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Abstract: This study examines the effects of environmental taxes, sustainable development level, and environmental protection 

expenditures on the ecological footprint in European Union countries. The analysis is conducted using a balanced panel dataset 

covering 24 countries over the period 1995-2021. The ecological footprint is used as the dependent variable, while environmental 

taxes, the Sustainable Development Index, and environmental protection expenditures are included as explanatory variables. The 

empirical procedure includes descriptive statistics, the VIF test, cross-sectional dependence tests, the Fisher-ADF panel unit root test, 

panel model selection tests, heteroskedasticity and autocorrelation diagnostics, Park-Kmenta FGLS and Beck-Katz PCSE estimations, 

the Delta homogeneity test, and the Dumitrescu-Hurlin panel causality test. The findings reveal that environmental taxes have a 

positive and statistically significant effect on the ecological footprint. In contrast, the Sustainable Development Index and 

environmental protection expenditures have negative and statistically significant effects, indicating that improvements in sustainable 

development performance and environmental protection spending contribute to reducing ecological pressure. The causality results 

also suggest dynamic interactions between the ecological footprint and the explanatory variables. Based on these findings, 

environmental taxes should be designed not merely as revenue-generating instruments but as policy tools that effectively transform 

environmental behavior, while environmental protection expenditures should be allocated in a more targeted and performance-

oriented manner. 
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1. Introduction 
In environmental sustainability studies, the increasing 

negative impacts on the environment caused by 

economic factors such as growing population, rapid 

industrialization, and urbanization are cited as an 

important topic of discussion (Şenel and Kalaycı, 2025). 

On the other hand, the increasing energy demand and 

production volume accompanying industrialization led to 

environmental pollution and consequently an increase in 

the ecological footprint in the long term. However, the 

literature suggests that this increase in production 

positively impacts economic growth and supports raising 

the welfare level of society. Therefore, it is stated that 

countries, after reaching a certain income level, 

encourage the transition to new technologies for a clean 

environment, increase environmental awareness, and 

promote environmental improvement (Ünal and Aktuğ, 

2022). Balanced and efficient use of natural resources is 

one of the important points that form the basis of 

environmental sustainability. Unconscious behaviors 

such as misuse of land and excessive water consumption 

damage water and soil quality, directly negatively 

affecting the quality of life of future generations (Çelikay, 

2024). The sustainability of natural life is possible 

through the efficient use of essential natural resources, 

and reducing the resulting waste requires only a certain 

amount of water and land (Özsöy and Dinç, 2016). 

According to the 2019 Eurostat report, European Union 

countries have made significant progress toward 

achieving the sustainable development goals. However, 

these countries are still grappling with issues such as 

deteriorating urban air quality, inadequate waste 

management practices, and increasingly declining 

residential areas (Bilgin and Yıldırım, 2023). Since the 

1980s, European Union countries have begun developing 

various policies related to environmental protection and 
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the sustainable use of natural resources. Consequently, 

serious regulations have been implemented across 

Europe to limit environmental threats and prevent the 

deterioration of environmental quality (Çokgezen, 2007). 

Because environmental problems have a global impact, 

the EU is taking serious steps in this area. Therefore, the 

EU's work on the environment demonstrates that the 

Union is a pioneer and takes on significant 

responsibilities in this field (Aydın and Çamur, 2017). 

As a part of nature, humans meet their essential needs by 

utilizing natural resources to sustain their lives. 

However, the amount of waste generated because of the 

pressure exerted on nature and the consumption of 

natural resources is often overlooked. The total impact 

on the environment resulting from these production and 

consumption activities is expressed by the Ecological 

Footprint (Tosunoğlu, 2014). Developed by Wackrenagel 

and Reel (1996) to measure the damage humans inflict 

on nature, the Ecological Footprint concept is used as a 

prominent tool to measure the total productive area that 

individuals or societies can recover from nature by 

consuming resources and consequently producing waste 

(Kılınç, 2021). Various determinants exist for measuring 

environmental degradation. However, while carbon 

emissions were generally used in previous studies, the 

ecological footprint indicator has recently begun to be 

used instead due to its broader and more comprehensive 

nature. Factors such as agriculture, fishing, and forestry 

constitute the main elements of the ecological footprint 

(Kapçak, 2024). 

Environmental protection expenditures refer to financial 

spending aimed at preventing or eliminating 

environmental pollution arising from production 

processes or the consumption of goods and services 

(Broniewicz, 2011). Implemented to support sustainable 

development policies, environmental protection 

expenditures represent the use of financial resources 

allocated to ensure the sustainability of natural resources 

and improve environmental quality. In this context, 

environmental protection expenditures encompass 

various practices financed by public and private 

institutions. Environmental protection expenditures 

include direct and indirect expenditures. Investments in 

renewable energy sources, securing forest areas, and 

projects preventing environmental degradation are 

considered direct expenditures, while financial measures 

aimed at reducing environmental pollution, such as 

incentives and taxation, are considered indirect 

expenditures (Söğüt, 2024). The main objectives of public 

environmental protection expenditures are to support 

the sustainable or efficient use of natural resources and 

to ensure environmental protection. Furthermore, these 

expenditures have both positive and negative effects on 

economic growth. On the one hand, in the short term, it 

positively affects economic recovery in terms of total 

government spending and causes growth, while on the 

other hand, it can negatively affect the economy by 

increasing the costs of some manufacturing sectors 

(Krajewski, 2016). 

