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Abstract 

Taxes are universally considered to be efficient economic instruments to address the 

problem of global warming. Energy tax is expected to mitigate the greenhouse gases (GHGs) 

through reducing energy consumption from energy related sectors. It measures the taxes on 

the use of energy, which contributes to foster the energy efficiency. In Europe, transport 

sector is one of the major sources of greenhouse gases emissions, accounting for 20% of the 

total. Since large amount of energy, including the non-renewable resources, are consumed in 

this sector. In this paper I would like to discuss the effect of energy tax on mitigating the 

greenhouse gases from transport sector in 26 European countries. I use the panel data of 

these countries over 14 years, from 1995 to 2008. Along the way two different mechanisms 

regarding how the energy tax takes effect on GHGs will be examined quantitatively. The 

empirical study result reveals that energy tax does make sense to hit the target. Specifically 

the total effect is expressed by the tax elasticity of GHGs, -0.119. And nearly 66 percent of 

the GHGs reduction is reached through a decrease of energy consumption from transport 

sector. Another around 34 percent comes from other mechanisms such as the application of 

new technologies. This paper also compares the result to previous studies, a difference in 

tax/price elasticity and income elasticity is found. Several possible explanations are displayed 

afterwards. 
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1. Introduction 

Climate change is also called enhanced greenhouse effect, which is an increase of natural 

greenhouse effect, causing the GHGs emissions to increase at a much faster speed than it 

would occur. As a result of human activities, especially those which can increase the 

concentration of GHGs from the combustion of fossil fuels, global warming is still on and will 

be severer at least in the near future. As a main part of GHGs, the concentration of carbon 

dioxide has increased from about 313 ppm in 1960 to about 389 ppm in 2010. 1 It is not 

difficult to notice that the increase of GHGs has given alarm to human beings. Therefore 

scientists from different disciplines, including natural and social sciences, have discussed the 

potential effects of global warming on the whole world. Until now there are different 

predicted research results regarding this topic, especially the results about the estimates of 

increase of carbon dioxide concentration. According to the Stern Review (2006), for instance, 

a doubling of the pre-industrial carbon dioxide concentration could be reached by 2035, and 

the estimated temperature increase resulting from that is approximately 2°C or more. 

Furthermore, until 2100 there will be a 5°C increase in the global temperature, which could 

lead to a meter rise in sea level. Because of that, 1/5 of the Bangladesh would be flooded 

unfortunately.  

It seems reasonable that the Stern Review (2006) considers the carbon dioxide problem as 

the ‘greatest and widest-ranging market failure ever seen’. Some other studies, however, 

state that this result exaggerated the real damage of global warming. In other words, the 

result has not given a fair prediction of the effects of global warming. They propose that the 

adaptability of economy has been ignored by previous studies. Although the  results are not 

consistent, the alarming to human beings from global warming is definitely clear. 

I assume that the very first and important step is to find out the main sources of GHGs, and 

then it is possible to adopt the corresponding measures. Transport sector is indeed one of 

                                                                 
1http://en.wikipedia.org/wiki/Greenhouse_gas 
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the energy related industries in an economy. Consequently it is one of the major sources of 

pollutant emissions. For instance, in Europe, GHGs emissions from transport sector account 

for a large percentage, around 20% of the total in 2008 according to Loannis Bakas (2011). 

And it has increased steadily these years. Within transport sector, land transport emitted 

about 94% of all transport emissions. Some European counties like Germany, France, UK, 

Italy and Spain are the biggest transport GHGs emitters, constituting 66.6% of all in EU 27 

countries. Most of studies which focus on factors affecting the change of GHGs emissions 

from transport sector insist that energy intensity, which is the ratio of total energy 

consumption for transportation to its gross domestic product, matters a lot. These studies 

include Scholl et al. (1996), Schipper et al. (2000), Wu et al. (2005) and Timilsina and 

Shrestha (2009) with a focus on different countries in different period respectively. 

Energy tax is a tax that increases the price of energy.2And it measures the taxes levied on the 

consumption of energy. In this way it would contribute to foster energy efficiency. The use of 

energy tax is expected to reduce the energy consumption and improve the energy intensity, 

achieving the target of mitigating the GHGs from transport sector. In Europe, energy tax has 

been adopted for years. So is it working well to reduce the emissions from transport sector? 

In this paper I would like to discuss the effect of energy tax on GHGs emitted from transport 

sector quantitatively, employing random effects model with the panel data of European 26 

countries over 14 years. Two basic mechanisms of GHGs reduction are analyzed next 

followed some policy implications. 

The rest of the paper is organized as follows: Section 2 discusses the theory background 

accompanied by literature review regarding the price and income elasticity of fuel 

consumption. Section 3 displays the methodology and model. Models related to two 

different mechanisms about how energy tax takes effect on GHGs reduction are examined. 

Then the relevant data is analyzed in section 4. Section 5 shows empirical study results and 

compares them to previous studies. Some possible explanations of the difference are also 

                                                                 
2 Fisher et al., 1996, p. 416 
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discussed in this section. At last section 6 concludes. 

2. Literature review and theory background 

2.1 Literature review 

The carbon dioxide problem is considered as the ‘greatest and widest-ranging market failure ever 

seen’ by the Stern Review (2006).And taxes can be used to correct market failures or internalize 

the negative externalities. Actually this idea was first introduced by Pigou in 1920. He suggests 

that an environmental tax will be optimal when the per-unit fee is equal to the “marginal social 

damage” from the pollution, which is referred to “Pigouvian rate”. Since then, taxes have been 

generally employed by economists and policymakers to address the externalities in the economy.  

And specifically the pollution taxes were first noticed by Tullock (1967). It states that 

‘Governments need money, and the return from charges on externality is a possible source of 

such funds’.3He suggests a large scale of replacement of pre-existing taxes with environmental 

taxes. David Terkla (1984) estimates that revenues can be obtained through national effluent 

taxes instead of command and control regulations. The benefits from his policy are only the 

revenues which can be used to reduce other distorting taxes. Pearce (1991) introduced the term 

“double dividend” at the first time. And he thinks that a carbon tax would generate revenues so 

that other kinds of taxes can be lowered. Bosquet (2000) suggests that the carbon/energy taxes 

do reduce energy consumption to some extent. However, price elasticity of energy consumption 

is low and the reduction of energy use is not so much (Leicester 2005).  

However, which level of tax rate is the optimal? This is a question that has been discussed for a 

long time. According to Pigou tax, the most efficient level of output is realized when the marginal 

social cost including the damages, equals marginal social benefits.  This is universally applicable in 

the first best economy (Sandmo, 1975). However, in the second best world with the presence of 

externalities, the case is more complicated, without a consensus on the optimal tax rates. When 

                                                                 
3Gordon Tullock, Excess Benefi t, Vol. 3, No.2 Water Resources Research. 1967 
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the environment enters both as a public consumption good and an intermediate input, it  is likely 

that the optimal tax rate lies below the Pigou tax (Ballard and Medema (1993), Bovenberg and 

Goulder (1996)). Given that several polluting goods enter the utility function or the utility with 

different preferences, the optimal tax is likely to be above the Pigou tax (Ballard, Goddeeris, and 

Kim (2000); Cremer, Gahvari and Ladoux (2001)). 

