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Abstract

Several political, economical and ecological factors have an impact on the
attractiveness of business locations. Energy prices and security of supply are
among the most important parameters and economies attempt to increase
their competitiveness in particular through energy trade.

This work assesses energy trade between major global economies and
investigates its impact on competitiveness from the perspective of the Euro-
pean Union. The first chapter presents the goals of European energy policy
and the main drivers of energy prices with reference to literature from the
European Comission and the OECD. In the second chapter a mathematical
regression model is estimated from historical trade data. Finally the model

is simulated for possible future scenarios.



Kurzfassung

Viele politische, 6konomische und 6kologische Faktoren beeinflussen die At-
traktivitdt von Wirtschaftsstandorten. Energiepreise und die Sicherheit
der Versorgung gehoren dabei zu den bedeutsamsten Kenngrofien. Ins-
besondere durch den FEnergiehandel versuchen Volkswirtschaften die Wet-
tbewerbsfahigkeit ihrer Region zu erhchen.

Diese Arbeit behandelt den Energiehandel zwischen globalen wirtschaft-
lichen Grofiméchten und untersucht die Auswirkungen auf die Wettbewerbs-
fahigkeit aus der Perspektive der Européischen Union. Im ersten Kapitel
werden die Ziele der europdischen Energiepolitik und die Einflussfaktoren
auf Preise vorgestellt. Die Grundlage dafiir bilden Studien der Européischen
Kommission und der OECD. Das zweite Kapitel prasentiert ein mathema-
tisches Regressionsmodell des Energiehandels welches anhand historischer
Daten ermittelt wurde. Abschlieflend wird dieses Modell fiir mogliche zu-

kiinftige Entwicklungen simuliert.
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Introduction

FEnergy is one of the main inputs in many industrial production processes.
Consequently the availability and sustainability of domestic energy produc-
tion and the resulting energy costs for household or manufacturing con-
sumers play a major role in the international competitiveness of an economy.
The necessity of energy imports required to cover total demand makes this
topic a challenging one to assess. Europe in particular is a net importer of
energy, a circumstance that increases its dependency from other countries
and weakens its international position.

In addition, environmental issues arise that are a concern to policymakers
and economists. To meet the goal of combining these needs with the business
perspective, various ideas have to be included in the planning process. A
deep and versatile understanding of interconnections of different factors and
mutual influences is required to be able to make rational decisions.

The purpose of this work is to analyze historical trading behavior of Eu-
rope in energy matters and to investigate the main drivers of changes. This
factors should be decomposed into monetary and real effects in order to dis-
tinguish between different causes. Finally a mathematical model should be
derived that is able to explain past development but also offers possibilities
to forecast different future scenarios.

This thesis pursues to answer the following questions:

e Which commonly available macroeconomic factors are necessary to



describe bilateral trade flows between Europe and its main commerce

partners?

e Whether and to which extent, this development is driven by real and

nominal influences at national and international level?

e Which type of model could help to explain possible future evolution

for various scenarios?

The goal is to find and present a well-specified model of energy trade.
This task will be performed in two steps, namely a multivariate regression
analysis on historical data and a simulation for assumed future values of
exogenous variables. All econometric calculations will be performed with
support from the econometric modeling software Eviews.

The envisaged results of this work are:

e A plausible explanation of trading behavior of Europe and the analysis

of the variables that drive this development

e Comparison of different model possibilities and evaluation of their per-

formances.

e A short term prediction (8 quarters) of possible future developments

for different scenarios

Structure

This thesis is structured as follows:

The first chapter gives an overview over the situation in Europe by pre-
senting the main goals of European energy policies, its impact on energy
prices, development of renewable energy sources and the European trade
balance.

The second chapter introduces the theoretical framework for developing a

model of energy trade, describes the variables and the various approaches to
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link these into mathematical equations. This task is performed by multiple
regression analysis over historical trade data and the appropriateness of
these estimations is evaluated by back-testing. Subsequently four types of
models with different levels of difficulty are presented.

These models are finally simulated into the future for three different
scenarios in chapter three. The outlook of the different models is analyzed
under varying assumptions of the exogenous variables. Possible develop-
ments and forecasts are presented.

