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Long-run effects of fiscal policies on environmental pollution 

Derya Tabiloğlu, Temel Gürdal 

A B S T R A C T 

Objective: This study aims to investigate the long-run effects of fiscal policy instruments, including environ-

mental taxes, environmental protection expenditures and renewable energy incentives on environmental pol-

lution, measured as ecological footprint, in a sample of European Union countries and Turkey using annual 

data for the period 1996-2018. 

Research Design & Methods: The conventional literature generally suggests that fiscal policy instruments can 

affect environmental pollution in the long run. To examine whether fiscal policy instruments will be effective 

on pollution in the long run, we employed both fully modified ordinary least squares (FMOLS) and dynamic 

ordinary least squares (DOLS) methods. 

Findings: The estimation results showed that renewable energy incentives are the most effective policy in-

strument to mitigate pollution. We also found that environmental taxes have negative and statistically signif-

icant effects on pollution. However, the relationship between environmental protection expenditures and 

pollution is not robust and changes with respect to the estimation method. 

Implications & Recommendations: The findings of this study indicate that fiscal policy instruments can reduce 

environmental pollution. In this vein, renewable energy incentives and environmental tax tools appear to be 

the most effective fiscal policy instruments. Therefore, policymakers can use fiscal policy instruments to deal 

with environmental pollution problems. 

Contribution & Value Added: Given the limited research on the combined effects of fiscal policy instruments, 

we aimed to contribute to the literature by employing FMOLS and DOLS estimation procedures. These meth-

ods allowed us to examine the long-run relationship between fiscal policy instruments and the ecological foot-

print. To examine the long-run relationship between fiscal policy instruments and ecological footprint, we 

prefer to employ FMOLS and DOLS methods which consider potential autocorrelation and some degree of 

heterogeneity. Therefore, we aimed to contribute to the literature by investigating the effectiveness of fiscal 

policy instruments on environmental pollution in our sample of countries. 
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INTRODUCTION 

Structural change, industrialization, urbanization and rapid population growth have led to a series of 
environmental problems such as global warming, climate change, and deterioration of air, soil and 

water quality. All these have contributed to the rapid rise in environmental pollution. Environmental 

problems are expected to be addressed through the joint participation of countries and the shared 

responsibility to deal with pollution. In this line, many countries contribute to the formation of envi-

ronmental laws and try to implement environment-friendly policies.  

United Nations member countries adopted Sustainable Development Goals in 2015 to reduce the 

environmental damage of economic activities. By 2030, it is planned to achieve the goals by adopting 
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objectives such as ensuring universal access to cheap, reliable, and modern energy services, increasing 

the share of renewable energy sources, encouraging investments in clean energy areas and incorporating 

climate change-related actions into national policies. In this vein, this article aims to examine whether 
fiscal policy instruments can serve to mitigate pollution to achieve the Sustainable Development Goals. 

Conventional wisdom maintains that fiscal policy aims to adjust public expenditures and reve-

nues to achieve macroeconomic and social objectives. In addition to these classical duties, the state 

also aims to produce solutions when the market is insufficient in justice, health, education, and en-

vironmental protection. In this context, fiscal policy in a broad framework may also involve the use 

of fiscal policy tools to achieve sustainability in resource allocation. In this context, environmentally 

compatible fiscal policies are considered to be an effective policy instrument in reducing environ-

mental pollution. For instance, government incentives for renewable energy investments can sup-

port clean energy production capacity and play a crucial role in achieving sustainable development 

goals. Moreover, economic activities with negative externalities can be internalized by selective tax-
ation policy. This can reduce environmental pollution by transforming producer and consumer be-

haviour patterns in favour of the environment. In this context, we may define fiscal policy for envi-

ronmental protection as a set of instruments implemented by the state to prevent environmental 

damage and contribute to environmental sustainability. 

Fiscal policy instruments, such as renewable energy incentives, environmental taxes, and 

environmental protection expenditures, play a significant role in reducing the ecological footprint. 

Renewable energy consumption is reduced primarily through the substitution effect. This substitution 

reduces carbon emissions, air pollution, and resource depletion, significantly mitigating environmental 

damage. Moreover, renewable energy consumption decreases reliance on non-renewable resources, 
further conserving resources and minimizing degradation caused by fossil fuel extraction. 

Environmental taxes reduce pollution by internalizing the social costs of polluting activities, 

incentivizing both producers and consumers to adopt more sustainable behaviours. By increasing the 

cost of polluting activities, these taxes promote energy efficiency and promote the use of renewable 

energy, reducing carbon emissions and environmental harm. Environmental protection expenditures 

involve direct government investments in projects that conserve natural resources, improve air and 

water quality, protect biodiversity, and manage waste. When effectively managed, these investments 

can significantly reduce pollution, although their success may depend on the efficient allocation of 

funds and the feasibility of environmental protection projects. 

These fiscal policy instruments align with the broader objective of fiscal policy to promote 
sustainability in resource allocation. As noted, fiscal policy is not only concerned with achieving 

macroeconomic goals but also with addressing market failures in areas such as health, education, and 

environmental protection. In this regard, environmentally compatible fiscal policies – such as renewable 

energy incentives, selective taxation, and government-funded environmental protection projects – serve 

as effective tools for reducing environmental pollution. By incentivizing clean energy production, 

internalizing negative externalities, and investing in sustainable environmental initiatives, fiscal policies 

contribute to achieving sustainable development goals and promoting environmental sustainability. 