Michael Golosov et al. (2011) propose a dynamic stochastic general –equilibrium model with an 

externality from using fossil energy. The paper starts with a description of the general setting of 

the economy and the social planning problem. Then by solving the social planner’s problem with 

regard to the effect of the climate on the general economy, they obtain a simple formula for the 

marginal externality damage of emissions. Carbon cycle and extraction technologies of fossil fuels 

are also included. Based on the Pigou tax principle, the derived formula also represents the 

optimal tax on carbon emissions, achieving the optimal level of output. In the formula, only three 

variables are relevant: discounting rate, the expected damage elasticity (how many percent of the 

output is lost from an extra unit of emissions into the atmosphere) and the structure of carbon 

depreciation in the atmosphere. In this way, the social cost  of the emissions (optimal tax) is likely 

to compute quite easily, without the knowledge of future values of output, consumption, the 

future technology, productivity, or population. Besides, the authors also employ their closed 

formula to estimate the tax, comparing the results to that in Nordhaus (2000, 2007) and in the 

Stern report (2006). These two studies propose the tax of $30 and $250 per ton coal respectively, 

since they use different subjective discount rates. Michael Golosov et al. (2011), however, suggest 

a much higher optimal taxes than both of these studies (the optimal taxes are $56.9/ton and 

$496/ton respectively). The authors think that the main reason is a different depreciation 

structure for carbon emissions in the atmosphere, which is believed to be consistent with 

updated natural science research such as Archer (2005). They think that even though a large 

percentage of carbon moves from the atmosphere to the biosphere and the deep oceans 

comparatively quickly, about 20% of the emitted carbon stays “forever”.  Another relevant study is 

William and Boyer (2000, 2007). The DICE (Dynamic Integrated model of Climate and the 

Economy) model is a modified economic growth model based on the Ramsey model. It 
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incorporates the effects of carbon emissions on economic output. It uses a Cobb-Douglas 

production function to represent the global economic output. A percentage of output is lost  

based on a Hicks-neutral climate change damage function. The DICE model was the first  

integrated-assessment model of the economics of climate change. 4 The RICE-99 (the Regional 

Integrated model of Climate and the Economy) model is a  fully revised model based on the DICE. 

In this model, nations are assumed to maximize their social welfare function subject to a series of 

economic and geographical constraints. The social welfare follows a rate of time preference to 

different generations. A new input into the production is introduced in this model -carbon energy.  

It refers to the carbon equivalent of energy consumption. It compares the relative efficiency of 

different approaches to address the climate change and reveals that all policies have short term 

carbon taxes under $10 per ton. The optimal carbon price in the short term is between $5 and 

$10 per ton.  

In order to formulate an optimal tax on energy, it is necessary to know first about the effects of 

price and income on the energy consumption. There are few studies concerning this subject. 

However, there are plenty of empirical studies which focus on the price and income elasticity 

specifically on fuel consumption, fuel efficiency and other variables. Phil Goodwin et al. (2003) is 

an important paper which gives a review of the empirical studies since 1990, from different 

aspects: data, method of analysis, main results and sources of variations in elasticities.  According 

to this paper, more than 100 results are regarding price and income elasticities of the fuel 

consumption. Almost all the studies assume that the effects of a reduction are equal and 

opposite to the effects of an increase for price and income. It reveals that if a real price of fossil 

fuel increases by 10%, the fuel consumption will fall by about 2.5% within a year, over 6% in the 

longer run (about 5 years more or less). With regard to the real income, the fuel consumption will 

increase by nearly 4% within a year and over 10% in the longer run.  

The results of different studies are varying about the elasticities. Espey (1998) uses the 

meta-analysis to examine 32 potential factors affecting the variation of the estimated elasticity 

coefficient for fuel consumption. Those factors include measures of demand specification, data 

                                                                 
4 Summary of “ Roll the DICE again: The Economics of Global Warming“, October 1999 
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characteristics, estimation technique and geographical reasons. And between one quarter and 

one third of the variation found in the elasticities can be explained by these factors. Among the 

factors, whether to include the vehicle ownership was found to be a significant factor in the 

models. Linear and log-linear models are not found to be significantly different from each other. 

Other estimates are also not significantly different. Regarding models that used different levels of 

individuals and used quarterly or yearly data, the estimates results were not so different. Another 

study by Hanly et al. (2002) can explain a high percentage of the variation. However, many 

important sources of variation, such as between short and long term effects or between effects 

on different dependent variables, have been taken out from the segmented form of analysis.  

2.2GHGs- greatest market failure 

As the name suggests, GHGs refer to the gases which can trap heat in the air, leading to an 

increase of the Earth’s surface temperature. Actually a certain amount of GHGs is necessary 

to keep the temperature of the earth suitable for people to leave, neither too hot, nor too 

cold. The most abundant GHGs in Earth’s atmosphere are water vapor, carbon dioxide, 

methane, nitrous oxide and ozone.5 Although the water vapor accounts for the largest 

percentage in GHGs, the human activities do not have a significant effect on the change of its 

concentration except for activities in local scale such as irrigation. In contrast, the emissions 

of some GHGs are influenced greatly by human activities, such as Carbon Dioxide, Methane, 

Nitrous Oxide and Fluorinated Gases. Specifically coal for electricity generation and gasoline 

for transport are two main sources of carbon dioxide emissions. Geographically, the top 25 

emitters account for over 90% of total carbon dioxide emissions in 2009. And 80% of GHGs 

come from these emitters. Here I would like to extract a table from Netherlands Assessment 

Agency to display shares of top 6 emitters. 

 

 

 

                                                                 
5http://en.wikipedia.org/wiki/Greenhouse_gas#Greenhouse_gas_emissions 
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Table 1 GHGs’ share of top 6 emitters 

Country Share in GHG 2005 (%)  Share in CO2 2005 (%) Share in CO2 2009 (%) 

China 17 20 26 

USA 15 20 17 

EU-27  11 14 12 

Russia 5 6 5 

India  5 4 5 

Japan 3 5 4 

Data source: Netherlands Assessment Agency  

In a competitive market, when prices do not reflect the full cost of the products, or the 

producers and consumers do not bear all costs of economic activities, then too much of this 

kind of products will be produced in the market. Since the extra costs of those activities, 

which will be imposed on a third party, are not accounted by producers or consumers. In this 

sense, the negative externalities i.e. extra costs occur. Negative externalities can be 

explained well by the following figure (Figure 1.) When the price and production level are 

decided by private cost and demand, it will be point B. Then the price will be Pb and the 

production level Qb. The ideal equilibrium point which indicates that the marginal social cost 

equals the marginal social benefit would be point A. From the figure, it is obvious that at 

point B the marginal social cost is greater than the marginal social benefit, which means that 

the quantity from Qa to Qb should not be produced. It indicates that too much products are 

produced or consumed. In this sense, the negative externalities cannot be solved by the 

market itself. Instead, people should implement some measures to correct this kind of 

market failure, for instance, by internalizing the extra costs of these economic activities. 

Levying tax, quantity limitation and regulations are all plausible choices.  
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Figure 1.Negative externalities 

Climate change has always been considered to be a typical example of negative externalities. 

"Climate change presents a unique challenge for economics: it is the greatest example of 

market failure we have ever seen."6 Climate change is caused by GHGs emissions all over the 

world. A large amount of GHGs from combustion of fossil fuels are emitted to the 

environment, during which the extra costs are imposed by the whole society instead of only 

the relevant producers. And more and more emissions have been emitted without a 

decreasing trend. Being different to other normal negative externalities, climate change is 

special one because it involves in the whole world. Imagine that GHGs are emitted by a train 

in country C, these air pollutant are supposed to spread to the air of other countries, instead 

of staying in country C only.  