Sustainable development was first brought to the 

international agenda in 1987 by the United Nations 

World Commission on Environment and Development 

with the report known as the Brundtland Report, entitled 

"Our Common Future" (Berigel and Eroğlu, 2025). This 

concept, which has become widely used in recent years 

alongside the concept of the environment, is defined as 

meeting our present needs by efficiently using resources 

without harming the needs of future generations (Glasby, 

2002). In today's world, the understanding of 

sustainability is central to almost all modern societies. 

Accordingly, states, social structures, and individuals are 

guided by the fundamental principles of sustainability, 

considering long-term impacts. The concept of 

sustainability is examined through three complementary 

fundamental dimensions: environmental, economic, and 

social. Considering these dimensions together 

distinguishes sustainability from classical environmental 

policies, aiming for long-term balance (Bozoğlu and 

Ciğerim, 2022). The concept of Sustainable Development 

does not only address economic growth but also includes 

environmental and social dimensions. Therefore, 

measuring development solely by gross domestic 

product is insufficient, and environmental sustainability 

indicators are needed to address this inadequacy. In this 

context, the ecological footprint plays an important role 

in evaluating sustainability by measuring the impacts of 

human activities on nature, the use of biologically 

productive areas, and the area needed to dispose of 

waste generated from consumption (Özsoy and Dinç, 

2016). The Sustainable Development Goals, adopted by 

the United Nations General Assembly in 2015, aim to 

solve the major economic, social, and environmental 

problems facing humanity. The Sustainable Development 

Goals contain important objectives for the future of 

humanity. They cover many areas such as combating 

poverty, ensuring food security, equitable and inclusive 

education, gender equality, and employment (Coşkun, 

2024). Among the Sustainable Development Goals, SDG-7 

emphasizes the need for cheaper, cleaner, and more 

accessible energy. In this context, increasing energy 

efficiency and reducing carbon emissions by 2030 are 

among the main objectives (Zakari et al., 2022). Climate 

change is directly included as one of the fundamental 

issues within the scope of sustainable development goals 

due to its environmental, economic and social impacts. 

Worldwide, agriculture and land use account for 

approximately one-quarter of greenhouse gas emissions. 

Therefore, a significant reduction in greenhouse gas 

emissions in food systems is necessary to achieve the 

global warming target. In this context, achieving SDG-13 

requires the development of climate change adaptive and 

emission-reducing policies in food systems (Campbell et 

al. 2018).  

The main motivation of this study is to examine, within a 

holistic framework, the impact of fiscal and institutional 

policy instruments affecting environmental sustainability 
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in European Union countries on the ecological footprint. 

In the literature, environmental taxes, environmental 

protection expenditures, and sustainable development 

indicators are mostly considered separately; however, 

the effects of these variables on the ecological footprint 

produce variable results depending on country groups, 

periods, and methodologies. Therefore, this study aims to 

comparatively reveal the role of environmental policy 

instruments in reducing ecological pressure by 

evaluating environmental taxes, the sustainable 

development index, and environmental protection 

expenditures within the same model. Given the leading 

position of European Union countries in environmental 

policies, the findings obtained from these countries 

provide a meaningful basis for evaluating both the 

effectiveness of environmental fiscal policies and the 

importance of policy design aligned with sustainable 

development goals. In this respect, the study aims to 

provide empirical evidence for ecological footprint-based 

environmental sustainability discussions and to 

contribute to the development of more targeted 

environmental policies for policymakers. 

1.1. Literature Review 

This section examines empirical studies investigating the 

relationship between ecological footprint and 

environmental taxes, environmental protection 

expenditures, and sustainable development indicators. 

To facilitate a more systematic evaluation of the 

literature, studies have been classified along three main 

axes. First, research examining the relationship between 

environmental taxes and ecological footprint; second, 

studies addressing the impact of environmental 

protection expenditures on environmental quality and 

ecological footprint; and finally, studies evaluating the 

relationship between sustainable development indicators 

and ecological footprint. This classification, consistent 

with the variable nature of the study, allows for a 

comparative assessment of the existing findings. 

Table 1 examines studies on environmental taxes and 

ecological footprint. Therefore, it is understood that no 

common clear conclusion has been reached regarding the 

impact of environmental taxes on ecological footprint. 

Rafique et al. (2022), Javed et al. (2023), Chen et al. 