In line with all these explanations, the main objective of this study was to examine whether 

environmental protection expenditures, environmental taxes and renewable energy incentives, which 

are among the fiscal policy instruments, have a reducing effect on environmental pollution. In analyzing 
the impact of these fiscal policy instruments on pollution, we also considered real income per capita, 

which is the main determinant of environmental pollution as stated by Grossman and Krueger (1995). 

We applied fully modified ordinary least squares (FMOLS) and dynamic ordinary least squares (DOLS) 

estimation methods for the sample of 21 European Union (EU) countries and Turkey during the 1996-

2018 period. We preferred these estimation methods because they consider potential autocorrelation 

and some degree of heterogeneity by incorporating leads and lags of first differenced regressors and 

provide the long-run impacts of fiscal policy instruments on ecological footprint. 

The empirical results show that the most effective fiscal policy instrument to reduce pollution 

is renewable energy incentives. Moreover, environmental taxes also have negative and significant 

effects on pollution. However, the relationship between environmental protection expenditures 
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and pol-lution is statistically positive and significant according to the DOLS estimation method while 

it is negative and statistically insignificant according to the FMOLS estimation method. In this 

context, it is possible to say that environmental protection expenditures are the least effective fiscal 
policy instrument to reduce environmental pollution. 

The remainder of the article is organized as follows: The next section will present a brief overview 

of the recent studies in environmental economics. Then, we will report the methodology, data set, and 

definition of variables. We will present the empirical results derived from the DOLS and FMOLS 

methods in the findings section. Finally, this study concludes with a discussion of the results and policy 

recommendations for encouraging the adoption of environmentally friendly fiscal policies. 

LITERATURE REVIEW AND HYPOTHESES DEVELOPMENT 

Grossman and Krueger (1995) explored the relationship between environmental pollution and economic 

growth and made a pioneering contribution to the environmental economics literature. Their empirical 

findings show that there is an inverted-U relationship between pollution and per capita income. 
Accordingly, pollution first increases with income, then reaches a maximum level and then decreases. In 

the literature, this relationship is represented by the Environmental Kuznets Curve (EKC). ‘Scale effect, 

structural (composition) effect, and technological effect’ arguments serve to explain the inverted-U 

relationship. The scale effect refers to the increase in production leading to negative effects on the 

environment (Grossman & Krueger, 1991). The structural (composition) effect refers to the pollution-

reducing effect of the structural change with the shift from manufacturing to the services sector. The 

technical effect refers to the reduction in pollution by the use of environmentally friendly technologies 

in the production process. Therefore, the scale effect argument serves to explain the positively sloped 

EKC, while the structural and technical effect arguments explain the negatively sloped part of EKC. 
Following the study by Grossman and Krueger (1995), the literature often examines the validity of 

EKC for different countries and periods. However, there is no consensus on the validity of EKC in the 

literature. For example, some studies argue that an inverted-U relationship is valid (Dinda, 2004; Hilton 

& Levinson, 1998; Stern et al., 1996), while some studies show that there is an N-shaped (Torras & Boyce, 

1998; Moomaw & Unruh, 1997), while the others find that a reverse-J-shaped (Selden & Song, 1994) 

relationships. According to some studies, environmental pollution is positively related to economic 

growth (Barra & Zotti, 2018; Şentürk et al., 2020; Taşdemir, 2022a). Furthermore, the results by Stern 

(2004) suggest that there is no statistically significant association between pollution and income.  

In addition to the argument that real income per capita is the main driver of pollution, 

environmental economics literature also indicates that literacy rate, civil liberties, political rights (Torras 
& Boyce, 1998), labour/capital ratio (He & Wang, 2012), population density, returns to scale, the share 

of industry (as a per cent of income), and governance (Apergis & Öztürk, 2015) are important variables 

to explain pollution. Moreover, scholars also consider the following factors important: energy 

consumption, foreign direct investment and urbanization (Shahbaz et al., 2019), renewable energy 

consumption (Zhang & Cheng, 2009; Bloch et al., 2012; Soytas et al., 2007; Shahbaz et al., 2011), sectors’ 

share in income (Taşdemir, 2022b), foreign direct investment (Cole, 2004), renewable energy 

consumption (Apergis et al., 2010; Bento & Moutinho, 2016; Chen et al., 2019; Tiwari, 2011), 

environmental tax (Jeffrey & Perkins, 2015; Morley, 2012) and environmental protection expenditures 

(Bostan et al., 2016; Huang, 2018). Since the environment is a global public good, it is emphasized that 

public policies are necessary to solve the environmental externalities caused by pollution. In this 
context, the literature states fiscal policy can play an effective role in reducing environmental pollution. 

Studies examining the relationship between environmental pollution and environmental policies 

more specifically indicate that fiscal policy instruments such as taxes, incentives, and public expenditures 

will have an impact on pollution. Theoretical model results by Gupta and Barman (2009) indicate that 

fiscal policies play a significant role in reducing environmental pollution. Morley (2012) concludes that 

environmental taxes negatively affect greenhouse gas emissions by using the generalised method of 

moments (GMM) method for EU countries and Norway during the 1995-2016 period. López and Palacios 

(2014) found that public expenditure composition and energy taxes significantly improve air quality in 12 
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European countries. The study by Jeffrey and Perkins (2015) reveals that there is a negatively significant 

relationship between energy taxes and total carbon emissions by using the panel data for 27 EU countries 

during the 1996-2009 period. Kartal (2024) analyzes the effects of disaggregated and aggregated 
environmental taxes on the ecological footprint in EU5 countries from 1995-Q1 to 2021-Q4 using a 

nonlinear quartile estimation method. The study found that energy taxes are effective only in Germany 

and Italy, while there is no significant impact of transportation taxes on pollution. The results by Rafique 

et al. (2022) suggest that environmental taxes reduce the ecological footprint in the long run. Telatar and 

Birinci (2022) employed nonlinear regression analysis for Turkey during the 1994-2019 period and found 

that there was no significant impact of environmental taxes on ecological footprint. The empirical results 

by Postula and Radecka-Moroz (2020) suggest that environmental taxes lead to a faster and more 

effective decline in pollution in the long run.  