Closing remarks and conclusions are summarized in the final chapter of

this thesis.
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Chapter 1

European Energy Situation

1.1 European Energy Policy

1.1.1 Goals

The global energy system is exposed to major challenges. The focus on long-
term security and sustainability in particular should therefore be paramount
for all economic decisions and measures undertaken by governments and po-
litical institutions. Energy consumption will increase over the next decades
to satisfy the needs of growing populations and more production of the in-
dustry. Moreover energy-related C'Oy emissions will affect the balance of
our ecosystem. Since many changes take not only a significant amount of
time to implement, but also require longer transition periods to become ef-
fective, most of the discussions need to include a long-term orientation of
the subject. Supply security impacts on energy prices and substantially the
economical quality of an industrial site. With these concerns in mind, the
world’s leading economies do their best to develop and maintain a fruitful
environment and supplement their international competitiveness.

The correct choice of the energy mix but also the energy trade balance

are issues that warrant special consideration. A high import dependency
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has a negative impact on price stability and the global energy mix is dom-
inated by fossil fuels. Therefore alternative energy sources must receive
bigger attention in forthcoming years. Moreover these decisions must be
amended by investments in domestic energy related infrastructure. Among
those are suppliers, transporters, distributors and regulatory, financial and
R&D institutions ([10]).

Consequently the OECD ([10]) follows the goals that can be summarized
with the 3E’s: energy security, economic development and environmental
protection. For this purpose a greater diversity with respect to fuels, sup-
pliers and sources is envisaged. The main focus is on coordinating relevant
policy fields by realizing sustainable development strategies. The OECD
suggests several good practices to address this issue, especially a common un-
derstanding of regulations and standards, governmental interventions with
economic instruments, taxes and subsidies, the right investments in research
and development and finally an adequate monitoring and evaluation of the

practical implementation.

1.1.2 Impacts

The political decisions presented in the previous section obviously have an
impact on energy prices. This section discusses how regulations and reforms
may influence the competition on the global energy markets. A leeway for
decision making purposes will be provided and policy determinants of energy
prices will be identified. In the EU several strategical changes during the
recent years have been made and implemented. The scope and effectiveness
of this decisions will be investigated and confronted with empirical data.
These significant changes in policies in the EU were performed with
the aim to maintain economic competitiveness, secure supply and prolong
sustainability. The incentives undoubtedly reshaped energy markets and

were primarily undertaken in these three areas: market opening, renewables
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policy and climate change.

Electricity and natural gas prices

An interesting observation that can be made is that retail prices in the elec-
tricity sector have risen much more than wholesale prices. This is alarming,
because for the private or industrial consumer the price is the variable that
matters most. A closer look on the average price changes among the EU
Members shows clear evidence of this trend. Moreover, a decomposition
into the tariff components demonstrates that this increase is justified with
supernormal tax and levies rates. These rates increased by over 40 % for
households and by over 65 % for industry between 2008 and 2011 ([6], [7]).
This is a first indicator, that political interferences had been undertaken.

This figures must be interpreted with caution as they aggregate the de-
velopment in the EU. A Separate evaluation, of all Member States reveals
extremely heterogeneous performances during the observed period.

Moreover the tariff components shares in industry and household prices
are not equally distributed: The household price consists mostly of taxes and
levies whereas the industry price is mainly driven by energy and supply costs.
Since national legislations are completely free in adopting such measures
this varying development is explained by pursuing different objectives in
industrial and social policy.

Similar to electricity prices the aggregated gas prices have been rising
and the development is very heterogeneous among all Member States. The
national governments were trying to satisfy different goals according to the

national energy mix preferences.

Policy determinants of prices

Between 2004 and 2011 there have been two main changes in the European

market philosophy. Firstly, the EU has started incentives to establish a mar-
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ket opening of electricity and gas markets. Secondly, reformation packages
were drafted targeted to induce a shift to a low carbon economy.

In regard to the market opening, the biggest insufficiency is the varying
degree of implementation of the envisaged changes. This lack of cooperation
and egoistic behavior of some Member States is to some extend hindering
to successfully realize a market-opening and to enhance a healthy compe-
tition. Without stricter sanctions, it may be difficult to ensure unhindered
market functioning and minimize the costs of energy supply. The goal of the
reforms is to make the price formation along the supply chain transparent
and enable to lower wholesale prices from higher competition. The end-user
price is formed by energy and supply costs, network costs and finally taxes
and levies. As for now, the national governments are pursuing inconsistent
intentions but more rigorous infringement procedures should help to ensure
price equality over all Member States. When all reforms are fully adapted,
only minimal cost differences should be reached which can be explained by
varying transmission and distribution efforts. This development would also
attract investors to fund projects in infrastructure where it is needed most
with the result of lowering supply and network costs. As a consequence the
consumer energy price would be affected in a positive manner.