(2022), and Kartal (2024) reveal that environmental 

taxes have a direct or indirect mitigating effect on 

ecological footprint. In contrast, Bişgin (2025) and 

Teletar and Birinci (2022) state that there is no 

relationship between the two variables. The results 

indicate that the impact of environmental taxes can vary 

depending on country conditions or developed policies. 

Table 2 presents studies on Environmental Protection 

Expenditures and Ecological Footprint. The literature 

shows differing results regarding the impact of 

environmental protection expenditures on ecological 

footprint. While Çağlar and Yavuz (2023) state that 

environmental protection expenditures do not affect 

environmental quality, Barrell et al. (2021) reveal that 

these expenditures effectively improve environmental 

quality. Some other studies (Murshed et al., 2021; Fang et 

al., 2023; Yılmaz, 2025) indicate that increased 

environmental expenditures have a negative impact on 

environmental effects. 

 

Table 1. Environmental taxes and ecological footprint 

Author Country Period Method Result 

Rafique et al. 

(2022) 
OECD 1996-2016 ARDL 

There is a negative relationship 

between environmental taxes and 

ecological footprint in both the long 

and short term. 

Kartal (2024) EU5 1995-2021 Quantile 

The study shows that environmental 

taxes have a non-linear effect on 

ecological footprint. 

Bişgin (2025) Türkiye 1994-2022 
Fourier 

cointegration 

Study have shown no correlation 

between ecological footprint and 

environmental taxes. 

Javed et al. (2023) Italy 1994-2019 DYARDL, ARDL 

Environmental taxes, renewable 

energy, and technological innovation 

together have a mitigating effect on 

the ecological footprint. 

Chen et al. (2022) 
OECD and 

non-OECD 
1990-2015 CS-ARDL 

Environmental taxes indirectly 

reduce the ecological footprint. 

Teletar and Birinci 

(2022) 
Türkiye 1994-2019 

Nonlinear time 

series analysis 

Environmental taxes have no long-

term impact on ecological footprint 

and CO2 emissions. 
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Table 2. Environmental protection expenditures and ecological footprint 

Author Country Period Method Result 

Çağlar and Yavuz 

(2023) 
EU Countries 1995-2018 CS-ARDL 

Environmental protection 

expenditures have no impact on 

environmental quality. 

Barrell et al. 

(2021) 
EU Countries 2005-2015 

data envelopment 

analysis methodology 

Environmental expenditures are 

not effectively improving 

environmental quality. 

Murshed et al. 

(2021) 

South Asia 

Countries 
1990-2014 

CD, panel 

cointegration and 

regression analysis 

considering slope 

heterogeneity and 

structural breaks. 

Environmental regulations reduce 

the ecological footprint in the long 

term. 

Yılmaz (2025) 
117 

Countries 
2000-2003 Panel data set 

As environmental spending 

increases, greenhouse gas 

emissions decrease. 

Fang et al. (2023) China 2010-2019 
Spatial Durbin Model 

(SDM) 

Environmental expenditures 

reduce environmental impacts. 

 

Table 3. Sustainable development index and ecological footprint 

Author Country Period Method Result 

Li et al. (2022) China 2006-2018 Panel data analysis It varies by region 

Shut’ko et al. 

(2020) 
Kuzbass (Russia) 2013-2017 Decoupling analysis 

As sustainable development 

increases, the ecological 

footprint decreases 

Ahmed et al. 

(2022) 
G7 Countries 1985-2017 Granger causality test 

As SDG increases, the 

ecological footprint decreases 

Moran et al. 

(2008) 
Multinational 1995-2003 

Inter-country 

comparative analysis 

Increasing SDG does not 

always reduce the ecological 

footprint 

 

Table 3 discusses studies on the relationship between the 

Sustainable Development Index and the Ecological 

Footprint. The studies generally suggest that the 

Sustainable Development Index has a mitigating effect on 

the ecological footprint. Shut’ko et al. (2020) and Ahmed 

et al. (2022) stated that an increase in the sustainability 

level of countries reduces environmental degradation. Li 

et al. (2022) explained that this can vary from region to 

region. Moran et al. (2008) stated that an increase in 

sustainable development does not always have a 

mitigating effect on the ecological footprint. Therefore, 

these differing results indicate that sustainable 

development can vary depending on the policies 

implemented by countries or the specific conditions of 

those countries. 