Since years people has already realized that it is extraordinary significant to implement 

policies to address the GHGs emissions. However, it turns out that countries or producers 

lack enough incentives to make their efforts, because they cannot capture all the benefits 

from their hard work. During the process of mitigating GHGs, a certain amount of the 

benefits are captured by other parties who have done nothing. Another market failure 

occurs: tragedy of public goods. Climate change is a special kind of economic activity known 

                                                                 
6

Stern, Nicholas (2006). "Introduction".The Economics of  Climate Change The Stern Review. Cambridge University Press.  
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as global public good. Specifically, in this case, the protection of environment is a public good 

since its provision is both non-rival and non-excludable. It means that each country can enjoy 

the benefits of protecting the environment at the same extent with the country who is 

conducting. Otherwise it would be too costly to exclude other countries from these benefits. 

This is exactly why countries are reluctant to invest to protect the environme nt. In other 

words, everyone tends to waiting for the benefits from effort of somebody else instead of 

themselves. In this sense, coordination of the whole world is particularly important in the 

aspect of protecting the environment. According to Nordhaus (2009), ‘Universal participation 

at a harmonized level is a critical part of an efficient global warming regime.’ Since the 

penalty of non-participation from reducing half the global emissions from an agreement will 

increase by about 250 percent, which is extremely high. 

2.3 Taxation- one of the choices to address market failures 

2.3.1 Prices vs. Quantities 

Since people have already noticed the threat of global warming to human beings, scientists 

and environmentalists all over the world have been trying to alleviate and eventually address 

the problem. However, which kind of economic instrument is preferable, price based market 

polices or quantitative controls? There has been extensive discussion about it. The seminal 

work is done by Weitzman (1974), where the issue of price versus quantities is considered to 

be a “second best” problem because he assumes that there are not only these two signals. In 

order to decide which one is preferable, it employs the expected difference in gains obtained 

under the two instruments, having a conclusion that price based instruments are more 

attractive when the curvature of the benefit function is relatively smaller. Otherwise, 

quantity controls are preferable. William A. Pizer (1998) constructed an integrated model of 

economy and climate, indicating that the price-based instruments can generate overall five 

times higher economic gains (expected benefits minus costs) then the quantity-based 

mechanisms. Aside from above, Nordhaus (2005) discusses some other advantages of price 
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instruments. It makes a comparison of price and quantity policies, indicating that price 

oriented policies are more powerful to address the global warming. They can capture the 

revenues more easily then quantitative methods and that is exactly one of the initial 

incentives for European countries to conduct taxes on emissions. Besides, it is less likely to 

create corruption and financial finagling under price-based mechanisms. Since for example 

under the emissions trading system, the trading permits are free to trade. So it is quite 

possible for individuals who can control the permits to sell them for other purposes other 

than mitigating pollutant emissions. Actually the essence of price policies is to internalize the 

extra costs of public goods, for the purpose of reducing the supply of this kind of goods. 

Although for non economists, the quantity limiting policies are easy to understand, the price 

related approaches are more effective with lower social costs. In addition, Martin Ström 

(2006) also proposes that long-term cost-efficiency of instruments is highly dependent on the 

dynamic technology effects in the case of Swedish transport sector. 

Taxation is an important environmental tool to mitigate the GHGs emissions, during which 

the price mechanisms play a significant role. But what on earth would the energy taxes bring 

for the economy and environment? This is the focal point of policymakers to consider when 

formulating the taxation policies. For a long time the energy taxes had been considered as 

win-win policies since they can provide economic benefits through increasing output and 

employment and can also mitigate the environmental problems. The European commission 

white paper “Growth, Competitiveness, Employment” issued in December 1993 stated that 

energy taxes can improve the employment situation at that time by reducing charges on 

labor or some other important factor in the economy. In addition, the fiscal deficit could be 

improved by the revenues from energy taxes, which is exactly one of the first incentives of 

policymakers in Europe and United States. It is not difficult to understand why the U.S. 

administration proposed an energy tax as part of its deficit reduction plan in early 1993, 

based on British Thermal Units (BTUs). Energy taxes are proposed since they provide a 

double dividend. On one hand, they could settle the problem of negative externalities by 
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internalizing the extra costs. One the other hand, they are expected to increase tax revenues 

which are obtained previously from other sources, such as wages, investment and savings, 

which are obviously essential to economic progress. The revenue from environmentally 

related taxes accounts for average roughly 2% of GDP (around 601 billion Euros) in OECD 

countries in 2004 (data from OECD). And this revenue is mostly collected from taxation on 

motor fuels and motor vehicles, which are set up to satisfy the purpose of mitigating the 

GHGs emissions. Except for being a revenue raiser, energy taxation also could stimulate the 

generation of new technology, increasing use of renewable energy sources or the change 

between different transportation modes. 

2.3.2 Energy tax in Europe 

The use of energy taxation as one of the environmental instruments has increased rapidly 

over the past decade in Europe. However, the negotiations on a common framework for 

taxation of energy products have lasted for more than a decade. The most contentious points 

of the negotiations are: the possibility for setting a national tax rate below the European 

level, tax breaks for certain sectors and the tax rate of diesel fuel in road transport. Actually a 

proposal for a common carbon dioxide/energy tax was introduced in 1992. However the 

negotiations never came to a common agreement. Afterwards, the minimum levels of 

taxation on energy products were set in the 2003 energy taxation directive, which was the 

Mineral Oils Directive involving oil products for transport or heating and natural gas for 

heating. Until then several national taxation systems for energy related products were 

constructed during the 1990s, although some conflicts with the internal markets still existed. 

The existence of these conflicts led to the 1997 proposal for a Directive restructuring the 

Community framework for the taxation on energy related products. 7Then the ‘Monti 

proposal’ was created, which was clearer than the 1992 carbon dioxide/energy taxation 

proposal.  

                                                                 
7
Proposal for a Council Directive restructuring the Community framework for the taxation of  energy products COM (97) 30. Text with 

EEA relevance 
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After that, several modifications were made. The first one was made by German Presidency 

in 1999, proposing longer transition duration and more flexibility for member states. 

However, just a little progress was made. The Sweden Presidency brought up this again in 

2001. Sweden has put emphasize on the environmental issues for a long time and as a result 

their energy taxation level is higher compared to other member states. Spain proposed 

another agreement regarding the liberalization of the energy market, seeking to make France 

open their energy markets according to the liberalization directive. 8 Then enhanced 

cooperation was introduced to the newly agreed Treaty of Nice. The result of this time was 

only limited to the decision to tax electricity at the output instead of the input. Considerable 

progress was made by Spaniards, leading to new proposed minimum rates of energy taxation 

and a proposal presented at the Barcelona summit that was to be agreed in Copenhagen. 

The Danish succeeded to present a final proposal that could be agreed by all member states. 

But still three issues were left unsolved: the possibility of setting national taxation level 

below the European minimum, tax breaks for certain sectors and the taxation on diesel fuel. 

No agreement was made through the next several meetings under the Greek Presidency and 

the ECOFIN meetings in Brussels. The Directive for the restructuring of framework for the 

taxation on energy related products was agreed on 20 March 2003 finally. It is characterized 

by: the final minimum taxation rates are very low; long transition period and so on. And the 

minimum rates on in EU energy taxation directive are showed in the table below. Compliance 

rates should not be considered as direct measure of negotiation process, but can be used to 

understand better about national considerations and importance of the energy related 

products. Generally speaking, northern European countries have a higher compliance rate, 

compared to the southern part. Besides, for different fuel types, the compliance rate to the 

European level is various. Exemption mechanisms or the difference in proposed minimum 

                                                                 
8Directive 96/92/EC of  the European Pa rliament and of  the Council of  19 December 1996 concerning common rules for the internal 

market in electricity  
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levels of taxation can also be added to measure the negotiation process.  

