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Abstract
Environmental degradation has been one of the hot topics discussed since the 1980s. 
In the literature, CO2 emissions are generally used to represent environmental degra-
dation. However, in this study, environmental degradation is examined in the context 
of ecological footprint. The study aims to investigate the effect of economic growth, 
energy consumption, and mineral saving on the ecological footprint in Turkey for 
the period of 1975–2017. For this purpose, the bootstrap autoregressive distributed 
lag model with a Fourier function (FARDL) method is utilized to test the long-term 
relationship between the variables. The findings indicate a long-term relationship 
between the variables. In addition, long-run estimation results based on the FARDL 
model show that economic growth and mineral saving increase the ecological foot-
print in Turkey. The conclusion discusses these findings and presents long-term pol-
icy recommendations for Turkey.
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1  Introduction

Economic growth is one of the most critical targets for governments; however, these 
efforts have environmental consequences. Energy consumption is the most criti-
cal component of the economy and a key input to economic activities. However, 
the type of energy is essential in terms of environmental quality (Shahzad 2020). 
Manufacturing, agriculture and energy sectors, which are economic growth trig-
gers, play an active role in increasing emissions (Abid 2015). The increase in fossil 
fuel-based energy consumption causes emissions (Judkins et al. 1993; Wuebbles and 
Jain 2001; Martínez-Zarzoso and Maruotti 2011) and ecological footprint (Ibrahiem 
and Hanafy 2020) to increase and leads to many environmental problems, especially 
climate change. For this reason, countries are looking for ways to achieve sustain-
able development, which could help improve their welfare without harming the 
environment.

Many indicators are used to represent environmental degradation. Generally, CO2 
emissions represent environmental degradation, such as climate change (Alvarado 
et  al. 2019; Destek and Sarkodie 2019; Apergis et  al. 2020). However, ecological 
footprint (EF) considers both production and consumption processes and focuses on 
different dimensions of environmental degradation (Dogan et  al. 2020). EF gives 
a better idea than many indicators since it offers an inclusive perspective on envi-
ronmental degradation (Galli et  al. 2012; Al-Mulali et  al. 2015). Therefore, it has 
recently been used in many studies examining environmental degradation (Bello 
et al. 2018; Solarin 2019; Nathaniel et al. 2020a, b; Alola et al. 2021). EF was first 
introduced by Wackernagel and Rees (1996) and referred to the area required for a 
sustainable population. For example, built land, forest land, carbon footprint, graz-
ing land, cultivated land, and oceans are included in these calculations. In addition, 
it includes resource consumption and generated waste (Solarin and Bello 2018). 
Overall, EF focuses on meeting and replenishing the world’s resource demand. 
Three leading indicators are generally used as determinants of EF in the litera-
ture. These are (i) economic growth, (ii) energy consumption, and (iii) globaliza-
tion (Alper et al. 2022). In addition, many studies consider natural resources while 
explaining the effect of economic growth on EF (Hassan et al. 2019; Ahmed et al. 
2020; Hussain et al. 2021; Nathaniel 2021; Zia et al. 2021; Jahanger et al. 2022).

To calculate EF, the Global Footprint Network (2022) focuses on how much bio-
logically productive space is required to meet individuals’ demands. If the computed 
footprint is less than the biocapacity, this is positive, and there is more than enough 
bio-space to meet the needs of that country. Conversely, if there is an ecological 
deficiency, the bio-capacity is insufficient to meet the demands. According to the 
calculations made by the Global Footprint Network (2018a, b), many countries in 
the world have an ecological deficit, and more than 85% of the world’s population 
lives in countries with ecological deficits. Therefore, it is clear that EF should be 
included in the strategies and policies to solve environmental problems.

Turkey is the 8th largest economy among the European Union countries in 
2020 (Statista 2020) and is responsible for 1.13% of the world’s CO2 emissions 
(Global Carbon Budget 2020). Therefore, Turkey’s energy demand has increased 
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significantly as a developing country with an increasing population and rapid urban-
ization. In this context, the economy-environment interaction is essential in terms of 
environmental quality and the global climate change problem.

Figure 1 shows the ecological footprint of Turkey. While there was an ecologi-
cal reserve in Turkey during the 1961–1980 period, there has been an ecological 
deficit since 1980. Turkey has adopted the open economy and export-based indus-
trialization models since 1980. This structural change in the economy has inevitably 

Fig. 1   Ecological footprint versus biocapacity (gha). Source: Global Footprint (2018a, b)

0

2

4

6

8

10

12

14

0

1

2

3

4

5

6

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

CO2 GDP

Fig. 2   Decoupling between GDP (per capita) and CO2 (per capita). Source: Our World in Data (2022)
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changed the environmental dynamics of the Turkish economy, and an ecological 
deficit has emerged.

