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Abstract  

The concept of environmental performance is in this study regarded as either countries’ carbon 

dioxide (CO2) emissions per capita, or an index that considers not only reduction in emission 

levels but also produced output. Two environmental policies that are available for mitigating 

CO2 emissions will be discussed. First, the use of environmentally related taxes (ERT:s), where 

both a general measure and specific ozone tax is used when examining the effect of ERT:s on 

environmental performance. The results are ambiguous and in many cases not statistically 

significant. Second, the effect on countries’ environmental performance caused by participating 

in the EU ETS system is tested. A conclusion that can be made is, that participating in the EU 

ETS system reduces CO2 emissions per capita. Time lags of one and four years are used to 

evaluate the rigidity of these two policies. The results are unclear, but the effect of a four-year 

lag seems to be stronger for the EU ETS case. 

Keywords:  Environmental Performance, Carbon Dioxide Emissions, Environmentally Related 

Taxes, Emission Trading Schemes, EU ETS, Environmental Policy, Global Warming. 
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1. Introduction 

 

This thesis main objective is to analyse the effect of two different policies on OECD countries’ 

environmental performance. The two policies are environmental related taxes (ERT:s) and the 

EU ETS system. To emphasize the importance of using policy instruments to mitigate harmful 

external effects of production and consumption, this section will first describe some of the 

underlying reasons behind global warming. Possible mitigating actions will be discussed and 

the importance of international agreements. Finally, the papers research question, framework 

and demarcation will be displayed.     

1.1 Causes of Global Warming 

The fact that Earth’s mean temperature is rising is not an environmental issue per se, it is an 

observation. However, it indirectly causes potential catastrophes such as e.g. rising sea levels. 

There are many variables affecting the temperature on our planet, The Sun being the obvious 

number one in magnitude. The Sun’s activity fluctuates and this has a huge impact on the Terran 

climate. But there are other factors as well affecting the temperature on Earth. The amount of 

greenhouse gases in the atmosphere is one major influence on our climate, carbon dioxide (CO2) 

being the single most important one. These gases molecules let the sun rays pass right through 

them on their way towards Earth, because at the time, the rays wavelength are short. But after 

reflecting against The Earth, the wavelength gets wider, which causes impacts with the 

greenhouse gas molecules in the atmosphere on their way out. These impacts lead to the 

molecules starting to vibrate and the vibrations generate heat. Hence, a larger proportion of CO2 

in Earth’s atmosphere has a positive effect on the temperature.  However, the amount of CO2 

being missioned by human activity to the atmosphere is only approximately 4 % (Bozhinova, 

et. al. 2014). But all the natural emissions of CO2 have counter effects that more or less militate 

these emissions completely. Hence the human contribution, how small it may be, will 

accumulate over time and that is why such a small contribution to the total amount of emissions, 

can still result in rising CO2 levels in the atmosphere that we have experienced since the 

industrial revolution. 

Whether or not the global warming we experience now is due to normal fluctuations in the 

climate on Earth or human impact is what the climate debate is actually about. There are 

scientists that claim that these fluctuations can be explained by The Sun’s changing activity, 
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so-called solar forcing (Friis-Christensen, Svensmark. 1996). But most agree on the fact that 

human activities are affecting the climate (Doran, Zimmerman. 2009). In 1958, Charles David 

Keeling started to record CO2 levels and found that they were rising. This correlation between 

time and CO2 levels is called The Keeling Curve. Below, an illustration of The Keeling Curve 

for the last 800 000 years is presented. Data before 1958 is extracted from the ice-core.  

 

 

 

 

 

 

As the graph above shows, the CO2 levels fluctuate somewhat regularly over the last 800 000 

years. But a distinct anomaly can be observed in the last years of the time period and that is 

alarming. There are many theories of what will happen when temperatures keep on rising. 

Melting polar ices, rising sea levels and changed ocean streams being some of the probable 

consequences. It is not dark yet, but it is getting there. Whatever really will happen, it is 

important to try to prevent and that is what this paper will focus on. The possible mitigating 

actions to decrease emission levels and how effective they really are.        

1.2 Controlling Emission Levels   

Greenhouse gases such as CO2, nitrous oxide, chlorofluorocarbons and methane are often 

missioned to the atmosphere as negative external effects in the process of producing or 

consuming goods. In the presence of external effects, the market economy does not take into 

consideration the cost of these, when playing the usual demand and supply game. This means 

that governments in some way must create incentives for producers and consumers to take these 

unnoticeable costs into account. One way of doing this is by imposing a tax that will steer the 

market to a new socially optimal equilibrium. One important factor that must be considered 

when imposing taxes (or subsidies) to change the equilibrium level of output, is whom should 

Figure 1: Showing the development of CO2 concentration in earth’s atmosphere for the last 800 000 years. Source: UC San 
Diego, Scripps Institution of Oceanography. 2007. The Keeling Curve. https://scripps.ucsd.edu/programs/keelingcurve/ 
(Downloaded 2017-05-21). 
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be obligated to pay for it. To solve this question one should know on which demographic levels 

the externalities have an impact. A factory that creates a lot of noise to their surroundings gives 

only a locally based impact while the same company’s pollution in a nearby lake can have 

regional effects. Local and regional pollution can relatively easy be controlled for because of 

the clearness of responsible and affected parties. When looking at a global scale this is not as 

simple anymore. Global warming caused by the greenhouse effect, affects the entire globe, no 

matter where the emissions are taking place. This global wide impact is due to the greenhouse 

gases perfect spread in the atmosphere. Hence, if one country takes their responsibility and 

creates strong incentives for companies to reduce emission levels, this country will still suffer 

from the external effect in the same proportion as if they had not interfered with the market at 

all, only mitigating the total damage by a very small fraction. In fact, the total emission levels 

could even increase if industries move their production to other countries with lesser regulations 

on emission control. The complications of a local externality affecting globally illuminate the 

importance of international agreements and commonly set target levels for greenhouse gas 

emissions.  

An alternative way for the government to control for external effects is by creating a market for 

pollution rights. This means that governments give the right to pollute to one part whom they 

can sell the unused rights to others. This will theoretically be an efficient way of controlling for 

emission levels because the government can choose exactly how much the permitted level 

should be and then the price that owners of the rights can charge for emissions they don’t need 

will be decided by the usual market price mechanism. The owner of the right will choose an 

efficient level of emissions where the marginal cost of reducing emissions is equal to the 

marginal revenue of selling the rights making the market disturbances of inducing a tax 

theoretically disappear.          

1.3 Environmental Performance 

When analysing the effect of ERT:s and the EU ETS system on countries’ environmental 

performance, two different measures will be used as dependent variables. First, CO2 emissions 

per capita which is a simple and good measurement of environmental performance. High 

emission levels represent low environmental performance and vice versa. Second, a 

measurement that is included in this study is a commonly used index, e.g. in Färe and Glosskopf 

(2003) and Brännlund, et. al.  (2014), for environmental performance. This index takes into 

account how much good output being produced in relation to bad output. The usage of this 

index would answer the question if a certain policy act is increasing the amount of good output 
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being produced, in relation to the amount of bad output that is generated as an external effect. 

The achievement of raising the ratio good over bad, can be done by either increasing the 

production of good output or decrease the amount of bad, or in the best of worlds both.  

1.4 Research Question 

This thesis will analyse how OECD countries’ environmental performance is affected by 

environmental policies as mitigative solutions for negative external effects. There will be two 

main research questions: 

o Are environmentally related taxes an effective method to increase environmental 

performance? 

o How are countries participation in ETS affecting their environmental performance? 