The second type of political changes has a more ecological character.
Here the aim is to induce a shift to a low carbon economy by the three
20%-goals. Firstly a 20% share of renewable energy sources in gross final
production in 2020, secondly a 20% reduction in total EU greenhouse gas
emissions from 1990 levels by 2020 and finally a 20% improvement in the
EU’s energy efficiency. Current estimations indicate that Europe is on track

and will meet these goals by 2020 ([6]).
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Price components

With this political background explained it is now possible to list the main

components of retail electricity and natural gas prices ([6]):

e Network costs: the costs to transport electricity to the customers.
They include the tariffs paid by suppliers to network operators for the

use of their infrastructure

e Energy costs: the costs for purchasing and importation energy from
external suppliers in the market. Also domestic generation and pro-

duction is included here.
e Taxes: the costs set by legislations to pursue specific political goals

e Retail costs and margin: profits for entrepreneurs and industry

Carbon prices

The EU Members agreed to encourage a transition to a low carbon economy
by 2020. In order to achieve that an market based instrument was used which
should provide incentives to reduce emissions. This was supposed to lead to
a carbon price that motivated investors to invest in clean technologies and
minimize carbon emissions. In the following paragraphs the carbon price

development, the carbon prize drivers and political framework is presented.

ETS - Emission Trading Scheme

The ETS is a market-based instrument that is supposed to regulate the
carbon emissions because it internalizes C'Oy external costs. Through a cap
and trade system the maximal level of emissions is set and then participants
are allowed to buy and sell within these limits.

This procedure was executed in several phases. The first (2005-2007)

was a learning process where Member States were encouraged to propose
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which quantities they would be intending to request. These numbers were
brought into relation and first distributions were estimated. The second
phase (2008-2012) was aimed to proof that the results of the first phase
would meet the Kyoto commitments. Finally the third phase (2013-2020)
is the current realization of the intended implementations that proved to

function properly during the previous phases.

Drivers of prices

With the introduction of the ETS it was possible to investigate and define
the main drivers of carbon prices. These prices depend mostly on economic

and energy factors:
e ETS cap: this number fixes the supply of allowances

e Economic growth: a positive correlation between growth and carbon

prices

e Other Energy prices: prices of oil, gas and coal also influence carbon

prices as inputs may be substituted
e Weather conditions: Demand for heating and cooling

e Institutional factors: Political decisions influence expectations and

behavior of market agents
e Innovation: Technological progress

The main conclusion is that the introduction of the ETS was the most
cost-efficient way to reduce greenhouse gas emissions. The major weakness
of this procedure of fixing and capping allowances made the carbon price

more sensitive and responsive to demand factors.
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1.2 Energy Costs and competitiveness

Energy costs

In order to compare energy costs, it is necessary to understand, that these
costs are driven by two main factors. Firstly, the prices themselves may
be subject to greater fluctuations but secondly the intensity of the usage of
energy also may change over time. Therefore a combined consideration of

both effects is needed.

Unit energy costs

The energy cost competitiveness is analyzed by introducing and discussing
the concept of Unit Energy Costs (UEC). This indicator measures the energy
cost per one unit of value added as it combines the key components: the
value of energy inputs on the one hand and on the other hand the energy
intensity.

Moreover it is required to distinguish between energy-related effects and
nominal effects. As comparison takes place from a global perspective, one
must not neglect the monetary fluctuations that may affect international
competition and trade. In order to meet these demands, the UEC are de-
composed into pure energy-related effects and macroeconomic developments
as well. For this purpose two variables are defined: The Real Unit Energy
Cost (RUEC) and the Nominal Unit Energy Cost (NUEC). These indicators

are linked as follows:

NUEC = RUEC * nominal effect (1.1)

