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Abstract
Fuel taxes can be an important instrument for reducing the emission of greenhouse gasses. However, in many countries these taxes have undesirable (i.e. regressive) distributional effects. We estimated these effects for the Netherlands and found that the tax is just weakly regressive, almost proportional. We also found, by reviewing the existing literature that the distributional effects, greatly depend on the level of welfare, if the country is European or North-American and the methodologies used in the study. 
Section I: Introduction
	On December the 12th 2015, 195 countries agreed on a new climate treaty to reduce the emission of greenhouse gasses. This treaty is now better known as the Paris Agreement, named after the city where the negotiations took place. These countries agreed that the temperature should not increase more than 2 degrees Celsius, but instead, strive to a temperature increase of at maximum 1,5 degrees Celsius. This agreement is an example that shows how important tackling climate change is in modern politics. The Paris Agreement obliges countries to actively reduce their greenhouse gas emissions. So, governments need several instruments to reach their goals.
	One of the most widely used instruments has been excise taxes on fuels. Especially in Europe, fuel taxes are high (Sterner, 2012). For example, in the Netherlands, car users pay 78 eurocent excise tax per litre petrol, with the regular VAT not included. But this is for a reason; fuel taxes have proved to be an effective instrument for reducing the carbon emissions from cars (Mathur & Morris, 2014). Fuels lead to extra costs for the society. This is because it causes emission of greenhouse gasses. However, the individual who buys the fuel does not pay for this extra costs and therefore this cost can be seen as an externality[footnoteRef:1]. In other words, the social costs for fuels are higher than the private costs and a fuel excise can (partially) close this gap. Such a tax is often called a Pigouvian tax.   [1:  The externality in this case is the emission of greenhouse gasses. This leads to cost for the society eventually, because, among others, the temperature increases on earth and the climate changes. However, car users do not pay for this extra cost and it can therefore be regarded as a negative externality.] 

Although it is an effective, market-based instrument it is often criticized. The criticism focusses on the distributional effects of the tax. Many studies show that fuel taxes tend to be regressive. This means that on average, poorer households relatively spend more on this tax than richer households. This is because on average, poorer households spend more of their budget on fuel than richer households. Progressive means that on average, poorer households pay relatively less than richer households. However, although a majority of the studies show the fuel tax to be regressive, some studies show that fuel taxes are proportional[footnoteRef:2] (Sterner, 2012), or can be even progressive (Larsen, 2006). Overall, we can conclude that the distributional effects of fuel taxes differ much between countries. For that reason, it is needed to estimate these effects for every country on its own. Because, to our knowledge, this was not done before in the Netherlands we investigated the following in this study: [2:  Proportionality in this case means that the taxes are distributed equally among households] 

What are the distributional effects of fuel taxes in the Netherlands?
We answered this question by calculating the Suits index; a measure that tells us if a tax is progressive or regressive and to which extent. This is done by using data about the percentage of total expenditures that households spend on fuels. These households are ranked by income, which means in this case that the data is divided in income quartiles. We extended the research by also including price elasticities (changes in expenditures because of this tax) and indirect effects (in this case: expenditures on public transport and taxi). In this study we applied a similar approach of methodology as Sterner (2012). With this data we were able to calculate a more precise estimate of the Suits index and found that fuel taxes are only weakly regressive in the Netherlands. This is in line with other studies who show that fuel taxes in highly developed, European countries are often weakly regressive. 
After we investigated the distributional effects of fuel taxes in the Netherlands in particular, we moved to a broader view and looked at studies about distributional effects of fuel taxes in other countries. We compared both the outcomes and the methodologies of these studies and found that the fuel tax is more regressive in North-America than in Europe and that developing countries far more often have progressive effects of fuel taxes than developed countries. We also compared the different methodologies used in the studies and concluded that the choice of methodologies affects the outcome much. With this information we can put our results in a clear context towards other studies and we found that the results of our study about a highly developed, European country, given the methodologies we used is in line with what we can expect from other studies.
After this introduction we will discuss the theoretical background in Section II. Section III contains the research about the distributional effects of fuel taxes in the Netherlands after which we will compare other studies with each other and with ours in Section IV. Finally, we will conclude and give some policy implications in Section V.



