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Abstract

The Emission Trading Scheme is one of the economic instruments of environmental policy and it is used to 
achieve the goals of reducing greenhouse gas emissions. The Emission Trading Scheme is a common instrument 
of the European Union, which is mandatory for all member countries. The aim of this paper is to assess the 
effectiveness of the greenhouse gas emissions trading system in the Czech Republic as one of the important 
instruments of environmental policy. The presented research model shows that greenhouse gas emissions were 
only minimally affected by the GDP index level and movement in the monitored time period. The model also 
shows that the most significant impact on the amount of greenhouse gas production in the given time period 
was the consumption of renewable energy and the consumption of fossil fuels. By contrast, the price of emission 
allowances on the market had a minimal effect on the production of greenhouse gases.
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INTRODUCTION
Greenhouse gases arise as a result of human activities (Montzka et al., 2011; Prather et al., 2012), 
especially due to the burning of fossil fuels (Mittal et Kumar, 2014). To reduce greenhouse gas emissions, 
environmental policy uses various instruments (OECD, 2007). Economic instruments work in synergy 
(Phalan et al., 2016) with the other greenhouse gas reduction instruments and relevant legislation 
(Sorrell, 2003; Directive 2003/87/EC). The individual instruments are chosen by member countries 
in line with the priorities of their environmental policies (Jordan et al., 2003; Aidt et al., 2004). One of 
basic instruments in this mix is represented by so-called environmental taxes (Baranzini et al., 2000; 
OECD, 2007). In the European area, carbon Emission Trading Scheme (ETS) has become a cornerstone 
of the design of European environmental policy (Convery et al., 2007; Braun, 2009; Hong et al., 2017; 
Segura et al., 2018). The purpose of ETS is above all to reduce greenhouse gas emissions and to integrate  
the costs for the elimination of their negative environmental impacts into the costs of their producers 
(Hong et al., 2017; Segura et al., 2018). Sabzevar et al. (2017) stated that the emission trading price  
is a base for maximizing company’s profits and for controlling the amount of emissions generated.

The European Carbon Emissions Trading Scheme (EU ETS) introduced in 2005 has led to both 
spot and futures market trading of carbon emissions. However, despite 10 years of trading, we have 
no knowledge on how profitable the ETS is (Narayan et al., 2015). At present, European countries use 
emission allowances within the EU ETS as the main CO2 abatement instrument, but some of them also 
use carbon taxes, as for example Sweden, Finland, Ireland or Denmark (Leu et Betz, 2016).

Many studies (for example Laing et al., 2014; Hintermann et al., 2015; Muûls et al., 2016) analyzed 
emission reductions, evolution of allowance prices, and impacts on the economic performance, 
competitiveness and innovation. Nordhaus (2005, 2011) focused his research mainly on comparing 
the effectiveness of environmental taxes and ETS, their advantages and disadvantages. Based on this 
research, he strongly opts for environmental taxes before the ETS and concludes that the carbon market 
price fluctuation and volatility in one trading period of the EU ETS are not good in terms of longer-term 
investment planning. As a recommendation for policy makers and regulators, a carbon tax is proposed 
in the context of fiscal policy as the most appropriate tool for reducing greenhouse gas emissions.

The main ETS supporters for example Fan (2017), who states that in relation to tax, the ETS can 
increase prosperity on the market with imperfect competition. Moreover, based on his model of strategic 
and competitive behavior of traders on the Central Atlantic Market, who covers power sector emissions 
in nine Northeast and Mid-Atlantis States, he notes that when regulators charge tax instead of allowance, 
the loss caused by deadweight costs in imperfect competition is higher. The Central Atlantic Market is 
the second largest emission allowance market in the world, which, like the EU ETS, operates on the 
principle of a free market for emission allowances. Very important in the ETS is the price of tradable 
permits (Hintermann et al. (2015) find that economic activity and growth announcements as well as oil 
and gas prices positively influence the prices of allowances. The emissions allowance price has varied 
considerably over years (Segura et al., 2018). Brink et al. (2016) points to the current market price of 
emission allowances, which is quite far from the projected price of EUR 20, which is planned as the target 
price in 2020, and does not therefore seem to meet the desired effect. Deeney et al. (2016) deal with  
the influence of the European Parliament on the auction price of emission allowances. In April 2013, 
the European Parliament was expected to pass a draft law for fixing the recognized oversupply issue  
in the EU ETS (Koch et al., 2014). The Commission's proposal involved postponing until 2019–2020  
the release of 900 million EU emission allowances (EUAs).