A careful examination of the existing literature reveals 

not only mixed empirical findings but also several 

important research gaps. First, most studies investigate 

environmental taxes, environmental protection 

expenditures, or sustainable development indicators 

separately, implicitly assuming that these policy 

instruments operate independently. However, from a 

theoretical perspective, environmental sustainability 

outcomes are shaped by the interaction of fiscal 

instruments, public environmental investments, and 

broader sustainable development policies. Therefore, 

analyzing these factors in isolation may provide only a 

partial understanding of the determinants of ecological 

pressure. Second, empirical studies simultaneously 

incorporating environmental taxes, environmental 

protection expenditures, and sustainable development 

performance within a unified analytical framework 

remain highly limited. As a result, the relative 

effectiveness of these policy instruments in reducing 

ecological footprint is still not fully understood. Third, 

despite the European Union being one of the world's 

leading regions in implementing environmental taxation, 

sustainability strategies, and environmental protection 

programs, evidence evaluating the combined 

effectiveness of these instruments remains scarce. This 

study addresses these theoretical, empirical, and 

contextual gaps by examining the impacts of 

environmental taxes, environmental protection 

expenditures, and the Sustainable Development Index on 

ecological footprint within a single model for European 

Union countries. In doing so, it provides a more 

comprehensive framework for understanding how 

different environmental policy instruments jointly 

influence ecological sustainability outcomes. 
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2. Materials and Methods 
2.1. Data Set and Variables 

The dataset used in this study was designed to allow for 

the assessment of the relationship between ecological 

footprint and environmental policy instruments and the 

level of sustainable development. The selection of 

ecological footprint as the dependent variable offers the 

opportunity to evaluate environmental degradation not 

only through carbon emissions but also within a broader 

framework encompassing the use of natural resources 

and the pressure on biological capacity. The selection of 

environmental taxes, the sustainable development index, 

and environmental protection expenditures as 

explanatory variables reflects the study's aim to analyze 

environmental policy capacity, sustainable development 

performance, and publicly funded environmental 

protection efforts together. Through these variables, the 

study aims to comparatively examine the impact of 

environmental fiscal instruments, the level of 

development, and environmentally focused expenditures 

on the ecological footprint.The sample covers 24 

European Union member states over the period 1995-

2021. Although the European Union currently consists of 

27 member countries, Czechia, Estonia, and Greece were 

excluded from the analysis due to incomplete 

observations for one or more variables throughout the 

study period. To ensure consistency and comparability 

across countries and years, a balanced panel dataset was 

employed. The study period was determined by the 

availability of continuous and comparable data for all 

variables, particularly the Sustainable Development 

Index and Environmental Protection Expenditures. The 

year 1995 was selected as the starting point because it 

represents the earliest year for which the required data 

series could be jointly obtained for the majority of 

countries, while 2021 was chosen as the endpoint due to 

data availability constraints at the time of data collection. 

The selected period also enables the analysis to capture 

the long-term evolution of environmental taxation 

policies, environmental protection expenditures, and 

sustainable development performance within the 

European Union. 

2.2. Model 

This study analyzes the impact of environmental taxes, 

sustainable development levels, and environmental 

protection expenditures on ecological footprint using a 

panel data method. The panel data approach allows for 

the examination of differences between countries and 

changes over time within the same model by considering 

both cross-sectional and time dimensions. The basic 

model estimated in this study is as given in Equation 1: 
 

EFPit=αi+β1ETit+β2SDIit+β3EPEit+εit (1) 
 

In the model, EFP represents the ecological footprint, ET 

represents environmental taxes, SDI represents the 

sustainable development index, and EPE represents 

environmental protection expenditures. i represents the 

cross-sectional unit, t the time dimension, αi the unit 

effects, and εit the error term. 

2.3. Preliminary Analyses 

In the empirical analysis process, descriptive statistics 

were first examined to reveal the basic distribution 

characteristics of the variables. Then, the VIF test (Işık 

Taçyıldız, 2025) was applied to determine whether there 

was a multicollinearity problem among the independent 

variables. Low VIF values indicate that there is no 

multicollinearity among the independent variables that 

would distort the estimation results. 

2.4. Cross-Sectional Dependence and Unit Root Test 

In panel data analysis, the presence of cross-sectional 

dependence indicates that countries are affected by 

common shocks or reciprocal interactions. Therefore, in 

this study, cross-sectional dependence was tested using 

LM, adjusted LM, LM CD, and variable-based Pesaran et 

al. (2008) CD tests. Considering cross-sectional 

dependence is important for determining the unit root 

and estimation methods to be used. 

The stationarity properties of the series were analyzed 

using the Fisher-ADF panel unit root test. In this test, the 

null hypothesis is that the series contains a unit root (Lee 

and Chang, 2008). Thus, it was determined whether the 

variables were stationary at their level values, and the 

aim was to reduce the risk of spurious regression in the 

estimation process. 

