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Abstract

:

During the past decades, environmental related taxes, energy, and carbon taxes has been recommended by environmental scientists as a policy tool to mitigate pollutant emissions in developed and developing economies. Among developed nations, Denmark, Finland, Sweden, the Netherlands, and Norway were the first regions to adopt a tax on carbon dioxide (CO2) emissions and research into the impacts of carbon tax on carbon emissions bring significant implications. The prime objective and goal of this work is to explore the role of carbon tax reforms for environmental quality in European economies. This is probably the first study to conduct a comparative study in European context for carbon-tax implementation and non-implementation policies. To this end, the present study reports new conclusions and implications regarding the effectiveness of environmental regulations and policies for climate change and sustainability. In the present study, the authors exhaustively explore the impacts of the carbon-tax on the mitigation of CO2 emissions. Using the propensity score matching method, the results of the estimation of the different matching methods allow us to observe a positive and significant impact of the adoption of the carbon-tax on stimulating the reduction of carbon emissions.
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1. Introduction


Climate change is an undeniable fact today. Its damage to the state of the environment and to humanity has been considered the most serious problem causing environment changes worldwide. The emissions of CO2 remain the main factor in greenhouse gases (GHG) and the increase in its mass comes mainly from the harmful use of polluting (non-renewable) energies. According to the latest assessment report of the Intergovernmental Panel on Climate Change [1], the annual growth of CO2 emissions (fossil fuels, cement production, etc.) over the period 2002–2011 was 54% above the 1990 level. Regarding the challenges of climate change, reducing the level of greenhouse gas, CO2 emissions, and seeking low-growth development of emissions has become predictable.



To mitigate the greenhouse gas and CO2 emissions, the international organization (United Nations (UN), European Union (EU), Intergovernmental Panel on Climate Change (IPCC), Organization for Economic Co-operation and Development (OECD) have recommended several policies and administrative reforms, energy transformation, environmental related taxes, carbon-tax, emission standards, and emission trading schemes. Among these methods, economists and international organizations strongly recommend the tax on carbon emissions, which is a gainful tool for achieving a given reduction target [2]. The tax on carbon emissions is imposed on polluting energies and related products such as coal, oil, and gas and is based on their share of CO2 emissions. Depending on the increase of emissions, taxation will increase too. This could be helpful to reduce the consumption of fossil fuel energies and CO2 emissions. The interaction between emissions tax and emissions of CO2 is bilateral [3]. On one side, they inspire energy saving as well as the investments in the progress of the energy effectiveness and support the exchange of the combustible crops and then there will be some development in the structures of energy consumption and production.



On the other side, they affect the investment and the behaviors of energy consumption by recycling the receipts of the taxes collected from emissions [4]. The determinants of carbon emissions are not uniform across developed, developing, and emerging economies, and their assessment on carbon emissions mitigation is limited. The governments and policymakers around the globe submitted their Intended Nationally Determined Contributions (INDCs), which are plans to mitigate the pollution level and greenhouse gas emissions and reformed the strategies to climate change issues in the Paris Agreement [5]. Similarly, the United Nations developed several sustainable development goals (SDGs) of developed and developing economies to reduce the pollution and environmental externalities. Few of these SDGs of developed economies address the cleaner and greener energy, affordable energy, reduction of fossil fuels, sustainable growth, and environmental regulations. After the 1991s, few of the European economies started to implement energy related taxes, environmental taxes, and carbon-taxes to reduce the pollutant flux. However, the issues of climate change are still persistent, and it needs more advanced and innovative reforms. The current research is an attempt to check the performance of environmental regulations for European economies (tax adopted and non-tax adopted) and fulfills the research gap by offering new solutions regarding the role of carbon-tax in developed countries.



Currently, only some countries are implementing a carbon emissions tax due to their damaging effects on the competitiveness of local productions and the externality of CO2 attenuation. These states (or areas) that must adopt taxation of carbon emissions include Denmark, Estonia, Finland, France, Ireland, Iceland, Latvia, Norway, Poland, Portugal, United Kingdom, Slovenia, Sweden, Switzerland, South Africa, Chile, United Kingdom, Colombia, Canada, Japan, and Mexico. A common feature of their operation relates to the insertion of exemption and relief taxes [6], particularly for industrial regions with a big share of energy use. This suggestion raises numerous questions: for example, does a carbon-tax lead to reduce CO2 emissions level? If so, how important is the impact of carbon taxation policy on environment? Against this backdrop, the key hypothesis of this study is whether the carbon tax reform implemented nations have less carbon emission as compared to non-tax implementation nations? In recent years, the gradually critical difficulties linked to security of energy, savings of energy, and the CO2 emissions mitigation have forced many countries like France, Japan, and China to register the tax on CO2 emissions on the agenda. The question of how to profit from the benefits and avert the weaknesses of taxes from CO2 emissions should be a matter of important worry for these nations. To provide an evidence of tax from emissions of CO2 to these countries, it is well important to deliberate the effects of attenuation real of the carbon-tax on the European Convention countries [7,8].