Oueslati et al. (2017) deal with the specifics of emission allowances and carbon tax.They say energy 
taxes represent important instruments to increase economic efficiency, to achieve desired environmental 
outcomes, and raise public revenues. However, the implementation of energy taxes is often hampered  
by public concerns over their possible effects on unequal income.
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Cost-saving from the use of renewable energy sources, which are also represented in our model,  
is dealt with by Palmer et Burtaw (2005). A renewable energy production tax credit reduces the electricity 
price at the expense of taxpayers, which limits its effectiveness in reducing carbon emissions, and is 
less cost-effective in increasing renewables than a portfolio standard. Neither policy is as cost-effective  
as a cap-and-trade policy for achieving carbon emission reductions (Palmer et Burtraw, 2005).

The effectiveness of environmental policy instruments is often assessed for example through the 
relationship between the economic growth and the growth of greenhouse gas production. There are many 
publications dealing with the environmental Kuznets curve (Dinda, 2004; Alam et al., 2016; Özokcu  
et Özdemir, 2017). Bauer et al. (2015) deal with the impact of fossil fuels policy on reducing greenhouse 
gas emissions in the United States climatic region. Lim et al. (2014) discussed the context of fossil fuels 
consumption, economic growth and greenhouse gas production in the Philippines.

The aim of this paper is to assess ETS effectiveness in the Czech Republic using the regression analysis 
as one of the important instruments of environmental policy.

1 MATERIAL AND METHODS 
This chapter introduces research questions and goals and brings details on the individual data that is further 
worked on in the research section of the paper. Theories and data (CZSO, 2019; ERU, 2019; EUROSTAT, 
2019) needed are included in the descriptive part, the objective of which is to assess the environmental 
effectiveness of emission allowances. For this purpose, the data was created to form time series, from 
which the charts were then compiled for a more comprehensive understanding of the problem, and the 
regression analysis was performed that tried to assess the remaining objectives. Another aim was to 
assess some further factors and how they affect greenhouse gas emissions in the countries under review.

The ETS effects on the amount of CO2 production were analyzed in details. Because the used model 
affects some other factors and tools, such as the using of renewable energy sources, or the consumption 
of fossil fuels, the authors used the regression analysis. By our opinion a suitable research method  
to assess the synergistic effect of several factors on the research goals.

Greenhouse gas emissions (expressed in tons per year of CO2 per capita) are the basic dependent 
variable. The data source is data from the European Statistical Office (Eurostat, 2016). The emission 
allowance price is an explanatory variable. The emission allowance price was chosen as a variable because 
the EU ETS is a fundamental obligatory regulatory element. The data was obtained from the European 
Energy Exchange and from the Energy Regulatory Office. Unit is the average annual emission allowance 
in EUR per 1 allowance.

Gross Domestic Product (GDP) expressed as a percentage of year-on-year growth for the Czech 
Republic and a year was obtained from the database of the Czech Statistical Office (CZSO).