Among the studies investigating the relationship between environmental pollution and 

environmental protection expenditures, Bostan et al. (2016) using data for Switzerland, Turkey, and 
18 EU countries for the period 1995-2013, conclude that environmental protection expenditures 

lead to a reduction in air pollution. Similarly, using panel data for China during the 2008-2013 

period, Huang (2018) found that environmental protection expenditures reduce environmental 

pollution. Akdağ et al. (2024) found that environmental protection expenditures are nearly twice 

as effective as environmental taxes in reducing greenhouse gas emissions in 26 EU countries during 

the 1995-2019 period by using system GMM method. However, the studies by Moshiri and 

Daneshmand (2020) and Ma et al. (2023) suggest that environmental protection expenditures are 

not significantly effective in reducing environmental pollution. 

Studies on renewable energy consumption (REC) examine the effect on carbon dioxide 
emissions. For example, Tiwari (2011) reports that REC decreases carbon dioxide emissions. In a 

similar vein, Bento and Moutinho (2016) found that REC reduces carbon dioxide emissions in Italy. 

The results by Chen et al. (2019) suggest that REC reduces carbon emissions in the long run. On the 

other hand, Apergis et al. (2010) found that REC does not have a mitigating effect on carbon dioxide 

emissions. Usman et al. (2021) report that REC tends to reduce ecological footprint. Similarly, Wang 

et al. (2024) analyzed the impact of renewable energy on the ecological footprint in 14 developing 

EU economies between 1995 and 2020 by using augmented mean group and common correlated 

effect mean group methods, finding that renewable energy mitigates environmental degradation 

and enhances sustainability. According to the results by Bozatlı and Akça (2023) and Ali and 

Kirikkaleli (2024), environmental taxes and REC reduce the ecological footprint. However, Appiah 
et al. (2023) found that REC increases the ecological footprint, suggesting that in some countries, 

renewable energy policies may be insufficient or implemented alongside fossil fuel consumption, 

limiting the expected environmental benefits. 

The literature often investigates the individual effects of fiscal policy instruments on environmental 

pollution excluding the studies by Postula and Radecka-Moroz (2020), Zahra et al. (2022) and 

Villanthenkodath et al. (2024). Postula and Radecka-Moroz (2020) remark that the most effective 

solution for environmental pollution is the employment of mixed fiscal policy instruments. Zahra et al. 

(2022) found that tax revenues and social expenditures mitigate pollution while Villanthenkodath et 

al. (2024) report that fiscal policy instruments are ineffective on pollution. The research gap identified 

in the cited literature suggests a limited number of studies examining the joint effect of fiscal policy 
instruments on environmental pollution. We consider environmental protection expenditures, 

environmental taxes and renewable energy incentives as fiscal policy instruments. Our measure of 

environmental pollution is ecological footprint, a comprehensive indicator that quantifies the total 

environmental impact of human activities, including carbon emissions, land use, water consumption, 

and resource depletion. Thus, given there are limited studies in the literature on the joint effects of 

fiscal policy instruments, we aimed to contribute by examining their effectiveness in reducing 

ecological footprint. Considering the policy changes will be effective in the long run, this article 

investigates the effects of fiscal policy instruments on ecological footprint by employing FMOLS and 

DOLS estimation procedures which allowed us to investigate the long-run relationship between our 

variables of interest. These estimation methods also consider potential autocorrelation and some 
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degree of heterogeneity by including leads and lags of first-differenced regressors as briefly explained 

by Kao and Chiang (2000), Saikkonen (1991), and Stock and Watson (1993).  

In this study, we considered the following research hypotheses: 

H1: There is a negative relationship between renewable energy incentives and environmental 

pollution. 

Renewable energy sources are expected to significantly lower environmental pollution as 

compared to fossil fuels. These energy types include biomass, hydroelectric, solar, wind, and 

geothermal energy sources. The literature often finds that renewable energy lowers environmental 

pollution by decreasing carbon emissions. Renewable energy incentives promote the use of renewable 

energy sources, enabling them to replace fossil fuels, thereby reducing the pressure on the 

environment. This hypothesis is based on the assumption that investments and incentives in 

renewable energy are expected to be effective in reducing environmental pollution. These will 

accelerate the adoption of clean energy technologies in the energy sector, thus helping to reduce the 
ecological footprint. 

H2: There is a negative relationship between environmental taxes and environmental pollution. 

Environmental taxes are fiscal instruments used to reduce pollution. These taxes aim to encourage 

producers and consumers to adopt more environmentally friendly behaviours by increasing the cost 

of polluting activities. Based on Pigou’s theory of externalities, environmental taxes serve to internalize 

the social costs of pollution. Increasing tax rates raises the cost of polluting activities, thus encouraging 

avoidance of such behaviours. The literature often maintains that environmental taxes are effective in 

reducing carbon emissions and other environmental damages. These taxes will serve as an effective 

tool to increase energy efficiency, promote the use of renewable energy, and foster a more 
environmentally conscious model of production and consumption. 