This article mainly offers two innovations in the existing literature. Firstly, this research reports a comparative analysis for European tax implemented and non-implemented economies. To this end, the study examined the relationship between energy intensity, carbon intensity, population, income, and carbon emissions for sample economies. Previously, the empirical studies have ignored the aspect of comparative analysis and role of energy intensity, carbon intensity, and population [7,9,10]. From a theoretical sense, population, energy, and carbon intensity presents overall resource utilization and energy efficiency. The environmental taxes, regulations, and administrative policies are helpful to promote cleaner energy sources by making the charge competition with inexpensive fuels. For example, imposing carbon-tax on inexpensive and less-expensive products (coal and oil) might promote the cost of electricity production as compared to renewable power generation sources. Similarly, the effective tax policies in the case of carbon trading sets a definite limit on overall greenhouse gas and emissions of CO2. Hence, the present study reports new highlights and solutions regarding the role of carbon-tax for emissions of CO2. Environmental (environmental taxes, energy taxes, and carbon taxes were initially implemented by few developed nations of Europe and OECD; with the passage of time, the environmental taxation policy has been adopted across developed, developing, and emerging countries [2]) and carbon-tax are regarded as policy instruments which have diverse effects on the economy, residents, and climate change. Theoretically, it is considered that the tax implementation is a policy for sustainable transformation, as the environmental policies would induce to transform the industrial and manufacturing processing’s [2,8,11].



Secondly, the current research reports new conclusions and solutions regarding the climate change in European developed economies. In doing so, the findings of this study can be regarded as a way forward to achieve few of the sustainable development goals (SDG–7: clean and affordable energy, SDG–8: sustainable economic growth, SDG–13: Climate Action) of developed economies. During the past decade, the developed economies have struggled to upgrade the energy strategies i.e., zero-nuclear by Japan, energy vehicles by Japan, shale gas by USA. Although these efforts might be significant for energy security, but under the pressure of rising population growth, energy, and carbon intensity, the energy usage of developed economies raised by 2.5%/year. Among the developed economies, only the OECD energy consumption is accounted for 60% of global energy demand, which mainly consists of non-renewables and fossil fuels [12,13]. The inquiry into the role of carbon-tax, population, energy, and carbon intensity is logical and consistent with the strand of existing research [10,14,15,16].



The study is organized as follows. Section 2 gives the existing literature. Section 3 gives the empirical methodology. Section 4 enlists the results from the econometric model. Section 5 discusses the results. Lastly, Section 6 reports the conclusion and practical implications.




2. Literature Review


Regarding the current surveys related to the impact of the human activities on the environment, the carbon-tax is often regarded as a profitable tool to mitigate emissions rate. The effectiveness of the carbon-tax was studied by many authors and the results differ according to the impact and objectives. The study joins the Pigovian (Pigovian tax is implemented on those goods which creates negative externalities; the main aim of such taxes is to make the price of good equal to social marginal costs and create socially efficient resource allocation) tax theory, which deals with the environmental charges by adding the carbon-tax into total charges. The carbon-tax is a type of consumption tax which can depend on the CO2 emissions from energy consumption or fossil fuels. The carbon-tax mainly focuses on the carbon mitigation. Hence, the carbon-tax also promotes energy saving, development of cleaner and cheaper energy sources, and technological transformation, as compared to other energy or environmental taxes [11,15,17]. The present study endorses the findings of [2,8]. There is a dearth of literature regarding the role of carbon-tax and environmental taxes for energy and environmental issues. Few of the relevant studies are discussed here.



Agostini et al. [18] examined the reaction of implementing taxation on the emissions of CO2 produced by the processes of combustion into the countries of OECD-Europeans. A sectorial model of the consumption of power is built to inspect the saving energy and the substitution properties between fuels induced by the introduction of various taxes on carbon during the period of simulation 1989–1994. The empirical results documented that environmental related taxes are a useful policy tool in carbon mitigation. The energy saving or the process of substitution of the fuels which result from the introduction of the environmental taxation and stabilization from the emissions with the level from 1988 only with the sector from production of electricity, and reached only if the high tax rates are supposed (100 $/tons. C). The study revealed that the implementation of a tax of 100 $/tons can restrict and reduce the carbon emissions. The outcomes would endorse the summary of various synchronized environmental tools.



According to Agostini et al. [18] the environmental policy must be designed by taking account of the specific economic situation and the technological choices of each country alone. The environmental policies specifically coordinated to each country are to be recommended, where international coordination should relate to the environmental objectives rather than instruments. In a similar study, Baranzini et al. [4] evaluated the carbon-tax with regard to their competitiveness, the distribution, and the environmental impacts. The results showed that the carbon-tax can be an interesting option of the environmental policy and that their principal negative impacts can be compensated by the design of the tax and the use of the generated revenues from taxes. Among the sample countries of Europe, Norway followed very strict policies for climate change. The principal tool of the policy is a relatively high level of greenhouse gas emissions, and the country implemented carbon-tax in 1991 [19].