The first research question will be investigated using log-linear OLS regression models with 

different explanatory variables, e.g. one more general measure of taxation and one more directly 

connected to the external effect. The second research question will also be analysed with log-

linear OLS regressions. Time lags of one and four years will be used due to the expectation of 

some policy rigidity. Environmental performance will be either CO2 emissions per capita or the 

index presented above in section 1.3. 

1.5 Framework and Demarcation 

Section 1 has given an introduction to the research area and stated the research question. Section 

2 will present a theoretical framework for optimal taxation in presence of externalities and also 

how a market for pollution rights can help reduce negative external effects. Also, an explanation 

of what environmental performance is and previous studies will be presented. In section 3 data 

and statistical method will be displayed. Section 4 and 5 present and discusses the findings and 

section 6 will concretize the conclusions. Section 7 contains a reference list and section 8 an 

appendix. 

The thesis will be examining how different policies affect the environmental performance of 

the OECD countries during the period 1994-2014. This selection has been made due to the 

availability of data.     
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2. Theoretical Framework 

 

In this section, the theoretical foundation on which this thesis lies will be presented. Since the 

first research questions regard the effect of environmentally related taxes, the theory behind 

optimal taxation will be presented first and cover a larger proportion of the section in relation 

to the other theories. An alternative option for controlling emission levels, the creation of a 

market for pollution rights will then be displayed. Furthermore, environmental performance 

will be discussed, how it can be measured and the importance of it. The last part of the section 

presents previous studies that are relevant to the subject of this thesis. 

2.1 Optimal Taxation in the Present of Externalities 

An externality is a by-product that is not priced on any market, e.g. pollution created by 

industrial production. Taxation is one of the most evident ways to steer the economy away from 

an equilibrium that besides producing goods, also generate bads, that is negative external 

effects. It is rather intuitive that if the government wants to reduce the amount of these bad 

external effects, imposing a tax at correct level leads to the sought result. Economic theory says 

that in a competitive market equilibrium, the quantity of produced goods will be where the price 

equals the marginal cost. However, when the marginal cost does not include the cost for the 

environment (the presence of pollution), there will be a market failure in the sense that the 

marginal cost de facto is higher than the observed. The marginal cost not considering any 

external effects will be referred to as a private marginal cost and a marginal cost considering 

these external effects is the social marginal cost. The market failure can be illustrated 

graphically as in figure 2 below.  

Figure 2: Displaying the socially optimal and the private optimal solutions in the present of external effects. 
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A market not considering the cost of an external effect will produce the output level Y0, where 

the price (P) equals the private marginal cost (PMC). The optimal level of output would have 

been Y*, where the price equals the social marginal cost (SMC). To correct for the market 

failure visualized above, the government can impose a unit tax. The optimal level of this tax 

should be the difference between the price and the private marginal cost at the optimal level of 

output. Such a tax is called a Pigouvian tax and was introduced by Pigou (1924). In figure 3 the 

Pigouvian tax is illustrated and it will force the economy to an equilibrium that is optimal for 

society, ergo regarding the cost of the external effect. 

When imposing the Pigouvian tax, the government steer the economy to the optimal level of 

output. The tax causes a shift in the private marginal cost curve (PMC) and the profit 

maximization condition (P=PMC) will now lead to an output level of Y*. The reason is that 

when including the tax, private marginal cost equals the social marginal cost at the optimal level 

of output. 

2.2 A Market for Pollution Rights 

An alternative way for the government to achieve the optimal equilibrium level is to distribute 

the rights for polluting to the participants on a market. This solution would theoretically result 

in an optimal output level regarding external effects, as in the case of a tax. Taxation has the 

advantage of generating revenues for the government, but of course, this is a cost producers or 

consumers have to bare. A market for pollution rights, on the other hand, has the advantage that 

it has higher dependability in terms of reaching emission targets, due to the cap that is set by 

the government, and it seems preferable to agents on the market relative to a tax.   

Figure 3: Displaying the optimal level on the Pigouvian tax to guide the economy to the socially optimal solution. 
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2.2.1 Negotiations  

The government can choose to distribute the rights for polluting to one of the participants on a 

market. The one not given the right to pollute will offer some payment for this right, in 

accordance with what extra they gain in terms of profit or utility by the opportunity to pollute 

more (or less). The simple example of this phenomenon regards only two negotiating parts, 

firms and the public. If the right to pollute is given to the firms, they will maximize profits and 

not consider the negative external effect pollution has on the public. The public, on the other 

hand, have incentives to offer compensation to the firms in exchange for a reduction in pollution 

quantities. How much the public is willing to pay for the firms to reduce pollution levels 

depends on their utility functions (how badly they value pollution) and negotiation power in 

relation to the firms. 

If the government instead gives the pollution rights to the public, the preferable quantity of 

pollution from their point of view would be zero because they only care about their own utility. 

The firms cannot produce anything in this scenario because their production process always 

creates some pollution. However, the gains for the firms in start production in terms of profits 

will be larger than the public’s valuation of some pollution. Therefore, they can (and will) offer 

compensation to the public for these rights to pollute. How much pollution rights they end up 

buying depends on the public’s utility function as well as the firms’ profit and cost functions. 

Also, in this case, the relative negotiation power will affect the outcome. Hence, there is some 

uncertainty for the government where the equilibrium will be. In figure 4 below these two 

examples will be presented graphically.    

If the rights are given to the firms, the economy’s initial state will be the output level Y0. In that 

scenario, the public can compensate the firms for reducing their output level and thus, the 

pollution level as well. This is possible since the marginal gain for the public outweighs the 

Figure 4: Showing how much the parties values to be in their respectively optimal solution. 
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reduction in profits for the firms. The biggest amount the public would be willing to pay in 

order to reach the optimal level of output Y*, is represented by the area d. The least amount the 

firms will accept to reduce production to that point is represented by the area c. Since the 

negotiations regarding what one part should pay the other part to decrease (or increase) the level 

of output are depending on their negotiation power, there is some uncertainty whether the 

solution will be efficient or not. E.g. the public happens to be the weaker part in these 

negotiations, the final solution could be somewhere between Y* and Y0. 

2.2.2 Creating a Market for Rights 

A market for pollution rights can help the government to steer the economy to the Pareto 

optimal allocation in a cost-efficient way. This is also true for the Pigouvian tax, but with a 

market for pollution rights, the government does not need to know the aggregate social cost 

function, which is an advantage since it can be difficult to estimate. The mechanics of this 

policy will be presented in Appendix 8.1, as an example with one consumer and two firms. 

First, a Pareto optimal solution will be displayed by solving the consumer’s maximization 

problem. Then, the first order conditions give the Pareto optimal solution for the consumer, 

firm 1 and firm 2. These solutions will be used to compare to a solution consisting of a priced 

market for the pollution rights. For finding the optimal solutions after the market for property 

rights is induced, a maximization problem for each agent in this economy has to be solved. The 

results will differ, and this difference may be used as a measure of how much the external effect 

is worth, i.e. the price firm 1 should pay the consumer for the right to pollute, given that the 

consumer was handed the property rights. An assumption that must hold to obtain these 

conclusions, is that the observed shadow prices in the Pareto optimal solution are equal to the 

relative prices. An interesting implication of this policy instrument is, however, that the solution 

will be the same no matter whom initially gets the property right, according to the Coase 

Theorem.      