The NUEC takes into account that prices are exposed to developments
like exchange rate fluctuations and inflation differentials changes. Therefore

it allows for a solid comparison among different isolated economies. On a
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global scale, as the NUEC is expressed in US dollars, in ensures a com-
prehensive understanding of the current market situation. Nevertheless, as
many monetary forces may blur the specific developments in the energy sec-
tor, especially technological progress, it may be even more informative to
analyze the RUEC indicator. This approach guarantees, that a qualitative
discussion of the specific effects in the energy sector is possible. As men-
tioned above, the RUEC can be divided into two major parameters, which

leads to the following equation:

NUEC = RUEC % nominal effect = (1.2)

= real energy price * energy intensity * nominal effect (1.3)

The nominal effect is important from international competitiveness per-
spective, but to discuss energy-related effects it might be suitable to con-
centrate on the RUEC. In this way a detailed breakdown of energy inputs
development and sensitivity to energy price shocks can be provided, as ex-

plicitly shown in Appendix A.

International comparison - aggregated perspective

The main actors of interest in all international comparisons are the following
countries: USA, China, Russia and Japan. These global players will be put
into relation to the aggregated EU member states. ([6], [16])

The first major conclusion is that the evolution and levels of energy
costs are broadly similar across developed countries such as EU, US and
Japan, but differ among developing countries such as Russia and China. A
possible explanation for this fact is that in developed countries specialization
towards high value added sectors explains similar prices. On the contrary,
developing countries have more energy intensive production structures where

energy inputs play a bigger role.
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It also becomes evident, that not only the trend of the development
differs, but also that the RUEC as a percentage of total value added as well
as the gross output is nearly three times higher in Russia compared to the
other countries. This is because energy intensive production structures are
characterized by lower value added.

The second observation is the overall trend of RUEC increase in all com-
pared economies. This might be an alarming sign of the rising importance
of energy costs among the world industrial leaders. If no adaptations are
made in the near future, this development may become an overwhelming
problem for the manufacturing sector which is highly dependent on energy

inputs.

International comparison - decomposition of RUEC

For a detailed analysis of RUEC the decomposition mentioned above into
price and intensity levels can be performed. ([6], [7], [16], [15])

Starting with the price levels data shows that these are increasing among
all economies. Moreover a rapid rise in prices in the US and Japan in 2008
can be noticed, what signals a higher sensitivity to oil prices of these two
economies.

By observing the historical change of intensity levels it can be seen,
that this indicator is decreasing for all considered countries. This signals a
improvement in technology and production but also could be explained by
a shift towards more energy efficient subsectors.

In addition comparing the annualized growth of EU and US reveals that

both have been evolving almost similarly over the last few years.

International comparison - nominal effects

To take account for the monetary effects that may influence the relative

prices, a confrontation of the NUEC and RUEC is beneficial. From the
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following table in figure 1.1 some interesting conclusions can be deducted.

E]:f: 1" Encrgy  pugc Nemimal e
Prit‘f‘.v Intensity effect
EU27 6.12 -1.50 451 1.19 5.71
Us 7.42 251 472 0.01 473
Jp 792 -1.07 6.76 A5 425
CN 8.24 43 3.57 3.46 7.03

Figure 1.1: Decomposition of NUEC, average % annual change 1995 - 2009,
Manufacturing [6]

Firstly, although the US was lagging behind Europe concerning the en-
ergy prices, it compensated this gap by a stronger performance in the in-
tensity development. As a result the RUEC of EU and the US have been
nearly identical over the considered period. Only the nominal effect has
supplemented some additional pressure on the European countries which
resulted in higher NUEC.

Secondly, Japan had to face the problem of high energy prices and a
comparatively low improvement in intensity what led to a high RUEC.
Nonetheless, due to the fact of internal deflation this trend was offset and
consequently a respectable level of NUEC was reached.

Thirdly, China although not being blessed by low energy prices had the
best performance in intensity betterments. With the lowest RUEC China
might have benefited even more, if it was not for the sizable punishment by
the nominal effect. For Chinas misfortune these macroeconomic dynamics

have added significant pressure on the economy.

Shale gas and its impact on EU competitiveness

After the recent financial crisis the major world economies reacted differ-
ently to the arising challenges of increasing energy costs. The shale gas

development in the US serves as a good example to show how miscellaneous
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policies can impact the global energy market and influence its participants.
In the following paragraphs the resulting differences between EU and US in
energy production, trade balance, import dependence, price gap and energy
intensity are presented.