Bruvoll and Larsen [20] studied the effectiveness of carbon-tax in Norway and they noted a significant reduction of the emissions per unit of GDP (gross domestic product) because of the reduced radiant intensity, although the total emissions increased. In spite of the taxes and the considerable rises in price for certain types of fuel, the effect of the carbon-tax was modest. Although the partial effect of the variations of the radiant intensity and mix lower energetics was a reduction of the emissions of CO2 by 14%, the taxation of carbon contributed to the reduction by only 2%. The taxation of carbon was recommended for a long time because of their cost-effectiveness ratio to arrive to a reduction of the emissions given.



Zhang and Baranzini [21] mentioned in their article about the principal economic impacts of the taxes on carbon emissions. On the basis of examination of the empirical studies on the taxes carbon/existing energy, they concluded that the competing losses and the distributive effects generally significant and are not certainly less often perceived. Due to the convention’s billing targets, the future rate of the carbon tax may be higher than those already imposed. Thus, the economic effects can be more serious. In this context, it has been well proved that the way of using the generated income coming from taxes will be significant in determining the final economic effects of carbon-tax. However, being given the ultimate objective of Convention-tallies, the future environmental and carbon related taxes might increase than the existing tax rates and thus the economic impacts which result from it could be acuter. In such context, the literature argues that the generated tax revenues can be of fundamental importance to determine the future economic output and population welfare [2].



Lee et al. [22] analyzed the impacts of the combination of a tax on the carbon and the exchanges of emissions on the various sectors of industry. The results highlighted that the loss of GDP was caused by the dependent carbon-tax. A petrochemical industry during the period 2011–2020 may induce carbon 5.7% during nine years. However, the value of the losses of the GDP will drop by 4.7%, if the carbon-tax is implemented jointly with the exchanges of emissions. Moreover, among the sectors related to petrochemical industry, the sectors emitting more carbon must buy additional licenses of emissions to achieve the goals of environment and carbon emissions.



Callan et al. [23] studied the effects of tax policies on the carbon and the recycling of the incomes through the distribution of income in the Irish Republic. The results argued that a tax on the carbon of 20 €/tCO2 would cost the households less the poorest steps than 3 €/week and the richest households of more than 4 €/week. A tax on carbon is regressive, therefore, the revenues from taxes are used to increase the social security benefits and the tax credits. The households through the distribution of income can be better without exhausting the revenues from taxes carbon total.



Lu et al. [24] investigated the impact of the tax on carbon for the case of China. By building a model of recursive balance general dynamics, the authors have examined the damping effects of the complementary policies. The authors studied the role of taxes and the effects of damping of the complementary policies by building a model of recursive balance general dynamics. The simulation model findings mentioned that the carbon-tax is an effective political tool because it can reduce the pollution level by mitigating the carbon level. Further, the study argued that tax related policies will reduce the economic output of China. The present model designates new equilibrium for each sequential independent period of time after tax on carbon and the complementary policies are imposed. Thus, this kind of model could describe the long-term impacts of these policies. The results of the simulation show that the carbon-tax is an efficient average since it reduces the rate of carbon emissions with a small negative effect on economic growth. The drop in the indirect taxes will help reduce the negative impact of the carbon-tax on the production speed and competitiveness. In addition, giving households subsidies in the meantime helps to stimulate household consumption. Therefore, the complementary policies used jointly with the carbon-tax will assist on reducing the negative effects of the tax rate on the nation’s economy. The dynamic EGC analysis proves that the impact of the carbon-tax on GDP growth is relatively small, while the reduction in carbon emissions is relatively large. As the most effective market base mitigation instrument, the carbon-tax is strongly advisable by economists and universal governments. Several countries were the first to adopt the carbon-tax policy (e.g., Denmark, Finland, Sweden, the Netherlands, and Norway). In these countries, the examination on the placement effects of the carbon-tax will be of great practical importance and therefore they will set an example for countries that take the tax.



Similarly, Lin and Li [17] considered the actual effects of CO2 emissions mitigation in five northern European countries using the difference-in-difference (DID) method. The results from the empirical study indicate that, in Finland, the carbon-tax has a significant and negative impact on the growth of its CO2 emissions per capita. The effects of carbon-tax in Denmark, Sweden, and the Netherlands are recorded to be negative but not significant. The mitigation effects of the carbon-tax are weakened due to tax liberalization policies on certain radiant-intensive industries in these countries. In Norway, the fast growth of the energy-generating products involves a substantial increase in the CO2 emissions in the sectors of oil drilling and of the exploitation of natural gas; the carbon-tax did not carry out its effects of attenuation.