2.3 Environmental Performance 

Environmental performance can be measured in many ways. This study will focus on two, the 

first simply measuring the amount of CO2 per capita that is released into the atmosphere and 

the second, the index used in Färe and Glosskopf (2003) and also in a study of Brännlund, et. 

al. (2014). This index takes into consideration how much output that is produced as well as the 

external effects from that output, in other words, CO2 emissions per capita. The environmental 

performance index will be formulated as follows: 
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𝐸𝑃𝑖 =
𝑌𝑡/𝑌𝑡−𝑖

𝑏𝑡/𝑏𝑡−𝑖             𝑤ℎ𝑒𝑟𝑒;  𝑡 = 𝑡𝑖𝑚𝑒, 𝑖 = 𝑡𝑖𝑚𝑒 𝑙𝑎𝑔, 𝑌 = 𝑔𝑜𝑜𝑑 𝑜𝑢𝑡𝑝𝑢𝑡, 𝑏 = 𝑏𝑎𝑑 𝑜𝑢𝑡𝑝𝑢𝑡   

With this formulation of the environmental performance index, it is clear that not only a 

country’s emission levels are important, but also how much output they produce in relation to 

their emission levels. The letter b in the equation above representing a bad output will be given 

by CO2 emissions per capita in this study. The letter Y denoting good output will simply be 

given by a country’s GDP per capita. Time lags are used because the environmental 

performance index is supposed to estimate how the good output has changed from one time 

period to another, relative to how the bad output has changed. The time lags that are used are 

one and four years, hence, the equation takes the following form: 

𝐸𝑃𝑖 =
𝐺𝐷𝑃𝑐𝑎𝑝𝑡/𝐺𝐷𝑃𝑐𝑎𝑝𝑡−𝑖

𝐶𝑂2𝑐𝑎𝑝𝑡/𝐶𝑂2𝑐𝑎𝑝𝑡−𝑖
                 𝑤ℎ𝑒𝑟𝑒;  𝑖 = 1,4 

2.4 Previous Studies 

In an article by Miller and Vela (2013), the effectiveness of environmentally related taxes 

(ERT:s) is tested, i.e. how the magnitude of ERT:s is related to countries environmental 

performance. The study covers 50 countries and uses ERT revenues as a percentage of GDP to 

adjust for the heterogeneity among the countries. First, they set up a cross-sectional model to 

see how the initial level of ERT:s affect the environmental performance, that is a long run 

analysis. Then, they also use a generalized method of moments (GMM) model, to capture 

dynamic effects. The reason for using such a dynamic model is to prohibit inconsistent 

estimators when lagged variables are included, which is the case since they use two and four-

year lags to represent some rigidity in policies. Miller and Vela (2013) find, in accordance with 

their expected outcomes, that countries with higher relative revenues from ERT:s shows a larger 

reduction in CO2 emissions and other environmentally destructive substances. Hence, the 

conclusion is that the magnitude of ERT:s is positively correlated with countries environmental 

performance, mainly because taxes drives the oil price upwards. 

Mendelsohn and Sipes (2000) investigate the effectiveness of gasoline tax to manage air 

pollution and finds it to have only a small impact on emission levels. The reason for this, they 

argue is that people are rather insensitive against gasoline prices. The income elasticity of 

gasoline is also proven to be low, which means that the tax is a greater burden on the poor 

relative to wealthier people. Lin and Wesseh (2016) have in their study about optimal taxation 

levels for full international externalities, calculated optimal tax rates for China, India, 19 sub-

Saharan countries and the remaining world regions which are grouped after income levels. They 
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conclude that the optimal taxation levels are dependent on the regions’ level of income, a higher 

income level suggests a higher optimal tax and vice versa. Finally, some evidence from Sweden 

of the effectiveness of a CO2 tax is presented in an article by Brännlund, et al (2014). The 

authors argue that Sweden represents a good research area because of their early induction of 

the CO2 tax. Firm-level data from Swedish manufacturing is used between the years 1990-2004 

and the results show that environmental performance has improved in all sectors of the industry. 

Firms’ carbon intensity performance is proven to be sensitive to the fossil fuel price and the 

CO2 tax, the latter having greater influence. 

In a study by Buchner and Ellerman (2008), the evidence is presented of a negative relationship 

between participating in the EU ETS system and CO2 emissions. A potential bias in these results 

are discussed due to the problem of estimating what emission levels would have been, have not 

the ETS been founded. The main objective of their study is, however, to emphasize on the over-

allocation and abatement that is potentially taken place during the initial period of the EU ETS 

system. They purpose a measure to be used for this based on emission data and economic 

activity and also carbon intensity trends. Using this measure, they conclude that under-estimates 

are a possibility when examining the effectiveness of the EU ETS system.  

Ermidieva and Ermidiev (2010) examine carbon emission trading schemes and carbon taxes in 

the presence of uncertainty. They suggest the policies do not have positive outcomes, as a rule, 

it will depend on socioeconomic and environmental impacts and regulations. Potential 

uncertainties can be both exogenous and endogenous and is a genuine concern regarding the 

cost-effectiveness of the policies. The objection of the paper by Ermidieva and Ermidiev (2010) 

is to introduce a stochastic model that allows the robustness to be analysed of economic 

mechanisms for emission reduction under multiple uncertainties, both created by humans and 

naturally present uncertainties. In contradiction to standard equilibrium state analysis, their 

stochastic model shows that uncertainties regarding equilibrium states, abatement costs and 

emissions make it hard for existing market-based emission trading schemes and taxes to be 

cost-effective and environmentally safe. Instead, they purpose a multi-agent trading model.  

Using stochastic frontier analysis (SFA), Lundgren, et al. (2016) estimates firm level energy 

demand and energy efficiency using data from the Swedish manufacturing industry. They 

derive sector-specific energy demand frontiers that account for firms being heterogenetic. 

Results in their study suggest that there are potential improvements to be made in all sectors 

regarding their energy efficiency, due to fuel and electricity use. Another conclusion made by 

the authors is that the EU ETS system had at best a small effect on Swedish firms’ efficient use 
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of energy during the initial trading period and the first part of the second. This would indicate 

that the carbon permit price was set too low (Lundgren, et al. 2016), resulting in a lack of 

incentives for firms to invest in energy efficiency innovations.    

3. Method 

 

This section will cover an explanation of the collected data along with a more detailed overview 

of all included variables. Lastly, the statistical method that was chosen to answer the research 

questions will be presented and briefly discussed. 

3.1 Collecting data 

All data in this thesis has been collected from The World Bank or OECD database. The dataset 

has then been organized as panel data covering 34 OECD countries over the time period 1994 

to 2014. Below follows a brief explanation of all variables that have been included in the study 

and also a motivation of why they are included. The variables and their source are listed in 

Appendix 8.2.  

3.1.1 Dependent Variables 

As dependent variables in all models are two different measurements on environmental 

performance. These measurements are CO2 emissions per capita and the index of environmental 

performance discussed earlier, denoted as EP. CO2 emissions per capita is a widely used 

measurement for environmental performance. When the aim is to examine how much impact a 

specific country has on the environmental crisis that is global warming, CO2 emissions is an 

available and good measurement to use. Of all the ozone-depleting substances, CO2 is the most 

widely deployed and therefore the one a reduction would help stop global warming relatively 

more than other greenhouse gases such as nitrous dioxide or methane. To correct for countries’ 

different population, the emission levels are measured per capita. Since all ozone-depleting 

substances are considered bad for the environment, a low value of the variable CO2 emission 

per capita is considered as a high value of environmental performance and vice versa.    

The environmental performance index gives a value of how much good output a country 

produces relatively to how much bad output being produced as an external effect. The bad 

output in this case represented by CO2 emissions per capita, and the good output simply by 

countries’ GDP per capita. By examining the correlation between the yet to be presented 

different explanatory variables and mentioned environmental performance index, a more 



 
 

12 
 

complex analysis enables, for what mitigating actions governments can use to stop e.g. global 

warming. 

