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Abstract

:

80% of all wastewater is discharged into the environment without first eliminating contaminants, and the consequences are cause for concern. The ecotaxes levied on effluents in many developed countries are aimed at preventing and minimizing water pollution and also, in part, helping to finance proper water reclamation facilities. The aim of this study is to conduct a comparative analysis of the current tax burden in a set of European Union countries on wastewater discharges and to assess its relationship with the quality of fresh water and other economic and political variables. The paper draws on different theoretical arguments and estimates a panel data model to verify the effectiveness of taxes in protecting aquatic ecosystems. These taxes are directly dependent on the environmental health status of water and inversely linked to the volume of discharged wastewater. In addition, a direct relationship is found between the tax burden on wastewater discharges and the variables representing the Human Development Index, the per capita expenditure on protecting water resources, the relative weight of ecotaxes in a country’s total tax revenues, and public support for green political movements.
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1. Introduction


Water pollution is a globally important issue as it leads to the degradation of water ecosystems, with negative repercussions on productive activities and human health [1]. Worldwide, 80% of all wastewater is discharged without being treated in any way; low-income countries register the highest percentages, with an average of 92%, compared to values of slightly less than 30% in their high-income counterparts. There is currently a global need for proper wastewater management, made all the more urgent by the issues of climate change and water stress [2,3] as asserted by the UN (UNGA 2015: Agenda 2030 for Sustainable Development, adopted on 25 September 2015 by the United Nations General Assembly, includes Goal 6.3: “improve water quality by reducing pollution, eliminating dumping and minimizing the release of hazardous chemicals and materials, halving the proportion of untreated wastewater and substantially increasing recycling and safe reuse globally.”) and the OECD [4]. In the EU, Directive 2000/60/EC, which establishes a framework for community action, in the field of water policy, highlights in its preamble the need to “contribute to the progressive reduction in discharges of hazardous substances into water”. In this regard, Article 9.1 stipulates, inter alia, that “Member States shall take account of the principle of recovery of the costs of water services, including environmental and resource costs…in accordance with the polluter pays principle”. This European legislation has driven the development and modification of provisions that regulate water-related ecotaxes in the different EU member states. Some countries, such as Germany, choose to prohibit or control the use of certain pollutants in order to stop them entering wastewater flows. They do so through regulatory, technical and/or other means, with heavy fines for failure to comply with regulations.



The negative impact of untreated wastewater on health, the economy and the environment calls for an examination of the different aspects involved in this issue. The aim of this paper is to conduct a comparative analysis of the relative impact of taxes on wastewater discharges as an instrument to prevent or reduce pollution at source in different EU countries between 2000 and 2013. An additional aim is to identify a possible link between the tax burden on wastewater discharges and the environmental performance index relating to water, the per capita volume of wastewater discharged, the current public-sector expenditure on environmentally-beneficial actions, the relative weight of environmental taxes in the national tax structure, the level of economic and social development of the national economies, the countries’ supranational commitments aimed at protecting water resources, and public support for left-wing green parties. Above all, the purpose of this paper is to establish valid arguments that can help guide the actions of both individuals and wastewater management organizations towards protecting water ecosystems.




2. Taxes and Wastewater in EU Countries: Literature Review and Hypotheses Design


Since the end of the 1960s, a number of European countries such as the Netherlands (in 1969), France, Denmark and Germany [5,6,7], have been applying different economic instruments to reduce the amount of pollutants discharged into bodies of water, improve the quality of wastewater and help protect the environment. Directive 91/271/EEC—which is the basis for all regulations in EU Member States on the treatment of urban wastewater and wastewater discharged from certain industrial sectors—and later Directive 2000/60/EC—which in Article 16 calls for the development of “specific measures against the pollution of water” taking into account the “polluter pays principle” [8,9,10]—call for the establishment of new taxes or the modification of existing taxes in EU countries in order to address the negative externalities of economic activity on wastewater and to ensure the polluter pays an appropriate price. Depending on the country in question, these instruments may be managed at the national, regional or municipal level [11].