Table 2 the minimum rates on energy in EU energy taxation directive  

 Current min. rate Min. rate from 

1/1/2004 

Business 

Min. rate from 

1/1/2004 

Non-business 

Diesel €/1000L 18 21 21 

Heavy fuel oil €/1000kg 13 15 15 

Kerosene  €/1000L 0 0 0 

LPG €1000kg 0 0 0 

Natural gas €/GJ  N/A 0.15 0.3 

Coal and coke €/GJ  N/A 0.15 0.3 

Electricity €/MWh N/A 0.5 1.0 

Consequently various taxes are introduced to address the emissions problems. Like discussed 

before, energy tax is expected to reduce the demand of energy consumption by increasing 

the price of energy. In addition, it measure the taxes levied on the use of energy which 

contributes to foster energy efficiency. Then it is expected to increase the energy intensity 

which is proved to be an important determinant factor affecting the change of GHGs 

emissions. However, to achieve a certain amount of GHGs emissions reduction, how high of 

tax rate are we supposed to formulate on the energy related products? This question has 

been given much attention for years by quantities of studies and the policymakers. To figure 

out the most suitable taxation level, first of all the effect of energy tax on GHGs emissions 

needs to be thought from all perspectives. Now I would like to discuss several possible ways 

how the energy tax will have an effect on mitigating GHGs emissions from transport sector. 

Firstly an increase of tax rate will definitely reduce the energy consumed by the 
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transportation system, which is an ideal way to improve the environmental quality. This 

mechanism is considered to be a ‘quantitative’ reduction process. Since the target can be 

realized by reducing the quantity of energy consumption. Besides, the employment of 

taxation policies is likely to stimulate the invention and application of new technologies. In 

this way, with the same amount of energy consumption, less GHGs are emitted. In contrast, 

this process is more like about quantity side of the production, with new technologies and 

innovative tools involved. 

3. Methodology and model 

For 26 European countries, four variables are supposed to be included in the study: GHGs 

emissions from transport sector, implicit tax rate on energy, energy consumption from 

transport sector, real GDP all from 1995-2008. Obviously it is a typical panel data. According 

to Peter Kennedy,9this one is ‘short and wide’, since it consists of 26 individuals over 14 years, 

meaning that N is much, much larger than T. The use of panel data has distinct advantages, 

since panel data are more informative; they allow studying individual dynamics and control 

for individual unobserved heterogeneity.  

3.1 Unit root test and cointegration test 

Before running a panel regression of the data, it is necessary to test whether the time series 

is stationary or nonstationary. Since when nonstationary series are used in a regression 

model, the results will be meaningless, indicating that the least squares estimator and 

predictor do not have their usual properties as they would have. And t-statistics are not 

reliable any more. It is particularly necessary to check whether they are stationary or not 

when macroeconomic variables are employed, because there is large possibility for them to 

be nonstationary.10Granger and Newbold (1974) and Phillips (1986) assume that a traditional 

estimation of systems using nonstationary variables would cause spurious results, because 

                                                                 
9Peter Kennedy, “A guide to econometrics”, MIT Press. 

10 R. Carter Hill, William E. Griffiths and Gury C. Lim, “Panel Data Models”, Principles of Econometric, 3rd edition, Wiley, 2008 
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the test statistics do not follow the standard distributions. Breuer et al. (2001, 2002) 

construct a panel unit-root test which is based on the ADF regressions estimation in a 

seemingly unrelated regressions framework. After that an individual unit root test within the 

panel members is then be made. If there is unit root of the variables, it means that they are 

nonstationary. In this case, we would like to introduce the first order difference of the panel 

data. If the differenced series are stationary, then regressions could be run to estimate the 

coefficient.  

There are various methods to implement tests for unit roots or stationarity of panel data, 

including the Harris-Tzavalis (1999), Breitung (2000; Breitung and Das 2005), Fisher-type 

(Choi 2001), Levin-Lin-Chu (2002), Im-Pesaran-Shin (2003), which have the null hypothesis 

that all the panel data have a unit root. The Hadri (2000) Lagrange multiplier test, however, 

has the null hypothesis that all the panel data are (trend) stationary. One point to be noted is 

that most of the tests assume that the panel dataset is required to be strongly balanced. The 

exceptions are the Im-Pesaran-Shin and Fisher-type tests which can be employed to test 

unbalanced panel datasets. 11Since these tests methods are available in Stata 11, so it is not 

difficult to get the unit root test results of variables required. When the panel datasets of 

variables are nonstationary, for example, they are first-order integrated (I (1)), but their 

linear combination form could construct a stationary panel data ( I (0)), which can be used 

directly to run a regression. Then these data series are considered to be cointegrated. In this 

paper, I would like to employ Westerlund error-correction-based panel cointegration tests, 

which includes four tests developed by Westerlund (2007). The underlying idea is to test for 

the absence of cointegration by determining whether there exists error correction for 

individual panel members or for the panel as a whole.12 

 

3.2 Regression models for panel data 

                                                                 
11

 Stata.com: http://www.stata.com/stata11/xtur.html 
12See Stata  11 command: ‘ help xtwest’. 
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Two main models which are usually used to analyze the panel data are fixed effects model 

and random effects model. Among these two methods, fixed effects regression is the main 

technique to analyze the panel data: Yit = α + δi + βxit +εtIt allows estimating the effects of 

independent variables (xits) on dependent variable (Yit) by employing the changes in the 

variables over time. This model is applicable when we suppose that each individual has a 

fixed effect on the dependent variable (Yit). While we consider that the individual differences 

are random disturbances, then the random effects model is preferable: Yit =α+ βxit + νi + εt 

One point needs to be noted is that it requires no correlation between the repressors (xits) 

and the individual differences (νi). People need to choose between them according to 

different situations of data analysis and different research targets. Otherwise there is 

another way of choosing between fixed and random effects model is to run a Hausman test. 

The null hypothesis is that the coefficients of random effects estimator are the same as the 

ones of fixed effects estimator. If a significant P-value exists, then fixed effects model is more 

appropriate. Otherwise, we should take the random effects model. 

3.3 Model 

To achieve a certain amount of GHGs emissions reduction, the effect of energy tax on GHGs 

emissions needs to be thought from all perspectives. Now I would like to discuss several 

possible ways how the energy tax will have an effect on mitigating GHGs emissions from 

transport sector. First of all, an increase of tax rate will definitely reduce the energy 

consumed by the transportation system, which is an ideal way to improve the environmental 

quality. This mechanism is considered to be a ‘quantitative’ reduction process. Since the 

target can be realized by reducing the quantity of energy consumption. Besides, the 

employment of taxation policies is likely to stimulate the invention and application of new 

technologies. With the same amount of energy consumption, less GHGs are emitted. In 

contrast, this process is more like about quantity side of the production, with new 

technologies and innovative tools involved. Consequently I will employ three individual 

regression models to explain the effect of energy tax on GHGs emissions by the regression 
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estimators. The total effect will be estimated firstly. And then the respective effects through 

energy consumption reduction and application of new technologies are followed. In this way, 

how much of the GHGs reduction is reached through the two different mechanisms 

individually? And furthermore, what kind of policy implications we can obtain from that?  

In addition, with respect to the EKC (Environment Kuznets Curve) hypothesis, the real GDP 

per capita is included in the model. In this sense, we can test the hypothesis using the panel 

data by the way. There are some other factors that are possibly relevant to the change of 

GHGs, such as the increasing population, activity of transportation and others. I would like to 

employ dummy variable y, which stands for the time (Year). It is expected to incorporate 

those variables mentioned above. Since random effects model is more efficient to this case13, 

so I formulate the three models as follows: 

Total effect: dLGHGsi,t= α0+α1dLTaxi,t +α2dLGDPi,t+α3y + νi + εt(1) 

With a given EC level: dLGHGsi,t=β0 + β1dLTaxi,t +β2dLECi,t +β3dLGDPi,t+β4y + νi’ + εt’  (2) 

EC reduction effect: dLECi,t=γ0 +γ1dLTaxi,t +γ2dLGDPi,t+γ3y + νi’’ + εt’’(3) 

Where i = 1… N denotes the country, t = 1, 2…T denotes the time. The variables dLGHGs, 

dLTax, dLEC and dLGDP denote the first differenced natural logarithmic value of GHGs, 

energy tax rate, energy consumption and real GDP per capita respectively. And y is the 

dummy variable which is already discussed above. νi, νi’ and νi’’ denote the error terms. 