H3: There is a negative relationship between environmental protection expenditures and 

environmental pollution. 

Environmental protection expenditures include direct investments by governments to protect the 

environment and reach sustainable development goals. These expenditures can be directed towards 

areas such as the preservation of natural resources, improvement of air and water quality, biodiversity 

protection, and waste management. Although the effectiveness of environmental protection 

expenditures in reducing environmental pollution is debated in the literature, there is evidence that 

these expenditures play a significant role in reducing pollution when managed effectively. However, 

the effectiveness of these expenditures may vary depending on how governments utilize these funds 
and the feasibility of implementing environmental protection projects. 

RESEARCH METHODOLOGY 

Data and Variables 

The main goal of this study was to empirically examine whether fiscal policy instruments are effective 

in reducing environmental pollution in a sample of 21 EU1( Germany, Austria, Croatia, Belgium, Greece, 

Denmark, Luxembourg, Estonia, Czechia, France, Netherlands, Italy, Latvia, Lithuania, Poland, 

Romania, Portugal, Slovakia, Slovenia, Spain, Sweden) countries and Turkey using annual data for the 

1996-2018 period. For this purpose, we constructed the following regression model:2  

log(EF)�	 = α� + α�log(GDPpc)�	 + α�EPE�	 + α�ET�	 + α�REC�	 + u�	 (1) 

In equation (1), sub-indices i and t represent countries and years, respectively. The log(EF) is the 
logarithm of the ecological footprint (in global hectares), log(GDPpc) is the logarithm of real GDP per 

capita, EPE is the share of environmental protection expenditures in income, ET is the share of total 

 
1 We were unable to include Bulgaria, Cyprus, Finland, Hungary, Ireland and Malta because of the data unavailability. 
2 We also consider the square term of log(GDPpc) to investigate the validity of EKC. We appreciate the anonymous referees 
for highlighting this important point. Our preliminary results suggest that the square term of log(GDPpc) is statistically insig-

nificant. We did not report the results to save the space but available on request. 
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environmental taxes in income, and REC is the share of renewable energy consumption in total energy 

consumption. We maintained that REC can serve as a proxy for public incentives,3 as the indirect 

promotion of renewable energy through government fiscal policies may reduce pollution. In this vein, 
we suggest that the pollution-reducing effect of REC may prompt fiscal authorities to consider public 

incentives to increase renewable energy use. Table 1 gives the main data sources for the variables. 

Table 1. Definition of variables and data sources 

Abbreviation Variable Data source 

Log(EF) Global ecological footprint in hectare (in log.) Global Footprint Network 

Log(GDPpc) Real income per capita (in log.) 
World Bank, World Development 

Indicators 

EPE 
Environmental protection expenditures  

(as a per cent of income) 
International Monetary Fund (IMF) 

ET The share of environmental taxes as a per cent of income Eurostat 

REC 
The share of renewable energy consumption as a percent 

of total energy consumption 

World Bank,  

World Development Indicators 
Source: own study. 

Table 2. Basic descriptive statistics 

Statistics �og(EF) ���(GDPpc) EPE ET REC 

Mean 5.678 10.086 16.214 2.653 7.20 

Median 5.330 10.072 13.484 2.510 6.80 

Maximum 17.778 11.626 52.892 5.300 18.83 

Minimum 2.346 8.471 1.148 0.860 0.30 

St. Deviation 2.364 0.716 11.159 0.703 3.40 
Note. Abbreviations for variables: log(EF): natural logarithm of ecological footprint, log(GDPpc): natural log. of real income 
per capita, EPE: environmental protection expenditure, ET: environmental taxes, REC: renewable energy consumption. 

Source: own study. 

Table 2 presents descriptive statistics for our variables. The mean value of the ecological footprint 

was 5.68. The average real income per capita was 10.09. The share of REC in total energy consumption 

was 7.2. The average environmental tax (share of income) was 2.65. The minimum and maximum 
values of environmental tax may imply that some countries impose relatively high tax rates. The mean 

value of environmental protection expenditure was 16.21. The standard deviation of environmental 

protection expenditure was much higher than the rest of the variables. This may be related to an 

argument that environmental taxes as compared to environmental protection expenditure are a more 

common policy instrument to mitigate pollution.4 

RESULTS AND DISCUSSION 

To investigate the long-run effect of fiscal policy instruments on ecological footprint, we first 

investigated the stationary degrees of the variables. In this vein, we employed Levin, Lin, and Chu 

(LLC, 2002) and Im, Pesaran, and Shin (IPS, 2003) panel unit root tests. To employ panel unit root 

tests, we considered the following equation: 

∆Yit=α0+α1Yi,t-1+∑ αi∆Yi,t-1
m
i=1 +uit  (2) 

 
3 It is conventionally assumed that government interventions – such as subsidies, tax credits, and public investments – 

play a significant role in shaping renewable energy markets. These fiscal measures reduce the cost of renewable energy 
production and consumption, thereby incentivizing its adoption. Consequently, renewable energy consumption (REC) 

may, to some extent, reflect the impact of fiscal policies aimed at promoting cleaner energy sources. Moreover, we may 
consider REC an indirect outcome of energy policies or incentives. Unfortunately, data on renewable energy incentives 

are not available for most of the countries in our sample, which has led us to use REC as a proxy. We appreciate the 
anonymous referee for highlighting this important point. 
4 For detailed information on environmental taxes applied in EU countries, see: European Commission, 2017, 2021. 
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We also included the lagged dependent variable in equation (2) to tackle the potential 

autocorrelation. The LLC and IPS tests maintain these hypotheses: 

H0 : α1=0, Y variable is non-stationary. 
HA : α1<0, Y variable is stationary. 