Government actions to control pollution may be implemented through mandate-control-sanction instruments [12] and/or through the establishment of ecotaxes and discharge permits. The mandate-control-sanction approach requires the regulator to set a legal limit on the amount of pollutants per issuer in order to meet certain quality targets for water belonging to the public water resources. Taxes are aimed at correcting market failures, by influencing the actions of the polluting actors, who must pay for environmental costs. Environmental taxation offers important advantages over other forms of intervention [13].



In EU countries, public revenues linked to water basically come from rates and ecotaxes [14]. Rates are paid in exchange for a service provided by the administration which citizens use for their own benefit. Revenue collected through rates payment can only be used to finance the service. Ecotaxes or environmental taxes, such as the effluent control tax in Spain governed by the Water Act, are paid without any direct compensation being received in exchange; they are intended as a way of correcting a negative externality, regardless of whether or not the revenue collected is then targeted towards improvements in the natural environment [15]. Generally speaking, there may be three possible objectives for imposing an ecotax on water: to reduce the consumption of this natural resource and, at the same time, discharges; to regulate the disposal of effluents, influencing the behaviour of polluting actors; and to help finance the investment and operating costs of the infrastructures required to treat such effluents.



In the countries included in this analysis, different types of taxes and rates are applied to water and wastewater, as shown in Table 1. The first are those levied on the extraction of the resource, which generally reflect its origin and its intended use [11]. The second are those corresponding to supply, whereby the user is charged an amount based on the volume of water consumed. With respect to the third type, the taxable event is the discharge into sanitation systems, regardless of the nature of the discharge. Finally, there are the taxes that assign a monetary value to pollution. In this last case, different parameters are used to classify the degree of pollution in the water discharged, such as the chemical oxygen demand (COD), the presence of suspended solids (SS), conductivity (C), the biological oxygen demand (BOD), nutrient concentration—particularly nitrogen (N) and phosphorus (P)—heavy metals (HM), inhibitory substances (IS) and temperature difference (ΔT) [16].



Thus, taking into account the fact that in the countries under study taxes form part of the strategy to reduce discharges and improve the quality of water ecosystems [14], and considering, as Pigou put it, the deterrent effect of ecotaxes on the polluting behaviour of economic agents [13], the following hypotheses can be proposed:



Hypothesis 1.

Maintaining better health status of water resources requires a greater tax burden on wastewater.





Hypothesis 2.

Reducing the volume of wastewater discharged per capita entails a higher tax burden on wastewater.





The design and implementation of an appropriate environmental policy depends on the socioeconomic and institutional conditions of the country in question [7]. Economic development is a key precondition, to ensure the country has sufficient resources to cover the investment costs, especially sunk or irrecoverable costs. As societies develop economically, citizens seek higher quality, healthier living conditions, and are willing to bear the fiscal costs associated with environmental protection [18]. In other cases, however, environmental taxes are believed to have a possible inflationary effect, acting as an indirect tariff, and negatively affecting the competitiveness of the productive structures in the countries that apply these taxes [19]. Furthermore, less stringent environmental standards can help generate growth by attracting multinational companies in highly-polluting sectors [20]. Based on the abovementioned arguments, the following hypotheses can be formulated:



Hypothesis 3.

The level of socio-economic development of a country affects the tax burden on wastewater.





The WFD explicitly includes the “polluter pays principle”, the use of economic instruments and the cost recovery principle [21,22]. These precepts have led to the modification of public prices and, in other cases, have prompted the implementation or reformulation of applicable rates and ecotaxes. In EU countries, tax revenues from charges on wastewater discharges are partly used to finance wastewater treatment systems [11,23,24]. These include the more advanced, more expensive third-generation systems, which require higher levels of funding for their implementation and operation [25]. Such systems enable the reclamation of wastewater to the extent that it can be reused for certain applications [26,27,28]. In light of the above, the following hypotheses are put forward:



Hypothesis 4.