Studying the data of environmental related taxes, Morley [7] investigated how the tax policies induce pollution and energy consumption. The empirical results concluded that envirnomental related taxes are negatively associated with pollution level, while the tax policies may not effect the energy concusmption. Vera and Sauma [14] investigated the role of carbon-tax in mitigating emissions for the case of Chile. The empirical results claimed that imposed carbon-tax might reduce the emissions level by 1% with respect to the forcasted period 2014 to 2024. For the case of European countries, Borozan [25] claimed that the energy related taxes signficantly affect the electricty use more efficiently by affecting the energy prices directly and indirectly.



Sen and Vollebergh [26] estimated the effects of carbon-tax on energy consumption of OECD countries. The study concluded that one euro increase in energy taxes might reduce the carbon emissions from fossil fuels by 0.74% in OECD countries. For the case of European Union countries, Borozan [15] explored the role of energy taxes and income on residential energy demand. The empirical findings of panel quantile regressions revealed that energy taxes and income significantly boost the residential energy consumption in Europe. Studying the data of OECD economies, He et al. [12] explored the role of environmental related taxes for energy efficiency. Based on the panel logit and DEA (data envelopment analysis) models, the results suggested that the energy related taxes significantly enhance the energy efficiency of coal and natural gas energy sources consumption. In the same line, He et al. [19] concluded that the double dividends of energy taxes significantly reduce the carbon emissions in four Nordic and G7 countries.



In a comparative study, He et al. [27] investigated the effectiveness of environmental taxes in reducing pollution levels in China and OECD countries. Based on the findings of Auto-Regressive Distributed Lag Modelling Approach (ARDL) for annual data of Chinese provinces and OECD countries, the research concluded that environmental related taxes are an effective tool to curb the pollution levels.



More recently, Wang and Wei [11] investigated the threshold effects of technological progress and environmental regulations on carbon emissions of OECD and emerging economies. The authors used the annual data of 24 OECD and 8 emerging economies for the period of 1990 to 2015. The PSTR (panel smooth transition regression) model findings revealed that the strict regulations in emerging economies may harm the economic development. Further, the study mentioned that that OECD countries should improve environmental related technologies to improve energy efficiency for lower pollution levels.



In a more comprehensive study, Ulucak et al. [8] researched the non-linear effects of environmental taxation on carbon emissions for four BRICS (Brazil, Russia, India, China, South Africa) countries. The empirical results of the PSTR model argued that environmental taxes may not be effective to reduce the carbon emissions and pollution level. Similarly, the results highlighted negative effect of environmental related technologies on carbon emissions. In the same line, Shahzad et al. [28] reported that energy consumption for fossil fuels induces environmental extremities, while the role of energy taxes, carbon taxes, and environmental related taxes is still ambiguous for developed and emerging economies.



The rising energy demand of fossil fuels and non-renewable sources have triggered the greenhouse gas emissions and carbon emissions. The European countries initiated environmental regulations and tax policies, which can limit the industries to use coal, oil, and other non-renewable energy sources. Hence, the investigation into the role of carbon-tax for countries who implemented tax and non-tax implementation countries is of logical and sound mind. As a final remark, our study joins the strand of [2,6,8,11,12,19].




3. Data and Methodology


3.1. Data Sources and Modelling


The Kaya identity is a useful equation for quantifying the total emissions of the greenhouse gas carbon dioxide (CO2) from human sources. However, in the present study, the carbon emissions are used as a key dependent factor. The traditional model is based on readily available information and can be used to quantify the current carbon level and how the relevant factors need to change relative to each other over time to reach a target level of CO2 emissions in the future.



The identity has been used, and continues to be important, in the discussion of global climate policy decisions. The Kaya identity states the total emission level of CO2 as the product of four factors:


   CO 2  = f   POP , GDPC ,   EI , CI    



(1)







Regarding the selection of covariates, Kaya decomposed the factors related to CO2 emissions in population (POP), GDP per capita (  GDPC =   GDP   POP    ), energy intensity (  EI =   PE   PIB    ), and carbon intensity (  CI =    CO 2    PE    ) with PE as primary energy. More recently, [6,12,15,19,24,26] also studied the role of energy taxes and environmental taxes for environmental issues in Europe, China, and OECD countries.



To investigate whether the adoption of carbon-tax policy in European countries promotes the reduction of CO2, we implement the nearest-neighbor matching (hereafter NNM) methodology initiated by Rubin [29] and developed by Rosenbaum and Rubin [30]. This estimator was derived by Abadie and Imbens [31]. This method is becoming increasingly popular and widely used in micro-econometrics as well as in different areas such as health, education, etc. [32,33,34]. The NNM approach has nevertheless been recently employed in macroeconomic studies.