Table 3 reports the unit root test results. According to the results, our variables appeared to be 

stationary in the first difference. 

Table 3. Unit root test 

Variables 
Levin, Lin, and Chu test results Im, Pesaran, and Shin test results 

Level 1st Difference Level 1st Difference 

log(GDPpc) 
-0.699 

[0.242] 

-6.357 

[0.00] 

2.078 

[0.981] 

-15.734 

[0.00] 

REC 
3.204 

[0.990] 

-11.635 

[0.00] 

4.646 

[0.778] 

-17.939 

[0.00] 

ET 
-0.173 

[0.431] 

-16.783 

[0.00] 

0.601 

[0.726] 

-15.660 

[0.00] 

log(EF) 
-1.013 

[0.156] 

-5.491 

[0.00] 

-1.074 

[0.142] 

-11.787 

[0.00] 

EPE 
1.011 

[0.844] 

-12.119 

[0.00] 

-1.708 

[0.143] 

-20.080 

[0.00] 
Note. Abbreviations for variables: log(GDPpc): natural log. of real income per capita, EPE: environmental protection 
expenditure, ET: environmental taxes, log(EF): natural log. of ecological footprint, REC: renewable energy consumption; 

Unit root test equations include a constant term and [.] denotes the p-value corresponding to the relevant test; The Akaike 
Information Criterion (AIC) is used to select the lagged value. 

Source: own study. 

To investigate the validity of the long-run relationship between our variables of interest, we utilized 

the panel cointegration test by Pedroni (1999). We used Pedroni cointegration test because it allows for 
testing whether cointegration is valid in a multiple regression model. Pedroni cointegration test includes 

seven different tests (Panel V, Panel rho, Panel PP, Panel ADF, Group rho, Group PP, Group ADF). 

Table 4. Panel cointegration test 

Pedroni panel cointegration results 

(Within-dimension= In-group approach) 

 t-statistic 

Panel v-Statistics 0.956 

Panel rho-Statistics -1.219* 

Panel PP-Statistic -5.660*** 

Panel ADF-Statistic -5.673*** 

(Between-dimension=Inter-group approach) 

Group rho-Statistics 0.819 

Group PP-Statistic -7.807*** 

Group ADF-Statistic -6.774*** 
Notes. ***, **, * indicate significance at the 1%, 5% and 10% levels, respectively. 

Source: own study. 

Table 4 shows the Pedroni cointegration test results. According to the cointegration test results, the 

Panel v-statistic in the within-group approach and the Group rho statistic in the between-group approach 

indicated that the null hypothesis stating that cointegration is not valid should not be rejected. The 

remaining cointegration test results (Panel rho, Panel PP, Panel PP, Panel ADF, Group PP, Group ADF) 
indicate that the null hypothesis should be rejected. Except for Panel v and Group rho statistics, the 

remaining five test statistics indicate that there was a cointegration. This implies that there was a long-

run rela-tionship between the variables included in the regression. Since our variables were stationary in 

first-order differences and cointegration is valid, we could employ FMOLS and DOLS estimation methods. 
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DOLS Estimation Results 

The DOLS method allows parameter estimation by considering potential autocorrelation and some 
degree of heterogeneity by including leads and lags of first-differenced regressors (Kao & Chiang, 2000; 

Saikkonen, 1991; Stock & Watson, 1993). Kao and Chiang (2000) argue that the DOLS estimation 

method is superior to the other panel cointegration methods. Pedroni (1999) states that the DOLS 

estimation method allows for consistent parameter estimates even if the sample size is small. 

Table 5. DOLS estimation results 

Variables Equation (1) 

log(GDPpcit) 
0.526*** 

(0.023) 

EPEit 
-0.034* 

(0.021) 

ETit 
-0.017* 

(0.009) 

RECit 
-0.017*** 

(0.001) 

R2 0.976 

LRV 0.003 

N 21 

NT 445 
Note. Abbreviations for variables: log(GDPpc): natural log. of real income per capita, EPE: environmental protection 
expenditure, ET: environmental taxes, REC: renewable energy consumption; LRV denotes long-run variance, N and NT 

represent, respectively, the number of countries and observations. (.) values denote the standard error. ***, ** and * 
denote 1%, 5% and 10% significance level, respectively. 

Source: own study. 

Table 5 shows the DOLS estimation results of equation (1). Accordingly, there was a positive 

and significant relationship between real income per capita (GDPpc) and pollution. The income 

elasticity of pollution was estimated at 0.5. This coefficient implies that an increase in real income 

per capita leads to an increase in pollution. This empirical result aligns with the scale effect 

argument proposed by Grossman and Krueger (1995). There was a negative and statistically 
significant relationship between environmental protection expenditure (EPE) and ecological 

footprint. This result is consistent with the empirical findings by Huang (2018) and Akdağ et al. 