The implementation of the Water Framework Directive has positively affected the tax burden on wastewater.





Hypothesis 5.

Higher public-sector expenditure on actions to protect water ecosystems leads to a higher tax burden on wastewater.





The tax model known as “Green Tax Reform” makes environmental taxation a key part of national tax systems, incorporating new taxes directly calculated on the basis of pollutant loads [29]. One of the objectives of this scheme, in effect since the 1990s in northern European countries such as Sweden (1991), Norway (1992), Denmark (1994), the Netherlands (1995) and Finland (1997), is to establish tax types that are strictly environmental-regulatory in nature, reducing the weight of traditional direct taxation [18]. Given the above, we aim to test the possible relationship between the weight of environmental taxes in countries’ tax structure and the tax burden on wastewater, as set out in the following hypothesis:



Hypothesis 6.

The weight of environmental taxes in a country's tax structure is positively related to the tax burden on wastewater.





It has been shown that both economic and institutional variables are determinants of the tax burden [30,31], while social variables determine the acceptance of environmentally-driven tax increases [32,33]. In other cases, tax structures are influenced by the political leaning of the party in government [34]. Although at times there has been insufficient evidence to establish a link between the level of the municipal tax burden and the political leaning of the ruling party, [35] at other times, the greater degree of commitment to and concern for the environment that characterizes left-leaning green parties clearly translates into specific actions in defence of the natural environment, such as establishing ecotaxes to reduce pollution levels [36]. In light of these arguments, the following hypothesis is raised:



Hypothesis 7.

The weight of green political parties in different national economies, reflecting social awareness of the environment, is related to the tax burden on wastewater.






3. Data and Methodology


The objective of our analysis is to identify potential determinants of the tax burden on water and wastewater in European countries. To that end, we carry out a detailed analysis of the relevant variables and test the relationship between the dependent and the independent variables. It should be noted that the information recorded in official statistics is, in many cases, incomplete or based on estimates, thus giving rise to biased measures of the real situation. Although the OECD databases cover the 35 member countries, the available information is not complete in all cases, with gaps for particular variables and countries. Our final sample includes data from 13 countries, for the period 2000–2013, and a panel data analysis was carried out on that sample. It is worth noting the following clarifications:




	(a)

	
The countries under study are Belgium, the Czech Republic, Denmark, Estonia, France, Hungary, the Netherlands, Portugal, the Slovak Republic, Slovenia, Spain, Sweden and the United Kingdom. For Germany, Austria, Bulgaria, Cyprus, Croatia, Finland, Greece, Italy, Poland and Romania, specific data on revenue collected from taxes on wastewater are not available but instead are included under the heading “other environmental tax revenues”, together with others.




	(b)

	
The sample contains data for 14 consecutive years, covering the period 2000 to 2013. The selection of the time period under study was determined by the unavailability of data on wastewater discharges for certain countries, such as Spain, from 2013 on.




	(c)

	
The dependent variable is the tax burden on wastewater discharges, approximated by taxes levied on water and wastewater. It only includes revenues generated through ecotaxes, and not revenues raised through rates paid by the public for the provision of extraction, supply, sanitation and treatment services, as in the case of the United Kingdom, Sweden and the Czech Republic [37,38], which may be managed by public, semi-public or private entities. The dependent variable is defined as the relationship between the tax burden levied and the tax base that generates it [32]. It is quantified by means of an average effective rate (AER), defined as the ratio between the income from the taxable event and the volume of wastewater discharged, as reflected in the following expression: AER = Tax income/discharged wastewater.




	(d)

	
The model incorporates a total of seven independent variables, the description, source and expected sign of these variables are presented in Table 2. These variables have been selected on the basis of the hypotheses set out in Section 2.