Section II: Theoretical Background
	Environmental policy and the economic effects of it are a widely discussed subject in scientific literature. To tackle climate change, governments have several instruments to use. Governments can, among others, implement a system with tradable emissions allowances, levy emissions taxes, give subsidies for emissions reductions, impose performance standards or levy fuel taxes. Goulder & Parry (2008) give an overview of most of these instruments and evaluate these instruments on different aspects; for example, cost effectiveness, political feasibility and distributional equity. The distributional effects of all of these instruments are investigated. For instance, the distributional effects of personal carbon trading are investigated and tend to be progressive (Jin Fan, Zhao, & Wang, 2015). On top of that, Dinan & Rogers (2002) estimate the distributional effects of a carbon allowance trading. Another study investigates the distributional effects of carbon and energy taxes (Symons, Speck, & Proops, 2002).
So, these environmental policy instruments have distributional effects who have been studied much. Fullerton (2011) discusses and illustrates six different types of distributional effects of environmental policy. He uses a carbon permit system as an example to illustrate these distributional effects. He concludes that such a system leads, among others, to higher prices of carbon-intensive products and changes in relative returns of capital, labour and resources. He found that these effects are in general regressive. So, this is just an illustration of a broad literature on the distributional effects of environmental policy.
	Many studies, such as ours, focus on the distributional effects of fuel taxes in particular. One of the first papers which studied this subject is Poterba (1990). He studies the distributional effects of fuel taxes, using data from the U.S.A. He concludes that fuel taxes are far less regressive than first assumed. However, distributional effects of fuel taxes continue to be studied. Some recent research includes Bureau (2011). It investigates these effects in France using panel data. He includes an income group specific price elasticity and finds that the fuel tax is regressive. Nevertheless, taking into account the additional revenues, recycling these revenues can make the policy progressive.
A lot of studies include revenue recycling. When governments levy an extra tax, such as the fuel excise, this means their revenues increases. These additional revenues then, can be spent again. For example, it can be used to counteract the regressive effects of the fuel tax. This can be done by, among others, giving a lump-sum amount of money to each household (e.g. (Bento A. M., Goulder, Jacobsen, & von Haefen, 2009)) or lowering the labour tax (e.g. (Barker & Köhler, 2005)). So, recycling these revenues can be important for the outcome of the study. However, in none of the studies that use revenue recycling it is mentioned that in practise policies are actually designed in that way. Revenue recycling assumes that the additional money earned by the (increased) fuel tax is directly available for recycling. Often, this might not be the case, for example, due to budget deficits. So, it is questionable if revenue recycling in such a way actually happens or that including it in a study only is a theoretical exercise. Nevertheless, this does not mean that, when governments consider raising the fuel tax, they cannot design a policy that does recycle these extra revenues. So, although it may not have been used in the past, it can be implemented in the future.
This also applies for a study using data from Ireland. This study finds the fuel tax to be regressive, but recycling the revenue can make it progressive (Callan, Lyons, Scott, Tol, & Verde, 2009). On top of that, a study using data from the United Kingdom finds the fuel tax to be significantly regressive too (Santos & Catchesides, 2005).
	Sterner (2012) studies these distributional effects in seven European countries; namely Germany, United Kingdom, France, Italy, Spain, Serbia and Sweden. He uses data from household budget surveys about total expenditures and expenditures on fuels. He also includes an indirect effect through the use of expenditures on public transport and taxi. This information was available per income decile. With this data, he calculated the tax burden for each income decile. He also calculated the Suits index. The observant reader will note that this approach is very similar to the methodology in this study. However, Sterner (2012) calculates the tax burden by using data about households ranked by income and after that with households ranked by expenditures. Hereby, he highlights the difference between these two approaches. He finds that the later one gives a more progressive distribution. He also finds that including indirect effects barely changes the results. Overall, he concludes that in most countries, the fuel tax is regressive. However, the evidence is very weak and in general the tax is best to be considered as proportional. 
	These studies concerned European countries, but many studies focus on North-America. For example, Bento, et al. (2009) shows that the fuel tax in the U.S. is regressive, but recycling the additional revenues can make it progressive. Overall, the broad picture in recent literature is that fuel taxes are weakly regressive, but that recycling the additional revenues can make the policy proportional or even progressive. However, this regressivity greatly depends on the country chosen and the methodology used (Sterner, 2012). In section IV we will extensively review the existing literature and the effects of the country and methodology chosen. 
Section III: Methodology
In this section we will estimate the distributional effects of the fuel tax in the Netherlands. Note that this section follows a substantial part of Sterner (2012) who estimates the distributional effects of fuel taxes in seven European countries. First we will explain some concepts used in this section, before we shortly explain the idea of tax progressivity. Next, we do the first, basic, estimation of the distributional effect of the fuel tax. After that we will extend the research with including price elasticity and indirect effects.
Concepts
To measure the progressivity of the tax, this paper uses the Index of Tax Progressivity (better known as the “Suits index”), developed by Daniel Suits (Suits, 1977). This is one of the most widely used indexes to measure the progressivity of taxes (Anderson, 2003). The index varies from +1 (fully progressive) to -1 (fully regressive). A Suits index of +1 means that the richest income group pays all the taxes, while a Suits index of -1 means that the poorest income group pays all the taxes. Of course, a proportional tax has a Suits index of 0. 
We use total expenditures instead of income. So, we actually measure income by a households’ total expenditures instead of annual income. We will do this because the total expenditures approximate lifetime income and therefore better reflects a households’ capacity to pay taxes (Poterba, 1989). For example, a retiree presumably has a low income, but higher expenditures because of his savings[footnoteRef:3].  [3:  Note that we will use the terms ‘total expenditures’ and ‘income’ to describe the same concept; the income measured by a households’ total expenditures. ] 