The consumption of fossil fuels an explanatory variable which was chosen because the consumption of 
fossil fuels relates to the greenhouse gas emissions. The data was obtained from the Eurostat database and 
was calculated per capita and year in tones for the Czech population as of 31 December of the respective year, 
according to the CZSO database. The consumption of renewable energy is a control explanatory variable in 
our model. The production of energy from the renewable sources does not generate greenhouse gases. Their 
substitution for energy from the combustion of fossil fuels containing carbon has the ultimate effect of reducing 
the greenhouse gas production. The consumption of renewable resources is supported by the country´s policy. 
This policy is a common EU policy. It is based in particular on state support for the use of renewable energy 
(Kharlamova et al., 2018).  The data was obtained from the Eurostat database and was calculated per capita 
and year for the population of the Czech Republic as of 31 December of the respective year according to  
the CZSO database in our calculation model. It is reported by converting the consumption of renewable energies 
into tons of oil equivalent. In the case of this variable, the theoretical expectations were negative, i.e. with  
the increasing consumption of renewable energies; there is a decline in greenhouse gas production.
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For the data analysis in years 2005–2015 (greenhouse gas emissions, GDP in the Czech Republic  
in %, emission allowance price, consumption of fossil fuels and consumption of renewable energy sources), 
regression and correlation analysis was used. The regression analysis allows getting information about 
the dependence of quantitative characters (Litschmannová, 2011). The Y variable, whose behaviour we 
try to explain, is called a dependent variable (the variable explained). The X variable, whose behaviour 
explains the behaviour of the dependent Y variable, is called an independent variable (Hindls et al., 
2002). The correlation analysis deals with interdependencies, emphasizing the strength or intensity 
of the relationship (Bílková et al., 2009). In most cases, the linear regression used was η = β0 + β1x. 
We measured the intensity of dependence using the determination index (Budíková et al., 2010).  
If the dependency function is proven, the determination index is 1 (and vice versa if the value is 0).  
The Pearson correlation coefficient for the two variables X and Y was calculated. Some indicators were also 
analysed by using the elementary statistical analysis with selected characteristics of position, variability 
and concentration (median, variance, standard deviation, kurtosis and skewness). Following hypotheses 
are verified in this paper:

• H0: there is no linear relationship between the X (GDP growth rates in %) and Y (GHG emission 
levels) variables;

• H0: there is no linear relationship between the X (emission allowance price) and Y (level of greenhouse 
gas emissions) variables;

• H0: there is no linear relationship between the X (consumption of fossil fuels) and Y (GHG emission 
level) variables;

• H0: there is no linear relationship between the X (consumption of RES) and Y (level of greenhouse 
gas emissions) variables.

For testing the hypotheses, fixed probability of error of the first type (so-called materiality level) was 
chosen to be 5%. Tests of the significance of regression parameters were performed to determine if the 
correlation between the sample variables is strong enough to be considered as proven for the base set.

2 RESULTS 
Table 1 shows the basic characteristics of the average price of emission allowance: median, variance, 
standard deviation, kurtosis and skewness.

As seen from Table 1, the average price of emission allowance shows considerable variability, which 
is mainly interpreted by standard deviation (= 6.42). The median, which divides the series of upwardly 
ranked results into two halves, came out as 12.72. Kurtosis, as a measure of the concentration of the 
values of random variable around the mean value, is about –0.99, which means the flatter distribution 
and fewer spikes than the normal distribution. Skewness, which is a measure of symmetry of the given 

Table 1  Elementary statistical analysis – average price of emission allowance in 2005–2015

Median 12.720

Standard deviation 6.420

Variance 41.217

Kurtosis –0.988

Skewness 0.109

Source: Own elaboration
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probability distribution, came out as 0.11, indicating a positively skewed division where the values are 
concentrated rather to the left.

Figure 1 expresses the relationship between the independent variables, namely GDP growth rate 
(in %) and dependent X variable, which expresses the level of emissions in 2005–2015, including  
the estimation of the least squares line parameters. Expectations were that the GDP growth would 
increase the greenhouse gas emissions. This was the construction of a so-called empirical curve describing  
the observed correlation at the sample level. This curve serves as an estimate of the actual dependence 
(linear regression function) assumed for the entire base file.

In Figure 1, a theoretical line, i.e. a line drawn by the point graph, was drawn as close  to all points as 
possible – it is the closest regression function with the equation 10.868 + 0.159x. This linear regression 
function was used to describe the true dependence of the monitored variables at the level of the entire 
base file. The regression function contained only one regressor, so we tested the zero H0 : β1 = 0 hypothesis 
against the alternative H1 : β1 ≠ 0 hypothesis.The F-test result can be seen in Table 2.