εt,εt‘ and εt’’ represent the country-specific random effects. And the values ofα1, α2 are the 

coefficients of dLTax and dLGDP respectively. β1, β2, β3 are the coefficients of dLTax, dLEC 

and dLGDP in the second regression equation. γ1, γ2 are the coefficients in regression model 

(3). 

                                                                 
13

 This conclusion is made by Hausman test, which tests whether the unique errors are correlated with  regressors . 
The null  hypothesis is that they are not, which is consistent to random effects  model . The econometric results will 
be reported in table 7-9 
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4. Data analysis 

In this part, I try to analyze the data which will be used for the regression. In this paper, the 

datasets include: energy consumption from transport sector, real GDP per capita and 

especially energy tax rate on the GHGs emissions from transport sector in 26 European 

countries from 1995 to 2008: Belgium, Czech Republic, Denmark, Germany, Estonia, Ireland, 

Greece, Spain, France, Italy, Cyprus, Latvia, Lithuania, Luxembourg, Hungary, Netherlands, 

Austria, Poland, Portugal, Romania, Slovenia, Slovakia, Finland, Sweden, UK, and Norway. The 

majority of the data is from Eurostat: energy consumption from transport sector, tax rate on 

energy, real GDP per capita. The data of GHGs emissions is collected from EEA (European 

Environmental Agency). The GHGs emissions are measured in thousands of tones. And the 

tax rate on energy is measured by ratio of energy tax revenues to final energy consumption. 

It measures the taxes levied on the use of energy and will contribute to foster energy 

efficiency. Energy tax revenues are measured in 1000 EUR and the final energy consumption 

as TOE (thousands tons of oil equivalent), so the tax rate on energy is measured in EUR per 

TOE. The real GDP per capita is obviously measured in Euro per inhabitant annually. 

4.1 GHGs from transport sector 

Table 3 shows the summary statistics of GHGs in top 10 European countries, ranked by mean 

values of GHGs emissions from transport sector from 1995 to 2008. From the table, we can 

see that Germany (including former GDR from 1991) is the biggest GHGs emitter within 

transport sector, followed by France, United Kingdom, Italy and Spain. The value of Standard 

deviation is quite large for Germany and Spain, 11111.4 and 13926.84 respectively. That 

indicates that GHGs emissions from transport sector varied pretty much during 1995 to 2008 

in these two countries. This point can be seen apparently from Figure 2-3. A great difference 

is that in Spain the GHGs emissions from transport have increased dramatically, although 

there was a decrease since 2007. However, the amount of GHGs emissions from transport 

sector has reduced in Germany, followed by an increase since 1995 until around 1998. 
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According to the report from EEA, transport GHGs emissions reduced 7% from 1990 to 2008 

in Germany. The improvement is highly related to transport sector greenhouse gas mitigation 

strategies implemented in Germany. For example, daily travel instead of car is encouraged 

through income tax relief from non car-commuting households. Besides, Germany not only 

emphasizes the energy efficiency of private cars, but also the car equipment. In addition, 

eco-driving programs have been employed to mitigate GHGs emissions.  

In Spain, however, GHGs emissions from transport sector have increased over 70% from 

1990 to 2009 (Framework convention on climate change-Secretariat, UNFCCC). Based on 

study by Perez-Martinez and Pedro Jose (2010), GHGs will rise an additional 53% by 2025 

and then the value from transport sector will be 167% higher than the 1990 base year, which 

is impressive. Desiderio Romero-Jordán et al. (2010) focuses on the main drivers of energy 

consumption in passenger transport in Spain, which leads to an increase in emissions. 

Increasing passenger activity, the modal factor and the technology factor are discussed in 

that paper to explain the change of pollutant emissions in passenger transport sector in 

Spain. Besides, several other countries also attribute to GHGs from transport sector in 

Europe at great extent, such as France, Italy and United Kingdom (see Figure 4). 

Table 3 the summary statistics of GHGs from transport sector in top 10 European countries  

Country  Obs Mean Std. Dev. Min Max 

Germany (including 

former GDR from 1991) 
14 171754.5 11111.4 153483 186653 

France 14 136381.8 4300.256 128782 141138 

United Kingdom 14 127056.7 3403.918 119867 132573 

Italy 14 123301.8 5167.791 113700 129071 

Spain 14 89980.29 13926.84 66736 110029 

Poland 14 34445.43 3585.389 28982 42697 
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Netherlands 14 33487.86 2141.531 29759 36049 

Belgium 14 25047.07 1562.463 22503 27637 

Austria 14 20897.57 3197.174 15985 24981 

Greece 14 20607.57 2101.01 16852 23740 

Sweden 14 20272.86 785.6249 19103 21359 

 

 

Figure 2 GHGs emissions from transport sector in Spain (1995-2008) 
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Figure 3 GHGs emissions from transport sector in German (including former GDR from 1991) (1995-2008) 

 

 

Figure 4GHGs emissions from transport in European 26 countries (1995-2008) 
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4.2 Implicit tax rate on energy 

The data of tax rate on energy is collected from Eurostat, measured by the ratio between 

energy tax revenue and final energy consumption, which is called implicit tax rate (ITR) on 

energy. It measures the importance of energy taxes by the amount of energy taxes imposed 

per unit of final energy consumption. An energy tax is charged directly on the energy 

commodities. But energy tax is imposed on all energy products, although energy source of 

some energy products is not ‘dirty’ resources. And studies point out that to reduce a certain 

amount of emissions, ad valorem energy taxes would be more costly than carbon 

taxes.14However, the implementation of energy tax would certainly be helpful to mitigate 

greenhouse gas emissions. Besides, the data of other taxes, such as carbon taxes 

implemented by European countries are not available. So this paper employs the implicit tax 

rate on energy instead. And from this point it would be really interesting to compare the 

effects of different types of environmental taxes if data of various taxes are all available. 

I summarize the data of energy tax rate, as is depicted in table 4 below. Countries as 

Denmark, Italy, UK and Germany are the top four countries who levy a higher taxation rate 

on energy products. Among those countries, Denmark, Italy and UK have a greater variation 

in the change of tax rate on energy comparatively. Another point need to be noted is that the 

Nordic countries generally impose a higher taxation rate on energy, such as Denmark, 

Sweden, and Norway etc. “Actually the Nordic countries were among the first European 

countries to levy environmental tax reforms by shifting taxes from labor to environmental 

degradation.”15 Specifically, the share of energy taxes in GDP is as high as 2.2 and 2.1 in 

Sweden and Denmark respectively in 2008, which are higher than the EU-27 average level 

1.8% (Eurostat).  