	Figure 1: Example of Tax Progressivity
Tax progressivity
Figure 1 illustrates the tax progressivity. The grey line in the middle represents the proportional tax. It can be seen from the graph that everyone pays exactly the same tax as a percentage of his total expenditures[footnoteRef:4]. The light blue line represents a progressive tax. Lower income groups pay relatively less taxes and therefore the line lies underneath the ‘proportional tax line’. The dark blue line represents a regressive tax and lies above the proportional tax line. In this case, lower income groups pay relatively more tax than higher income groups. So, this is a graphical representation of the Suits index, however there is a formula too which we will discuss in the following part.  [4:  Often, this line is also referred to as ‘45-degree line’.] 

We define the Suits index as S. Let K be the area above the diagonal line, and L be the area under the light blue line[footnoteRef:5]. Both expenditures y and tax burden T vary between 0 and 100, since they are percentages. In that case the Suits index is , or more specifically:		        .  [5:  See Figure 2] 


	[image: ]	
Figure 2: Tax Progressivity (Sterner, 2012)	       Figure 3: Example for simplified formula
However, since our data is divided in income quartiles, we use an approximation of this formula (Suits, 1977):

	The denominator in the fraction represents the triangle K, and is since the same for all taxes, since both axes always represent percentages and . The numerator in the fraction represents surface L. Because the data is practically always divided in income groups, the above showed approximation is often used. Our data consist of four income groups. This means that the graph consists of four bars, as shown in an example in figure 3. The term (yi – yi-1) is just the value on the horizontal axis of one bar. The value on the vertical axis is more complicated. It is described by the term  ([ T(y1) +T(yi-1))].  Adding T(yi) and T(yi-1 ) and then multiplying it with ½ gives us the average height of the bar on that specific interval. In other words, the part of the bar above the value of the former bar, is divided into two and therefore this part becomes a triangle and is an approximation of the real surface. So, although we have simplified data, we can approximate the value of S by adding the values of in this way. 
Basic Estimation
First we need Dutch data about budget shares and income inequality. We derived data from Statistics Netherlands (CBS). This data shows the expenses on fuel as a percentage of the households’ total consumption of the four income quartiles (CBS, statline.cbs.nl, 2016). Unfortunately, the latest data available is only from 2007. However, as can be seen in Appendix 1 the budget shares do not fluctuate very much over time. The average deviation is only very small and therefore it is reasonable to assume that the budget shares more or less have stayed the same since 2007. The data that follow will be all the most recent (i.e. from 2015). 
[image: ]
Table 1: Quartile-specific data
	Table 1 shows the percentage of income spent on fuels and oils per income quartile (first row). The total expenditures (shown in the second row) are also derived from the same study from the CBS (CBS, statline.cbs.nl, 2010). With those numbers we calculated the income spent on fuels, whose results are in the third row of table 1. 
	As mentioned, the first row contains the percentage of income spent on fuels and oils, so this contains several kinds of fuels. Since, 98 percent of passenger cars use either LPG, petrol or diesel (bovag-rai, 2015) we focused on these three fuels. The remaining 2 percent consists of, among others, biofuel and gas. We do have data about the sales of these three fuels for road traffic (CBS, statline.cbs.nl, 2016). With these numbers we can calculate the proportions of income spent on different fuels. We used the most recent data, from 2015 and found the percentages of fuels sold for road traffic.  However, using the most current prices (www.unitedconsumers.com, 2016) we can estimate that 1 percent of the income is spent on LPG, 50 percent on petrol and 49 percent on diesel. With these numbers we can calculate weighted average fuel excise. 
	Every year, the government determines the level of fuel excises. We used the newest excises from 2016 (Belastingdienst, 2016). With these numbers and the most current prices of the fuels we calculated the average weighted excise percentage. And finally, we were able to calculate the exact amount of money spent on fuel excises per income quartile. These numbers are in the last row of table 1. The exact calculation of the income spent on fuel excises can be found in Appendix 2.
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Table 2: Cumulated data
With the data described above, we were able to derive the cumulated percentages for both income and fuel tax (i.e. fuel excises[footnoteRef:6]). The results are shown in table 2. With these data we calculated the Suits index, also described above. The Suits index is in this case equal to -0.001987. This means that the fuel tax is just slightly regressive, but best to be considered as proportional[footnoteRef:7]. Appendix 3 contains the exact calculation of the Suits index.  [6:  Note that we use in this paper both ‘tax’ and ‘excise’ to describe only the excise on fuel, not including VAT]  [7:  What would be the case if the Suits index was exactly 0] 

The figure below describes the progressivity of the fuel tax. What we see is that for the lower income groups, the tax is progressive (i.e. the line is below the proportional line), but it crosses this line and becomes regressive for the higher income groups. However, it never comes far from the proportional line. 

