much as an average Turkish citizen, we will need 1.5 planet Earth to meet the ecological footprint of
consumption with natural resources. Turkey, especially in recent years because it quickly consumes natural resources
according to the speed of self-renewal, it is among the ecologically debtor countries around the world. The main reason for
the existence of today’s biocapacity deficit in Turkey is population growth in recent years. (WWF, 2012:7).

Turkey, during the period 1961-1984 has permanently given biocapasity reserve surplus and at the end of this period,
biological capacity has been equaled to the ecological footprint. During the 1984-2017 period in Turkey, the ecological
footprint per capita exceeded permanently the biocapacity. In other words, the biocapacity deficit has generally increased.
in 2017, biocapacity per capita was 1.4 gha, while the ecological footprint was 3.5 gha. Therefore, biocapacity deficit per
capita reached 2.1 gha (Global Footprint Network, 2021). This situation shows that there is a serious environmental
degradation and the renewable natural resources production capacity is running out in Turkey. Therefore, there is a need for
policy implementations that will at least reduce this deficit in the country (Global Footprint Network, 2021).

In this study, it is aimed to analyze the effect of export, import and renewable energy consumption on the ecological footprint
for the period 1990-2015 in Turkey. The studies using ecological footprint as dependent variable in the empirical literature
have carried out recently and are still up-to-date. The study is important in terms of contributing to the current literature in
this field. The study consists of five parts. Empirical literature is included in the second part of the study, following the
introduction. In the third part, data set and econometric model are given. In the fourth part, empirical findings are evaluated.
The fifth part discusses the results and policy preventions.

2. LITERATURE REVIEW

In the literatiire, a summary of the studies in which ecological footprint was used as the dependent variable is shown in Table
1. Table 1 includes studies which the ecological footprint is analyzed especially in terms of trade, export, import, renewable
and non-renewable energy consumption variables.

Table 1: Literature Review on Ecological Footprint

Author/Authors Country/Region  Period Methodology  Results
Destek et al. (2018)  EU Countries 1980-2013 MG-FMOLS NRE increases EF, while REN and TRDO
MG-DOLS decrease EF.
DCCE-MG
Solarin and 20 Countries 1982-2013 AMG NRE and GDP cause environmental
Al-Mulali degradation for all countries.
(2018)
Ulucak and 45 Countries 1961-2013 CUPFM the EKC Hypothesis is validated for countries
Bilgili by income level included in the analysis.
(2018)
Wang and 14 Sub-Saharan ~ 1990-2014 AMG REN improves environmental quality, while
Dong African GDP, NRE, and URB impair environmental
(2019) countries quality.
Dogan et al. (2019) MINT 1971-2013 Panel ARDL the EKC Hypothesis is valid for MINT

countries. NRE, URB, and FD increase EF. The
effects of EXP and IMP on environmental
degradation are negative and positive,
respectively.
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Mikayilov Azerbaijan 1996-2014 Time-Varying NRE and TRD increase EF.
etal. Coefficient
(2019) Cointegration
Approach
Nathaniel South Africa 1965-2014 ARDL URB and NRE increase environmental
et al. degradation.
(2019)
He et al. Malaysia 1978-2013 ARDL GDP, TRDO, and NRE increase EFP.
(2019)
Langnel and Ghana 1971-2016 ARDL GLO, EC from fossil-fuel based energy source,
Amegavi (2020) GDP and URB affect positively EF.
Nathaniel and Khan ~ ASEAN 1990-2016 AMG the analysis results show that NRE
(2020) Countries consumption, GDP, TRD increase the EF. on

the other hand REN consumption reduces EF
in across the country, however, this effect is
statistically insignificant.

Apaydin (2020) Turkiye 1980-2014 ARDL GLO increases EFCONS, EFPROD, EFIMP. it
FMOLS has a decreasing effect on EFEXP. Although
DOLS the effects of GDP on EFCONS, EFPROD,

EFIMP are also positive, it has a statistically
insignificant effect on the EFEXP.

Sharif et al. Turkiye 1965Q1- QARDL REN consumption decreases EF in long term.

(2020) 2017Q4. However, GDP and NRE impact positively EF
in long-short term.

Destek and 24 OECD 1980-2014 FMOLS While REN consumption reduces EF, NRE

Sinha Countries DOLS consumption increases EF.

(2020) CCEMG

Alvarado et al. 77 Countries 1996-2016 FMOLS the increasing R&D, GVA-A, and TRD

(2021) decrease EF and increase AQ. In other words,

these variables decrease mitigate air and soil
degradation.