Figure 2 shows the GDP and CO2 emissions per capita. Accordingly, while GDP 
per capita has risen in the last few years, CO2 per capita has decreased. There has 
been a decoupling between economic growth and CO2 emissions since 2018. How-
ever, we have to see the future emissions to decide whether this divergence is tempo-
rary (due to COVID-19) or permanent.

The contribution of this study is to review Turkey’s climate change policies in the 
context of ecological footprint. Reducing CO2 emissions to combat climate change 
is not the only solution. In this context, examining the ecological footprint compre-
hensively will provide new tools to countries for long-term climate strategies. We 
also apply the FARDL bootstrap approach, which gives robust results for the small 
samples and considers structural breaks. Finally, to the best of our knowledge, this 
study is the first to examine the impact of mineral savings on environmental pollu-
tion in Turkey. This study suggests significant policy recommendations to Turkish 
policymakers to combat climate change, achieve net zero-emission targets by 2053 
and adapt to European Green Deal.

This study examined the determinants of the ecological footprint in Turkey. For 
this purpose, we investigate the relationship between economic growth, energy con-
sumption, mineral saving, and EF. The study consists of three parts. The first part 
introduces EF theoretically and discusses the current situation in Turkey. The second 
part presents a literature review on the relationship between ecological footprint and 
economic growth. In the third part, empirical analysis findings are reported. Finally, 
empirical findings are discussed, and some policy recommendations are suggested 
to policymakers.

2 � Literature

Many studies consider economic growth as the primary trigger for climate change 
and environmental degradation. For this reason, in this part, studies that focus on the 
relationship between economic growth and EF are examined through different vari-
ables (globalization, energy consumption, human capital, natural resources, etc.).

In this section, the studies examining the relationship between EF and economic 
growth through different indicators are discussed. First, Ulucak and Bilgili (2018) 
re-tested the EKC hypothesis for low-middle and high-income countries, using the 
EF variable instead of CO2 emissions to represent environmental quality. The results 
revealed that the EKC hypothesis is valid in all country groups. Danish et al. (2019) 
examined the relationship between economic growth and EF through human capi-
tal and biocapacity. The results reveal that while economic growth and biocapacity 
increase EF, human capital has a negative impact on it. According to Ahmed et al. 
(2020), there is a long-run relationship between economic growth, natural resources, 
urbanization, human capital and EF. In addition, natural resources and urbanization 
increase the ecological footprint, while human capital reduces environmental deg-
radation. Udemba (2020), on the other hand, found a positive relationship between 
EF and economic growth and claimed that the scale effect is valid. According to 
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the scale effect, especially developing countries ignore the environment to achieve 
economic growth in the first stages of economic development, so while economic 
growth increases, environmental quality decreases. In addition, he found that popu-
lation is a Granger cause of EF and economic growth. Ahmad (2021) argued that 
while economic growth and urbanization increase EF, financial globalization and 
eco-innovative decrease it. In addition, the relationship between EF and economic 
growth supports the hypothesis of an inverted U-shaped EKC. Similarly, Kongbua-
mai et  al. (2020) found bidirectional causality between economic growth, energy 
consumption and EF for ASEAN countries. They suggested lowering the EF, point-
ing to a shift towards renewable energy policies in this context. Ulucak et al. (2020) 
found that renewable and non-renewable energy, urbanization and natural resources 
reduce EF. However, economic growth increases EF. Li et  al. (2022) investigated 
whether renewable energy reduces EF despite economic growth. According to 
empirical results, renewable energy contributes to economic growth and increases 
environmental quality. Furthermore, urbanization reduces the pressure of energy 
consumption on environmental quality. According to Khan and Hou (2021), energy 
consumption promotes economic growth and reduces environmental quality in the 
long run. However, tourism growth improves environmental quality in the long 
run. In this context, they suggested developing investment strategies for renewable 
energy production and consumption for IEA countries. Nathaniel et al. (2020a, b) 
determined that the relationship between economic growth and EF is different for 
each country. According to the empirical results, while economic growth reduces 
environmental degradation in Colombia, South Africa, and Turkey, it increases 
EF in Egypt, Indonesia, and Vietnam. In addition, it was determined that renew-
able energy improves environmental quality and trade is not harmful to the environ-
ment. Finally, they concluded that non-renewable energy consumption and urbani-
zation are the most important determinants of environmental degradation. Another 
study by Nathaniel et  al. (2020a, b) reached similar results regarding energy and 
urbanization. However, financial development increases environmental degradation. 
According to Zeraibi (2021), while higher renewable electricity generation capac-
ity and technological innovations reduce EF, higher financial development and eco-
nomic growth affect it negatively. However, Ahmed et al. (2021) claimed that finan-
cial development anc economic growth increases the ecological footprint in Japan. 
Ahmed et  al. (2022a) also found that decreasing financial risk leads to lower EF 
in India. Uzar (2021) examined the relationship between economic growth and EF 
through institutional quality. According to the findings, while institutional quality 
reduces EF, economic growth and energy consumption increase it. However, Alper 
et al. (2022) reached the opposite result regarding economic growth and energy con-
sumption. Accordingly, while economic growth and energy consumption decrease 
EF, economic globalization affects EF negatively. Ahmed et al. (2022b), found that 
economic growth increases EF. They also determined that democracy and environ-
mental regulations increase ecological sustainability by decreasing EF. Adebayo 
et al. (2023) support the ecological footprint hypothesis through trade openness in 
MINT countries (Mexico, Indonesia, Nigeria, and Turkey).