Figure 4: Progressivity of fuel tax in the Netherlands
Extended research
So, when we look at the distributional effects of fuel tax in the Netherlands, we can conclude that the tax is neither progressive nor regressive, but is best to be considered as proportional. However, an excise on fuel also induces behavioural responses from consumers. Higher fuel prices will induce people to buy more economical cars and, in response to that, car manufacturers will invest more in making their cars more economical. Next to that; consumers are also driven to take public transport or other ways of transport instead of the car by higher fuel prices. So, an excise on fuel induces behavioural responses in several ways and these are just some of the ways the fuel price elasticity is determined. This even is the purpose of the tax.  We will capture this effect by using a single price elasticity. The research will also be extended by including indirect effects. We will incorporate the expenditures on taxi and public transport to incorporate these indirect effects. So in the second part of this section we will derive an extended research by including these effects and using price elasticities which will give us a, hopefully, more precise estimation.
 Price elasticity
There is a broad literature about the price elasticity of fuels. In this study we will use a price elasticity of -0,7, which is derived from a study of 12 OECD countries, including the Netherlands (Johansson & Schipper, 1997). This fuel price elasticity includes both diesel and gasoline. It thus doesn’t include LPG, which we do use in our study. However, since LPG is only 1 percent of the total expenditures on fuels, the effect of not including LPG in the price elasticity will be negligible. This elasticity is also used by Sterner (2012) who investigates distributional effects of fuel taxes in seven European countries.
Indirect effects	
The tax on fuel thus has an effect on the prices of fuel. But it also affects the prices of other goods and services through indirect effects. We have to include these effects too. For example, a substantial share of the costs of a bus company are expenditures on fuel. An excise on fuel will thus influence the costs significantly. Datta (2010) uses an input-output model combined with information about fuel use in every sector in a country. This requires, however, much data. Because we cannot include all the goods and services that are affected in an indirect way, we limit ourselves to only two services; expenditures on public transport and taxi. These two services are affected the most by an increase in the price of fuels (Metcalf, 1999). 
When we look at the budget share of expenditures on taxi, we find that for all income quartiles the expenditures on taxi are less than 0,1 percent of the total expenditures, so we exclude expenditures on taxi because they have no significant effect. 
For that reason, we focus on public transport only and more specifically on busses. We focus on busses, because other ways of public transport are barely affected by fuel prices. For example, trains, trams and the subway use electricity instead of fuels. For that we reason, we ignore all other ways of public transport than busses. On average only 0,3 percent of total expenditures was spent on public transport other than train. We assume that the share of other ways of public transport like trams and the subway are negligible so we assume these 0,3 percent to be the share of expenditures on busses. 
Because data about how much a bus company’s costs exist of fuel excises is not available for the Netherlands, we use data from Germany (Sterner, 2012), because Germany is, both economically and culturally, most comparable to the Netherlands. With that data we are able to derive the following table:
[image: ]
Table 3: Data for extended research
	With the use of those numbers we were able to calculate the following table. We calculate these numbers the same way as done in the basic estimation. 
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Table 4: Cumulated percentages for Suits index
With these two extensions we again calculate the Suits index. Using the same formula as before, but with these new numbers we derived a Suits index of -0.004722, which is slightly more regressive than the first index. The following table is a graphical representation of the Suits index. It is largely comparable with the first derived graph. So, we can conclude that adding price elasticities and indirect effects make the tax slightly more regressive.