(2024). Environmental taxes also tend to mitigate pollution. We also found that there was a 

negative and statistically significant relationship between renewable energy consumption (REC) 

and ecological footprint. This was in line with the results by Bento and Moutinho (2016), Chen et 

al. (2019), Usman et al. (2021), Wang et al. (2023) and Tiwari (2011). According to Table 5, real 

income per capita, environmental protection expenditure, environmental tax and REC are among 

the important determinants of pollution. Consistent with the findings by Gupta and Barman (2009), 

López and Palacios (2014) and Postula and Radecka-Moroz (2020), our empirical results suggest 

that fiscal policy instruments are effective in reducing ecological footprint. 
Table 6 shows the country-specific DOLS estimation results of Equation (1). The income elasticity 

of pollution was estimated at 0.526 in the whole sample. It was much higher in Austria, Italy, 

Netherlands, Slovakia, and Spain as compared to the other countries. However, the income elasticity 

of pollution was relatively lower in Denmark, Germany and Turkey. The results in Table 6 reveal that 

the income elasticity of pollution differed with respect to the countries in our sample. This may related 

to the argument that the adoption of environmentally sensitive production processes takes time. 
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Table 6. DOLS results of equation (1) by country 

Countries ���(� !"#) ET REC EPE 

Austria 
1.078*** 

(0.098) 

-0.079** 

(0.035) 

-0.012*** 

(0.002) 

0.101 

(0.105) 

Belgium 
0.184*** 

(0.013) 

-0.012 

(0.062) 

-0.035*** 

(0.007) 

0.156 

(0.099) 

Croatia 
0.491*** 

(0.105) 

-0.028 

(0.039) 

-0.015*** 

(0.002) 

-1.026*** 

(0.216) 

Czechia 
0.503** 

(0.218) 

0.033 

(0.078) 

-0.034*** 

(0.010) 

0.068 

(0.047) 

Denmark 
0.169*** 

(0.013) 

0.058 

(0.036) 

-0.006*** 

(0.001) 

0.112 

(0.173) 

Estonia 
0.192*** 

(0.036) 

0.125 

(0.129) 

-0.021 

(0.016) 

0.290 

(0.278) 

France 
0.226*** 

(0.022) 

-0.121 

(0.086) 

-0.019** 

(0.009) 

-0.336* 

(0.166) 

Germany 
0.161*** 

(0.028) 

-0.008 

(0.074) 

-0.011* 

(0.006) 

0.111 

(0.186) 

Greece 
0.272* 

(0.154) 

-0.149*** 

(0.045) 

0.006 

(0.010) 

-0.098 

(0.071) 

Italy 
1.733*** 

(0.426) 

0.030 

(0.050) 

-0.009** 

(0.003) 

-0.523** 

(0.157) 

Latvia 
0.447*** 

(0.127) 

0.002 

(0.063) 

0.006 

(0.011) 

0.178 

(0.154) 

Lithuania 
0.491*** 

(0.103) 

-0.036 

(0.034) 

-0.002 

(0.005) 

-0.052 

(0.054) 

Luxembourg 
0.195*** 

(0.020) 

0.172 

(0.098) 

0.002 

(0.011) 

0.030 

(0.189) 

Netherlands 
0.998*** 

(0.298) 

-0.008 

(0.158) 

-0.068*** 

(0.017) 

0.229 

(0.180) 

Poland 
0.177*** 

(0.011) 

-0.024 

(0.034) 

-0.020*** 

(0.006) 

0.123 

(0.087) 

Portugal 
0.231*** 

(0.020) 

-0.058* 

(0.031) 

-0.025*** 

(0.003) 

-0.181 

(0.179) 

Romania 
0.310* 

(0.170) 

-0.078* 

(0.046) 

-0.008 

(0.010) 

-0.209** 

(0.080) 

Slovakia 
1.026*** 

(0.230) 

-0.116 

(0.086) 

-0.050*** 

(0.015) 

0.195 

(0.114) 

Slovenia 
0.514*** 

(0.074) 

-0.048*** 

(0.016) 

-0.018*** 

(0.003) 

0.064 

(0.051) 

Spain 
0.630*** 

(0.095) 

-0.357** 

(0.099) 

-0.050*** 

(0.002) 

-0.912** 

(0.316) 

Sweden 
0.237*** 

(0.054) 

-0.157 

(0.147) 

-0.014** 

(0.006) 

0.606 

(0.453) 

Turkey 5 
0.076** 

(0.005) 

0.100 

(0.021) 

-0.032* 

(0.006) 

1.507** 

(0.092) 

Panel overview: 
0.526*** 

(0.023) 

-0.017* 

(0.009) 

-0.017*** 

(0.001) 

-0.034* 

(0.021) 

Note. Abbreviations for variables: log(GDPpc): natural log. of real income per capita, EPE: environmental protection 

expenditure, ET: environmental taxes, REC: renewable energy consumption; ***, ** and * denote 1%, 5% and 10% 

significance level, respectively. 

Source: own study. 

 
5 There are only 9 observations for Turkey. 
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We observed the pollution-reducing effect of environmental taxes in Austria, Greece, Portugal, 

Romania, Slovenia, and Spain. As indicated by the European Commission (2017), taxes in Austria 

(landfill tax, Vienna tree protection law), Portugal (charging for water resources, ecological fiscal 
transfers), Spain (landfill tax), Slovenia (private forest management), Romania (packaging fees and 

taxes) may have a reducing effect on the ecological footprint. The relationship between environmental 

taxes and pollution varies across countries because environmental taxes are often implemented for 

fiscal purposes rather than for pollution prevention. Moreover, the share of environmental taxes in 

both GDP and total tax revenues6 may imply that there is no consensus among EU countries on the 

harmonization of environmental taxes at a sufficient level. Therefore, environmental taxes may have 

a significant effect on pollution in some countries, while it is insignificant in some other countries. 