 

Table 4. Variable definitions and data sources 

Variables 
Symbol Description / Measurement Expected 

Impact 

Data Source 

Ecological 

Footprint 
EFP 

Ecological footprint per capita 

in global hectares 

Dependent 

Variable 
Global Footprint Network 

Environmental 

Taxes 
ET 

Environmental taxes / Share of 

GDP 
± OECD 

Sustainable 

Development 

Index 

SDI 
Index indicating the level of 

sustainable development 
− SDI Database 

Environmental 

Protection 

Expenditures 

EPE 
Environmental protection 

expenditures / Share of GDP 
− IMF 
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2.5. Panel Model Selection 

To determine the appropriate structure of the panel 

model, F-tests and LR-tests were applied for unit and 

time effects. These tests indicate whether panel models 

that consider unit and/or time effects are necessary 

instead of the classical pooled model. The Hausman test 

was used to choose between fixed effects and random 

effects models. In the Hausman test, the null hypothesis 

is that the random effects model is appropriate 

(Schreiber, 2008). 

2.6. Diagnostic Tests and Prediction Methods 

To identify problems related to the error structure of the 

model, heteroskedasticity and autocorrelation tests were 

applied. Since the presence of problems such as 

heteroskedasticity, autocorrelation, and cross-sectional 

dependence can reduce the reliability of standard errors 

obtained from classical estimators, robust estimation 

methods were used in the study. In this context, Park-

Kmenta FGLS and Beck-Katz PCSE estimators were used. 

The Park-Kmenta FGLS method takes into account 

heteroskedasticity, cross-sectional correlation, and 

panel-specific AR(1) autocorrelation structure. The Beck-

Katz PCSE estimator, on the other hand, produces panel-

corrected standard errors in the presence of inter-panel 

correlation and autocorrelation (Vancauteren and 

Weiserbs, 2011). 

2.7. Homogeneity and Causality Analysis 

To determine whether the slope coefficients are 

homogeneous among the cross-sectional units, the Delta 

homogeneity test was applied. This test is important for 

evaluating whether the relationships between variables 

differ among the countries comprising the panel 

(Qingxiang et al., 2008). Finally, to examine the dynamic 

directional relationships between the variables, the 

Dumitrescu-Hurlin panel Granger causality test was used. 

This test is preferred in panel data studies because it 

allows for heterogeneous causal relationships among the 

units comprising the panel (Magoti et al., 2020). 

 

3. Results  
This section presents preliminary analyses of the 

variables used in the study, cross-sectional dependence 

and unit root tests, panel model selection tests, 

diagnostic tests, estimation results, homogeneity, and 

causality findings, respectively. 

3.1. Preliminary Analysis Results 

Table 5 presents descriptive statistics for the variables. 

The fact that the number of observations for all variables 

is 648 indicates a balanced structure in the panel dataset. 

The mean value of the EFP variable is 5.638142, while 

the minimum and maximum values are 2.452750 and 

17.94167, respectively. This indicates that there are 

significant differences in ecological footprint between 

countries and periods in the sample. The mean value of 

the ET variable is 2.695377, and its standard deviation is 

0.729756. The fact that the SDI variable ranges between 

0.103 and 0.820 reveals that the level of sustainable 

development varies within the sample. The mean value of 

the EPE variable is 0.694783, showing that 

environmental protection expenditures differ across 

countries and years. 

Table 6 presents the VIF results calculated to evaluate 

the multicollinearity problem among the independent 

variables. According to the findings, the VIF value of the 

EPE and SDI variables is 1.01, and the VIF value of the ET 

variable is 1.00. The average VIF value of 1.01 indicates 

that there is no multicollinearity problem among the 

independent variables in the model. This result suggests 

that the coefficient estimates in the regression analysis 

are not severely distorted due to multicollinearity. 

 

Table 5. Descriptive statistics 

Variable Observation Mean Standart Deviation Minimum Maximum 

EFP 648 5.638142 2.444588 2.452750 17.94167 

ET 648 2.695377 0.729756 0.814310 5.356861 

SDI 648 0.574597 0.184262 0.103000 0.820000 

EPE 648 0.694783 0.362709 0.030294 1.914624 

 

Table 6. Results of the multicollinearity test 

Variable VIF 1/VIF 

EPE 1.01 0.987410 

SDI 1.01 0.990502 

ET 1.00 0.996375 

Mean VIF 1.01  

 

3.2. Cross-Sectional Dependence and Unit Root Test 

Results 

Table 7 presents the results of the cross-sectional 

dependence tests. First, the LM, corrected LM, and LMCD 

tests, applied to the error terms, yielded test statistics of 

546.900, 27.760, and 13.960, respectively. All p-values 

were found to be statistically significant at the 0.01 

significance level. This finding indicates that the null 

hypothesis of cross-sectional independence across the 

model is rejected, and that cross-sectional dependence 

exists among the units comprising the panel. 

Variable-based Pesaran CD test results similarly indicate 
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cross-sectional dependence. CD test statistics for the 

variables EFP, ET, SDI, and EPE were calculated as 

18.002, 7.165, 32.779, and 4.239, respectively; p-values 

were found to be 0.000 for all variables. 

Therefore, the null hypothesis of cross-sectional 

independence is rejected for each variable. This result 

shows that there is interdependence among the countries 

in the panel due to common shocks, economic-political 

interactions, or similarities in environmental policies. 