Figure 5: Progressivity of Fuel tax: Extended research
	What we can conclude from figure 4 is that for the lower income groups, the fuel tax in the Netherlands is progressive, but that for the higher income groups the fuel tax is regressive. But on average, the fuel tax is slightly regressive in the Netherlands, since the Suits index is equal to               -0,004722.
Section IV: Results & Comparison
	In this section we will compare our results with studies in other countries. As mentioned in Section II there exists a broad literature on the distributional effects of fuel taxes. The progressivity for fuel taxes is estimated for almost every country in western Europe and North-America. We looked at all these papers and their conclusions about the regressivity of fuel taxes. In general, fuel taxes tend to be regressive, however there are also many studies who find fuel taxes to be proportional or even progressive.  In this section we will first discuss the differences in progressivity between North-America and Europe and then try to explain where this difference comes from. Secondly, we will discuss the differences between developed and developing countries and try to explain these differences. Thirdly we will give a short overview of the effects of different methodologies used in the researches and we will end with a conclusion about the place of our research in the existing literature. 
North-America versus Europe
	It is difficult to quantify the difference between North-America and Europe. However, the regressivity in the U.S. tend to be larger than in Europe (Sterner, 2012). For all the studies for North-America we found the fuel tax to be regressive. For example, a study in the U.S. showed that fuel taxes are indeed regressive (West & Williams, 2004) and a study in Canada concludes the same (Hamilton & Cameron, 1994). The picture in Europe is more diverse. Most of the studies find that the fuel tax is regressive, but for example a study about seven European countries find that fuel tax is, without the recycling of the revenues, for some of these countries proportional (Barker & Köhler, 2005). These differences between Europe and North-America can be explained by some social aspects. In the US, also for low income groups, a car is almost a necessity. This is because public transport is poorly developed in the US (Sterner, 2012). This thus makes a car necessary for every household. In Europe, public transport is much more developed and therefore a better alternative for using the car. This makes the price elasticity in the US smaller and therefore a fuel tax hits the lower income groups in the US harder than in Europe. 
Developed countries versus developing countries
	The great majority of studies focus on developed countries. Only a few studies focus on developing countries. However, these studies show a surprising difference with studies for developed countries. We found five studies that focus on developing countries and the majority of them concludes that the fuel tax is progressive. This contains Serbia (Sterner, 2012), South-Africa (van Heerden, et al., 2006) and India (Datta, 2010). Only one Chinese study found the fuel tax to be weakly regressive, although the direct effects are progressive (Jiang & Shao, 2014) and a study in Costa Rica finds, including all the effects, that the tax is proportional (Blackman, Osakwe, & Alpizar, 2010). This is in contrast with the general view about the distributional effects of fuel taxes in developed countries who tend to be regressive. These differences can be explained by the fact that fuel is more of a luxury good in developing countries (Sterner, 2012), while in developed countries it is more a necessary good. In developing countries, not much people have a car and therefore fuel is a luxury good. Because so few poor households own a car, a tax on fuel will hit the wealthier households on average more than the poorer households which makes the tax progressive. This in contrast with developed countries, where by far the most households do have a car, which makes fuel a necessary good. Therefore, also the vast majority of the poorer households own a car, which makes a fuel tax hit them more, because they tend to spend more of their income on fuel which makes the tax regressive. 
Effect of methodologies used