The possible association between the tax burden on water and wastewater in the EU countries under study and the evolution of the aforementioned variables can be tested by means of the following equation:


Taxbit = αit + α1EPIwit – α2Discpcit + α3HDIit + α4WFDit + α5Expcit + α6Wtaxit + α7Grpartyit + αeit








where:




	
Taxbit: tax burden on wastewater discharges in country i at time t,



	
EPIwit: environmental performance index for water and sanitation of country i at time t



	
Discpcit: wastewater discharged per capita in country i at time t



	
HDIit: Human Development Index for country i at time t



	
WFDit: dummy, Water Framework Directive implementation in country i at time t



	
Expcit: per capita expenditure on environmental protection in country i at time t



	
Wtaxit: weight of environmental taxes in the national tax structure in country i at time t



	
Grpartyit: Green party seats in the European Parliament from country i at time t



	
α: estimated coefficients.








Finally, the constant, αit captures the effects of other exogenous factors that are not included in the model, and αeit is the error term.



The panel data method was chosen to capture the effects of variables that have not been measured but that may explain the variation between countries. The variables are used in logarithms, formulating a series of econometric models until the best one has been identified.



The availability of time series for each of the variables and the sample units (countries), as well as the possible presence of unobserved individual effects, underline the suitability of using panel data econometric techniques. This paper employs a combination of cross-sectional and time-series analyses, since it focuses on specific units and the observations can be tracked over time, controlling for unobservable individual heterogeneity. Indeed, each country shows geographic, historical, political and economic differences, and these specific factors, which are difficult to measure, may affect the tax burden on water and wastewater. Other advantages of using this technique are that it reduces the collinearity between variables, provides more degrees of freedom and higher efficiency, enables better examination of the dynamics of adjustment, allows effects undetected by time series or cross sections to be identified and measured, enables more complex models complex to be built and tested, and it eliminates or reduces bias in results by aggregating information [45]. However, among the drawbacks, it is worth pointing out problems in the design and sourcing of data, limitations resulting from short time series and cross-sectional dependence.




4. Results and Discussions


4.1. Descriptive Analysis


We start the empirical analysis by presenting the descriptive statistics of the variables considered in our study, shown in Table 3. First of all, we should highlight the high dispersion observed in the dependent variable, the tax burden on wastewater discharges. Similarly, high dispersion can be seen on some of the independent variables, such as the seats held in the European Parliament by green parties, expenditure on protecting water resources and, to a lesser extent, wastewater discharged per capita. Less variation is observed, however, in the environmental performance index for water, with values ranging from 90.90 to 99.92, or the HDI, which lies between 0.76 and 0.92.



In the set of EU economies under study with relevant information available, there has been ongoing growth in tax revenues from water and wastewater in recent years, as shown in Figure 1. Between 2000 and 2013, the total amount collected in taxes aimed at preventing or reducing pollution at source, in terms of pollution load and/or volume of wastewater produced, shows a cumulative average annual growth rate of 4.83%, with annual variations of more than 20% in 2003 and 2008. As a result, the total value of these tax revenues is 1.84 times greater by the end of this 13-year period. This evolution, however, does not reflect a uniform trend for all the countries considered: whereas Belgium registers a 55.84% reduction in the income derived from ecotaxes on water and wastewater over this period, Spain reports a five-fold increase.



The range of different criteria within the EU, both in 2000 and in 2013, explains the substantial differences in the tax burden on wastewater from country to country. Among the economies analysed, the Netherlands has the highest tax burden, collecting tax revenues of $0.96 in 2013 for each cubic meter of waste water discharged. It is followed by France, Slovenia, Denmark, Hungary and Belgium. The latter, contrary to the general trend, has reduced the taxes levied in recent years. All the other countries have a very low tax burden, below $0.1/m3, falling to almost zero in Sweden and the United Kingdom, thus preventing the negative externality from being internalized.



The environmental health status of water is quantified by means of the environmental performance index (EPI) for water, which ranks countries according to conditions of access to water and sanitation [39]. This variable presents a very high average value, above 98.1 and a low coefficient of variation, indicating that the situation is similar in the different countries under study. In 2000, Estonia registers the smallest value for this indicator, at 90.90, while the other values range between that of Estonia (97.53) and Belgium (99.68). Thirteen years later, Spain has a value of 99.92, indicating relatively better conditions, followed by the Slovak Republic and Denmark, which have a value of 99.76. Hungary ranks last, with a value of 95.11.