Therefore, the study needs to use second-generation 

panel data methods that take cross-sectional dependence 

into account. 

The Fisher-ADF panel unit root test results indicate that 

the variables are generally stationary at their level 

values. Since the null hypothesis of the test is the 

presence of a unit root, the significant test statistics 

indicate that the series are stationary. Although some 

statistics yielded different results for the SDI variable, the 

majority of the findings support level stationarity. 

Therefore, it was deemed appropriate to use the 

variables at their level values in the analysis. 

 

Table 7. Cross-sectional dependence test results 

Test / Variable Test Stat P-value Mean joint T Mean ρ Mean |ρ| 

LM 546.900 0.000 — — — 

LM adj* 27.760 0.000 — — — 

LM CD* 13.960 0.000 — — — 

EFP 18.002 0.000 27.00 0.21 0.42 

ET 7.165 0.000 27.00 0.08 0.38 

SDI 32.779 0.000 27.00 0.38 0.47 

EPE 4.239 0.000 27.00 0.05 0.38 

Note: In LM, LM adj*, and LM CD* tests, the null hypothesis is that there is no cross-sectional dependence. In variable-based CD tests, 

the null hypothesis is cross-sectional independence. * Indicates a two-sided test result. 

 

Table 8. Fisher-ADF panel unit root test results 

Variable 
Inverse chi-squared 

P 

Inverse normal Z Inverse logit t L* Modified inv. chi-

squared Pm 

Result 

EFP 67.3290** -1.6932** -1.7919** 1.9728** I(0) 

ET 83.8780*** -2.7043*** -2.8549*** 3.6618*** I(0) 

SDI 89.8766*** -0.4030 -1.5749* 4.2740*** I(0)* 

EPE 165.2419*** -5.3563*** -8.0474*** 11.9660*** I(0) 

Note: *, ** and *** indicate significance levels of 10%, 5% and 1%, respectively. 

 

3.3. Panel Model Selection and Diagnostic Test 

Results 

Table 9 presents the results of the F, LR, and Hausman 

tests regarding panel model selection. The F test results 

show that both unit effects and time effects are 

statistically significant. Similarly, the LR test results 

support the existence of both unit and time effects. These 

findings indicate that a model considering the panel data 

structure should be used instead of the classical pooled 

model. Since the null hypothesis could not be rejected in 

the Hausman test result, the test finding points to the 

suitability of the random effects model. However, due to 

the positive descriptiveness warning in the Hausman test 

output, the final model choice was evaluated together 

with other diagnostic tests. 

Table 10 presents the diagnostic test results regarding 

the model's error structure. All p-values being 0.0000 in 

the heteroskedasticity tests indicates that the constant 

variance assumption is rejected and that the model has a 

heteroskedasticity problem. Furthermore, the Modified 

Bhargava et al. Durbin-Watson and Baltagi-Wu LBI 

statistics remaining well below 2 suggest the presence of 

positive autocorrelation in the error terms. These 

findings necessitate the use of estimation methods 

resistant to heteroskedasticity and autocorrelation in the 

final estimation phase. 

3.4. Estimation Results 

Table 11 presents the Park-Kmenta FGLS estimation 

results. According to the estimation results, the effect of 

the ET variable on EFP is positive and statistically 

significant at the 1% level. In contrast, the effects of the 

SDI and EPE variables on EFP were found to be negative 

and statistically significant at the 1% level. These 

findings show that the independent variables have 

significant effects on EFP, even when considering 

heteroskedasticity, cross-sectional correlation and panel-

specific AR(1) autocorrelation structure. 

Table 12 presents the Beck-Katz PCSE estimation results. 

According to the findings, the effect of the ET variable on 

EFP is positive and statistically significant. In contrast, 

the effects of the SDI and EPE variables on EFP were 

found to be negative and statistically significant. These 

results show that the independent variables have 

significant effects on EFP, even when considering inter-

panel correlation and panel-specific AR(1) 

autocorrelation. 
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Table 9. Test results regarding panel model selection 

Test Impact/Model 

Preference 

Basic Hypothesis Test Stat P-value Decision 

F Test 
Unit impact / 

Crossid 

There are no unit 

effects. 
F(23, 621) = 152.25 0.0000 H₀ reject 

F Testi Time impact / Year 
There are no time 

effects. 
F(26, 618) = 1.83 0.0075 H₀ reject 

LR Testi 
Unit impact / 

Crossid 

There are no unit 

effects. 

chibar²(01) = 

1070.19 
0.000 H₀ reject 

LR Testi Time impact / Year 
There are no time 

effects. 
chibar²(01) = 4.51 0.017 H₀ reject 

Hausman 

Testi 

Fixed / Random 

Effect Preference 

The random effects 

model is suitable. 
χ²(3) = 0.09 0.9933 H₀ is not reject 

 

Table 10. Results of heteroskedasticity and autocorrelation tests 

Test Test Stat df p-value Result 

W0 10.5646776 df(23, 624) 0.0000 There is heteroskedasticity 

W50 8.6637627 df(23, 624) 0.0000 There is heteroskedasticity 

W10 10.3339813 df(23, 624) 0.0000 There is heteroskedasticity 

Modified Bhargava et al. 