 

                                                                 
14Bashmakov, I . et al. (2001). “Policies , Measures  and Instruments ” 

15Michal  PTAK ,“Environmental motiva ted energy taxes  in Scandinavian countries”, 2010. 
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Table 4 implicit tax rate on energy in top ten countries in Europe (ranked by Mean values)  

Country Obs Mean Std. Dev 

Denmark 14 278.1429 32.87004 

Italy 14 239.5 34.8287 

United Kingdom 14 209 29.62847 

Germany (including former GDR from 1991) 14 189.2857 23.4338 

Sweden 14 184.2857 14.53605 

Norway 14 173.6429 14.42011 

France 14 169.8462 6.580858 

Luxembourg 14 169.7143 6.568322 

Netherlands 14 157.7857 23.34088 

Portugal 14 153.6429 20.54117 

 
Figure 5 implicit tax rates on energy in European 26 countries (1995-2008) 

0

1
0

0
2
0

0
3
0

0

0

1
0

0
2
0

0
3
0

0

0

1
0

0
2
0

0
3
0

0

0

1
0

0
2
0

0
3
0

0

0

1
0

0
2
0

0
3
0

0

1995 2000 2005 2010 1995 2000 2005 2010 1995 2000 2005 2010 1995 2000 2005 2010

1995 2000 2005 2010 1995 2000 2005 2010

Austria Belgium Cyprus Czech Republic Denmark Estonia

Finland France Germany (including  former GDR from 1991) Greece Hungary Ireland

Italy Latvia Lithuania Luxembourg Netherlands Norway

Poland Portugal Romania Slovakia Slovenia Spain

Sweden United Kingdom

4
 x

year
Graphs by country1



- 29 - 
 

Figure 6.Energy consumption in European 26 countries (1995-2008)  
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Figure 7. Real GDP per capita of 26 countries (1995-2008) 
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5. Econometric results and analysis 

5.1 Unit root test result 

The result of the panel unit root tests is reported in table 5 For the logarithmic form of each 

variable and the first differenced one are tested by five methods respectively: LLC 

(Levin-Lin-Chu test), Breitung test, IPS (Im-Pesaran-Shin test) and Fisher-type tests, including 

ADF unit-root test and Phillips-Perron unit-root test. From the result of unit root tests, we 

can see that most of series of level values are nonstationary. However, all the tests of the 

first difference reject the null hypothesis at different significance level, indicating that all the 

panel data are stationary after first difference. Based on what mentioned above, we can 

consider the regression model now, employing the first differenced series of logarithmic 

forms. 

Table 5: Results of unit root tests 

Unitroot test Variables  LLC Breitung  IPS Fisher-ADF Fisher-PP 

Levels 

LGHGs -4.5414* 5.2582 -1.2827 54.3059 54.3059 

LTax -5.0239 * 2.9027 -1.8859 118.5788 * 118.5788 * 

LEC -4.8867 * 6.7444 -1.2360 47.3528 47.3528 

LGDP -5.7732 11.1688 -1.0571 66.6995** 66.6995*** 

First difference 

dLGHGs -1.5398*** -5.3650* -2.6968* 160.6188* 160.6188* 

dLTax -14.2793* -5.2698* -3.6262* 320.6876* 320.6876* 

dLEC -4.0348* -5.5350* -3.2057* 261.7212* 261.7212* 

dLGDP --1.6947** -5.3041* -1.9980* 85.5342* 85.5342* 

Note:*, **and ***indicate the rejection of the null hypothesis at 1%, 5% and 10% level of significance 

respectively. 
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5.2 Cointegation test 

Then I run the cointegration test for panel data using Stata command ‘xtwest’ between all 

the variables: dLGHGs, dLTax, dLEC, dLGDP. And the result is reported in table 6.From the 

table we can see that the null hypothesis is rejected by all the four tests, indicating that there 

does exist a long run relationship between those variables mentioned above. So it is 

plausible to formulate all the three models. Then the Hausman test should be made 

respectively to check which kind of model is more efficient for three regressions. From the 

result of Hausman test (Figure 7-9), these regressions match random effects model better. 

Since the p value is 0.5216, 0.4515 and 0.6304 respectively, which are all much larger than 

0.05. Therefore the null hypothesis cannot be rejected. 

. xtwest dLGHGs dLTax dLEC dLGDP, lags(0) lrwindow(2) bootstrap(300) 

Bootstrapping critical values under H0.......... 

Calculating Westerlund ECM panel cointegration tests.......... 

Results for H0: no cointegration 

With 26 series and 3 covariates 

Statistic    Value     Z-value    P-value   Robust P-value  

Gt       -2.840     -5.631     0.000         0.003       

Ga       -5.647      1.766     0.961         0.000       

Pt      -15.550     -6.741     0.000         0.003       

Pa       -6.119     -1.493     0.068         0.000       

Table 6 Cointegration test result of the model  
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Table 7 Hausman test of (1) 

 

Table 8Hausman test result of (2) 

 

 

 

 

 

 

                (V_b-V_B is not positive definite)
                Prob>chi2 =      0.9966
                          =        3.78
                 chi2(14) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg
                           b = consistent under Ho and Ha; obtained from xtreg
                                                                              
        y_13      .0014748      .005393       -.0039182        .0028691
        y_12     -.0197371    -.0155111       -.0042261        .0027677
        y_11     -.0013299     .0015994       -.0029293        .0020936
        y_10      .0227426     .0262779       -.0035353        .0025291
         y_9      .0148935     .0166763       -.0017828        .0013307
         y_8      .0078737     .0101415       -.0022677        .0018672
         y_7      .0253967     .0277818        -.002385        .0013688
         y_6     -.0316702    -.0274319       -.0042383        .0025522
         y_5     -.0197407    -.0169877        -.002753         .002084
         y_4      .0166282     .0197956       -.0031674        .0027908
         y_3     -.0047581    -.0013275       -.0034306        .0026073
         y_2       .030177     .0331462       -.0029692        .0019906
       dLGDP      1.111372     .9944143         .116958        .0781029
       dLTax      -.125327    -.1193331       -.0059939        .0097919
                                                                              
                   fixed        random       Difference          S.E.
                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))
                      Coefficients     

. hausman fixed random

                Prob>chi2 =      0.9945
                          =        4.68
                 chi2(15) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg
                           b = consistent under Ho and Ha; obtained from xtreg
                                                                              
        y_13      .0001443     .0035635       -.0034192        .0025276
        y_12     -.0051658    -.0011461       -.0040197        .0025121
        y_11      .0035635     .0063548       -.0027913        .0019556
        y_10      .0214003     .0244643       -.0030641        .0022672
         y_9      .0112569     .0128721       -.0016153        .0014112
         y_8      .0117243     .0140834       -.0023591        .0017858
         y_7      .0101521     .0116103       -.0014582        .0014332
         y_6      .0012664     .0057795       -.0045131        .0024861
         y_5     -.0100705    -.0071858       -.0028847        .0019614
         y_4      .0146043     .0176489       -.0030446        .0024675
         y_3     -.0016687      .001559       -.0032276        .0023347
         y_2      .0159779     .0180502       -.0020724        .0018587
       dLGDP      .3822292     .2617935        .1204357        .0683345
        dLEC      .7166425     .7418592       -.0252167        .0140674
       dLTax     -.0423631    -.0404267       -.0019364        .0089623
                                                                              
                   fixed        random       Difference          S.E.
                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))
                      Coefficients     

. hausman fixed random
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Table 9 Hausman test result of (3) 
 
 

 
Table 10 Regression result of (1) 

 
 
 
 
 