The population’s hygiene habits as well as their production and leisure activities affect the demand for water, and this demand is negatively affected by the establishment of taxes [13,14]. The appropriate management of water resources requires the implementation of different types of actions to prevent these resources from being wasted. Overall, such actions carried out in the countries under analysis have resulted in a 15.83% reduction in the total annual wastewater discharged per inhabitant between 2000 and 2013, falling to less than 1300 m3/inhabitant for the total sample of countries. Contrary to this trend, however, three countries have registered an increase in the amount of wastewater discharged in this period: Estonia, France and Hungary. In absolute terms, the volume of discharges reported by countries differs widely, as evidenced by the high value for the coefficient of variation of the variable. Estonia and Spain register the highest volumes of wastewater per inhabitant per year, consistently over 193 m3. At the opposite extreme is Hungary, lying below 22 m3 per inhabitant per year. France, the United Kingdom and Sweden lie between these two extremes, with values ranging between 55 and 76 m3/inhabitant/year.



The HDI approximates the level of progress achieved by a country in three basic dimensions: life expectancy, access to education and income level. As such, it is generally incorporated in the design of composite sustainable development indicators [46]. As expected, given the economic area to which the analysed countries belong, they all have a high HDI, with values ranging from 0.76 for the Slovak Republic in 2000 to 0.92 registered by Denmark in 2013. In this period, all the economies manage to increase their HDI values.



The per capita expenditure that each country devotes to protecting the environment provides an approximation to the responsibility assumed by its society to guarantee the good status of its ecosystems [11,23,24,25]. Table 3 shows an average per capita expenditure on environmental protection activities of $116.33 for the period 2000 to 2013. However, the countries present a surprisingly wide range of expenditure, resulting in a high coefficient of variation for this variable. With the exception of Hungary, the Netherlands and Portugal, the per capita resources allocated to the protection of the natural environment follow a growing trend. The observed increases range from 850.08% in the Slovak Republic, almost 300% in the Czech Republic to a minimal 5.02% in Denmark. The Netherlands is the economy that most generously finances environmental protection, presenting per capita resources of $465.48 at the beginning of the 21st century. Some way off with an average of more than $190, are the United Kingdom, Belgium and Denmark, ranging from $150 to $170, depending on the years. The average expenditure by France, Portugal and Sweden ranges between $90 and $110 per inhabitant per year. Well below these values comes Spain, with an average amount of $45.36, along with three Eastern European countries—the Czech Republic, the Slovak Republic and Slovenia—which have increased their spending considerably in these years. The countries with the lowest annual expenditure per inhabitant are Hungary and Estonia.



Ecotaxes represent an attempt to influence the polluting behaviour of economic agents and to actively protect ecosystems, both land-based and aquatic [29,47]. In the 13 countries under study, tax revenues directed towards the protection of the natural environment have maintained an upward trend, increasing in value by 77.16% in the period analysed. In all cases, the amount collected has increased in absolute terms, with increases of over 100% in the Czech Republic, Estonia, Hungary, the Netherlands, the Slovak Republic, Slovenia and Spain. This evolution, however, coincides with changes in the total tax revenues collected, resulting in a relative reduction in the weight of ecotaxes in countries’ total tax revenues. In fact, in 2013 only the Czech Republic, Estonia, Slovenia and, to a lesser extent, Sweden, recorded higher percentages than in 2000. In all the other countries, the tax revenues collected for the protection of the environment represent a relatively smaller share of total tax revenues.