In this section, studies related to Turkey are examined. First of all, Acar and 
Asıcı (2017) examined EF within the scope of EKC. The results support an inverted 
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U-shaped EKC hypothesis between production footprint and income. However, the 
EKC hypothesis is not supported for consumption, import and export footprints. 
According to Sharif et  al. (2020), there is a bidirectional causality relationship 
between economic growth, renewable energy, non-renewable energy and EF. Koksal 
et al. (2020), on the other hand, examined EF in the context of the shadow econ-
omy, unlike the other studies in the literature. According to the findings, the shadow 
economy is a long-term determinant of EF in Turkey. Therefore, they emphasized 
that governments should tackle the shadow economy not only through tax concerns 
but also through environmental concerns. Gökmenoğlu et al. (2021) compared CO2 
emissions and EF in the context of financial development and military expenditure. 
They found a unidirectional causality relation from military expenditure to CO2 
and EF. They also support the destruction theory for Turkey. Özdemir and Çevi-
kalp (2021) found a long-term relationship between EF, economic growth and tech-
nological change. Unlike the other studies, Gülmez et al. (2020) found a U-shaped 
causal relationship from energy consumption to ecological footprint which means 
EF first decreases and then increases due to growing energy consumption. Based 
on the findings, they claimed that Turkey achieved sustainable growth. For this rea-
son, they suggest that Turkey should consider not only emissions but also ecological 
footprints in its environmental agenda. Table 1 presents detailed information about 
the studies examined above.

3 � Data and methodology
The study aims to investigate the effect of economic growth, energy consumption, 
and mineral saving on the ecological footprint in Turkey. Based on this aim, the pre-
sent study considers the following model:

where EF, GDP, EC and MS stand for ecological footprint, economic growth, 
energy consumption, and mineral saving, respectively. Ecological footprint data was 
obtained from Global Footprint Network. Energy consumption data was obtained 
from the BP Statistical World Review of Energy. Finally, GDP and mineral saving 
data were obtained from the World Bank database. All variables are in the logarith-
mic term.

Ordinary cointegration tests cannot be used where the variables are integrated to 
different degrees. Instead, Pesaran et al. (2001) proposed the Autoregressive Delay 
Distributed (ARDL) cointegration test. This test allows independent variables to be 
integrated at different degrees if the dependent variable is I(1). The ARDL approach 
considers the F and t statistics. The cointegration relationship is tested by comparing 
the test statistics with the lower and upper limits defined as I(0) and I(1). If the test 
statistic is greater than the critical upper bound values, the basic hypothesis of no 
cointegration is rejected. Equation (2) show the ARDL model for this study.

(1)EF
it
= �

1
GDP

it
+ �

2
EC

it
+ �

3
MS

it
+ �

it
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where Δ is the first difference operator and � is the lag length. et represents the inde-
pendent identically distributed disturbance term with zero mean and finite variance. 
The Akaike Information Criteria (AIC) determines the optimal lag length. Accord-
ing to Pesaran et al. (2001), the following hypotheses should be rejected by using the 
F test (FA) and t-test (t) for the existence of a cointegration relationship.