                (V_b-V_B is not positive definite)
                Prob>chi2 =      0.9992
                          =        2.93
                 chi2(14) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg
                           b = consistent under Ho and Ha; obtained from xtreg
                                                                              
        y_13      .0018567     .0036825       -.0018258        .0029812
        y_12     -.0203327    -.0180544       -.0022783        .0028846
        y_11     -.0068282    -.0055003       -.0013279        .0022282
        y_10       .001873     .0035419       -.0016688        .0026491
         y_9      .0050745     .0056834       -.0006089        .0015175
         y_8      -.005373    -.0046069       -.0007662        .0020125
         y_7      .0212723     .0225376       -.0012653        .0015534
         y_6     -.0459596    -.0434569       -.0025026        .0026774
         y_5     -.0134938    -.0123566       -.0011372        .0022187
         y_4      .0028241     .0038809       -.0010568        .0029039
         y_3      -.004311    -.0028248       -.0014862        .0027246
         y_2      .0198134     .0212699       -.0014565        .0021306
       dLGDP      1.017443      .951346        .0660972         .078953
       dLTax     -.1157675    -.1045803       -.0111872         .010066
                                                                              
                   fixed        random       Difference          S.E.
                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))
                      Coefficients     

. hausman fixed random

                                                                              
         rho    .03889003   (fraction of variance due to u_i)
     sigma_e    .04829435
     sigma_u    .00971469
                                                                              
       _cons    -.0087362   .0097202    -0.90   0.369    -.0277875    .0103152
        y_14    (omitted)
        y_13      .005393   .0140235     0.38   0.701    -.0220925    .0328786
        y_12    -.0155111   .0140422    -1.10   0.269    -.0430333    .0120112
        y_11     .0015994    .013774     0.12   0.908     -.025397    .0285959
        y_10     .0262779   .0139089     1.89   0.059    -.0009831    .0535389
         y_9     .0166763    .013603     1.23   0.220    -.0099852    .0433377
         y_8     .0101415   .0137124     0.74   0.460    -.0167343    .0370172
         y_7     .0277818   .0136294     2.04   0.042     .0010686     .054495
         y_6    -.0274319    .014027    -1.96   0.051    -.0549243    .0000605
         y_5    -.0169877   .0137656    -1.23   0.217    -.0439677    .0099923
         y_4     .0197956   .0139831     1.42   0.157    -.0076107    .0472019
         y_3    -.0013275   .0139224    -0.10   0.924     -.028615      .02596
         y_2     .0331462   .0137575     2.41   0.016      .006182    .0601104
         y_1    (omitted)
       dLGDP     .9944143   .1123254     8.85   0.000     .7742606    1.214568
       dLTax    -.1193331   .0230155    -5.18   0.000    -.1644427   -.0742235
                                                                              
      dLGHGs        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

corr(u_i, X)   = 0 (assumed)                    Prob > chi2        =    0.0000
                                                Wald chi2(14)      =    136.97

       overall = 0.2943                                        max =        13
       between = 0.2724                                        avg =      13.0
R-sq:  within  = 0.3065                         Obs per group: min =        13

Group variable: country1                        Number of groups   =        26
Random-effects GLS regression                   Number of obs      =       338

note: y_14 omitted because of collinearity
note: y_1 omitted because of collinearity
. xtreg  dLGHGs dLTax dLGDP y_*, re
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Table 11 Regression result of (2) 

Table 12 Regression result of (3) 

                                                                              
         rho            0   (fraction of variance due to u_i)
     sigma_e    .03508014
     sigma_u            0
                                                                              
       _cons     -.011806   .0068997    -1.71   0.087    -.0253292    .0017171
        y_14    (omitted)
        y_13     .0035635   .0100859     0.35   0.724    -.0162044    .0233314
        y_12    -.0011461   .0101274    -0.11   0.910    -.0209954    .0187033
        y_11     .0063548   .0099338     0.64   0.522    -.0131152    .0258247
        y_10     .0244643   .0100158     2.44   0.015     .0048337    .0440949
         y_9     .0128721   .0098299     1.31   0.190    -.0063941    .0321383
         y_8     .0140834   .0098952     1.42   0.155    -.0053109    .0334777
         y_7     .0116103   .0098902     1.17   0.240    -.0077741    .0309947
         y_6     .0057795   .0102529     0.56   0.573    -.0143158    .0258748
         y_5    -.0071858   .0099386    -0.72   0.470     -.026665    .0122935
         y_4     .0176489   .0100599     1.75   0.079    -.0020682     .037366
         y_3      .001559   .0100222     0.16   0.876    -.0180842    .0212021
         y_2     .0180502   .0099626     1.81   0.070     -.001476    .0375765
         y_1    (omitted)
       dLGDP     .2617935   .0848022     3.09   0.002     .0955843    .4280028
        dLEC     .7418592   .0414723    17.89   0.000      .660575    .8231433
       dLTax    -.0404267   .0165971    -2.44   0.015    -.0729564    -.007897
                                                                              
      dLGHGs        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

corr(u_i, X)   = 0 (assumed)                    Prob > chi2        =    0.0000
                                                Wald chi2(15)      =    587.89

       overall = 0.6461                                        max =        13
       between = 0.7505                                        avg =      13.0
R-sq:  within  = 0.6342                         Obs per group: min =        13

Group variable: country1                        Number of groups   =        26
Random-effects GLS regression                   Number of obs      =       338

note: y_14 omitted because of collinearity
note: y_1 omitted because of collinearity
. xtreg  dLGHGs dLTax dLEC dLGDP y_*, re

                                                                              
         rho    .02331574   (fraction of variance due to u_i)
     sigma_e     .0464031
     sigma_u    .00716959
                                                                              
       _cons     .0043703    .009253     0.47   0.637    -.0137652    .0225058
        y_14    (omitted)
        y_13     .0036825   .0134265     0.27   0.784    -.0226329    .0299979
        y_12    -.0180544   .0134459    -1.34   0.179     -.044408    .0082991
        y_11    -.0055003   .0131998    -0.42   0.677    -.0313715    .0203708
        y_10     .0035419   .0133225     0.27   0.790    -.0225698    .0296536
         y_9     .0056834   .0130447     0.44   0.663    -.0198838    .0312506
         y_8    -.0046069   .0131438    -0.35   0.726    -.0303682    .0211545
         y_7     .0225376   .0130696     1.72   0.085    -.0030783    .0481535
         y_6    -.0434569   .0134348    -3.23   0.001    -.0697886   -.0171253
         y_5    -.0123566   .0131919    -0.94   0.349    -.0382124    .0134991
         y_4     .0038809   .0133892     0.29   0.772    -.0223614    .0301232
         y_3    -.0028248   .0133342    -0.21   0.832    -.0289594    .0233099
         y_2     .0212699   .0131854     1.61   0.107    -.0045729    .0471127
         y_1    (omitted)
       dLGDP      .951346    .105101     9.05   0.000     .7453518     1.15734
       dLTax    -.1045803   .0218228    -4.79   0.000    -.1473521   -.0618085
                                                                              
        dLEC        Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
                                                                              

corr(u_i, X)   = 0 (assumed)                    Prob > chi2        =    0.0000
                                                Wald chi2(14)      =    126.95

       overall = 0.2837                                        max =        13
       between = 0.3723                                        avg =      13.0
R-sq:  within  = 0.2775                         Obs per group: min =        13

Group variable: country1                        Number of groups   =        26
Random-effects GLS regression                   Number of obs      =       338

note: y_14 omitted because of collinearity
note: y_1 omitted because of collinearity
. xtreg  dLEC dLTax dLGDP y_*, re
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5.3 Regression result 

5.3.1 Empirical result 

Table 10-12 show the regression results of the three models. From table 10, we can see that 

the coefficient of dLTax is -0.1193, indicating that a 1% increase of implicit tax rate on energy 

will reduce the GHG semissions from transport sector by around 0.1193%. This percentage 

change rate implies the total effect of employing energy tax on the mitigation of GHGs from 

transport sector with a given amount of real GDP per capita. It gives an explicit guide for the 

policymakers to target a certain amount of GHGs reduction. In contrast, table 11 shows the 

effect of energy tax with a given level of energy consumption and real GDP per capita. The 

coefficient of dLTax is -0.040, implying that with a certain level of energy consumption, 0.040% 

of the GHGs emissions can be reduced by increasing the implicit tax rate on energy by 1%. 