3.1.2 Independent Variables 

As independent variables, different policy instruments a government can use to mitigate 

negative external effects will be used. In addition to those, some control variables that 

theoretically can affect countries environmental performance will be incorporated. The first 

variable that is included, is environmentally related taxes (ERT:s) as a percentage of countries’ 

GDP. This variable represents countries’ environmental tax rates and will be called; Ecotax. 

ERT:s has been used in previous studies and can be supported both theoretically and empirically 

as a variable that should have a negative effect on a country’s environmental performance 

(Miller and Vela, 2013). The next variable to include is tax revenues from ozone-depleting 

substances as a percentage of countries’ GDP. This variable will be denoted as Ozonetax. This 

gives the opportunity to examine whether a more direct tax system is more efficient to mitigate 

the targeting external effect. However, the relatively many omitted observations make it 

problematic to make any conclusions from this variable. The last governmental instrument in 

order to prevent global warming from pursuing, and preferably reverse, is to create a market for 

emission rights. Thus, the dummy variable ETS is created, where a country either takes part in 

the European trading system for emission rights or not. If a country takes part in the system, 

their environmental performance is expected to increase, that is their carbon dioxide emissions 

would be lower. 

There will be some control variables included in the model as well. Firstly a measure of 

countries’ industrial intensity. This variable (Industrialintensity) describes the percentage of a 

country’s GDP that comes from the industrial sector. It is included since it is expected to affect 

countries’ environmental performance negatively. Secondly, the percentage of the population 

that lives in urban areas is used as an explanatory variable (Urbanization). This variable is 

presumed to have a positive effect on CO2 emission levels per capita, hence a negative effect 

on the environmental performance. 

3.1.3 Logarithms and Lagged Variables 

Since the relationship between the independent and dependent variables is not necessarily 

linear, logarithms of all variables are used, except for the dummy variable. This makes the 

interpretation such as a certain percentage change is expected in the dependent variable when 

the independent is changed with one percent.  
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To examine whether or not some environmental policy is effective, lagged independent variable 

will be used. This is due to the fact that there is expected to be some rigidity when a certain 

policy is induced, the results are not to be seen right away as have been discussed in a paper by 

Miller and Vega (2013). Because of some uncertainty of the duration of measurable results of 

an environmental policy, two different time lags will be tested in this study, a one-year-lag to 

examine short-term effects and a four-year-lag to investigate the effects a little further into the 

future.    

3.2 Model Specification 

I will use a log-linear OLS model to answer the research questions. The parameters should 

therefore be interpreted as percentage changes of the dependent variable. Eight similar 

regressions will be computed, but each with a slight modification. They can be divided into two 

categories where the first consider a more general measure of countries’ stringency regarding 

CO2 emission reductive policy, that is the explanatory variable Ecotax. The other category of 

regressions uses a more specific sign of mitigating action against CO2 emissions, expressly the 

variable Ozonetax. Due to the fact that these two variables are strongly related to each other, 

they will not be included in the same model. All other independent variables does not differ 

between the models. Below follows a more thorough specification of these two different 

models, each performed twice with different measurements of environmental performance as 

the dependent variable and each with two different time lags, hence the eight regressions. 

3.2.1 Ecotax 

First, a model with CO2 per capita emissions as the dependent variable is created. To explain 

the difference in emission levels there are four independent variables in the regression, these 

are, as mentioned above, tax revenues from environmental taxes, an ETS dummy, industrial 

intensity and degree of urbanization. Different time lags are used to examine effects in the near 

future and in the slightly more distant, that is a one-year and a four-year time lag, denoted with 

the letter i in the regression below: 

𝑙𝑛𝐶𝑂2/𝑐𝑎𝑝 =  𝛼 + 𝛽1𝐿𝑎𝑔𝑖𝑙𝑛𝐸𝑐𝑜𝑡𝑎𝑥 + 𝛽2𝐿𝑎𝑔𝑖𝐸𝑇𝑆𝑑𝑢𝑚𝑚𝑦 + 𝛽3𝐿𝑎𝑔𝑖𝑙𝑛𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙𝑖𝑛𝑡 +

𝛽4𝐿𝑎𝑔𝑖𝑙𝑛𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛                    𝑤ℎ𝑒𝑟𝑒 𝑖 = 𝑡𝑖𝑚𝑒 𝑙𝑎𝑔, 1/4 𝑦𝑒𝑎𝑟𝑠  

Environmental performance replaces CO2 emission per capita levels in the second regression 

using Ecotax as an explanatory variable. The independent variables does not differ from the 

previous regression and also this model uses the time lags one and four years. Since the index 

EP is calculated with time lags as specified in the theory section, the letter i represents the same 
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time lags of one and four years also for the dependent variable. With this slight modification 

the model takes the following form: 

𝑙𝑛𝐸𝑃𝑖 =  𝛼 + 𝛽1𝐿𝑎𝑔𝑖𝑙𝑛𝐸𝑐𝑜𝑡𝑎𝑥 + 𝛽2𝐿𝑎𝑔𝑖𝐸𝑇𝑆𝑑𝑢𝑚𝑚𝑦 + 𝛽3𝐿𝑎𝑔𝑖𝑙𝑛𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙𝑖𝑛𝑡 +

𝛽4𝐿𝑎𝑔𝑖𝑙𝑛𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛                    𝑤ℎ𝑒𝑟𝑒 𝑖 = 𝑡𝑖𝑚𝑒 𝑙𝑎𝑔, 1/4 𝑦𝑒𝑎𝑟𝑠  

3.2.2 Ozone tax 

The purpose of introducing the variable Ozonetax as a substitute for Ecotax as an explanatory 

variable, is to examine if a more specific tax is more effective concerning the mitigation of an 

external effect. Theoretically, the parameter for Ozonetax should be higher than in the previous 

model where Ecotax was used as the explanatory variable for CO2 emissions per capita and 

environmental performance. As in the last subsection, when CO2 emissions per capita were 

used as the dependent variable, the time lags of one and four years is represented by the letter i 

and the model specify as follows:    

𝑙𝑛𝐶𝑂2/𝑐𝑎𝑝 =  𝛼 + 𝛽1𝐿𝑎𝑔𝑖𝑙𝑛𝑂𝑧𝑜𝑛𝑒𝑡𝑎𝑥 + 𝛽2𝐿𝑎𝑔𝑖𝐸𝑇𝑆𝑑𝑢𝑚𝑚𝑦 + 𝛽3𝐿𝑎𝑔𝑖𝑙𝑛𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙𝑖𝑛𝑡 +

𝛽4𝐿𝑎𝑔𝑖𝑙𝑛𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛                    𝑤ℎ𝑒𝑟𝑒 𝑖 = 𝑡𝑖𝑚𝑒 𝑙𝑎𝑔, 1/4 𝑦𝑒𝑎𝑟𝑠  

And with the same procedure as in the case when Ecotax was used in the model, the index for 

environmental performance replaces CO2 emissions per capita as a dependent variable. The 

same time lags as before are used and again the letter i denotes these.  