Durbin-Watson 
0.528105 - - There is autocorrelation 

Baltagi-Wu LBI 0.67181072 - - There is autocorrelation 

 

Table 11. Park-Kmenta FGLS estimation results 

Variable Coefficient Std. Error z-stat 

ET 0.0745695*** 0.0112377 6.64 

SDI -5.008205*** 0.1342451 -37.31 

EPE -0.2503959*** 0.0214120 -11.69 

Sabit 8.181286*** 0.1139003 71.83 

Note: ***, ** and * indicate significance levels of 1%, 5% and 10%, respectively. 

 

Table 12. Beck-Katz PCSE forecast results 

Variable Coefficient Panel Corrected Std. Error z-stat 

ET 0.1695782** 0.077510 2.19 

SDI -5.328883*** 0.667499 -7.98 

EPE -0.3081812** 0.1360394 -2.27 

Sabit 8.135726*** 0.559235 14.55 

Note: ***, ** and * indicate significance levels of 1%, 5% and 10%, respectively. 

 

Table 13. Homogeneity test results 

Test Test Stat p-value Result 

Delta 20.963 0.000 Homogeneity is rejected. 

Corrected Delta 23.223 0.000 Homogeneity is rejected. 

 

3.5. Results on Homogeneity and Causality 

Table 13 presents the results of the homogeneity test. 

The p-values of 0.000 for both the Delta and corrected 

Delta test statistics indicate that the null hypothesis, 

which states that the slope coefficients are homogeneous, 

is rejected. This result suggests that the coefficients in the 

model may differ among the units comprising the panel. 

Therefore, it should be considered that the relationships 

between variables may show heterogeneity across 

countries. 

Table 14 presents the results of the Dumitrescu-Hurlin 

panel Granger causality test. The findings indicate a 

bidirectional causal relationship between ET and EFP, 

and between SDI and EFP. Regarding the relationship 

between EPE and EFP, a strong causality from EFP to EPE 

was detected, while the relationship from EPE to EFP was 

supported at the 10% significance level. Overall, the 

results reveal a dynamic interaction between ecological 

footprint and the explanatory variables included in the 

model. 

 

4. Discussion 
The findings show that environmental taxes, the level of 

sustainable development, and environmental protection 
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expenditures have statistically significant effects on the 

ecological footprint. The consistency of the signs and 

significance levels of the variables in both the Park-

Kmenta FGLS and Beck-Katz PCSE estimation results 

indicates that the findings remain valid under robust 

estimation methods. The positive effect of environmental 

taxes on the ecological footprint suggests that these 

taxes, in their current form, do not function as expected 

in reducing environmental pressure. 

This result shows that the mere implementation of 

environmental taxes is insufficient; the tax design, the 

way tax revenues are used, and the capacity to transform 

environmental behaviors are crucial. In this respect, the 

finding differs from studies such as Rafique et al. (2022), 

Javed et al. (2023), Chen et al. (2022), and Kartal (2024), 

which indicate that environmental taxes have mitigating 

effects on the ecological footprint. In contrast, it offers a 

framework more consistent with the findings highlighted 

by Bişgin (2025) and Telatar and Birinci (2022), which 

show that the impact of environmental taxes can vary 

depending on country conditions and policy design. 

 

Table 14. Dumitrescu-Hurlin panel causality test results 

Causality 

Aspect 
Lag W-bar Z-bar P-value Z-bar tilde P-value Result 

ET → EFP 7 14.7913 10.2012 0.0000 0.7762 0.4376 

It exists 

according to the 

Z-bar. 

EFP → ET 7 17.3292 13.5241 0.0000 1.4067 0.1595 

It exists 

according to the 

Z-bar. 

SDI → EFP 7 17.3780 13.5879 0.0000 1.4188 0.1560 

It exists 

according to the 

Z-bar. 

EFP → SDI 7 14.4161 9.7099 0.0000 0.6830 0.4946 

It exists 

according to the 

Z-bar. 

EPE → EFP 1 1.4902 1.6980 0.0895 1.1609 0.2457 

According to Z-

bar, it's at a level 

of 10%. 

EFP → EPE 7 10.6604 4.7926 0.0000 -0.2500 0.8026 

It exists 

according to the 

Z-bar. 

 

The negative impact of the sustainable development 

index on the ecological footprint indicates that 

improvements in sustainable development performance 

work to reduce environmental pressure. This result is 

consistent with Shut’ko et al. (2020) and Ahmed et al. 