The pollution-reducing effect of renewable energy consumption seems to be held in most countries 

excluding Estonia, Greece, Latvia, Lithuania, Luxembourg and Romania. The ecological footprint-reducing 

effect of environmental protection expenditure is valid for Croatia, France, Italy, Spain and Romania. 
From Turkey’s perspective, it is local governments that mostly conduct environmental protection 

services. Conventionally, environmental protection expenditures are often considered a cost item and 

have a very low share of income. Therefore, local governments may not have sufficient and necessary 

financial resources to fulfil environmental protection activities. Because of these reasons, environmental 

protection expenditures may lead to an increase in pollution in Turkey.7 

FMOLS Estimation Results 

To investigate the long-run effect of fiscal policy instruments on pollution, we also employ a fully 

modified ordinary least squares (FMOLS) estimation method developed by Pedroni (2001) and 

Phillips and Hansen (1990). In a similar vein to DOLS, the FMOLS method considers autocorrelation 
and some degree of heterogeneity among our variables. Pedroni (2001) suggests that the FMOLS 

method provides super-consistent parameter estimation. 

Table 7. FMOLS estimation results 

Variables Equation (1) 

log(GDPpcit) 0.468*** 

(0.016) 

EPEit -0.008 

(0.013) 

ETit -0.027*** 

(0.007) 

RECit -0.017*** 

(0.001) 

R2 0.949 

LRV 0.003 

N 22 

NT 471 
Note. Abbreviations for variables: log(GDPpc): natural log. of real income per capita, EPE: environmental protection 

expenditure, ET: environmental taxes, REC: renewable energy consumption; LRV denotes long-run variance, N and NT 
represent, respectively, the number of countries and observations. (.) values denote the standard error. ***, ** and * 

denote 1%, 5% and 10% significance level, respectively. 

Source: own study. 

Table 7 presents FMOLS estimation results of Equation (1). According to Table 7, there is a positive 

and statistically significant relationship between real income per capita and ecological footprint. This 

empirical result aligns with the scale effect argument proposed by Grossman and Krueger (1995). 

 
6 In the EU, the share of environmental tax revenues in total tax revenues varies from country to country (4%-10%) but aver-

ages around 6.15% (Eurostat, 2022). 
7 The result obtained for Turkey should be evaluated by considering the fact that we conducted the analysis with only nine 

observations. 
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There is no statistically significant relationship between environmental protection expenditure and 

ecological footprint. Increasing environmental taxes results in a reduction in the ecological footprint.  

Table 8. FMOLS results of equation (1) by country 

Countries ���(� !"#) ET REC EPE 

Austria 1.179*** 

(0.132) 

-0.285* 

(0.153) 

-0.138 

(0.204) 

0.375 

(0.230) 

Belgium 0.208*** 

(0.009) 

-0.074** 

(0.035) 

-0.026*** 

(0.003) 

0.052 

(0.033) 

Croatia 0.737*** 

(0.068) 

-0.017 

(0.018) 

-0.021*** 

(0.002) 

-0.016 

(0.209) 

Czechia 0.540*** 

(0.089) 

0.084 

(0.095) 

-0.029*** 

(0.006) 

0.075 

(0.045) 

Denmark 0.533*** 

(0.161) 

-0.058* 

(0.029) 

-0.016*** 

(0.002) 

0.057 

(0.128) 

Estonia 0.210*** 

(0.027) 

0.053 

(0.090) 

-0.017 

(0.014) 

0.221 

(0.148) 

France 0.237*** 

(0.019) 

-0.154** 

(0.073) 

-0.015* 

(0.008) 

-0.449*** 

(0.144) 

Germany 0.152*** 

(0.028) 

0.015 

(0.068) 

-0.012** 

(0.005) 

0.172 

(0.209) 

Greece 0.233* 

(0.127) 

-0.107** 

(0.040) 

-0.015* 

(0.009) 

0.007 

(0.056) 

Italy 0.818*** 

(0.203) 

-0.086*** 

(0.029) 

-0.014*** 

(0.002) 

-0.080 

(0.120) 

Latvia 0.419** 

(0.160) 

-0.017 

(0.184) 

0.281 

(0.284) 

0.274 

(0.211) 

Lithuania 0.459*** 

(0.098) 

-0.065* 

(0.034) 

-0.004 

(0.004) 

-0.058 

(0.049) 

Luxembourg 0.398* 

(0.223) 

0.098 

(0.058) 

-0.005 

(0.004) 

-0.038 

(0.155) 

Netherlands 1.377*** 

(0.177) 

0.304 

(0.270) 

-0.403* 

(0.212) 

0.258 

(0.151) 

Poland 1.860*** 

(0.093) 

-1.449*** 

(0.149) 

-1.784*** 

(0.154) 

0.075 

(0.267) 

Portugal 0.178*** 

(0.022) 

0.030 

(0.031) 

-0.020*** 

(0.003) 

0.114 

(0.199) 

Romania 0.369** 

(0.155) 

-0.089** 

(0.041) 

-0.008 

(0.010) 

-0.278*** 

(0.074) 

Slovakia 0.908*** 

(0.195) 

-0.125 

(0.080) 

-0.049*** 

(0.013) 

0.070 

(0.093) 

Slovenia 0.942*** 

(0.149) 

-0.418* 

(0.213) 

0.005 

(0.110) 

-0.583** 

(0.226) 

Spain 0.544*** 

(0.072) 

0.041 

(0.041) 

-0.043*** 

(0.001) 

0.074 

(0.089) 

Sweden 0.225*** 

(0.055) 

-0.139 

(0.147) 

-0.012* 

(0.006) 

0.577 

(0.443) 

Turkey  0.081*** 

(0.009) 

0.040 

(0.024) 

-0.011* 

(0.005) 

1.173*** 

(0.141) 

Panel Overview: 0.468*** 

(0.016) 

-0.027*** 

(0.007) 

-0.017*** 

(0.001) 

-0.008 

(0.013) 

Note. Abbreviations for variables: log(GDPpc): natural log. of real income per capita, EPE: environmental protection 

expenditure, ET: environmental taxes, REC: renewable energy consumption; ***, ** and * denote 1%, 5% and 10% 

significance level, respectively. 