𝑙𝑛𝐸𝑃𝑖 =  𝛼 + 𝛽1𝐿𝑎𝑔𝑖𝑙𝑛𝑂𝑧𝑜𝑛𝑒𝑡𝑎𝑥 + 𝛽2𝐿𝑎𝑔𝑖𝐸𝑇𝑆𝑑𝑢𝑚𝑚𝑦 + 𝛽3𝐿𝑎𝑔𝑖𝑙𝑛𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙𝑖𝑛𝑡 +

𝛽4𝐿𝑎𝑔𝑖𝑙𝑛𝑈𝑟𝑏𝑎𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛                    𝑤ℎ𝑒𝑟𝑒 𝑖 = 𝑡𝑖𝑚𝑒 𝑙𝑎𝑔, 1/4 𝑦𝑒𝑎𝑟𝑠  

Summary of expected outcomes: 

VARIABLES CO2/cap EP 

   

Ecotax Negative Positive 

   

Ozonetax Negative Positive 

   

ETSdummy Negative Positive 

   

Industrialintensity Positive Negative 

   

Urbanization Positive Negative 

   

The Effect of Time Positive Positive 

 (Stronger correlation is expected when using a four year time lag) 

Table 1: Expected outcomes. 
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4. Results 

 

This section will present the results of the study. First, a brief presentation of some descriptive 

statistics will be displayed followed by tables and descriptions of the regressions computed in 

the study. Section 4.2 will present the results from using Ecotax as an explanatory variable to 

both CO2/cap and the environmental performance index, EP. Hence, this section contains two 

regressions with a one-year time lag and two regressions with a four-year time lag. Next, section 

4.3 replaces Ecotax with Ozonetax as an explanatory variable. Elsewise, the variables and time 

lags are the same. Tests for heteroskedasticity and whether fixed or random effects should be 

used are performed and displayed in Appendix 8.3.    

4.1 Descriptive Statistics 

Data used in this study include all OECD countries during the period 1994-2014. Table 2 

beneath, displays descriptive statistics of the admitted variables. The number of observations, 

mean values, standard deviation and minimum/maximum values are thusly presented.  The 

maximum amount of observations are 735, which implies that the variables ETSdummy, 

Ozonetax and CO2/cap does not inherit any omitted observations, as can be seen in Table 2 

below. However, the variable Ozonetax contains a lot of observations with the value 0, which 

could be problematic and cause biased results. Hence, the results from regressions including 

the potential problematic variable Ozonetax should be interpreted bearing in mind this fact.    

VARIABLES Obs. Mean Std. Dev. Min Max 

CO2/cap 735 0.0093868 0.0045865 0 0.0287315 

Ecotax 705 2.373228 0.8668198 -1.554891 5.38566 

Ozonetax 735 2.46e-06 9.99e-06 0 0.0001111 

ETSdummy 735 0.3183673 0.4661601 0 1 

Industrialintensity 680 28.86239 5.751696 11.98769 44.90538 

Urbanization 732 75.94878 11.12447 49.695 97.818 

Table 2: Descriptive statistics. 

4.2 Ecotax 

Table 3 below displays the results of two regressions, both with the same independent variables. 

These independent variables are all lagged one year and logarithms are used to capture non-

linear correlations. When CO2/cap is used as the dependent variable the parameter for Ecotax 

is estimated to 0.0651 with a standard error of 0.0395. The result is only significant on a 90 % 
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level and notable is, that the sign of the parameter is positive which was not an expected 

outcome. The parameter for ETSdummy is estimated to be -0.0819 with a standard error of 

0.0202. This result is significant on all levels and the prediction of a negative parameter for that 

variable was correct. Statistically significant results are also obtained for Industrialintensity and 

the constant term. 

The second regression which results also is displayed in Table 3 below, shows the correlation 

between the same four independent variables and the index for environmental performance. 

Hence, same time lags are active both in the explanatory variables and in the environmental 

performance index, denoted EP1 to clarify the lag of one year. There are no statistically 

significant results, but notable is that Ecotax still has a positive coefficient, which here is 

expected. Some variables coefficient have changed sign compared to when CO2/cap was used 

as dependent variable. The variable ETSdummy now shows a positive coefficient, as presumed 

and Industrialintensity a negative one, also in accordance with expectations.   

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

In Table 4 below, the same two regressions are computed with the difference in the time lag. 

These regressions have used a longer time lag to estimate effects further into the future. Starting 

with the regression using CO2/cap as the dependent variable, the coefficient for Ecotax is 

estimated to be 0.1003 with the standard error 0.0448. This result is statistically significant and 

contradicts the expected outcomes. The variable ETSdummy obtain an estimated coefficient of 

-0.1464 with the standard error 0.0213, also statistically significant. The negative coefficient is 

VARIABLES lnCO2/cap lnEP1 

   

L1.lnEcotax 0.0651* 0.0039 

 (0.0395) (0.0072) 

L1.ETSdummy -0.0819*** 0.0101 

 (0.0202) (0.0071) 

L1.lnIndustrialintensity 0.4618*** -0.0323 

 (0.1285) (0.0309) 

L1.lnUrbanization 0.7667 0.0564 

 (0.4665) (0.1170) 

Constant -9.6209*** -0.0903 

 (2.1210) (0.5315) 

   

Observations 610 610 

R-squared 0.3121 0.0159 

Number of countries 33 33 

Table 3: The results from the one year lagged regressions including Ecotax as the explanatory variable is specified. 
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consistent with the expected outcomes. It is interpreted such as a participation in the European 

trading system for emission rights lower a countries CO2 emission per capita levels. The control 

variables Industrialintensity and Urbanization both receive a positive coefficient but only the 

former show significant result. 

Regarding the regression where EP4 is the dependent variable, Ecotax has obtained the expected 

sign, though the positive relationship is not statistically significant. The ETSdummy variable 

gets a negative coefficient which is not what was expected, but that is not a significant result 

either. Notable in this regression is the variable Industrialintensity, which obtains a coefficient 

of -0.2229 with a standard error of 0.0871. This result is significant and confirms the 

expectations on beforehand. This would suggest that a reduction in the share of countries’ GDP 

that is generated by industries would cause higher value on countries’ environmental 

performance. 

VARIABLES lnCO2/cap lnEP4 

   

L4.lnEcotax 0.1003** 0.0088 

 (0.0448) (0.0406) 

L4.ETSdummy -0.1464*** -0.0097 

 (0.0213) (0.0229) 

L4.lnIndustrialintensity 0.2133** -0.2229** 

 (0.0858) (0.0871) 

L4.lnUrbanization 0.3729 0.5260 

 (0.3857) (06374) 

Constant -7.1085*** -1.3401 

 (1.6319) (2.8230) 

   

Observations 515 515 

R-squared 0.4813 0.0584 

Number of countries 33 33 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 4: Displays two regressions with four year time lags on the independent variables. 

4.3 Ozonetax 

In the forthcoming regressions a new explanatory variable is introduced, namely Ozonetax, 

replacing Ecotax in the regressions from earlier. As before there are two tables showing the 

results of two regressions each. The first table displays the results when the independent 

variables are lagged one-year and the second table four-year lags. So, in Table 5 the results 

from the one year lags and CO2/cap and EP1 are specified. First, it is observed that Ozonetax 

does not get a statistically significant coefficient, but notably, the sign is not what would be 

expected for that variable. This result would suggest a positive relationship between countries’ 
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ozone tax rates and carbon dioxide emissions. The ETSdummy variable does not generate a 

significant result either, but the sign of the parameter is in accordance with expectancy. The 

negative coefficient should be interpreted as that a participation in the European trading system 

for emission rights, generates a reduction in CO2 emissions per capita. Significant results, 

however, is obtained for the remaining two variables in the model. Industrialintensity gets a 

coefficient of 0.6130 with the standard error 0.0958. As expected this means that a higher 

fraction of countries GDP produced in the industry sector, yields higher levels of CO2 

emissions. The variable Urbanization gets an estimated coefficient of -2.5614 with a standard 

error of 0.7858. This result contradicts the presumed outcome and would suggest that if more 

people lived in urban areas, countries would lower their emission levels. Notable is that there 

are some omitted observations since the number of countries only is 15.  