Sharma et al. (2021)  South and 1990-2015 CS-ARDL the increased use of REN has significantly
Southeast Asia reduced EF. DENS increases EF. the impact of
Countries LEX on EF is found positive but insignificant.

Note: EFEXP: Ecological Footprint of Export; EFIMP: Ecological Footprint of Import; EFPROD: Ecological Footprint of Production; EFCONS:
Ecological Footprint of Consumption; EC: Electricity Consumption; R&D: Research and Development; AQ: Air Quality; DENS: Population
Density; EF: Ecological Footprint; GVA-A: Agriculture, Forestry, and Fishing, Value Added; URB: Urbanization; GDP: Per Capita Income; REN:
Renewable Energy; NRE: Non-Renewable Energy; GLO: Globalization; IMP: Import; EXP: Export; LEX: Life Expectancy; TRD: Trade; TRDO:
Trade Openness, FD: Financial Development.

3. MODEL, DATA AND ANALYSIS RESULTS
3.1. Estimated Model and Data Definitions

In this study, in the case of Turkey during the period 1990-2015, the effect of export, import, and renewable energy
consumption on the ecological footprint was investigated. The data and data definitions used in the analysis are shown in
Table 2.

Tablo 2: Definition of Variables

Variables and Their Symbols Measurement of Variables Source of Data
Ecological Footprint-EF Global Hectares Per Capita GFN (2021)
Renewable Energy-REN % of total energy consumption WDI (2020)
Exports of Goods and Services-EXP % of GDP WDI (2020)
Imports of Goods and Services-IMP % of GDP WDI (2020)

Source: Global Footprint Network-GFN, 2021; World Development Indicators-WDI, 2020.
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The natural logarithms of all variables included in the analysis are taken. The model estimated in the study is as follows:
LEF;; = a + b;LREN;; + b,LEXP;; + b3LIMP;, (1)
3.2. Analysis Results

In the study, ADF and PP unit root tests were applied to decide whether the series are stationary or not. After determining
the existence of unit root between series, the existence of long-term relationship between variables was investigated by the
Johansen Cointegration Test. The long-term elasticity coefficients of the variables were estimated with the FMOLS, DOLS, and
CCR Models. The ADF test, improved by Dickey and Fuller (1981), includes the regression of its delayed value and delayed
differences of the series whose stationarity is to be investigated. The equation in which the ADF test is applied is as follows:

AV, = a + B + 6Yp_qy + O XAYp_q) + & (2)

In equation 2, A is the difference processor and &, is the static error term. In the unit root test, the length of the lag that will
make the error term white noise for each series can be determined according to the Akaike and Schwartz information criteria.
In the ADF test, the null hypothesis is that the undifferentiated series carry unit root, that is, they are not stationary. For this,
in the null hypothesis, it is tested whether the coefficient § is statistically equal to zero. The fact that the coefficient § is
statistically significant means that this hypothesis will be rejected. In this case, the series are stationary (Kizilgél, 2006: 57).

Although the ADF test is a widely used test among unit root tests, the PP test developed by Phillips and Peron (1988) was
created to eliminate the deficiencies in the ADF test. This test is differs from the ADF test in that it deals with the serial
correlation and variance problem that occurs in errors. Instead of adding lagged values in order to prevent autocorrelation in
the ADF equation, the authors also rearranged the t statistics by estimating the DF equation. The equation for this test is as
follows:

AY; = a¥e_q + x5 + & (3)

In equation 3, « = p — 1, x, is the deterministic component expressing the “constant” or “constant and trend”. In the PP
test, the basic hypothesis is that there is a unit root and the hypotheses are set as Hy: @ = 0 and H;: a < 0. The asymptotic
distribution of the test statistics is the same as with the ADF test. Therefore, the test statistic is compared with the MacKinnon
critical values (Caglayan and Sagakli, 2006:124). the unit root test results of the estimated model are presented in Table 3.