The dummy variables allow us to examine two institutional factors that can influence the tax burden on wastewater discharges. On the one hand, we focus on the obligation to comply with the requirements established by the WFD of 2000, which was not implemented in the Czech Republic, Estonia, Slovakia, Slovenia or Hungary until their incorporation into the EU in 2004 [43]. On the other hand, we look at public commitment to environmental issues in each country, evaluated through the support for green political movements [34,36]. The available information on this variable enables the identification of two groups of countries: those that have had representatives from green parties in the European Parliament since the 2004 elections, such as Belgium, Denmark, France, the Netherlands, Spain, Sweden and the United Kingdom; and the other countries, which have never had any significant representation from green parties.




4.2. Panel Data Analysis


The results of the estimations are summarized in Table 4, and we focus our discussion on FGLS, as the most refined model. Data from 13 countries have been used as cross-sectional variables, for the period 2000 to 2013, with a total of 182 observations. The standard error is very small in all cases, indicating a great accuracy of the estimation.



First, the model is estimated with pooled data (pooled OLS) and with random effects, comparing the two. OLS is the first model, where the temporal and spatial dimensions are removed such that the independent term, α, referring to the effect of unknown, unobserved variables, is assumed to be fixed in time and constant for all countries; hence the sub-indices are eliminated. However, it is reasonable to assume that this term differs temporally and geographically. In the model with random effects, αi is used as a random variable with a mean value and random deviation, determining the random effects model. In order to decide which is better—the pooled data model or the random effects model—the Breusch-Pagan Lagrangian Multiplier Test is performed, rejecting the null hypothesis that there is no variation across countries. Thus, at this stage of the process, the second model is chosen. Then, the estimation is carried out with fixed effects. It is possible that the variation across countries is not random but constant, and each random deviation must be estimated, which is the fixed effects approach. The Hausman test is used to compare the fixed and random effects models without time dummies, rejecting the fixed effects model. A series of tests are then performed to control for autocorrelation or first-order serial correlation (Wooldridge test; this occurs when the errors eit are not independent with respect to time). The results of the Wooldridge test confirm the existence of autocorrelation problems, which have to be corrected. A first-order autoregressive term (AR-1) is thus introduced into the fixed effects model with a time effect, which is called the two-way AR-1 model. We also test for groupwise heteroskedasticity (using the modified Wald test; this occurs when the error variance is not constant across cross-sectional units) and contemporaneous correlation (the Breusch-Pagan for cross-sectional independence; this occurs when observations of certain units are correlated with observations of other units in the same time period), the results of which confirm that there is heteroskedasticity in the data, as well as contemporaneous correlation.



All these problems, which are fairly common in social sciences research, can be solved by means of the Prais-Winsten transformation, which is a variant of the feasible generalized least squares method (FGLS), or with panel-corrected standard errors (PCSE). The procedure used in this study is FGLS (PCSE is recommended for fixed effects models, while FGLS is recommended for random effects [48]), which assumes that there is AR-1 autocorrelation within the panels and that the coefficients of this process are specific to each group. It also assumes that the residuals are by default heteroskedastic.



The greatest effect in percentage terms corresponds to the environmental health status of water variable (a 1%-increase in this variable corresponds to an increase of 16.24% in the tax burden on wastewater discharges) and the Human Development Index variable (a 1%-increase in this variable corresponds to an increase of 12.44% in the tax burden on wastewater discharges), both of which are significant at the 1% level, confirming a positive relationship, and thus verifying hypotheses 1 and 3 [7,13,14,18]. Therefore, countries with a high EPI for water and a high level of economic and social development, in terms of per capita income and citizens’ educational level and health conditions, are those that report a greater tax burden on wastewater discharges.



The proposed model also confirms the inverse relationship between wastewater discharges and the tax burden, as explained by hypothesis 2 [13,14]. The countries with lower volumes of wastewater discharged per capita and access to appropriate sanitation infrastructure are those that report a greater tax burden on discharges. The results obtained here confirm the effectiveness of tax instruments as a mechanism for ensuring better environmental conditions [5]. Furthermore, the data corroborate the definitive nature of tax revenues from water and wastewater in the countries under study.