The effect of shale gas should not be overestimated, although as accord-
ing to data ([6], [5]), the share of shale gas in the natural gas production
has significantly risen. However it remains noteworthy that shale gas has
revitalized the domestic natural gas sector which was struggling and had
a historic low in 2005 and the exponential growth of production made the
US the biggest gas producer in the world by 2011. Moreover the share of
renewable energy sources as well as natural gas in the total energy mix of
the US has increased.

Since both of these sources are produced mostly by domestic suppliers,
this trend helped to reduce the energy dependence of the US. But it also
becomes evident, that this decrease started in 2005 what cancels out the
shale gas production as the major contributor to this effect. Europe on the
contrary has become more and more dependent on energy imports during the
last years. On the one hand this can be explained by a decline of domestic
production with a simultaneous increase of consumption, but on the other
hand the recoverable reserves of shale gas in the EU remained untouched.
According to data ([6], [5]) Europe has 13,4 % of the estimated worldwide
technically recoverable shale gas resources. Of this amount France (3,9 %)

and Poland (4,2 %) account for the major part.

Comparison of gas and electricity prices in EU and US

Furope is therefore exhibited to the risk of high import dependency and is
vulnerable to price changes. A closer look on the world gas market gains
additional insight into this topic: In Europe the majority of natural gas is

supplied through bilateral long-term contracts. To the disadvantage of Eu-
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rope, the Asian markets offer higher returns and more robust demand what
attracts the attention of the major suppliers and tempts them to penetrate
these markets. Consequently, this drives European prices up.

US however can rely to a greater extent on domestic production and ad-
ditionally the prices are protected by stricter export restrictions of energy.
Since gas may be also used as a primary energy source for electricity gen-
eration, a similar, though not so manifest trend in the electricity prices can

be observed ([6], [11]).

Comparison of electricity intensity in EU and US

As a consequence of the relatively higher energy prices in the EU, the Eu-
ropean industry had an incentive to improve their productivity. In the US
however, the high domestic supply with cheap energy did not initiate such
a trend. As long as the high production of shale gas does provide industry
with affordable energy, it is difficult to predict if improvement of technology
and lowering of input costs will be attracted. Data ([6], [7]) shows, that not
only the improvement of the energy intensity of industry has been bigger
over 2001 - 2010 (EU: -19 %, US: -9 %), but also the total amount is about
four times higher in the US than in the EU.

Comparison of trade in EU and US

Since the shale gas revolution the US managed to became self-sufficient in
domestic gas consumption. Consequently the demand of oil and coal has
sunk what affects the trade balance in a positive way. When compared as a
fraction of the GDP Europe has a negative and decreasing trade balance of
-3.5 % in 2012, whereas US is aiming upwards with almost -1.5 % in 2012.

The EU’s trade deficit has increased, because Europe is more dependent
on foreign suppliers. If no sufficient political measures are undertaken, Eu-

rope may drift into serious trouble and loose its competitiveness. A blind
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reliance on the energy intensity improvements that were responsible for
evening out the disadvantages during recent years may turn out to be a
hazardous venture.

One political factor that must be taken into consideration is that the US-
EU price gap may be significantly reduced when shale gas manufacturers in
the US would be forced to internalize all external costs on the environment
and human health what currently is not the case. The controversial produc-

tion of shale gas may then loose its attractiveness and profitability.

1.3 Renewables and competitiveness

Since 2007 Europe enhanced its efforts to accelerate the expansion of green
technologies. This market gives a great opportunity for growth and jobs. It
provides security of supply, lowers the dependence on foreign suppliers and
increases diversification. Additionally greenhouse gas emissions are reduced.
This chapter discusses how this development affected competitiveness espe-
cially with respect to European trade developments and the avoided fuel

costs.

Evolution of renewables

Between 2000 and 2011 the share of renewable sources in gross electricity
generation in the EU grew by 50% ([6], [7]). This trend is observable in
all Member States, although it is characterized by different shares of en-
ergy sources. The growth varies for different energy types and for different
countries. One explanation for this situation is, that smaller countries find
it harder to develop a profitable production because of economics of scale
associated with renewables.

Hence it is not surprising, that larger European countries have provided

more incentives to shift domestic production to renewable sources. Germany;,
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France and Italy are among the pioneers of this development. Various po-
litical arrangements were undertaken to invite investors to contribute to
the constructions of the production facilities. The most common support
schemes are: feed-in tariffs, feed-in premiums and green certificates ([6]).

