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Abstract

Air transport is one of the fastest growing sectors of the world economy. While these
developments have a positive economic impact, the growth rates of international aviation do
not seem to be environmentally sustainable. This is linked to the focusing on an emission
trading system in the air transport sector. This system links environmental and economic

aspects of air transport.

The system has been studied in a several of studies in the past, considering its
environmental benefits and economic impacts (on carriers, on the economy of European
Union and on the economy of member states). It was expected that the introduction of the
system would not have significant negative economic impacts. These conclusions should be
reassessed in the light of changes in the economy of European Union and of the changes in
the economy of European countries. Therefore, the article focuses on the economic links of
emissions, the Emissions Trading System in European Union (in focusing on the Czech

Republic) with economic development.
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Introduction

Since 2012 emissions produced in aviation are included in the Emissions Trading Scheme
(ECT). The purpose of the Emissions Trading System is to reduce greenhouse gas emissions.
Cristea, Hummels, Puzzello & Avetisyan (2013) note that the literature focuses largely on
emissions from manufacturing, but little attention is paid to emissions from transport.
Vespermann & Wald (2011) examine the effects of including air transport in the ETC system.

They also state that it is insufficiently researched in this area (Vespermann & Wald, 2011).
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1 Literature Review

According to Alonso, Benito, Lonza & Kousoulidou (2014), the transport sector contributes to
23 % of total emissions in the European Union. Specifically, air traffic according to Malina,
McConnachie, Winchester, Wollersheim, Pltsev & Waitz (2012) represents approximately
3 % of anthropogenic global warming.

Anger (2010) states that emissions from aviation are not covered by the Kyoto
Protocol. The European Union decided to amend this area in 2008. The legislative framework
for the emissions trading scheme for aviation at EU level is set out in Directive of the
European Parliament and of the Council, under which the EU ETS is extended to the civil
aviation sector (since 2012). The ETS, ie the obligation to report CO2 emissions, applies to all
flights whose place of departure or landing is in the territory of a Member State of the
European Economic Area (EEA).

The system aimed to induce a change in user behavior (Anger, 2010). However, the
inclusion of air transport in the system has provoked discussions about possible impacts. The
system has direct and indirect effects on the market. According to Costantini, D'Amato,
Martini, Tommasino, Valentini & Zoli (2013), the emissions trading system affects economic
efficiency. Dong, Dai, Zhang, Zhang & Long (2019) state in their analyzes that the cost
increases associated with implementing the system hinder productivity gains and have
a negative impact on economic development. Similarly, Than, Siriwardana, Meng & Nong
(2019) state, on the example of Australia, that the system in place generally has negative
effects on the economy.

We can characterize the system as centralized decision-making, which, according to
Efthymiou & Papatheodorou (2019), disrupts the air transport market. Their claim is in line
with Hibler, Voight & Ldschel (2014), who state that different policy proposals in this area
create different sectoral effects. Dong, Dai, Zhang, Zhang & Long (2019) state, with reference
to other sources, that research should consider the diversity of sectors involved in the system.

Anger (2010) focused on possible impacts on the aviation industry, CO2 emissions
and macroeconomic developments in the European Union. It states that air transport is linked
to other sectors of the economy (such as tourism). In the area of macroeconomic impacts,
Anger (2010) did not expect negative effects on economic growth in the European Union until
2020. It thus supports previous conclusions from the literature, which state that the impact

of the system in air transport on HPD is minimal. It puts this fact in the context of the share of
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air transport in HPD. According to Anger (2010), it is small in most countries of the European
Union. Hibler, Léschel & Voight (2014) evaluate the impacts as same.

Anger & Kohler (2010), with reference to other sources, note that the impacts vary
from country to country. The system may have negative effects on the new member states of
the European Union. Similarly, Stuhlmacher, Patnaik, Streletskiy & Taylor (2019) state that
the system can be significantly linked to economic conditions at the regional level. Yu, Geng,
Dai, Wu, Liu, Tian, & Bleischwitz (2018) point out that few studies focus on economic
impacts on individual sectors or territories.

Therefore, the article asks the question: is there a relationship between emissions from
aviation, price per emission unit within the emissions trading system and economic

development (represented by GDP) in the Czech Republic?

2 Methods

The cointegration analysis is a modern method for the analysis of non-stationary variables.
Cointegration analysis can be done using numerical tests or graphical methods. The numerical
test can be selected — the Engle-Granger test.

Numerical cointegration analysis consisted of two basic steps. The first is a unit root
test and the second is a cointegration test of two variables.

The first step is to perform the unit root test. The test can determine whether the time
series are stationary or non-stationary. The test can be performed using the Augmented
Dickey-Fuller test (ADF), see Formula (1), where y: is a variable, t is a trend variable,
€ approximates the white noise and k is the number of optimal lag length. In practice, three
forms of ADF tests are used. The evaluation is based on the assessment of the null hypothesis,
where it is tested whether the time series has a unit root, and then we say that the time series is

non-stationary. This test is often used.

k-1

AY =a+ B(p-1)y+D 60y, +é (1)
i=1
The test can determine non-stationarity. If the input time series are non-stationary and
after the differentiation, they obtain a stationarity of the same order, it is possible to perform
a cointegration analysis. Cointegration analysis is based on distinguishing between short-term
and long-term relationships between time series. Tests for cointegration identify stable, long-

run relationships between sets of variables. However, if the test fails to find such
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a relationship, it isn’t proof that relationship doesn’t exists— it only suggests that one doesn’t
exist. The Engle-Granger test can be used, see Formula (2), where e; are estimated residue,
k is the number of optimal lag length and & are residue.
k
Ae, = e+ aAe_, +¢ (2)
i=1
This test assumes non-stationarity of time series and is based on testing the estimated

residues from cointegration regression for the presence of a unit root.