Source: own study. 
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Consistent with the results by Bento and Moutinho (2016), Chen et al. (2019), Tiwari (2011), and 

Rafique et al. (2022), our results suggest that a rise in REC reduces ecological footprint. 

Table 8 shows the FMOLS estimation results of Equation (1) with respect to the countries in our 
sample. According to the empirical results, the positive relationship between real income per capita 

and ecological footprint was much higher for Austria, the Netherlands, and Poland. Austria, Belgium, 

Denmark, France, Greece, Italy, Lithuania, Poland, Romania and Slovenia were the countries where 

environmental taxes led to a decrease in pollution. We found REC to be effective in reducing ecological 

footprint in Belgium, Denmark, Croatia, France, Czechia, Greece, Germany, Netherlands, Italy, 

Portugal, Poland, Slovakia, Sweden, Spain, and Turkey. The negative effect of environmental 

protection expenditures on ecological footprint was statistically significant in France, Romania and 

Slovenia, while this parameter was estimated as statistically insignificant across the panel. In Turkey8, 

an increase in environmental protection expenditure led to an increase in ecological footprint.  

CONCLUSIONS 

This article investigated whether fiscal policy instruments can solve environmental problems. These 

instruments may include environmental taxes, environmental protection expenditures, and 

renewable energy incentives. The conventionally used fiscal policy instrument in practice is 

environmental taxes. Environmental taxes serve to restrict, prevent, or reduce pollution-intensive 

economic activities. Renewable energy incentives may support clean energy production and enable 

producers to compete with firms using fossil fuels. Environmental protection expenditures may also 

serve to reduce environmental pollution. In this context, this article examines the long-run effects 

of fiscal policy instruments on the ecological footprint in our sample including 21 EU countries and 

Turkey during the annual sample of the 1996-2018 period. 
To study the long-run effects of fiscal policy instruments on ecological footprint, we prefer to 

use DOLS and FMOLS estimation methods. The empirical results show that the most effective fiscal 

policy instrument to mitigate the ecological footprint is renewable energy incentives. Both DOLS 

and FMOLS estimation results suggest that renewable energy consumption tends to reduce 

ecology-ical footprint. Renewable energy incentives appear as a pollution-reducing factor in almost 

all countries included in the analysis. To compete with cheap and polluting fossil fuels, renewable 

energy consumption needs to be supported by the government. A renewable energy incentive 

policy that prioritizes the employment of renewable energy is expected to contribute to the 

countries achieving their sustainable development goals.  

In addition to renewable energy incentives, we found that environmental taxes reduce pollution 
in most of the countries in our sample. However, environmental taxes may also serve other 

purposes than environmental protection. We suggest that revenues from environmental taxes 

could be directly used to address environmental problems. 

Environmental protection expenditures appear to be the least effective fiscal policy instrument. 

Although environmental protection expenditures have a small share in income, they are very 

important in dealing with environmental problems, protecting natural life and achieving sustainable 

development goals. Therefore, allocating more resources to environmental protection services will 

contribute to making it an effective policy instrument.  

Policy implications derived from these findings emphasize the necessity of a well-coordinated 

approach that integrates environmental taxation, renewable energy incentives, and strategic 
environmental expenditures to achieve sustainability goals effectively. Environmental taxes should be 

structured not only as revenue-generating instruments but also as mechanisms to incentivize cleaner 

production and innovation in green technologies, ensuring that tax revenues are reinvested into 

environmental projects. Similarly, increasing renewable energy incentives can accelerate the transition 

towards low-carbon energy systems, enhancing energy security while fostering technological 

advancements. Furthermore, environmental protection expenditures should be strategically allocated to 

 
8 This result require cautious evaluation because there were only nine observations for Turkey. 
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targeted, results-oriented pro-jects, such as green infrastructure, waste management, and R&D in clean 

technologies, to maximize their effectiveness in reducing pollution. Policymakers should also prioritize 

cultivating environmentally responsible behaviours to reinforce the long-term sustainability of policy 
interventions.  

A holistic and well-designed policy framework that aligns taxation, incentives, and expenditures 

can ensure that environmental policies mitigate ecological damage. By adopting such an approach, 

governments can balance the financial burden of environmental taxes with renewable energy 

incentives and direct the revenue generated from these taxes towards environmental protection 

expenditures. This strategic alignment and coordination will create a more effective policy 

framework not only for reducing environmental pollution but also for achieving sustainable 

development goals. Therefore, policymakers must plan and implement various fiscal policy tools in 

an integrated and strategic manner to enhance environmental policies’ effectiveness. 

Future studies should focus on using more recent data, exploring different pollution indicators, and 
examining the combined effects of fiscal policies through advanced econometric models to assess the 

effectiveness of environmental policies comprehensively. It would also be interesting for future studies 

which investigate the short- and long-run effects of fiscal policy instruments on environmental pollution 

by employing the autoregressive distributed lag (ARDL) model. Moreover, future studies may benefit 

from a comparative analysis across countries with varying levels of economic development and 

environmental regulations to better understand the heterogeneous impacts of fiscal policies on 

pollution. 
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