These instruments help to compensate for the higher costs of renewable
energy sources and firms are able to have similar rates of return as with
conventional energy sources. The subsidies counter undesirable market fail-
ures as: positive externalities of renewables such as avoided green house
gas emissions and pollution, huge fixed investment costs, contribution to
technological progress and decreased long-term generation costs.

As a result, these economies who were willing to support domestic pro-
duction of renewables have the highest combined share of wind and solar
power in electricity generation. The subsidies are considered to be effective
(16], 17), [4]).

In a global comparison it becomes evident that there is a global expansion
of renewable electricity. The global production nearly doubled between 2000
and 2010. China (4+245%) is the major growth market, but the EU (+62%)
comes in second place according to growth rates. As a consequence China
has managed to establish its leading position as the worlds largest producer
of green electricity.

This numbers are however very unequal with respect to the different
energy sources. There seem to be favorite types of renewables for every

vegion ([6], [5)).
Impact on competitiveness

Trade balances and innovation

An expansion of renewables impacts on the trade performance and compet-
itiveness in two ways. On the one hand through the trade performance of

renewables equipment and components, on the other hand via the role of
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innovation.

Increasing trade flows in components were observed during the last years.
Especially noticeable is the fact that EU’s trade flows were very unsym-
metrical: For solar components the imports are predominantly from China
whereas the exports are more diversified. Wind components however are
mainly considered an export good and a trade surplus was generated ([6],
7).

Secondly, with regard to the innovation it can be said, that the EU was
a pioneer in most renewable industries. The number of patents measures
the degree of innovation. The data shows clear evidence of the fact that EU

is a precursor in green economy and Germany is the main contributor ([6],

[11]).

Competitiveness indicators

International competitiveness is assessed using two indicators: RCA - re-
vealed comparative advantage and RTB - relative trade balance. They are
defined as follows ([6]):

The RCA index compares the share of the solar and wind sector exports
in the EU’s total goods exports with the share of the same sector’s exports

in the total world’s exports. In formulaic terms this can be written as:

RCA; = 2=ile (1.4)
Zi Law,i
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where

RCA,; .. .Revealed Comparative Advantage index of good i
Zey - .. Value of EU’s exports of good i

Z Zey ... Value of EU’s total exports
i

Tw.; - - - Value of world’s exports of good i

)

Z Ty - - - Value ofworld’s total exports
i

The final index is calculated by taking the average of the indizes from the last
fives years. An RCA index higher than 1 suggests that there is a comparative
advantage of the EU in comparison to the world economy.

The RTB index measures the trade balance relative to the total trade in

the sector and is defined as:

Ty — My

RTB; =

T+ my

where

RTB; .. .Relative Trade Balance index of good i
x; .. .Value of exports of good i

m,; ...Value of imports of good i

It ranges between -1 and 1 and is used for comparisons across countries and
time.

By calculating these indizes for the main economies it is revealed that EU
and US do not have comparative advantages in the solar industry. Chinas
RTA however is over three times higher what signals activity and strength.
In the wind industry the tables are turned and the EU performs best of all

considered countries. Japan is strong in both industries ([6], [3]).
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This situation is clearly visible when the trade balances of the solar and
wind industry are taken into account. It is no surprise that the EU has per-
formed worse in the solar and managed to improve in the wind industry. On
most markets these two renewables sectors have benefited from recent sup-
port. Only the US has negative trade balances what again can be explained

by the above average domestic shale gas production ([6], [3]).

Trade Balance and avoided fuel costs

One beneficial aspect of the intensified use of renewables was the positive
impact on the EU trade balance. The EU is a net importer of energy and is
traditionally struggling with its dependency from foreign suppliers. A goal
must be to reduce the imports and thus the negative trade balance. Over
the last years, the trade deficit was increasing. It is observable, that there
seems to be a connection between the crude oil price which ban be explained
by two arguments. Firstly oil has a high share in energy imports (63%) and

secondly import prices of gas are often indexed to oil prices.
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(a) EU Trade deficit in energy products (b) Avoided imported fuel costs

and crude oil prices

Figure 1.2: Trade deficit and avoided fuel costs [6]

This trade deficit increase was partially countered by the stronger use
of green energy sources which are mainly produced within EU boarders.