Based on the work of Cameron and Trivedi [35] and Greene, [36] the primary regression equation of endogenous treatment-effects model is:


    CO 2  j  =  x j  β + α  t j  +  ε j   



(2)




where      x j  =     POP ,   PIBH ,   IE ,   IC     is a vector of covariates that affect the outcome,  β  and  α  are coefficients to be estimated, and    ε j    are error terms.    t j      is considered a dummy variable taking the value 1 if a country adopts a carbon-tax policy, and 0 if not.


   t j *  =  w j  δ +  φ j   











The decision to obtain the treatment is made according to the rule:


   t j  =       1                                                             i f    t j *  > 0           0                                                           o t h e r w i s e        












3.2. Nearest-Neighbor Matching (NNM)


The matching estimators are based on the probable outcomes of the model, in which each individual has a well-defined outcome for each level of treatment. In the binary-treatment probable outcome model,    y 1    is the potential outcome obtained by an individual if the treatment level is equal to 1 and    y 0    is the potential outcome obtained by each individual if the treatment level is equal to 0.



Formally, the average treatment effect (ATE) is given as follows:


   τ 1  = E     CO 2  1  −   CO 2  0     



(3)




while the average treatment effect on the treated (ATET) is observed in Equation (4):


   δ 1  = E     CO 2  1  −   CO 2  0    /   t   = 1    



(4)







NNM uses an average of the individuals that are most identic, but get the other level of treatment, to predict the unobserved potential outcome. NNM uses the covariates      x 1  ,    x 2  , … . ,  x p      to find the most similar individuals that get the other treatment level.



More formally, consider the vector of covariates    x i  =    x i  , 1 ,  x i  , 2 , … … ,  x i  , p ,     and frequency weight    w i    for observation  i . The distance between    x i    and    x j    is parameterized by the vector norm


  ‖  x i  −  x j  ‖ S =          x i  −  x j     ′   S  − 1      x i  −  x j        1 / 2    



(5)




where S is a matrix which is defined symmetric and positive.


      S   mahalanobis      =     X −   x ′  ¯   1 n    ′ W   X −   x ′  ¯   1 n        ∑  i n   w i  − 1       ,    S   ivariance      = d i a g         X −   x ′  ¯   1 n    ′ W   X −   x ′  ¯   1 n        ∑  i n   w i  − 1     ,          S   euclidean      =  I p      








where    1 n    presents an   n   × 1   vector (full of ones),    I p    is defines the identity matrix of order P,    x ¯  =       ∑  i n   W i   x i        ∑  i n   W i      and W is a square matrix of dimension n, defined diagonal and contains incidence weights.



The exact form of ATE and ATET estimator is:


   ATE =      Σ  i = 1  n   ω i        CO 2  ^    1 i   −     CO 2  ^    0 i        Σ  i = 1  n   ω i        and   ATET   =      Σ  i = 1  n   t i   ω i        CO 2  ^    1 i   −     CO 2  ^    0 i        Σ  i = 1  n   t i   ω i      












3.3. Sample


Our panel database includes 28 EU economies over the period 1990–2017. Data come from several sources, including Eurostat, US Energy Information Administration [37], and World Bank Development Indicators [38].



	
Treatment group






The carbon tax was first introduced in Finland in 1990. It applied to fuel, coal, and natural gas. In 1994, Finland divided the fuel tax into a mixed energy tax and a carbon tax. Its amount is 20 €/ton of CO2 in 2008. In 2004, Latvia introduced the carbon tax in their system of environmental taxes established since 1990. It mainly covers the use of fuels. Its amount is 30 €/ton of CO2. Denmark adopted a proposal to levy a carbon tax in 1991 and put it into practice in 1992. The tax covered natural gas, petroleum, and other mineral fuels, except biofuel. Its rate was 20.60 €/ton of CO2 for individuals, as well as for industry and services for heating, 3.50 €/ton of CO2 for energy-intensive industrial sectors [39,40,41,42,43].



Slovenia has applied a carbon tax since 1996 for CO2 emissions resulting from the combustion of fossil fuels. Its amount was 17 €/ton CO2 in 2015. In 1991, Sweden introduced a carbon tax of 24 €/ton of CO2, which covered all fuels. At the same time, the rate of the existing energy tax has been reduced. The amount of the tax reached 114 €/ton of CO2 in 2019.



In France, the carbon tax was introduced in 2014; it is a tax on fossil fuels, petroleum products, natural gas, and coal proportional to their CO2 emissions. From an initial amount of 7 €/ton of CO2, it rose in 2020 to 56 €/ton of CO2 in 2020. The United Kingdom introduced the carbon tax in 2001. It aimed to reduce annual CO2 emissions by 2.5 million tones before 2010. It affects all energy consumers, with the exception of residential and transportation. The amount of the tax is 18 €/t CO2. Ireland introduced a carbon tax in 2010 that covers virtually all fossil fuels for the residential and tertiary sectors, transport and agriculture. the general rate is 20 €/t CO2 in 2019.



	
Control group






In this article, we have chosen the member countries of the European Union as the control group these countries have not adopted a carbon tax. The selected countries are Belgium, Portugal, Cyprus, Germany, Hungary, Greece, Malta, Romania, Spain, Bulgaria, Lithuania Czech, Estonia, Croatia, Netherlands, Slovakia, Luxembourg, Italy, Austria, and Poland. Table 1 enlists the treatment group and control group of countries.