Next to the level of prosperity and the division between North-America and Europe, also the methodologies used in a study seem to influence the outcome significantly. Every study is different, but there are some issues that seem to have the potential to greatly influence the outcomes. In this part we will firstly discuss the effects of taking into account revenue recycling, after that we will discuss the effects of using expenditures instead of income to rank households. Finally, we will shortly discuss the effects of including indirect effects and price elasticities.
Revenue recycling
	A difference in methodologies that immediately stands out is the inclusion of revenue recycling[footnoteRef:8]. Several papers include the recycling of the additional revenues a fuel tax generates, for example Bureau (2011) and Bento et al. (2009) extensively discuss the effects of recycling the revenues. However, the majority of the studies ignores it. One thing that undeniably follows from the studies is that revenue recycling can make the fuel tax at least less regressive and often even progressive. For example, one study shows that using the additional revenues to cut labour taxes makes the policy less regressive and a lump-sum transfer even makes the policy progressive (West & Williams, 2004). It is important to notice that this recycling of the revenues doesn’t make the tax less regressive, but it only makes the policy as a whole less regressive. Tackling the regressive effects of the tax through such policies makes them more acceptable for politicians. So, including revenue recycling doesn’t influence the distributional effects of the tax, but can help counteract these effects.  [8:  An explanation about revenue recycling can be found in Section II] 

Income or expenditures?
As already mentioned in Section III we use expenditures instead of income to measure a households’ income. This is for the reason mentioned in Poterba (1989), which implies that because annual expenditures approximate lifetime income, it is less variable and therefore better reflects a households’ capacity to pay taxes. The effect of using income instead of expenditures is that it exaggerates the distributional effects: progressive taxes are regarded as even more progressive and regressive taxes are regarded as even more regressive (Poterba, 1989). So, using expenditures attenuates the distributional effects and makes the estimation more reliable. 
Indirect effects
Many studies, such as this one, also includes indirect effects. Indirect effects mean that the tax burden is increased because the fuel tax makes the prices of other goods or services (e.g. public transport or taxi) to raise. Also including indirect effects makes the estimation more reliable. However, there are not many goods and services who influence the estimation of the distributional effects significantly. The effect of including indirect effects on the regressivity of a tax is dependent on which indirect effects are incorporated. For example, low income groups spend significantly more on public transport than higher income groups. This means that including the indirect effects of a higher price for public transport due to the fuel tax makes the fuel tax more regressive. However, in general, including indirect effects does not have a clear progressive of regressive effect. For example, in Casler & Rafiqui (1993) including indirect effects make the tax less regressive. In contrast, Jiang & Shao (2014) finds that the indirect effects are regressive, although they found that the direct effect is progressive. 
Price elasticities
Including price elasticities is practically necessary to make a reliable estimation of the distributional effects of a fuel tax. That is because an extra tax on fuel will definitely induce a behavioural response. Households will seek alternatives for using the car or will buy more energy-efficient cars. This is, in the end, the purpose of the fuel tax. However, it differs a great deal if the study uses a quartile-specific price elasticity or a single price elasticity. The former one generates a more reliable estimation because the price elasticities are presumably different per income group. It is likely that the low income groups have a higher price elasticity than the higher income groups. Not including these price elasticities will lead to an overestimation of the regressivity of the fuel tax (West & Williams, 2004).