This effect can be seen by the calculation of avoided fuel costs. Because of
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renewable electricity Europe saved over 2000 mEur thanks to wind energy,
over 6000 mEur thanks to hydro energy and over 2000 mEur thanks to
biomass energy of imported fuel costs ([6], [7]).

This connetion between the trade deficit and the crude oil price serves
as motivation for the choice of trade data presented in the model of the next

chapter and listed in Appendix B.
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Chapter 2

The Model

2.1 Framework

The science and art of building appropriate models for economic evaluations
is covered by various scientists of different disciplines. Several approaches are
suggested in order to create a satisfactory result. There is general consent
in the literature that model building consists mostly of intuitive judgment
and there are no clear rules for developing a model (Pindyck et al. [12]).
Therefore only suggestions and recommendations can be made that result in
widely divergent approaches taken by model engineers. However, a fact that
is commonly accepted by scientists, is the usefulness of the combination of

economic and statistical theory that merges in the econometric approach.

2.1.1 The econometric approach

According to Intriligator ([8]) econometrics is the field of science trying
to explain economic relationships with empirical estimations. The main
goal is to combine economic and statistical theory and evaluate relevant
empirical data in an econometric model. As a result three different lessons
can be drawn: structural analysis of the problem, forecasting of results,

policy evaluation of interaction possibilities. Figure 2.1 summarizes the
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Figure 2.1: Econometric approach according to Intriligator [8]

econometric approach.

As can be seen in the graph the first ingredient is the theory of the
problem and the most practical use is in form of a model. The goal here is
to find a compromise between a realistic explanation of the problem and a
simple enough and therefore handily practical solution. At first the model
variables that explain the modeled phenomena need to be defined and next
these variables must be put into relation in form of mathematical equations.

The next ingredient is a set of facts in form of empirical data. This data
must be critically analyzed to filter out the relevant material that explains
the underlying problem at best. Suitable data forms and sources need to be
considered to make the outcome as realistic as possible.

The final component is the mathematical field of statistics with which
help the first two ingredients can be combined and calculations can be made.
Here statistical methods are taken into use with the goal to estimate the
parameters of the modeled equations.

These three parts put together form the econometric model from which
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the following conclusions can be drawn.

Firstly, the structural analysis is used to analyze the economic relation-
ships. With its help possible rival theories can be tested and evaluated.
Being forced to formulate a concrete model of the problem helps to under-
stand the reality and to question existing beliefs.

Secondly, forecasting is used to predict future values of variables and
allows for foreseeing trends and risks of different scenarios.

Thirdly, policy evaluation helps to identify the best course of action and
to select the most appropriate out of different policies. Whenever there are
rivaling possibilities it is useful to estimate their outcomes. Hence many

alternatives can be tested and the most suitable can finally be realized.

2.1.2 Draft of the model

The purpose of this work is to discuss the competitiveness of the European
Energy Market by covering the trading behavior of Europe with its main
trading partners. In order to achieve that goal, specific data is collected
from different sources and afterwards econometric analyses on this data
are performed to find significant relationships between different variables.
From thereby derived interconnections some observations can be made and
interpreted.

Since the agents of this model are different economies, some extent of
heterogeneity must be taken into consideration. Although it is desirable to
construct a model that is uniform for arbitrary trading partners this as-
sumption may turn out to be too utopian and therefore inconsistent and
unsupported by existing data. This situation is unproblematic, because ac-
cording to Brillet different cases can be considered and differences in the
specifications can be allowed [2]. The author suggests that the sub-models
may be even completely different with the only restriction that they must

be able to function together. If the intersections of the models work ap-
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propriately, no further limitations are necessary. However differences in a
lesser extent are also acceptable. It is perfectly reasonable to use the same
equations for sub-models that are only unequal in the coefficients. This case
is especially applicable for this model, since trading behavior is most likely
to be influenced by similar variables but with varying degree for different
countries. Another consideration that must be taken into account is the
influence of seasonality, therefore sub-models may differ with respect to this

impact.

2.1.3 Agents and Model Structure

As this model is based on the report of the European Comission similar
agents are taken into account as in this paper ([6]). Therefore interaction
will take place between the EU, the US, the Russian Federation, Japan and
China.