McNon et al. (2018) modified Equation (3) and (4) to develop an additional 
F-test (FB) that tests the main hypothesis.

In order to confirm the cointegration relationship, all three basic hypoth-
eses mentioned above should be rejected. McNon et  al. (2018) does not make 

(2)

ΔEF
t
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Table 2   FADF unit root test results

ADF critical values (1%, 5%, 10%): − 3.61, − 2.93, − 2.60
a , b, cShow statistical significany at 1%, 5%, %10, respectively

Variables k FADF test statistics FADF critical values F test

EF 5 25.08a − 3.81 − 4.91b

EC 5 8.46a − 2.93 2.82
GDP 5 0.63 − 3.27 1.42
EC 2 2.10 − 2.97 − 2.81

ADF test stat (level) ADF test stat (∆, 
first difference)

EF 0.35
(0.78)

− 8.78a

EC 4.17
(1.00)

− 2.44b

(0.02)
GDP 6.73

(1.00)
− 2.17b

(0.03)
MS − 0.57

(0.46)
− 5.10a

(0.00)
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any assumptions about the degree of integration of the variables. However, 
this approach gives more robust results than the standard ARDL approach. In 
addition, this approach can detect structural changes through Fourier functions 
(Serener et  al. 2022; Addia et  al. 2022). In this way, there is no need to apply 
an additional structural change test. The structural changes in the model can be 
seen thanks to the Fourier function developed by Yılancı et al. (2020).

where n is the number of frequencies, π = 3.1416, k is the number of special fre-
quencies selected, t is the trend, and T is the sample size. A single frequency value 
suggested by Becker et al. (2006) and Ludlow and Enders (2000) was used in the 
equation.

Equation (9) shows the FARDL model for this study.

Yılancı et al. (2020) chose the frequency value that gives the minimum sum 
of squared residuals by following the studies conducted by Christopoulos and 
Leon-Ledesma (2011) and Omay (2015). Based on this, they determine the criti-
cal values for FA, FB, and t-tests using bootstrap simulation.

4 � Empirical results

The study aims to capture the effect of economic growth, energy consumption, and 
mineral saving on the ecological footprint in Turkey. As an initial test to check the 
integration order of the time series variables, the Fourier ADF and the traditional 
ADF unit root tests are applied for empirical analysis.
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Table 4   Long-run estimation 
results based on the FARDL 
model (EF is the dependent 
variable)

Numbers in parentheses show the p-values
* and **show the significance at the 1%, and 10% level, respectively
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Table 2 shows the Fourier ADF and traditional ADF test statistics for the vari-
ables. Since the trigonometric terms of the variables (except EF and EC) are not 
statistically significant according to the Fourier ADF approach, the traditional ADF 
test is also applied for the unit root test. According to the ADF unit root test results, 
it is seen that all variables are stationary at the first difference, while they are not at 
level I(0). After these results, it is possible to examine the existence of a long-term 
relationship between the variables. For this reason, in the second step, the Fourier 
ARDL bounds test, which gave successful results in small samples, is performed.

According to the FARDL bounds test results in Table 3, there is a long-term coin-
tegration relationship between the variables. This indicates that the combination of 
economic growth, energy consumption and mineral saving has a long-run effect on 
environmental degradation in Turkey. After determining a long-term relationship 
among the time series variables, the size and significance of the impact of the time 
series variables on the dependent variables are examined for the long-run. For this 
purpose, Table 3 depicts the long-term coefficient test results through the FARDL 
model.

As reported in Table  4, the effect of economic growth on the ecological foot-
print in Turkey over the period of 1975–2017 is statistically significant and positive. 
These findings show resemblance with the findings of (Danish et al. 2019; Udemba 
2020; Ahmad 2021; Uzar 2021). This is because as well know due to Turkey’s 
growing economy and energy demand. This finding shows that an economic growth 
path that is not green and sustainable for Turkey. Through economic growth strate-
gies, Turkey should simultaneously improve environmental quality and seize new 
opportunities without neglecting the environment. Table 4 also depict that the coef-
ficient of energy consumption is not statistically significant in Turkey. However, we 
would like to find that energy consumption negatively affects environmental quality 
as a result of many enterprises as well as human activities and human consumption 
in Turkey. In order to reduce the ecological footprint in Turkey, it will be beneficial 
to diversify energy sources into renewable sources such as solar, hydro and wind. 
Finally, we capture the positive effect of mineral saving on the ecological footprint 
in Turkey based on the FARDL model. The positive impact of mineral saving on 
ecological footprint was also confirmed by Koç and Gülmez 2021).