Also of note are the sign and level of significance of the variable representing public support for green parties, confirming hypothesis 7 [34,36]. The pressure exerted by these parties to protect water ecosystems has a direct effect on the taxes levied on the economic agents responsible for pollution. These results are in line with the conclusions drawn in a study based on data from 21 OECD countries [36]. The presence of Members of the European Parliament from green political parties in a position to influence government actions has a direct effect on the development of pollution control measures, such as ecotaxes [42]. These measures shape the behaviour of citizens and companies and encourage the conservation of the natural environment.



Finally, other significant variables are the weight of environmental taxation in the national tax structure and per capita public expenditure on environmental protection, both of which show a direct relationship with the tax burden on wastewater discharges, as put forward in hypotheses 5 and 6 [11,18,23,24,25,29]. The variable capturing the entry into force of the WFD is not, however, significant.



Although the results obtained should be interpreted with caution, due to the level of aggregation of the statistical information used, the empirical analysis allows us to affirm that ecotaxes are crucial to improving human development conditions and the environmental health status of water. Such instruments encourage a responsible use of this natural resource, which is essential for human life. Therefore, for the group of countries analysed, this study confirms the persuasive effect of taxes levied on the polluting activity of economic agents when discharging wastewater.





5. Conclusions


In this paper, we have tested the relationship between the tax burden on wastewater and seven influential factors identified in the literature, by carrying out an analysis of 13 EU member countries. The main objective of our study was to test the hypotheses and offer empirical evidence regarding the key factors that affect the tax burden on wastewater discharges in European countries. The analysis carried out above shows that the income from ecotaxes on water and wastewater has been growing in recent years, although there is not a uniform tax strategy in all the European countries under study. Quite the contrary, in fact: in 2013 there were still notable differences, both in relation to the types of taxes used to internalize the environmental cost of the wastewater discharges and the value of the applied tax. The Netherlands has the highest tax burden on discharges ($0.96/m3), and Sweden the lowest. The results of the panel data analysis allow us to verify the hypotheses, and thus to conclude that all the variables studied are determinants of the tax burden on wastewater discharges, with the exception of the WFD implementation. Moreover, all the variables display the expected relationship. In this sense, the most influential variables are the level of environmental health status of water and the HDI, which both have a direct relationship with the main variable and are both significant at 1%. The environmental health status of water has the greatest effect in percentage terms, with an increase of 16.24% in the tax burden on wastewater discharges resulting from a 1%-increase in this variable, while a 1%-increase in the HDI variable produces a 12.44% change in the dependent variable.



The interpretation of the proposed model results depends on the availability of statistical information for the countries analysed and the different variables considered, which could be expanded in future investigations if more complete data become available. Nevertheless, the model examines the main determinants of tax revenues linked to the discharge of water effluents, focusing on a set of developed countries displaying a concern for the protection of the natural environment. As stated in the OECD proposal [49], the United Nations Environment Programme [50] and the EU 2020 strategy [51], countries must work to promote economic growth and ensure that natural assets continue to provide the environmental resources and services that form the basis of human wellbeing, thus enabling a higher quality of life and greater productivity. This may entail the use of taxes levied on actions that are harmful to the natural environment.



Looking ahead, it is worth bearing in mind the need for resources allocated to the public sector to finance activities aimed at ensuring a high-quality water environment. Meeting these financial needs should be directly linked to a greater tax burden on wastewater discharges, given that the proposed fiscal consolidation in EU states limits the availability of resources for constructing new infrastructure. This situation requires enhanced management transparency on the part of public administrations so that citizens—the taxpayers—can see how their tax contributions help improve the conditions of the natural environment.
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Figure 1. Evolution of revenue from environmental taxes on water and wastewater in 13 EU countries between 2000 and 2013. Source: [43]. 
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Table 1. Rates and ecotaxes levied on water in the European Union.
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	Country
	Extraction
	Supply
	Use and Discharge
	Pollution





	Belgium
	E
	
	R/E
	R/E



	Czeck Republic
	R
	
	E
	E



	Denmark
	
	
	R/E
	E



	Estonia
	R
	
	R
	E



	France
	R
	R
	E
	E



	Hungary
	R
	
	R
	E



	The Netherlands
	
	
	E
	E



	Portugal
	
	
	R
	E



	Slovak Republic
	
	
	E
	E



	Slovenia
	R
	R
	R
	E



	Spain
	R
	R
	R
	E



	Sweden
	
	
	R
	E



	United Kingdom
	
	
	R
	E







Note: R: Rate; E: Ecotax. Source: [17].