4. Result and Analysis


4.1. Preliminary Results


The matching method is used to try to twin each country treated with one or more untreated countries whose observable characteristics are closest possible. The objective of pairing is to build a reference group comparable with the treated group has fi N to allow an estimate not skewed of the effect of the treatment on the treated individuals, by controlling the skew of selection [40,41,42].



4.1.1. Covariate Balance Summary Test


To have an idea of balance between the covariables, we have to study the differences with standardized differences and ratios in variance. A perfectly balanced covariable has a standardized difference = 0 and one ratio in variance = 1. Table 2 mentions the covariates balance summary for all studied variables including income, population, energy intensity, and carbon intensity.



The result indicates that the covariables are balanced or took 5 countries for the treatment against 5 countries for control.




4.1.2. Kernel Density


The kernel density is a non-parametric estimate method to check the density of probability for any random variable. It is based on a sample of a statistical population and makes it possible to estimate the density in any point of the support. Figure 1 reports the Kernel density for all studied variables for European economies.



The covariate is said to be balanced once its proper distribution does not vary between treatment levels. The kernel density gives density plots of a covariate over the processing levels of the raw data and the sample (weighted or paired). The kernel density is checked because it reports the density diagrams of a covariate on the processing levels for raw data for weighted and matched samples. It is important to mention here that if the matched sample of the covariate and density curves of the weighted sample are similar at different levels of treatment, the covariate is considered balanced in the weighted and matched samples. Similarly, the density graphs for the matched group sample are almost similar, suggesting that the estimated match would balance the covariates.





4.2. Analysis and Findings


The results of estimation of different methods allow observing a positive and significant influence of the adoption of the carbon-tax on the stimulation of the reduction of CO2 emissions.



The nearest neighbor methodology used for matching has shown a positive and significant impact of the carbon-tax with a reduction over the entire period ranging from 2.61% to 3.04% for the average effect of the treatment (ATE). i.e., the difference between the countries of treatment and the countries of control. The nearest neighbor methodology gave positive and significant results for the average effect of the treatment on the variable treated (ATET) over the entire period ranging from 2.29% to 2.55%. Table 3 enlists the estimations of ATE and ATET for the studied countries.



The outcomes from the estimation show that promoting of carbon-tax policies can significantly motivate the mitigation of CO2 emissions in the European Union. In particular, our empirical conclusions that policies relating to the carbon-tax have a positive impact on reducing CO2 are consistent with those obtained by Lin and Li [44] for the case of Denmark, Sweden, and the Netherlands. More recently, Borozan [25] and He et al. [19] also reported similar conclusions for the case of Europoen and G7 countries.





5. Discussion of Findings


Our analysis allowed us to determine the effectiveness of the carbon-tax; however, for this policy to be more effective, certain measures must be taken. The tax achieves its objective if and only if three conditions are met. All the polluters are effectively cost minimizers, but this condition is in particular not met in the case where the polluting agents are public enterprises, electricity production enterprises for example or local communities; all are well informed about their marginal cost abatement cost curves and there is no possibility of polluting emissions not taxed but for this condition to be respected, as in the case of standards, it is necessary to effectively control the volume of emissions [37,38,44,45,46]. However, it is important to examine certain cases which make the practice of taxation difficult. Defense activities and transferable externalities: one of the possibilities to defend oneself from the effects of an externality consists in transferring it (on the condition that it is rival) to other agents, which induces new inefficiencies [38,46,47,48].



Overall, the empirical results allow us to draw few arguments and implications. The empirical results argue that energy consumption, income, and population might be the main culprits for the rising level of pollution. The European-developed economies have witnessed high income growth, population growth, and energy intensity, which is mainly due to the rapid industrialization and economic activities in these economies. Notably, each of these require different policies and monitoring to control the pollutant emissions from the atmosphere. Notably, the rising level of population and income induce to use more resources in terms of natural resources, coal, oil, and other fossil fuels, while the abundant consumption of fossil fuels leads toward the pollution and environmental externalities [49,50,51]. At the same time, renewable energy consumption can be a useful tool to reduce the greenhouse gas emissions. Similarly, the control of urban income and relevant population control policies can also restrict energy consumption and climate change issues [50].



It is worthwhile to mention here that our study joins the conclusions of Borozan [15], Hashmi and Alam [10], and Shahzad [2]. The empirical findings allow us to draw few implications. Firstly, the government of developed economies should take necessary actions and regulations such as replacing the fossil fuels with renewable energy sources in overall energy mix and manufacturing treating. This is due to the reason that several European countries still dominate in the consumption of fossil fuels and non-renewables. While an objective to achieve the mentioned sustainable development goals, cleaner production and sustainability the energy transformation policies are very much required and in need of this era. To this end, the investments on renewables and cleaner energy sources should be promoted, so that the path towards the sustainable development can be achieved. Secondly, the government of European economies, especially the countries, e.g., Finland, Denmark, Slovenia, Sweden, France, and the United Kingdom must redesign the carbon-tax and environmental tax policies with more effective and required pressure to monitor and control the energy use and carbon emissions. In doing so, the developed countries in the European region can enforce regulations to install carbon treatment plants, greenhouse gas treatment plants, and afforestation policies. Similarly, the industrial firms should replace their polluting technologies with environmentally friendly machines. Such policies can restrict and reduce the energy demand; consequently, it can mitigate the greenhouse gas emissions from the atmosphere [38,44,45,46].