Table 3: Unit Root Test Results

For Intercept ADF Test Results PP Test Results

Variables Level First Difference Level First Difference
Dependent LEF -0.961440 -4.036530* -0.908312 -4,167000*
Variable (0.7507) (0.0050) (0.7685) (0.0037)
LREN -1.119494 -6.243789* -1.044814 -6.787178*
(0.6916) (0.0000) (0.7207) (0.0000)
Independent LEXP -2.632494 -4.427253%* -2.754352*** -6.500076*
Variables (0.1006) (0.0022) (0.0793) (0.0000)
LIMP -2.226207 -4.398468* -2.072538 -5.252327%*
(0.2025) (0.0023) (0.2565) (0.0003)

For Trend and Intercept

ADF Test Results

PP Test Results

Variables Level First Difference Level First Difference
Dependent LEF -3.165402 -3.947381** -2.531151 -4.001807**
Variable (0.1148) (0.0256) (0.3117) (0.0229)
LREN -2.70413 -6.098187* -2.653246 -6.800184*
(0.2432) (0.0002) (0.2622) (0.0001)
Independent LEXP -2.642239 -4.680365* -2.574347 -8.062677*
Variables (0.2666) (0.0057) (0.2936) (0.0000)
LIMP -3.655517** -4.423994* -2.660692 -5.577353*
(0.0459) (0.0098) (0.2594) (0.0007)

Note: *, **, and *** demonstrate the statistical significance of the coefficients at 1%, 5%, and 10% levels, respectively. Values in parentheses
represent the probability values of coefficients.
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After examining the stationary properties of the variables, it was investigated whether there is a long-term relationship
between these variables by the Johansen cointegration method. Johansen (1988) and Johansen and Juselius (1990) use the
maximum eigen value and trace statistics to determine the the existence of this relationship. These tests can be expressed as
in equation 4 and 5:

Jtrace = _TZ?:r+1 In(1 - yi) (4)
Jmax = =T In (1 =yp4q) (5)

In equations 4 and 5, T is the sample size and y; is the largest canonical relationship. In the maximum eigen value test, the
existence of at most r cointegration vectors is tested against the alternative hypothesis claiming the existence of r+1
cointegration vector. On the other hand, in the trace test, the presence of at most r cointegration vector is tested against the
alternative hypothesis that claims the existence of at least r+1 cointegration vector (Sinan, 2018:688; Ozcan and Ari,
2013:111).

In the study, before the cointegration test, the most appropriate lag length was determined by running the VAR process
among the variables. Accordingly, 2 delay lengths were chosen as the optimal delay length. In this framework, the results of
the Johansen Cointegration test are shown in Table 4.

Table 4: Johansen Cointegration Test Results

Trace Test Results*

H, Eigenvalue Trace Critical Value Prob

Hypothesis Statistic (5%) Value
r =0* None* 0.787433 67.72297 47.85613 0.0003
r <1* Atmost1* 0.620016 32.10749 29.79707 0.0266
r<2 Atmost2 0.280331 9.852110 15.49471 0.2923
r<3 Atmost3 0.094609 2.285937 3.841466 0.1305

Max Eigen-Value Test Results**

H, Eigenvalue Max Eigen Critical Value Prob

Hypothesis Statistic (5%) Value
r = 0* None* 0.787433 35.61547 27.58434 0.0038
r<1* Atmost1* 0.620016 22.25538 21.13162 0.0346
r<2 Atmost2 0.280331 7.566173 14.26460 0.4245
r<3 Atmost3 0.094609 2.285937 3.841466 0.1305

* The Trace statistic indicates that there is two cointegrated vector at 5% significance level.
** The Maximum Eigen-value statistic indicates that there is two cointegrated vector at 5% significance level.

Table 4 shows the trace and maximum eigen value test statistics. In the hypotheses section, tests are carried out with the
numbers of cointegrated equations. The hypotheses are as follows: first hypothesis there is no cointegrated vector, second
hypothesis there is at most 1 cointegrated vector, third hypothesis there are at most 2 cointegrated vectors. As seen in Table
4, the trace and eigen value statistics for the first and second hypotheses are higher than the critical value. According to the
both test results, the first hypothesis is rejected at the 5% significance level and the second hypothesis is accepted. In other
words, all test results show that there are two long-term vector relationships between variables. According to this result, it
is concluded that there is a significant long-term relationship between the ecological footprint and export, import, and
renewable energy consumption.

After finding the cointegration relationship between the variables, the long-term elasticity coefficients of the series were
estimated using FMOLS, DOLS and CCR Models. Estimation results are shown in Table 5. According to the FMOLS, DOLS and
CCR estimation results, a 1% increase in LREN causes to a decrease in LEF 0.31%, 0.27% and 0.31%, respectively. In other
words, the renewable energy consumption has a negative impact on Turkey’s ecological footprint, and this effect is
statistically meaningful at 1% significance level.