[image: Table] 





Table 2. Independent variables used in the analysis: descriptions, sources and expected relationship with the dependent variable.
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	Variable
	Description
	Source
	Expected Sign





	Environmental health status of water *
	Proxy used: Environmental Performance Index for water
	[39]
	+



	Wastewater discharged per capita
	Volume of wastewater discharged in cubic metres, per inhabitant and year
	[40]
	−



	Human Development Index
	Indicator of the level of socio-economic development
	[41]
	+ or −



	WFD implementation
	Dummy: year marking the beginning of the implementation of the Water Framework Directive, indicative of supranational commitments
	[42]
	+



	Expenditure on protecting water resources
	Proxy used: per capita expenditure on the environment in dollars and purchasing power parities
	[43]
	+



	Weight of environmental taxes in the country’s tax structure
	Share of tax revenues from environmental taxes in total tax revenues
	[43]
	+



	Social support for green political movements
	Categorical variable: seats held in the European Parliament by green parties of the different countries in 1999, 2004 and 2009
	[44]
	+







Source: own elaboration. * The data for the variable environmental health status of water are available from 2007; data prior to that year have been estimated. The Environmental Performance Index (EPI) measures how close a country is to achieving internationally-established objectives in various areas, or, if no such targets have been set, how countries compare with each other. The water and sanitation index includes indicators such as population with access to potable water, the conditions of sanitation infrastructures and the collection and treatment of wastewater before releasing it into the environment. 
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Table 3. Descriptive statistics of the tax burden on wastewater discharges and the independent variables.
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	Variable
	Observations
	Mean
	Standard Deviation
	Coefficient of Variation
	Minimum
	Maximum





	Taxb
	182
	0.23
	0.29
	1.26
	9 × 10−10
	1.09



	EPIw
	182
	98.19
	2.14
	0.02
	90.90
	99.92



	Discpc
	182
	107.98
	63.43
	0.58
	21.22
	288.03



	HDI
	182
	0.85
	0.03
	0.03
	0.76
	0.92



	WFD
	182
	0.86
	0.34
	0.39
	0
	1



	Expc
	182
	116.33
	118.74
	1.02
	3.58
	500.65



	Wtax
	182
	7.37
	1.74
	0.23
	4.31
	11.27



	Grparty
	182
	1.86
	2.89
	1.55
	0
	14







Source: Own elaboration based on [39,40,41,42,43,44].
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Table 4. Panel Data Estimates.






Table 4. Panel Data Estimates.





	

	
lnTaxb

	
Coefficient

	
p-Value

	
Standard Error

	
Observations

	
Number of Countries






	
FGLS

	
lnEPIw

	
16.23689 ***

	
0.000

	
1.539812

	
182

	
13




	
lnDiscpc

	
−0.5051688 ***

	
0.000

	
0.0911162




	
lnHDI

	
12.44003 ***

	
0.000

	
1.360553




	
WFD

	
0.0828205

	
0.316

	
0.0825301




	
lnExpc

	
1.064694 ***

	
0.000

	
0.0423755




	
lnWtax

	
1.542214 ***

	
0.000

	
0.1513328




	
Grparty

	
0.0217168 *

	
0.063

	
0.0116626

	

	




	
Constant

	
−81.30265 ***

	
0.000

	
6.756378

	

	








*** Significant at 1% and * at 10%. Source: Own elaboration based on [39,40,41,42,43,44].
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