Like what is discussed earlier, this mechanism can be realized by employing new technologies 

or innovative transportation tools, leading to a lower amount of environmental pollutants 

using the same energy input. Besides, mitigation of GHGs can be targeted through energy 

consumption reduction as a result of taxation. This can be explained by the regression result 

in Table 12 and Table 11 together. First of all, 1% increase in energy tax rate will bring a 

decrease in energy consumption from transport sector by 0.105%, holding the real GDP per 

capita constant. The reduction of energy consumption by 1% leads to a fall in GHGs by 

0.742%. Then a 1% reduction of energy tax rate causes GHGs to decrease by 0.078% (0.105% 

multiplied by 0.742%).  

Until now, we know that a 1% increase in implicit energy tax rate will reduce the GHGs by 

0.119% totally. Specifically speaking, around 66 percent (0.078%) of the reduction is reached 

through a decrease of energy consumption from transport sector. And about 34 percent 

(0.040%) comes from other mechanisms as the application of new technologies, etc. In other 

words, the reduction of energy consumption is an important index to measure the effect of 

energy tax on mitigating GHGs from transport sector, since the largest part of GHGs 
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emissions decrease is realized through energy consumption reduction.  However, there is 

something else we need to consider too. Imagine that for the purpose of reducing the GHGs 

emissions from transport sector, a seemingly plausible energy tax rate is going to work. 

Based on the conclusion above, the effect of the energy tax will be revealed mostly by 

reduction of energy consumption. This mechanism could probably damage the production 

performance of the sector. Transportation activity, for instance, could be affected in a 

negative way. In this sense, another mechanism should also be encouraged. Since that way 

could also meet the target of mitigating GHGs emissions without damaging the industrial 

growth that much. Consequently, application of new technological and renewable energy 

resources is especially important for transport sector. 

Besides, the EKC hypothesis can be verified from our regression results in table 10 to 12. The 

coefficients of dLGDP to GHGs and energy consumption are 0.9944, 0.2618 and 0.9513. All of 

them are positive, meaning that the environmental quality is improved with economic 

development. This is exactly what is stated in the EKC hypothesis, which suggests that when 

the economic development does not surpass a certain level, the environment will be worse. 

However, I think that this result is not applicable to each country. Because some of the 

countries already pass the certain level and the environment is improved with the economic 

development.  

Speaking to the year dummy variable, the result shows it has a positive effect on greenhouse 

gases emissions from transport sector in 8 out of 12 years (data of 1995 and 2008 are omitted 

during the regression). It implies that factors that are not included in the model, such as 

increasing population, activity of transportation bring an increase in GHGs from transport sectors 

in these countries.  

5.3.2 Comparison with relevant studies 

In section 2.1 I review the earlier studies of price and income elasticity specifically on the 

fuel consumption. Now I would like to compare the empirical results above with the earlier 
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studies. Before that I prefer to discuss two concepts: energy tax and tax on fossil fuel, which 

is the focus of the earlier studies and my thesis. Actually taxation on energy, including fossil 

fuels, has different names and ways in different countries. In some countries, for instance, 

the tax is levied on all energy resources. However, only the fossil fuels are included in the 

scope of taxation list in other countries. But one point to be noted is that even in the 

countries where energy tax is implemented, exemptions do exist. For example, according to 

the Directive 2003/96/EC for the taxation of energy products and electricity, renewable 

energy sources, energy used for combined heat and power generation, etc, may be exempt 

from the tax. In this way, at some extent energy tax and taxes on fossil fuels can incorporate 

almost the same tax payers.  

Phil Goodwin et al. (2003) reviews previous literatures with regard to the price and income 

elasticity on fuel consumption. It reveals that if a real price of fossil fuel increases by 10%, 

the fuel consumption will fall by over 6% in the longer run (about 5 years or so). In this paper, 

however, the elasticity of energy tax rate on energy consumption is 0.6, indicating that a 10% 

increase in energy tax rate will reduce the energy consumption from transport sector by 

1.05%. Besides of the small difference of taxation content discussed above, there are several 

reasons I would like to mention. First of all, the effect of an increase in tax rate and price on 

consumption is not likely to be the same. Since the former is not so direct like the latter, 

because it can only be realized through the increase of the price. So the effect is not as 

strong as the price effect. Another reason refers to the time span. Just like what is discussed 

above, the ‘longer run’ means 5 years or so in the previous studies. However, the panel data 

of my case lasts over 14 years, from 1995 to 2008, which is much longer. The effect of the tax 

policy tends to be less drastic in a relatively longer time. Then this paper focuses on the 

energy consumption from transport sector in the 26 selected countries, which could be a 

possible reason why the elasticity is lower. Because the effect of energy tax on energy 

consumption is not included. 
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Referring to the real income, the fuel consumption increases by over 10% in the longer run 

when the income increases by 10%. This result is almost consistent with this paper. From 

empirical result of regression (3), we can see that when the real GDP increase 10%, energy 

consumption from transport sector will increase by 9.5%.  

6. Conclusion and further research 

This paper discusses the effect of energy tax on mitigation GHGs from transport sector. I use 

the panel data of 26 European countries over 14 years, from 1995 to 2008. The purpose of 

doing so is to figure out to reduce a certain amount of GHGs from transport sector, how 

much of energy tax we should levy. Along the way two different mechanisms regarding how 

the energy tax takes effect to reduce the emissions are discussed quantitatively.  

The empirical study result of this paper reveals that the energy tax does make sense to GHGs 

abatement. Numerically the total effect of energy tax is expressed by the tax elasticity of 

GHGs, -0.119. And nearly 66 percent of the GHGs reduction is reached via a decrease of 

energy consumption as a result of increase price. Another around 34 percent comes from 

other mechanisms such as the application of new technologies. In other words, the 

reduction of energy consumption is an important index to measure the effect of energy  tax 

on mitigating GHGs from transport sector, since the largest part of GHGs emissions decrease 

is realized through energy consumption reduction. However, there is something else we 

need to consider too. Based on the conclusion above, the effect of the energy tax will be 

revealed mostly by reduction of energy consumption. This mechanism could probably 

damage the production performance of the sector. Transportation activity, for instance, 

could be affected in a negative way. In this sense, another mechanism should also be 

encouraged. Since that way could also meet the target of mitigating GHGs emissions without 

damaging the industrial growth that much. Consequently, application of new technological 

and renewable energy resources is especially important for transport sector. Besides, the 

result also gives evidence to the EKC hypothesis with positive coefficients of real GDP per 
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capita to GHGs and Energy consumption. It means that the environmental quality get 

improved with the economic development.  

Then the paper compares the empirical result to previous studies, specifically price/tax and 

income elasticity of fuel/energy consumption. It shows that the tax elasticity of energy 

consumption (0.105) is much lower than the price elasticity on fuel consumption (0.6) in 

previous studies. In section 5.3.2, I give some possible reasons that could explain the 

difference, such as the different time span of the studies, indirect effect of energy tax 

compared to price increase. Besides, this paper focuses on the transport sector, so only part 

of the effect of energy tax is included.  

The comparison between different kinds of environmental taxes would be interesting for 

further study. In this way it is convenient for the policymakers to implement the most 

appropriate taxes, by examining which is more elasticity to energy/fuel demand. However, it 

requires a much larger quantity of panel data. Besides, the compliance rate of countries is 

closely related to the effect of energy tax. So it would be meaningful to incorporate the 

compliance rate of energy tax into the analysis. 
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