Conclusion
	All these methodological issues raise the question whether our results make sense. The fact that the Netherlands is a European developed country, suggests that the distributional effect shouldn’t be progressive (because it is a developed country), but that it is more likely to be moderately regressive (because it is not North-American). Our study shows that the fuel tax in the Netherlands is just slightly regressive[footnoteRef:9]. So, this is in line with what one can expect. The use of expenditures to measure income -9*and the use of price elasticity all moderate the regressivity of the fuel tax. For these reasons, the outcome of our study (just weakly regressive) is in line with what we can expect from this study.  [9: Remember the Suits index of -0,004722] 

Section V: Conclusion & Policy Implications
	From our study follows that fuel taxes in the Netherlands are weakly regressive. Only accounting for direct effects makes the fuel tax on average almost proportional (just slightly regressive). But including indirect effects and price elasticity makes the tax slightly more regressive. The tax is progressive for the lower income groups, but regressive for the higher income groups. This means that especially the middle class has the greatest tax burden. This has important policy implications. Recent literature shows that the distributional effects in comparable countries are regressive. However, our study shows that this effect is even weaker than expected. And this is even without taking into account revenue recycling which can make the policy even progressive. This means that the supposed negative effects of using fuel taxes are negligible and fuel taxes can be an important instrument to reduce greenhouse gasses emissions. 
	We also found that regressivity is bigger in the U.S. than in Europe and found a striking difference between developing and developed countries. Where in developed countries, the fuel tax is in general regressive, in developing countries it is progressive. We concluded that the choice of methodologies used greatly affects the outcome. In general, we found that the more sophisticated and elaborate the study, the more moderate the results are, most of the time resulting in finding a weak regressivity. However, one feature of the methodology influenced the outcomes the most: the recycling of additional revenues. 
	When the government uses the additional revenues for, for example, a lump-sum amount for all households, the policy will presumable become progressive and the government can use it for redistributive purposes. However, we are aware of the fact that fuel taxes are already high in the Netherlands which raises the question whether the government should further increase the fuel price by raising this tax. To effectively tackle climate change and reduce the emissions of greenhouse gasses and thereby reach the goals of the Paris Agreement, the government should use a wide set of different instruments. But from this study stands out that fuel taxes are an important part of the solution. Especially in the U.S. where fuel taxes are dramatically lower than in Europe, fuel taxes can be really important and there is much to gain, although the regressive effects are bigger in the U.S. than in Europe. 
Appendix 1:
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Table 5: Budget shares and average deviation
	This table shows the expenditures on fuel from 2003 until 2007 for the four income quartiles. We used data for this time range because before 2003 another definition of rental value was used which affected the budget shares. Unfortunately, data after 2007 is not available.  The most telling numbers in this table are the average deviations. The average deviation for each income quartile is low. On top of that, there is not a trend visible in the data.