At the significance level of 0.05 we did not reject the zero hypothesis. Therefore, the GHG emission 
levels could not be estimated by using the GDP growth rate. The determination index, resp. the 
modified determination index, determines the quality of the model. The determination index was 0.317;  

Figure 1 Relationship between the GDP growth rates and greenhouse gas emission levels

Source: Own elaboration

y = 0,159x + 10,868

R² = 0,3172
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Table 2  Overall F-Test design (independent variable: GDP growth rate, dependent variable: GHG emissions)

Source of variability Sum of squares Degrees of freedom Dispersion (mean sum  
of squares) xOBS p-value

Model 3.188 1 3.188 4.181 0.071

Residual 6.861 6 0.762 × ×

Total 10.049 7 × × ×

Source: Own elaboration
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Figure 2 Relationship between the price of emission allowances and the level of greenhouse gas emissions

Source: Own elaboration

y = 0,0775x + 10,376

R² = 0,2461
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Independent variable X – price of emission allowances (euro / 1 allowance)

Table 3 Construction of the total F-test (independent variable: emission allowance price, dependent variable: 
GHG emissions)

Source of variability Sum of squares Degrees of freedom Dispersion (mean sum  
of squares) xOBS p-value

Model 2.473 1 2.473 2.938 0.121

Residual 7.575 9 0.842 × ×

Total 10.048 10 × × ×

Source: Own elaboration

the modified determination index was 0.241. The model explains for more than 24% of the total variance 
of the dependent variable, so it cannot be labelled too high.

Furthermore, the relationship between the price of emission allowances and the amount of emissions 
produced in tonnes per capita in the Czech Republic was examined, see Figure 2.

A regression function was found with the equation 10.376 + 0.078x. We tested the zero H0 : β1 = 0 
hypothesis against the alternative H1 : β1 ≠ 0 hypothesis. The F-test result can be seen in Table 3.

At the significance level of 0.05, the zero hypothesis could not be rejected, the chosen model was not 
statistically significant. Therefore, the level of significance of the greenhouse gas emission level could 
not be estimated by using the emission allowance prices. At the significance level of 0.05, we accepted 
the zero hypothesis, the β1 parameter was not statistically significant. The determination index, resp. 
the modified determination index, determines the quality of the model. The determination index was 
0.246; the modified determination index was 0.162. Therefore, the model explains for more than 16% of 
the total variance of the dependent variable, so it cannot be considered as good.

The relationship between the consumption of fossil fuels in the Czech Republic (tonnes per capita) 
and greenhouse gas emissions in years 2007–2015 is shown in Figure 3.
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A regression function was found with the equation 0.287 + 2.191x. We tested the zero H0 : β1 = 0 
hypothesis against the alternative H1 : β1 ≠ 0 hypothesis. The F-test result can be seen in Table 4.

Figure 3 Relationship between the fossil fuels consumption and GHG emissions in 2007–2015

Source: Own elaboration

y = 2,1913x + 0,2866

R² = 0,9776
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Table 4  Overall F-test design (independent variable: fossil fuel consumption, dependent variable: GHG emissions)

Source of variability Sum of squares Degrees of freedom Dispersion (mean sum  
of squares) xOBS p-value

Model 6.148 1 6.148 305.745 4.93E–7

Residual 0.141 7 0.020 × ×

Total 6.289 8 × × ×

Source: Own elaboration

Figure 4 Relationship between the RES consumption in the Czech Republic and GHG emissions in 2007–2015

Source: Own elaboration

y = –12,111x + 14,896

R² = 0,9236
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At the significance level of 0.05 we rejected the zero hypothesis; the chosen model was statistically 
significant. Hence, greenhouse gas emission levels could be estimated using the fossil fuel consumption. 
The model explains for more than 97% of the total variance of the dependent variable, so it can be labelled 
as very good. Pearson's correlation coefficient was 0.989 (indicating a very strong positive correlation). 
In this case, it can be noted that the increase in the consumption of fossil fuels increases the level  
of greenhouse gas emissions. The last dependence between the variables is dealt with in Figure 4.

A regression function was found with the equation 14.896 – 12.111x. We tested the H0 : β1 = 0 zero 
hypothesis against the alternative H1 : β1 ≠ 0 hypothesis.The F-test result can be seen in Table 5.

At the significance level of 0.05 we rejected the zero hypothesis; the chosen model was statistically 
significant. GHG emission levels could therefore be estimated by using the renewable energy sources. 
The determination index was 0.924; the modified determination index was 0.913. The model explains 
for more than 91% of the total dispersion of the dependent variable, so it can be labelled as very good. 
Pearson's correlation coefficient was –0.961, which indicates a very strong negative correlation, so it can 
be assumed that greenhouse gas emission levels will decrease with the increasing RES consumption.