3 Data

In accordance with Stuhlmacher, Patnaik, Streletskiy and Taylor (2019) was chosen for
analysis a system in the European Union state that contains temporal variability.

Data was obtained from EUROSTAT (the international aviation — carbon dioxide in
thousand tonnes) and from The Czech Statistical Office (GDP from transport and storage).
These were secondary data. This was a complete dataset for the period 2003-2017 (see Fig.

1). The data in the Fig. 1 is given in million Czech crowns (CZK) and thousand tonnes.

Fig. 1: The development of the emissions from international aviation and of the GDP
from transport and storage in the Czech Republic
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The time series of international aviation is characterized by: mean value
(950.68 thousand tons), median (948.88 thousand tons), minimum value (726.67 thousand
tons) and maximum value (1,118.5 thousand tons).

The time series of GDP from transport and storage is characterized by: mean value
(5.4217e+055 million Czech crowns), median (5.5827e+005 million Czech crowns),
minimum  value (3.8847e+005 million Czech crowns) and maximum value
(6.6948e+005 million Czech crowns).

Other input data was obtained from Sandbag (average price per emission unit) and
from The Czech Statistical Office (GDP from transport and storage). These were secondary
data. This was a complete dataset for the period 2008-2017 (see Fig. 2). The data in the
Fig. 2 is given in million Czech crowns (CZK) and EUR.

Fig. 2: The development of the average price per emission unit and of the GDP from

transport and storage in the Czech Republic
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The time series of the average price per unit is characterized by: a mean value
(10,155 EUR), a median (7,5250 EUR), a minimum value (4,4600 EUR) and a maximum
value (24,070 EUR).

4 Results

A stationarity test of time series was performed. That optimal lag length (based on the AIC
criterion value) was used. The ADF test was used. A zero hypothesis (HO: time series are non-
stationary) at 95% significance level was tested. The significance level was compared with
the p-value (see Tab. 1).

Tab. 1: Results of the ADF test

Variable p-value HO

International aviation 0,9698 do not reject the null hypothesis
GDP in transport and | 0,4031 do not reject the null hypothesis
storage

Average price per unit 0,8732 do not reject the null hypothesis

Source: author using the Gnu Regression, Econometrics and Time-series Library

It was necessary to adjust the time series using the first difference. A zero hypothesis
(HO: time series are non-stationary) at 95% significance level was tested. The significance

level was compared with the p-value (see Tab. 2).

Tab. 2: Results of the ADF test (results for adjusted data)

Variable p-value HO

International aviation 0,000957 reject the null hypothesis
GDP in transport and | 0,01205 reject the null hypothesis
storage

Average price per unit 0,02046 reject the null hypothesis

Source: author using the Gnu Regression, Econometrics and Time-series Library

The input time series were non-stationary and after adjustment by differentiation they

obtained a stationarity of the same order, it was possible to perform a cointegration analysis.
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The Engle-Granger test was used. A zero hypothesis (HO: time series are not cointegrated)
was tested at a 95% significance level. The Engle-Granger test offers three basic models for
cointegration testing. It is a non-constant model, a model with constant, or a model with
a constant and trend. For the first data set was selected a model with lowest AIC — for this
model the p-value is equal 0,01121. The p-value is lower than the test statistic. It is possible to
reject the null hypothesis. There is the cointegration between time series. For the second data
set was not the cointegration determined.

5 Discussion

The problem of relationship between emission, emission trading system and macroeconomic
determinant is solved by many scientists. There are currently many professional studies that
focus on this topic. But there is alimited number of country-specific studies. Similarly,
scientists do not focus on the relationship the relationship between the development of the
economy and parts of the transport market. Therefore, was the aim of this article to analyse
the part of the transport market (aviation) and to focus on this sub-part of the market in
relationship to development of economy.

The research question was: whether is there a relationship between emissions and
economic development and between average price per emission unit and economic growth
after the introduction of the system in the conditions of the Czech Republic. The relationship
has been characterised for the Czech Republic in years 2003-2017 for the first data set and in
years 2008-2017 for the second data set, based on the research results (Chapter 4). This is
partly consistent with Diaz-Rainey & Tulloch (2018). They also used the methods of ADF
and causality.

The cointegration between first set of time series has been identified. The
cointegration of time series means that the development of individual time series does not
deviate in the long run. We can assume that the limitations of the air transport system (due to
pressure to reduce emissions) can be linked to change of economic development associated
with this area.

It is important to remember that the results are conditional on the data set. They were
used annual time series. More detailed data could also be used in future research. GDP of the
transport sector has been included in the research; in the future, other macroeconomic

determinants could also be used.
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Conclusion

Analysis of cointegration is important in economic systems. These systems may be affected
by random variances in the short term.

Not all sphere of relationship has been resolved, but the article provides new data.
According to Anger (2010), with reference to other sources, air transport is considered the
most unsustainable regime now. Anger (2010) states that this is due to the rapid expansion of
the sector and globalization. However, Yu, Geng, Dai, Wu, Liu, Tian & Bleischwitz (2018)
state that aviation has the least potential for reducing emissions than other modes of transport.
This is due to its strong dependence on conventional fuels and many barriers to the use of
renewable energy.

It is also appropriate to further analyse the individual parts of the ETS and focus on
individual parts of the transport market. A similar situation occurs in the field of maritime
freight transport — its global importance is crucial but its impact on climate pollution leads to
the introduction of regulatory measures. Here, too, researchers may ask ourselves the question
of the link between emissions, economic development and possible involvement in the

emissions trading system.
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