The second regression which results are displayed in Table 5, uses the environmental 

performance index as a dependent variable instead of CO2 emissions per capita. The only 

significant result in that regression is the constant which is positive. The variables which 

coefficient obtain the expected correlation with EP1 is Ozonetax, ETSdummy and Urbanization. 

Also this regression, only shows the number of countries to be 15.  

VARIABLES lnCO2/cap lnEP1 

   

L1.lnOzonetax 0.0313 -0.0001 

 (0.0218) (0.0024) 

L1.ETSdummy -0.0176 0.0110 

 (0.0165) (0.0077) 

L1.lnIndustrialintensity 0.6130*** 0.0049 

 (0.0958) (0.0125) 

L1.lnUrbanization -2.5614*** -0.0210 

 (0.7858) (0.0275) 

Constant 4.6185 0.1233 

 (3.4673) (0.1127) 
   

Observations 267 267 

R-squared 0.4486 0.0043 

Number of countries 15 15 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 5: Showing two regressions with one-year time lag on the independent variables. 

In Table 6, the time lag is four years instead of one. The explanatory variables being the same 

as in the previous table, that is Ozonetax replaces Ecotax as the first independent variable. In 

the regression were CO2/cap is the dependent variable, the only result that is not significant is 

the estimated coefficient for the variable Ozonetax. This coefficient also does not follow the 
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expectancy regarding the variables correlation with CO2/cap since it is shown here to be 

positive. The variable ETSdummy, however, yields a significant coefficient of -0.0829 with a 

standard error of 0.0276. This would imply that participating in the European trading system 

for emission rights leads to lower CO2 emission levels per capita, just as it is predicted to do. 

The variable Industrialintensity has an estimated coefficient of 0.3615 with a standard error of 

0.1096. This positive correlation with the dependent variable is expected. But Urbanization got 

a negative coefficient of -3.4759 with the standard error 1.4004 which contradicts the expected 

correlation. This negative coefficient would mean that countries with a higher part of their 

population living in urban areas tend to have lower CO2 emission levels per capita. Notable 

here, as in the previous regression including Ozonetax, is that only observations from 15 

countries have been made. 

In the last regression, where EP4 is the dependent variable, Industrialintensity is the only 

variable that yields a statistically significant parameter. The coefficient for that variable is -

0.3237 with a standard error of 0.1485. This result is in accordance with the presumed outcome 

since a negative correlation like this would mean that higher industrial intensity tends to lower 

countries environmental performance and vice versa. Both the coefficients for Ozonetax and 

ETSdummy are negative which contradicts the expectancy of their correlation with the 

environmental performance index. Also here, because of the lack of observation regarding 

Ozonetax, only 15 countries have been included in the regression. 

VARIABLES lnCO2/cap lnEP4 

   

L4.lnOzonetax 0.0405 -0.0285 

 (0.0251) (0.0267) 

L4.ETSdummy -0.0829*** -0.0487 

 (0.0276) (0.0390) 

L4.lnIndustrialintensity 0.3615*** -0.3237** 

 (0.1096) (0.1485) 

L4.lnUrbanization -3.4759** 2.0083 

 (1.4004) (1.4484) 

Constant 9.5293 -7.6861 

 (6.3112) (6.6122) 
   

Observations 222 222 

R-squared 0.5915 0.0934 

Number of countries 15 15 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 6: Displays two regressions with a four year lag on the independent variables. 
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5. Discussion 

 

This section will discuss the results stated in the previous section. First, the results from the 

four regressions using Ecotax as the first independent variable will be discussed. Second, an 

analysis of the results where Ozonetax replaced Ecotax as an explanatory variable will be 

expressed.   

5.1 Analysis of Regressions Including Ecotax 

Time lags of one and four years were induced to examine if the correlation between the 

independent variables and the dependent variables would differ due to time horizon. 

Theoretically, there would be some rigidity at least for the policy-driven variables, Ecotax and 

ETSdummy, before any larger effects could be seen. Such rigidity should yield larger 

coefficients for the models with a longer time lag, and that is exactly what is seen. Focusing on 

the results which are statistically significant, e.g. when CO2/cap is the dependent variable, a 

four-year time lag yields larger coefficients for both explanatory variables; Ecotax and 

ETSdummy. This strengthening the theoretical reasoning that it will take a few years for an 

induced policy to give results.  

When elaborating a discussion about the results, I will start by focusing on those that are 

significant. One important observation is that the explanatory variable ETSdummy have a 

negative correlation with CO2 emissions per capita. This follows the expected outcome and the 

purpose of the EU ETS system, i.e. to reduce CO2 emissions. However, when the environmental 

performance index is used as dependent variable, the sign of the coefficients vary. The reason 

for non-presumed coefficient signs can be that countries participating in that market do not 

produce as much good output as countries not participating. Since the index takes into account 

both production of goods and bads, a reduction (or smaller increase) in producing goods could 

make the results such as they are. The variable Ecotax was expected to have a negative 

correlation with CO2/cap since ERT:s has been proven to have a positive effect on countries’ 

environmental performance in e.g. Miller and Vela (2013). Indeed, a positive correlation 

between Ecotax and the environmental performance index is obtained, but this result is not 

statistically significant. Rather remarkable though, is the significant positive correlation 

between Ecotax and CO2 emissions per capita. This contradicts the presumptions and raises the 

question; how can that be? A higher rate of ERT:s should reduce the emission level. One 

possible explanation of these peculiar finding is that the ERT:s do not only reflect taxes on CO2 
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emissions but all taxes that are environmental related. In accordance with this reasoning, the 

explanatory variable Ozonetax, which is more directly connected to CO2 emissions, should 

yield coefficient signs as those expected. But, as will be discussed in the next section, the 

variable Ozonetax contains a lot of omitted observations and does not give significant results. 

The variables Industrialintensity and Urbanisation were included in the study as control 

variables. Theoretically, they should affect countries’ environmental performance in a negative 

way, and in many cases, the results of this study are according to the expected outcomes. There 

are exceptions though, Urbanization is actually correlating positively with the environmentally 

performance index. No distinctive explanation for this is at hand other than e.g. a potentially 

more frequent use of fossil fuel in sparsely populated countries due to longer commuting 

distances and longer transports. A more reasonable explanation is, however, as probably in 

many uncertainties within this study, an inadequate data set.    

5.2 Analysis of Regressions Including Ozonetax 

To induce a tax, directly guided to the external effects that is preferably mitigated, should 

theoretically be more efficient than inducing a general tax. This theory would presume the 

variable Ozonetax to be stronger correlated negatively with CO2 emission levels per capita and 

positive with the index environmental performance. However, in some cases, the parameter has 

the sign opposite of what was expected, but no significant result is obtained so little can be 

concluded from this part of the analysis. A probable explanation for this insignificant results is 

the inadequacy of the data set. This concerns Ozonetax more than any other variable. As stated 

in the result section, there are only observations available from 15 different countries. The 

reason for this is unknown, but it could partly be because not all countries have these direct 

steered taxes for ozone-depleting substances, such as a carbon dioxide tax for example. Hence, 

the lack of data could yield these peculiar results. 
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6. Conclusion(s) 

Sorting out insignificant results, data caused bias and problems seemingly emerged by the 

environmental performance index, there is still one important result to draw conclusions from. 