In addition to the above analyses, the dependence was examined of final energy consumption  
in 2010–2015 and emissions of basic pollutants (SOx in particular) into the air in the Czech Republic (see Table 6).

At the significance level of 0.05, we did not reject the zero hypothesis. Therefore, final energy 
consumption levels could not be estimated according to SOx emissions. At the materiality level of 0.05, 
we did not reject the zero hypothesis, the β1 parameter was not statistically significant. The model cannot 
be considered good.

3 DISCUSSION
Authors admit that relationships between all the variables observed in the article are very complex, 
moreover the relevant variables are far more than the article is tracked. 

Table 5  Overall F-test design (independent variable: RES consumption, dependent variable: GHG emissions)

Table 6  Total F-Test design (independent variable: final energy consumption, dependent variable: SOx)

Source of variability Sum of squares Degrees of freedom Dispersion (mean sum  
of squares) xOBS p-value

Model 5.808 1 5.808 84.652 3.69E-5

Residual 0.480 7 0.069 × ×

Total 6.288 8 × × ×

Source: Own elaboration

Source of variability Sum of squares Degrees of freedom Dispersion (mean sum  
of squares) xOBS p-value

Model 379 764.076 1 379 764.076 0.336 0.593

Residual 4 525 119.965 4 1 131 279.991 × ×

Total 4 904 884.041 5 × × ×

Source: Own elaboration
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Long-term data from the CZSO show that, despite all measures adopted, the Czech Republic together 
with Estonia, the Netherlands and Luxembourg are four countries with the highest CO2-per capita 
production (Eurostat, 2016). This is apparently due to more factors, e.g. by the location of the Czech 
Republic and by the industrial orientation of Czech economy focused on exports. The analysis shows 
that, despite the above-mentioned facts, the Czech Republic is able to reduce the CO2 production in 
the long term. Although some authors are trying to prove the theory of GDP correlation and increased 
CO2 emissions, such as Doda et al. (2013) or Cialani (2017), it seems to be somewhat simplistic. The 
factors that act on this phenomenon are many and interact with each other. Our model also suggested 
that the above correlation is minimal. The results of the regression analysis in our model indicate that 
the development of greenhouse gas production was linked to GDP growth only minimally in the project 
period. The GHG emission levels cannot be estimated by using the GDP growth rate at the significance 
level of 0.05. This value was insignificant in our model. This is evidenced, for example, by the fact that 
the Czech Republic's GDP declined from 3.1% to –4.5% of the long-term average in 2008–2009, probably 
due to the global economic crisis, while the CO2 emissions decreased only from 11.96 t to 11.11 t, which 
is approximately only 7% per capita, and with the GDP growth of 2.9% in 2014, the drop in emissions 
was even 0.47 t per capita. The hypothesis that the GDP growth will increase the CO2 emissions was 
not confirmed for the chosen time period. If the theory of a direct correlation between GDP and CO2 
production can be adopted, this can be besides explained by the overheated economy, depression, economic 
crisis and by the subsequent slow recession that took place in the period under review and consequently 
affected the production output and greenhouse gas emissions. The analysis showed that the EU ETS was 
insignificant in the Czech Republic during the monitored period. In our model, almost no correlation 
was found between the price of the emission allowance and the amount of CO2 production. Our model 
suggests that at the stated emission market prices, it is unlikely that the correlation between the price of 
emission allowances and the amount of CO2 production is likely to be demonstrated. This is apparently 
due to the large number of emission allowances allocated to the issuers, due to the economic crisis and 
the consequent low demand for emission allowances on the market, which apparently caused the low 
acquisition cost of this regulatory measure. According to Eurostat, there was no year-on-year increase of 
greenhouse gases in the EU member states, only Germany and the Czech Republic recorded a long-term 
decrease (Eurostat, 2016). Among other things, this was probably due to a small, renewed increase in the 
price of emission allowances. The increase in emissions from the other member states indicates that this 
price is probably unnecessarily low and does not fulfill its regulatory role properly. Czech Republic appears 
to be in line with the theory outlined above, still reserving greenhouse gas emission reductions. Thus we 
agree with Brink et al. (2016) that the projected price of 20 EUR per emission allowance for 2020 is far 
away from the real price and that this current price probably does not perform well. The analysis thus 
confirmed that the amount of fossil fuels consumption strongly affects the CO2 emissions. Greenhouse 
gas emission levels can be estimated using the fossil fuel consumption – at the significance level of 0.05 
we rejected the zero hypothesis, the chosen model was statistically significant. This is due to the carbon 
content in these fuels and their subsequent release during their combustion. It has been confirmed that 
with the growing consumption of renewable energy, the CO2 production is decreasing. Therefore, the GHG 
emission levels can be estimated by using the renewable energy sources. As stated in the theoretical part, 
this is due to the substitution effect when high carbon fuels are replaced by so-called pure energy (Boyle, 
2004). Statistics from the Eurostat show that the share of renewable energies in the amount consumed is 
increasing every year in all EU member states. The highest increase in RES consumption is attributable 
to wood chips. This increase is most striking in the Nordic countries (Eurostat, 2016).