On the other hand, according to the all estimation results, a 1% increase in LEXP causes to a decrease in LEF 0.21%, 0.40%
and 0.24%, respectively. In other words, export of goods and services has a negative effect on Turkey’s ecological footprint.
While this effect is statistically meaningful at 5% significance level according to the FMOLS and CCR estimation results, it is
statistically meaningful at 1% significance level according to the DOLS estimation result.
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the another result obtained from the models of FMOLS, DOLS, and CCR is that the import of goods and services increases
Turkey'’s ecological footprint at 1% significance level. It is concluded that a 1% increase in LIMP among these models causes
to an increase in LEF 0.35%, 0.58 and 0.39%, respectively. The results obtained in the analysis are consistent with the
theoretical and empirical literature.

Table 5: Estimation Results

Dependent Variable: LEF

Methods
FMOLS DOLS CCR
Independent Coefficients Coefficients Coefficients
Variables
LREN -0.314526* -0.274063* -0.317030*
(0.0000) (0.0000) (0.0000)
LEXP -0.210106** -0.401018* -0.248875**
(0.0174) (0.0000) (0.0204)
LIMP 0.355959* 0.584305* 0.390855*
(0.0011) (0.0000) (0.0018)
C 0.629734* 0.520305* 0.636493*
(0.0013) (0.0010) (0.0010)
R? 0.824564 0.984617 0.818114

Note: * and ** indicate the statistical significance of the coefficients at 1% and 5% significance levels, respectively. Values in parentheses
represent the probability values of coefficients.

4. CONCLUSION AND POLICY RECOMMENDATIONS

Emphasizing the concept of ensuring the continuity of life and leaving a sustainable environment to future generations, the
ecological footprint measures the biological capacity required to reproduce the consumed natural resources and to neutralize
the waste generated. Biological capacity is an indicator of a region’s capacity to produce natural resources. In this study, in
Turkey the relationship between the ecological footprint, export, import, and renewable energy consumption was examined
for the 1990-2015 period. According to the findings of the study in which the ecological footprint is used as the dependent
variable, the export and renewable energy consumption in the said period reduce the ecological footprint, while the import
has an increasing impact on the ecological footprint.

In general, studies in the empirical literature examine the effect of trade variable or trade openness variable on ecological
footprint. Findings obtained in these studies show that the trade variable raises the ecological footprint. In this study, the
effects of export and import flows on the ecological footprint were examined separately. The findings obtained are consistent
with the study of Dogan et al. (2019). In addition, considering that worldwide import flows are more than export flows, the
results obtained in the study are consistent with the studies of He et al. (2019), Nathaniel and Khan (2020) and Mikayilov et
al. (2019), which examine the effect of trade on the ecological footprint. Findings obtained in all studies including renewable
energy consumption revealed that this variable reduces the ecological footprint. In this respect, the study is consistent with
the literature reviewed.

Due to the consumption rate of natural resources is greater than the rate of production in Turkey, Turkey’s ecological deficit
has grown steadily. According to the WWF report 2012, the ecological footprint of consumption per capita in Turkey is equal
to the world average, while the biological capacity per capita is below the world average. This situation shows that the people
living in Turkey have a higher the ecological debt than the world average. Since 1989, in Turkey, imported from abroad, the
amount of natural resources are more than the amount of natural resources are exported. Therefore, Turkey’s ecological
trade deficit has increased and this situation has caused it to be a biological capacity importer.

It is required policies reducing ecological deficit to achieve success in sustainable development in Turkey. For this, it is an
inevitable process to reduce dependence on imported resources and to increase investments aimed at preserving and
increasing biological capacity. Biodiversity should be protected with sustainable environmental policies that ensure the
continuity of economic activities. Moreover, priority should be given to the use of renewable energy rather than fossil-based
energy consumption, and efforts to increase awareness in environmental policies should be spread to large segments of the
society and public awareness on this issue should be raised.
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In Turkey, as in all over the world the energy sector needs to be decarbonised in an economically, environmentally and socially
sustainable manner. This will both reduce the economy’s dependence on external resources and offset the increase in the
ecological footprint. Although the investment cost to be made in the renewable energy sector is high in the first place, there
is a need for income to meet that cost. In this respect, encouraging to increase export which is the most important source of
economic growth and most of the revenues generated from this are directed towards the renewable energy sector is an
inevitable process of reducing the ecological deficit in Turkey.
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