Appendix 2:
The third row of table 1 contains the money spent on fuels. These numbers are simply calculated by multiplying the total expenditures with the percentage spent on fuels. A more complicated calculation was needed to get the numbers in the fourth row of the table, “money spent on fuel excises”. To get this number we needed to estimate the weighted percentage of fuel excises of the money spent on fuels. 
First we needed to estimate the proportions of the different fuels. We assumed that most of the money spent on fuels and oils is spent on petrol, diesel and LPG. We founded the following data about the sales of these three fuels for road traffic in 2015. We took the average of the most recent year to account for seasonal effects. 
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Table 6: Fuel sales in 2015
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Table 8: Averages and percentages of fuel sales
	This average consumption of the three different fuels is multiplied with the most current prices (i.e. €0,728 for LPG, €1,627 for Petrol and €1,255 for diesel). So we get the following table:
[image: ]
Table 9: Expenditures on fuels and percentages.
	With these exact percentages we were able to conduct the following table.
[image: ]
Table 10: Excises and consumers’ prices
	So, finally we were able to calculate the weighted average excise percentage, and with the use of that we calculated the last row in table 4 by multiplying it with the expenditures on fuel, given in the third row.
Appendix 3:
We have calculated the following data: 
[image: ]



With the use of the approximation of the formula as mentioned in section III we can now calculate the Suits index. The formula is:

	
After filling in all the numbers, we now have calculated the Suits index, which is in this case -0,001987.
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image2.emf
Expenditures Period Total/ average 1st quartile 2nd quartile 3rd quartile 4th quartile

558100  Fuels and oils 2007 3,3% 2,7% 3,6% 3,9% 3,1%

Total expenditures 2007 120.141,20 €              18.139,30 €       23.462,80 €        32.163,60 €       46.375,50 €     

Income spent on fuels 2007 4.026,44 €                  489,76 €            844,66 €             1.254,38 €         1.437,64 €       

Income spent on fuel excises 2007 1.733,35 €                  210,84 €            363,62 €             540,00 €            618,89 €          


image3.emf
1st quartile 2nd quartile3rd quartile 4th quartile

Cumulated Percent of Total Expenditures 15,1% 34,6% 61,4% 100,0%

Cumulated Percent of Tax 12,2% 33,1% 64,3% 100,0%


image4.emf
1st quartile 2nd quartile3rd quartile 4th quartile Total / average

Total expenditures 18.139,30 €     23.462,80 €     32.163,60 €     46.375,50 €     120.141,20 €       

Expenditures on bus 90,70 €             93,85 €             96,49 €             139,13 €           420,17 €               

Expenditures on fuel exicise through bus prizes 5,80 €               6,01 €               6,18 €               8,90 €               26,89 €                 

Expenditures on excises (both fuel and bus) 153,11 €           260,05 €           383,45 €           441,30 €           1.237,91 €           


image5.emf
1st quartile2nd quartile3rd quartile4th quartile

Cumulated Percent of Income 15,1% 34,6% 61,4% 100,0%

Cumulated Percent of Tax 12,4% 33,4% 64,4% 100,0%
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Average expenditures in %

Periods Total1st quartile2nd quartile3rd quartile4th quartile

2003 3,2 2,3 3,3 3,7 3,3

2004 3,5 2,3 3,7 4 3,4

2005 3,2 2,3 3,3 3,7 3

2006 3,3 2,6 3,4 3,9 3

2007 3,3 2,7 3,6 3,9 3,1

Average 3,3 2,44 3,46 3,84 3,16

Average deviation 0,08 0,168 0,152 0,112 0,152
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2015 JanuaryFebruaryMarchAprilMayJuneJulyAugustSeptemberOctoberNovemberDecember

LPG mln litre 33 28 30 29 27 30 28 24 29 31 27 27

Petrol mln liter 424 393 438 451 431 439 432 416 441 458 432 460

Diesel mln liter 540 539 599 572 539 559 535 486 545 603 585 561
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Average Percentage of total

LPG

28,6 3%

Petrol

434,6 43%

Diesel

555,3 55%

Total

1018,4 100%


image9.emf
LPG 20,809 €         1%

Petrol 707,067 €       50%

Diesel 696,839 €       49%

Total 1.424,715 €   100%
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Excise Consumers pricePercentage

0,3363 €      0,728 €                    46,195%

0,7699 €      1,627 €                    47,320%

0,4847 €      1,255 €                    38,622%
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