A similar study was conducted by Lin et Li (2011).The authors reviewed the regression analysis of the 
time series of GDP development, emission allowance prices, carbon taxes, fossil fuel consumption and 
renewable energy sources for 5 EU member states with the established carbon tax. Their model confirmed 
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a direct link between the GDP and the greenhouse gas production. Unlike the emission allowances, this 
model showed a significant impact of carbon tax, especially in Finland. It also confirmed the importance 
of the consumption of fossil fuels and renewable energies in the CO2 production. The low significance of 
emission allowances at their low market prices was confirmed by the two studies, whose results are similar 
as in the Czech Republic. Lin et Li (2011) indicated a more significant role of the carbon tax and its higher 
environmental effectiveness. The difference in the importance of GDP growth for CO2 production in both 
studies may also be due to the study period of Lin et Li (2011) when the economic recession occurred 
while the results of our model could be distorted by the depression and by the subsequent economic crisis.

CONCLUSIONS
Long-term scientific studies in the EU show that the ETS introduction has led from the start to a drop 
in CO2 emissions from large polluters. The data from EUROSTAT, which indicate a too slow decline in 
CO2 production, suggests a need of regulatory intervention by EU institutions to ensure that greenhouse 
gas emissions are further reduced. One possible regulatory intervention is for example a support increase 
in the price of emission allowances and an immediate reduction in the amount of allowances allocated 
free of charge in the energy sector. Another option is the introduction of carbon tax as a further tool to 
reduce greenhouse gas emissions across the EU. The functionality of this tool mix is proven, for example, 
by the experiences of the Nordic countries since the 1990s.

However, the future development in the EU territory can be predicted as the increasing importance 
and involvement of environmental taxes in the mix of instruments designed to reduce greenhouse gas 
emissions, particularly so-called carbon taxes. The Czech Republic has a study on the introduction of 
carbon tax, including an impact study (Ministry of Finance of the Czech Republic, 2016). However, the 
introduction of any tax is a very socially sensitive issue, which requires a broad social consensus, and, 
in the case of environmental taxes, a certain level of environmental awareness of the population. Our 
research responded to all research questions we asked. It is very likely that the final results could have 
been affected by the economic crisis occurring at all stages in our time period. This is why it would be 
appropriate to continue and monitor further time periods in this research project. The basic objective of 
the paper was to assess whether the ETS emission allowances in the Czech Republic are environmentally 
effective. The research did not show their environmental effectiveness during the studied period. A 
proposed solution could be the introduction of carbon tax, as an additional economic tool for reducing 
greenhouse gases and the intervention by EU authorities aimed at the emission allowance price increased 
to the planned level of 20 EUR. This conclusion is also reflected in the forthcoming change prepared by 
the European Commission, which plans to reduce number of freely allocated allowances in the following 
period (European Commission, 2017). This plan was announced already in 2017 and from the 3rd quarter 
of 2017 to the 5th month of 2018, there was a step-up increase in the price of emission allowances on the 
market. Explanation is the ongoing recession of economy and the effort of companies to respond and 
frontload with allowances for the next period.
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