The carbon tax can modify the competitiveness of companies exposed to competition from countries that do not have one or apply lower rates. It reduces the competitiveness of companies emitting a lot of CO2. But conversely, if the tax proceeds are redistributed, the competitiveness of those emitting little CO2 can be improved.



Some countries have chosen not to apply the tax to relocatable activities or to apply it at reduced rates. Customs measures, such as “border adjustment taxes,” can also be put in place to protect domestic activities. However, international negotiations may be necessary as this area is highly regulated, notably by the World Trade Organization. In order not to harm the competitiveness of national industrial sectors, countries adopting the carbon tax have exempted energy-intensive or manufacturing industries from taxes. The main tax exemption policies in these countries are as follows:



Denmark has imposed a carbon tax on households and businesses. To ensure international competitiveness, all companies were reimbursed at 50% of the standard rate. Additional reimbursements have been granted depending on the energy intensity of each company [52]. Sweden reduced the tax burden on manufacturing industries in 1993. For some energy intensive industries, such as the iron and steel industry, the carbon tax burden is reduced to 1.7% of the value of production. This limit was then reduced to 1.2%. Finland, unlike other Scandinavian countries which distinguishes tax rates for private users from those for industrial users, does not allow industry tax exemptions or relief [6].



The present study argues that the implementation of relevant policies will be helpful to achieve the economic goals and sustainable development goals of European countries. In this case, the policy adopted must combine tax and compensation, because the existence of a possibility of transfer implies the creation of social gain or loss: a tax must be imposed on a victim who transfers externality but compensation must be paid to a victim who chooses to keep the externality when he has the possibility of transferring it because this creates a benefit for others; finally, the last receiver of the nuisance should not receive compensation if he did not have, in any case, possibilities of transferring it [8].



The problem of diffuse pollution is that another type of difficulty is introduced by the treatment of diffuse pollution, that is to say pollution caused by many sources of pollution, difficult or very expensive to identify or control, which pose to be both a problem of measuring emissions and above all a problem of moral hazard, when the consequences of the behavior of polluters on the overall level of pollution cannot be individualized. The ambient tax mechanisms proposed by Lin and Li [11], Wang and Wei [17], and Shahzad et al. 2020 [28], based on the incentive theory, consist of a combination of penalties and gratuities: each polluter pays a tax or receives a subsidy according to the overall performance. That is to say the deviation from a given level of ambient concentration of pollutants, and must pay, in the event of excessive overall pollution, a fixed penalty equal to the totality of the damage created by the excess [53]. This procedure makes it possible to achieve the environmental objective aimed at by combating stowaways, because it makes each polluter individually responsible for the total pollution and not only for his own. However, it has the disadvantage of being able to operate only if polluters actually feel that their behavior has consequences for the overall level of emissions [54,55,56]. Carbon pricing policies have an impact on the competitiveness of the European manufacturing sector, which recorded a respective decrease in production and total employment of 5% and 26% between 2001 and 2016. At the industry level, jobs destroyed in the affected companies are compensated by recruitments in other companies in the same industry during the same year [56,57,58].



On average, large energy-intensive companies reduce their carbon emissions more and redeploy more workers than energy-efficient small companies. The carbon-tax has reduced carbon emissions on average by around 5%. The net effect on employment is much weaker and even slightly positive at + 0.8% [58]. Several sectors are experiencing strong reductions in their carbon emissions, with little redeployment of employees. On the contrary, the automotive and plastics sectors are experiencing larger employee redeployments and smaller reductions in their carbon emissions. Other industries, such as metal products, combine a high reallocation of jobs with a huge reduction in emissions due to their large size.



If the carbon tax allows the European manufacturing sector to respect its carbon budget and does not negatively affect total employment, it nevertheless generates significant redeployments of employees in several branches of activity. Because these redeployments have redistributive impacts and generate costs for workers who are forced to change jobs, these results highlight the need to implement complementary labor market policies that minimize costs for concerned workers and facilitate adjustments in terms of employment between companies. In addition, as these transition costs are generally highly localized in regions specialized in energy-intensive industrial activities, they can also result in potentially significant regional effects and therefore in a high political cost [58].




6. Conclusions and Practical Implications


In order to elaborate the real influence of the carbon-tax in the mitigating of CO2 emissions rate, the authors try to estimate its effects in the countries of the European Union which have adopted this policy by using the method of more nearest neighbor matching. The paper focuses on the real mitigation properties during the carbon-tax implementation period and tries to give additional evidence to decision makers by evaluating the results. This study makes a comparative analysis for carbon-tax implementation and non-implementation European economies. The treatment group (tax implementation countries) includes Finland, Latvia, Denmark, Slovenia, Sweden, Ireland, France, and the United Kingdom, while the non-implementation groups consist of other European economies.