Regressions using the CO2 emissions per capita as the dependent variable, always yield a 

negative coefficient for the independent variable ETSdummy. Hence, participation in the EU 

ETS system leads to a reduction in countries’ CO2 emissions per capita. The magnitude of the 

correlation varies between regression models and is as strong as 14,6 % when using a four-year 

time lag. The magnitude ultimately depends on the policy-makers when they decide upon quota 

restrictions. Preferably, the amount of allowed emissions in total should be as low as possible, 

the lower total sum of emissions allowed will probably generate a stronger effect. The result 

from when the environmental performance index is the dependent variable comes out weaker, 

and not significant in as many cases as when CO2/cap is the dependent variable. This could be 

because when taking the production into consideration as well, reducing emission levels seems 

to come at a cost of reduced production. That being said, the cost in terms of lost production is 

not necessarily higher than the gains of the reduction in CO2 emission levels.   
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8. Appendix 

8.1 Derivation of the socially optimal solution using property rights 

Pareto optimal allocations 

Firm 1 does not impose any externality on the other firm, but does so on the consumer. 

Consumer preferences; 𝑈(𝑋1, 𝑋2; 𝑌1
1) 

Firm 1’s production function; 𝑌1
1 = 𝐹(𝑌2

1) 

Firm 2’s production function; 𝑌2
2 = 𝐺(𝑌1

2; 𝑋1) 

Consumers maximization problem; 

Max U; 𝑈(𝑋1, 𝑋2; 𝑌1
1)   such that; 𝑌1

1 + 𝜔1 = 𝑋1 + 𝑌1
2, 𝑌2

2 + 𝜔2 = 𝑋2 + 𝑌2
1, 𝐹(𝑌2

1) = 𝑌1
1 and 

𝐺(𝑌1
2); 𝑋1) = 𝑌2

2 (over 𝑋1, 𝑋2, 𝑌1
1, 𝑌2

1, 𝑌1
2 𝑎𝑛𝑑 𝑌2

2) 

Using the La Grange equation → 𝑈(𝑋1, 𝑋2; 𝑌1
1) + 𝜆1(𝑌1

1 + 𝜔1 − 𝑋1 − 𝑌1
2) + 𝜆2(𝑌2

2 + 𝜔2 −

𝑋2 − 𝑌2
1) + ᴓ1(𝐹(𝑌2

1) − 𝑌1
1) + ᴓ2(𝐺(𝑌1

2; 𝑋1) − 𝑌2
2) 

First order conditions →  

𝜕ℒ

𝜕𝑋1
= 𝑈𝑋1

′ − 𝜆1 + ᴓ2𝐺𝑋1

′ = 0, 
𝜕ℒ

𝜕𝑋2
= 𝑈𝑋2

′ − 𝜆2 = 0, 
𝜕ℒ

𝜕𝑌1
1 = 𝑈𝑌1

1
′ + 𝜆1 − ᴓ1 = 0,  

𝜕ℒ

𝜕𝑌2
1 = −𝜆2 + ᴓ1𝐹𝑌2

1
′ = 0, 

𝜕ℒ

𝜕𝑌1
2 = −𝜆1 + ᴓ2𝐺𝑌1

2
′ = 0, 

𝜕ℒ

𝜕𝑌2
2 = 𝜆2 − ᴓ2 = 0 

Consumer’s pareto optimal solution → 
𝑈𝑋1

′

𝑈𝑋2
′ + 𝐺𝑋1

′ =
𝜆1

𝜆2
 

Firm 1’s pareto optimal solution → 
1

𝐹
𝑌2

1
′ −

𝑈𝑋1
′

𝑈𝑋2
′ =

𝜆1

𝜆2
 

Firm 2’s pareto optimal solution → 𝐺𝑌1
2

′ =
𝜆1

𝜆2
 

Introducing a market for rights 

Consumer sells the right to pollute; �̃�1
1, to Firm 1 for the price; m. 

Firm 2 sells the right to pollute; �̃�1, to the Consumer at price; q. 

Firm 1’s maximization problem; 



 
 

26 
 

Max π; 𝑃1𝑌1
1 − 𝑃2𝑌2

1 − 𝑚�̃�1
1   such that; 𝑌1

1 = 𝐹(𝑌2
1) and 𝑌1

1 = �̃�1
1 

Rewriting → Max π; 𝑃1𝐹(𝑌2
1) − 𝑚𝐹(𝑌2

1) − 𝑃2𝑌2
1 (over 𝑌2

1) 

First order condition → 
𝜕𝜋

𝜕𝑌2
1 = 𝑃1𝐹𝑌2

1
′ − 𝑚𝐹𝑌2

1
′ − 𝑃2 = 0 → 

𝑃1

𝑃2
=

1

𝐹
𝑌2

1
′ +

𝑚

𝑃2
 

Consumer’s maximization problem; 

Max U; 𝑈(𝑋1, 𝑋2; 𝑌1
1)   such that; 𝑃1𝑋1 + 𝑃2𝑋2 + 𝑞�̃�1 (= 𝑅 + 𝑚�̃�1

1), 𝑋1 = �̃�1 and 𝑌1
1 = �̃�1

1    

Rewriting → Max U; 𝑈(𝑋1, 𝑋2; 𝑌1
1)   such that; (𝑃1 + 𝑞)𝑋1 + 𝑃2𝑋2 = 𝑅 + 𝑚𝑌1

1 (over 𝑋1 , 𝑋2) 

Using the La Grange equation → ℒ = 𝑈(𝑋1, 𝑋2; 𝑌1
1) + 𝜆(𝑅 + 𝑚𝑌1

1 − 𝑃1𝑋1 − 𝑃2𝑋2 − 𝑞𝑋1) 

 First order conditions → 
𝜕ℒ

𝜕𝑋1
= 𝑈𝑋1

′ − 𝜆𝑃1 − 𝜆𝑞 = 0, 
𝜕ℒ

𝜕𝑋2
= 𝑈𝑋2

′ − 𝜆𝑃2 = 0 → 
𝑃1

𝑃2
=

𝑈𝑋1
′

𝑈𝑋2
′ −

𝑞

𝑃2
 

Firm 2’s maximization problem; 

Max π; 𝑃2𝑌2
2 − 𝑃1𝑌1

2 + 𝑞�̃�1   such that; 𝑌2
2 = 𝐺(𝑌1

2; 𝑋1) and �̃�1 = 𝑋1 

Rewriting → Max π; 𝑃2𝐺(𝑌1
2; 𝑋1) − 𝑃1𝑌1

2 + 𝑞𝑋1 (over 𝑌1
2) 

First order condition → 
𝜕𝜋

𝜕𝑌1
2 = 𝑃2𝐺𝑌1

2
′ − 𝑃1 = 0 → 

𝑃1

𝑃2
= 𝐺𝑌1

2
′  

Comparing the pareto optimal solution with the ones after inducing a market for rights; 

 Consumer Firm 1 Firm 2 

Pareto optimal solution 𝑈𝑋1

′

𝑈𝑋2

′ + 𝐺𝑋1

′ =
𝜆1

𝜆2
 

1

𝐹𝑌2
1

′ −
𝑈𝑋1

′

𝑈𝑋2

′ =
𝜆1

𝜆2
 𝐺𝑌1

2
′ =

𝜆1

𝜆2
 

Including a market for rights 𝑃1

𝑃2
=

𝑈𝑋1

′

𝑈𝑋2

′ −
𝑞

𝑃2
 

𝑃1

𝑃2
=

1

𝐹𝑌2
1

′ +
𝑚

𝑃2
 

𝑃1

𝑃2
= 𝐺𝑌1

2
′  

Condition for pareto when a  

market for rights is included 

𝒒

𝑷𝟐
= −𝑮𝑿𝟏

′  𝒎

𝑷𝟐
= −

𝑼𝑿𝟏

′

𝑼𝑿𝟐

′  
Pareto observed 

Table 7: The table displays the difference between a pareto optimal solution and the solution when introducing a 
market for pollution rights. An assumption that must be made is that the observed shadow prices in the pareto 

optimal solution is equal to the relative prices (
𝜆1

𝜆2
=

𝑃1

𝑃2
). If the assumption holds, this gives a measure of the 

externality and the prices m and q can be calculated.   