(2022), who stated that an increase in the level of 

sustainable development can limit environmental 

degradation. However, considering the country and 

regional differences highlighted by Moran et al. (2008) 

and Li et al. (2022), it can be said that the effect of 

sustainable development in reducing the ecological 

footprint is not an automatic process; it is shaped by 

economic, institutional, and environmental policy 

capacity. The fact that environmental protection 

expenditures have a negative and significant coefficient 

reveals that these expenditures function as a tool for 

reducing the ecological footprint. This finding is 

consistent with Murshed et al. (2021), Fang et al. (2023), 

and Yılmaz (2025), who showed that environmental 

expenditures and regulations can reduce environmental 

pressure. This differs from the studies by Çağlar and 

Yavuz (2023) and Barrell et al. (2021), which indicate 

that environmental protection expenditures have limited 

or no effect on environmental quality. Overall, the 

findings show that in European Union countries, the key 

to reducing the ecological footprint is not only the 

availability of financial instruments, but also whether 

these instruments are designed in a way that is 

consistent with sustainable development goals, effective, 

and focused on environmental outcomes. 

 

5. Conclusion 
This study examines the impact of environmental taxes, 

sustainable development level, and environmental 

protection expenditures on ecological footprint in a 

sample of European Union countries for the period 1995-

2021 using panel data. Ecological footprint was used as 

the dependent variable, while environmental taxes, the 

sustainable development index, and environmental 

protection expenditures were used as explanatory 

variables. In the empirical analysis process, descriptive 

statistics and VIF results for the variables were evaluated 

first, followed by cross-sectional dependence, Fisher-ADF 

panel unit root test, panel model selection tests, 

heteroskedasticity, and autocorrelation tests. In the final 

estimation phase, Park-Kmenta FGLS and Beck-Katz PCSE 
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estimators were used; furthermore, the analysis was 

extended with the Delta homogeneity test and the 

Dumitrescu-Hurlin panel causality test. 

The findings show that environmental taxes, the level of 

sustainable development, and environmental protection 

expenditures have statistically significant effects on the 

ecological footprint. The Park-Kmenta FGLS and Beck-

Katz PCSE estimation results reveal that environmental 

taxes have a positive and significant effect on the 

ecological footprint. This finding indicates that 

environmental taxes, in their current form, are not 

sufficiently effective in reducing environmental pressure; 

on the contrary, they may not produce the expected 

environmental impact depending on their 

implementation, scope, or the use of the revenues. In 

contrast, the negative and significant coefficients for the 

sustainable development index and environmental 

protection expenditures show that improvements in 

sustainable development performance and 

environmental protection expenditures have a mitigating 

effect on the ecological footprint. The causality test 

results reveal dynamic relationships between the 

ecological footprint and environmental taxes, the level of 

sustainable development, and environmental protection 

expenditures. In light of these findings, environmental 

taxes in European Union countries need to be redesigned 

not only to generate public revenue but also to transform 

environmental behavior. Increasing tax rates alone may 

not be sufficient. The key is to structure the tax system in 

a way that deters polluting activities, encourages clean 

production technologies, and guides companies towards 

low-carbon production processes. Furthermore, instead 

of the revenue from environmental taxes being lost 

within the general budget, directing it towards areas 

such as environmental protection investments, 

renewable energy projects, energy efficiency practices, 

and green technology support will increase 

environmental effectiveness. 

Considering the ecological footprint reduction effect of 

environmental protection expenditures, both the 

quantity and the quality and scope of these expenditures 

are important. Public resources should be directed 

particularly to areas that produce direct environmental 

results, such as waste management, water and soil 

conservation, biodiversity conservation, clean energy 

infrastructure, and environmental restoration projects. 

To increase the effectiveness of expenditures, 

performance-based monitoring mechanisms should be 

developed, and the tangible impacts of expenditures on 

the ecological footprint should be regularly assessed. The 

ecological footprint reduction effect of the sustainable 

development index shows that environmental policies 

should not be limited solely to fiscal instruments. 

Economic growth, social welfare, and environmental 

protection goals should be considered together; 

sustainable development policies should be designed in 

an integrated manner with energy, industry, transport, 

agriculture, and urbanization policies. In this context, the 

green transition process in EU countries should be 

considered not only as an environmental policy but also 

as a development policy. 

In conclusion, the study shows that environmental 

protection expenditures and sustainable development 

performance play a significant role in reducing the 

ecological footprint in European Union countries, while 

the environmental effectiveness of environmental taxes 

depends on the tax design and revenue utilization 

method. Therefore, it is important for policymakers to 

restructure environmental fiscal instruments in a way 

that is consistent with sustainable development goals 

and results oriented. Further studies conducting more 

detailed analyses considering different country groups, 

sectoral indicators, or sub-components of environmental 

taxes could provide more comprehensive evidence on the 

effectiveness of environmental policy instruments. 
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