The mitigation influence of the carbon-tax changes from one country to another. On average, the coefficients for the countries adopting the carbon-tax are positive, but none of them exceeds the criterion of importance, showing the limited effects of the carbon-tax in these countries. The different influences of the carbon-tax in diverse states are essentially due to the different carbon-tax rates, the scope of the tax exemption, and the different use of carbon-tax revenues. The environmental externality requires a uniform tax proportion for many sectors which also explains why the carbon-tax in some countries (for example, Finland) works better than other countries, even if the tax rates nominal are generally lower.



Faced with the serious problem of climate change, the choice to reduce CO2 emissions and seek low-carbon development has become inevitable. It is suggested that adjusting the industrial structure, increasing investment in research and development, and rising energy prices are reasonable choices for reducing CO2 emissions. For states that involve collecting a carbon-tax, the execution of a flat-rate tax can effectively reduce emissions of CO2. However, when executing differential tax rates to avoid a loss of industrial competitiveness, it is required to embed the income from carbon-tax revenues on environmental measures or to increase carbon-tax rates in order to mitigate the effects of the taxation. The results of this study are in line with the sustainable development goals, cleaner production and achieving energy efficiency objectives.



The idea that revenues from an environmental tax could be used to stimulate economic activity or economic efficiency has been central to the “double dividend” literature in environmental economics. The name comes from the idea that imposing an environmental tax could produce two “dividends”: first, a reduction in polluting emissions, and second, an increase in GDP and economic efficiency through the use of environmental tax revenues.



We consider three general categories of uses of carbon tax revenues that could potentially stimulate economic activity: reductions in other taxes (such as payroll taxes or corporate or personal income taxes), reductions in government budget deficit, or funding of valuable public spending.



As final remarks, it can be said that the tax regulations for environment and technological innovation in European economies can be targeted to achieve high income, industrial growth, and low greenhouse gas emissions. Overall, the environmental issues in the developed countries are caused by the growth in income, population, energy intensity, and lack of technological innovation and environmental policies. With the passage of time, the world needs transformation, reforms, and technological shifting for sustainable development, cleaner production, and low pollution. In view of the above discussion, the existing policies and reforms in Europe need to be restructured for reducing the adverse environmental externalities caused by growth trajectory and ensuring sustainable development.



The environmental and carbon tax regulations are widely used and adopted as the most effective means of reducing emissions among other climate protection policies, which has been applied in developed nations. However, the impact of tax regulations on social welfare and economic growth remains unknown and can be the subject of a future study. Furthermore, the current study mainly focuses on the carbon emissions. The role of carbon tax for per capita income, energy demand, balance of trade, and industrial manufacturing can be a subject in future studies.
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Figure 1. Kernel Density test. 
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Table 1. List of the sample countries with dates of carbon-tax adoption.
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Carbon-Tax Countries (Treatment Group)

	
Adoptions Dates

	
No Carbon-Tax Countries (Control Group)






	
Finland

	
1990

	
Belgium

	
Portugal

	
Cyprus




	
Latvia

	
1990

	
Germany

	
Hungary

	
Greece




	
Denmark

	
1992

	
Malta

	
Romania

	
Spain




	
Slovenia

	
1996

	
Bulgaria

	
Lithuania

	
Czech




	
Sweden

	
1991

	
Estonia

	
Croatia

	




	
Ireland

	
2010

	
Netherlands

	
Slovakia

	




	
France

	
2014

	
Luxembourg

	
Italy

	




	
United Kingdom

	
2001

	
Austria

	
Poland
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Table 2. Covariates balance summary test.
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Standardized Differences

	
Variance Ratio




	

	
Raw

	
Matched

	
Raw

	
Matched






	
GDPC

	
0.04079

	
0.05972

	
0.9193

	
1.3751




	
POP

	
−0.00996

	
−0.06645

	
0.8139

	
0.2257




	
CI

	
−0.11526

	
−0.37412

	
0.7427

	
0.4578




	
EI

	
−0.26502

	
−0.01472

	
0.8996

	
1.1730




	

	
Raw

	
Matched

	




	
Number of obs

	
28

	
10

	




	
Treated obs

	
5

	
5

	




	
Control obs

	
23

	
5
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Table 3. Results of estimation.
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Average Effect of the Treatment (ATE)

	
Average Effect of the Treatment on the Variable Treated (ATET)






	

	
Mahalanobis

	
Ivariance

	
Euclidean

	
Mahalanobis

	
Ivariance

	
Euclidean




	
Coef

	
−2.93%

	
−3.04%

	
−2.61%

	
−2.29%

	
−2.55%

	
−2.29%




	
T

	
3.18

	
3.31

	
2.86

	
2.15

	
2.22

	
2.43
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