 
 

27 
 

8.2  List of variables and the correlation between them  

 

Time period: 1994-2014 

Number of countries: 33 

 

 

CORRELATION 

MATRIX 

        

Ecotax 

     

Ozonetax 

    

ETSdummy 

  

Indust.int. 

  

Urbanization 
      

Ecotax 1.000     
      

Ozonetax 0.0373 1.000    
      

ETSdummy 0.1589*** 0.0111 1.000   
      

Industrialintensity -0.0684 -0.0010 -0.2251*** 1.000  
      

Urbanization -0.0556 0.0317 -0.1072*** -0.2950*** 1.000 
      

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

VARIABLES Source 

CO2/cap OECD Statistics 
CO2 emissions per capita measured in metric tons.  

Ecotax OECD Statistics 
Environmental related tax revenues as a percentage of 

total tax revenues. 

 

Ozonetax OECD Statistics 
Tax revenues from ozone depleting substances as a 

percentage of total tax revenues. 

 

ETSdummy European Commission 
A dummy variable where “1” means participation in the 

EU ETS scheme and “0” means not participating. 

 

Urbanization World Bank Database 
The percentage of a country’s inhabitants that lives in 

urban areas. 

 



 
 

28 
 

8.3 Tests for heteroskedasticity and fixed/random effects 

Tests when CO2/cap is the dependent variable, Ecotax the independent, using a one-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(33) = 1837.10 
 

Prob > chi2 = 0.0000 
 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 13.31  
 

Prob > chi2 = 0.0099 
 

 

 

 

 

 

VARIABLES lnCO2/cap 

  

L1.lnEcotax 0.0651*** 

 (0.0145) 

L1.ETSdummy -0.0819*** 

 (0.0095) 

L1.lnIndustrialintensity 0.4618*** 

 (0.0556) 

L1.lnUrbanization 0.7667*** 

 (0.1607) 

Constant -9.6209*** 

 (0.7908) 

  

Observations 610 

R-squared 0.3121 

Number of countries 33 
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Tests when CO2/cap is the dependent variable, Ecotax the independent, using a four-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(33) = 3210.82 
 

Prob > chi2 = 0.0000 
 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 7.70  
 

Prob > chi2 = 0.1032 
 

 

 

 

 

VARIABLES lnCO2/cap 

  

L4.lnEcotax 0.1004*** 

 (0.0138) 

L4.ETSdummy -0.1450*** 

 (0.0090) 

L4.lnIndustrialintensity 0.2236*** 

 (0.0566) 

L4.lnUrbanization 0.3297* 

 (0.1704) 

Constant -6.9653*** 

 (0.8282) 

  

Observations 515 

R-squared 0.4814 

Number of countries 33 
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Tests when EP1 is the dependent variable, Ecotax the independent, using a one-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(33) = 999.78 
 

Prob > chi2 = 0.0000 
 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 10.70  
 

Prob > chi2 = 0.0301 
 

 

 

 

 

 

 

VARIABLES lnEP1 

  

L1.lnEcotax 0.0039 

 (0.0088) 

L1.ETSdummy 0.0091 

 (0.0058) 

L1.lnIndustrialintensity -0.0337 

 (0.0336) 

L1.lnUrbanization 0.0530 

 (0.0971) 

Constant -0.0725 

 (0.4773) 

  

Observations 613 

R-squared 0.0162 

Number of countries 33 
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Tests when EP4 is the dependent variable, Ecotax the independent, using a four-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(33) = 2419.69 
 

Prob > chi2 = 0.0000 
 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 25.06 
 

Prob > chi2 = 0.0000 
 

 

 

 

 

 

VARIABLES lnEP4 

  

L4.lnEcotax -0.0088 

 (0.1702) 

L4.ETSdummy -0.0097 

 (0.0112) 

L4.lnIndustrialintensity -0.2229*** 

 (0.0701) 

L4.lnUrbanization 0.5300** 

 (0.2112) 

Constant -1.3401 

 (1.0270) 

  

Observations 515 

R-squared 0.0584 

Number of countries 33 
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Tests when CO2/cap is the dependent variable, Ozonetax the independent, using a one-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 
 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(15) = 264.70 
 

Prob > chi2 = 0.0000 
 

 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 32.86  
 

Prob > chi2 = 0.0000 
 

 

 

 

 

VARIABLES lnCO2/cap 

  

L1.lnOzonetax 0.0313** 

 (0.0121) 

L1.ETSdummy -0.0176 

 (0.0142) 

L1.lnIndustrialintensity 0.6130*** 

 (0.0817) 

L1.lnUrbanization -2.5614*** 

 (0.4726) 

Constant 4.6185** 

 (2.1495) 

  

Observations 267 

R-squared 0.4486 

Number of countries 15 
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Tests when CO2/cap is the dependent variable, Ozonetax the independent, using a four-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 
 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(33) = 487.67 
 

Prob > chi2 = 0.0000 
 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 29.37  
 

Prob > chi2 = 0.0000 
 

 

 

 

 

VARIABLES lnCO2/cap 

  

L4.lnOzonetax 0.0405*** 

 (0.0118) 

L4.ETSdummy -0.0829*** 

 (0.0128) 

L4.lnIndustrialintensity 0.3615*** 

 (0.0818) 

L4.lnUrbanization -3.4759*** 

 (0.5082) 

Constant 9.5293*** 

 (2.2790) 

  

Observations 222 

R-squared 0.5915 

Number of countries 15 



 
 

34 
 

Tests when EP1 is the dependent variable, Ozonetax the independent, using a one-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 
 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(15) = 192.43 
 

Prob > chi2 = 0.0000 
 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 1.70  
 

Prob > chi2 = 0.7905 
 

 

 

 

 

VARIABLES lnEP1 

  

L1.lnOzonetax 0.0020 

 (0.0091) 

L1.ETSdummy 0.0052 

 (0.0107) 

L1.lnIndustrialintensity -0.0281 

 (0.0614) 

L1.lnUrbanization 0.2420 

 (0.3552) 

Constant -0.8647 

 (1.6155) 

  

Observations 267 

R-squared 0.0090 

Number of countries 15 
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Tests when EP4 is the dependent variable, Ozonetax the independent, using a four-year time lag: 

 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

Modified Wald test for group wise 

heteroskedasticity in fixed effect regression  
 

H0: sigma(i)2=sigma2 for all i 
 

chi2(33) = 307.79 
 

Prob > chi2 = 0.0000 
 

 

 

 

Hausman test for fixed/random effects  
 

H0: Difference in coefficients not systematic 
 

chi2(4) = 19.42  
 

Prob > chi2 = 0.0006 
 

 

 

 

 

VARIABLES lnEP4 

  

L4.lnOzonetax -0.0285* 

 (0.0161) 

L4.ETSdummy -0.0487*** 

 (0.0174) 

L4.lnIndustrialintensity -0.3237*** 

 (0.1114) 

L4.lnUrbanization 2.0083*** 

 (0.6922) 

Constant -7.6861** 

 (3.1039) 

  

Observations 222 

R-squared 0.0934 

Number of countries 15 