5 � Conclusion

This study examines environmental degradation in the context of ecological 
footprint. According to the FARDL test results, there is a long-term relation-
ship between economic growth, energy consumption, mineral saving, and EF. 
In addition, long-term estimation results based on the FARDL model show that 
economic growth and mineral saving increase the ecological footprint in Turkey 
covering the period 1975–2017. Turkey’s energy demand is high due to its grow-
ing economy. These findings reveal that Turkey should reach a green and sus-
tainable economic growth path. Furthermore, Turkey has achieved a decoupling 
between economic growth and CO2 emissions recently. While CO2 emissions 
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tend to decrease, economic growth has been increasing since 2018. Therefore, 
Turkey might both increase environmental quality and seize new opportunities 
by creating economic growth strategies without ignoring the environment. In this 
context, Turkey should include EF in both environmental and energy policies. 
Turkey also can implement strict environmental policies to reduce EF without 
ignoring economic growth. In particular, the competitiveness of wind and solar 
energy is increasing and offers cost advantages (Öznazik 2022). For this reason, 
Turkey should encourage more renewable energy sources and increase the incen-
tive for these resources. Turkey plans to achieve net-zero emission target for 2053 
(Birpınar 2022) and declared its net-zero targets at COP 27 meeting in Sharm 
el-Sheikh. However, there is a significant barrier to the 2053 net-zero target since 
Turkey has stated that emissions will increase until 2038. Reaching the net-zero 
target in 15  years is unrealistic because as emissions increase, it will become 
more difficult to achieve the net-zero target. In this sense, revising the peak year 
backwards will be more advantageous to realize sustainable development goals, 
adapt to EGD and not miss the opportunity for the green transition in the long 
run. In this context, more efforts are required to utilize green and climate-resilient 
investment projects. The number of climate projects should also be increased, 
especially through the private sector.

The European Union (EU) is Turkey’s most important trade partner in terms 
of foreign trade. In 2021, the EU ranked first in Turkey’s exports with 41.3%, and 
imports with a share of 31.5% (Republic of Turkey Ministery of Trade 2022). In 
this context, the European Green Deal (EGD) offers both risks and opportunities for 
Turkey. The EU is pursuing a new growth strategy with EGD. The main objectives 
of EGD are; (i) zero net greenhouse gas emissions by 2050, (ii) decoupling eco-
nomic growth from resource use, (iii) including neighbors and trading partners in 
these policies. The EU also will use financial influence to achieve this goal. In this 
context, Turkey first submitted its INDCs (Intended Nationally Determined Contri-
bution) to the UNFCCC secretariat in 2015, declaring a greenhouse gas reduction 
target of approximately 21% for the 2021–2030 period (UNFCCC 2015), then rati-
fied the Paris Climate Agreement in 2021. At the international climate negotiation 
(COP27) held in Sharm el-Sheikh in 2022, countries agreed to stop negotiating on 
the implementation of the Paris Agreement and move on to practice (Altomonte and 
Altomonte 2023).

In addition, Turkey is preparing a new strategy, including seven key policies to 
combat climate change and plans to update its INDC and set a net zero emission 
target for 2053 (Birpınar 2022). These steps might be considered preparation for 
EGD and have created three opportunities for Turkey. First, Turkey can transform 
its economy into a greener and more climate-resilient structure. Secondly, If Turkey 
considers EGD from a broad perspective, new trade opportunities may arise in case 
of a commercial dispute between the EU and other countries. Finally, EGD can con-
tribute to the circular economy by providing a sustainable production and consump-
tion practice. These developments might enable Turkey to lower its EF and contrib-
ute to economic growth. Therefore, more efforts are required to benefit from green 
and climate-resilient investment projects and the number of climate projects should 
be increased especially through the private sector. Establishing a climate-resilient 
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and sustainable economic infrastructure is an opportunity for Turkey rather than an 
additional financial burden or threat.

The limitation of this study is to use ecological footprint as an independent vari-
able to show the environmental quality. However, recently load capacity factor has 
drawn the attention of researchers in environmental studies. The load capacity 
factor bounces an idea of environmental quality by dividing the biological capac-
ity with the ecological footprint. In this context, we suggest researchers focus on 
determinants of load capacity factor (energy consumption, economic complexity, 
trade openness, human capital, globalization etc.) by using time series or panel data 
analysis.
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