The goal is to explain trade between these countries, with specific fo-
cus on Europe and hence its competitiveness. Therefore the model can be

roughly symbolized by the following figure 2.2 where the arrows represent

be

[
© o

Figure 2.2: Model Structure

trade flows.
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In order to explain these trade flows equations will be estimated to an-
alyze by which factors recent and thus probably also future developments
are influenced. To derive first insights and to get an intuition for the trends
between concrete partners a data analysis is performed. All Variables are

summarized and explained in Appendix C.

2.1.4 Data analysis

Since there is no existing unique prescription on how to connect the existing
variables, most of the model equations are estimated from data analysis.
Therefore in the next section all used variables and data sources are ex-
plained and also motifs for specific choices of equations are discussed.

The data is taken from common and freely accessible databases as the
OECD (The Organisation for Economic Co-operation and Development)
Database [11] and UN Comtrade Database (United Nations) [3].

The OECD Database was used to access the general macroeconomic
data. From the National Accounts section GDP calculations by the expen-
diture approach were taken for all countries. The Financial Section provided
the currency exchange rates and the Prices and Purchasing Power Parities
Section provided the inflation rates.

The COMTRADE Database was used to access historical trading data
between countries. This data is collected on the basis of reports of import-
ing and exporting countries and is divided into many different categories
according to specific categorizations. The Harmonized Commodity Descrip-
tion and Coding System (HS) is an internationally standardized system used
to classify traded products. For the purpose of this analysis trade data from
chapter 27 was used which summarizes all trades in the category ”Mineral
fuels, mineral oils and products of their distillation; bituminous substances;
mineral waxes”. Further details and a full list of this data is provided in

Appendix B.
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It is important to mention that the matching trades do not correspond
for two reasons. Firstly, the database is based on explicit reports made by
both countries therefore this numbers of imports in one category reported by
one party need not necessarily coincide with the same exports mentioned by
the other country. Secondly, what accounts for the majority of the difference
is that both countries report on a different basis. Imports are reported on
the basis of Cost, Insurance and Freight (CIF) while exports are reported
on a Free on Board (FOB) basis, therefore imports values are usually higher
and the difference might be regarded as trading and transportation costs.
As a result these values differ depending on the perspective of the trader.
To take this fact into consideration all data was regarded from the point of
view of the EU and for the purpose of consistency in all cases the EU was

taken as the reporting country.

GDP

To take the growth of the economies and the resulting rising energy needs
into account data of the quarterly GDP of all countries was taken from the
OECD Database [11]. Chinese data is not available on a quarterly basis and

had to be estimated. All numbers are in millions of US Dollars.

Monetary effects

To consider monetary-driven influences data on the currency exchange rates
and inflation rates of all economies was taken from the OECD Database [11].
The exchange rates are in quantity quotation of US Dollars which means the
price of foreign currency equivalent to 1 USD.

The second monetary effect whose impact on trade behavior shall be
estimated is inflation. For this purpose a dataset of consumer prices from
the OECD database [11] is taken. Data is indexed to the year 2010 and

includes the price change of all consumption items.
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Figure 2.3: GDP in millions of US Dollars

Trade Data

All trade data used in this analysis was retrieved from the COMTRADE
Database [3] and is presented in US Dollars. Since the database provides
the numbers either in annual or monthly periodicity, it was aggregated to
a quarterly basis. Missing data points were estimated as averages of the
previous years.

The most impressive comparison is the total European trade balance.
Since total imports exceed total exports by far, Europe is a net importer
and has a very high energy dependency. What is also very relevant in this
context is the fact, that most of this imports can be attributed to Russia.
The main exporting partner however is the US. Japan and China contribute
comparatively negligible amounts both in imports and exports. However a

high fluctuation is observable and can be linked to seasonal changes.

2.1.5 Mathematical methods

In order to build the model mathematical tools of regression analysis are

used. Most of the following procedure is taken from Backhaus et al [1] and

36



120000 7.0000
1.0000 6.80000 \
5.60000
.80000 /_\\/\____\__/ \
5.40000
50000 ; b\
—ry_eu
6.20000 —i
40000 —_us
6.0000
20000 5.80000
0000 560000
- P Y Y I - T
& N & O & O (-3 o o o o o o O o O (3 (N Ll
Q‘Sﬁg 0\9 Q.& Q\} Q.Q' BCV Q’a Q.¢ D”b DNP‘ Q\’G Q.@ D\"\ D{'\ B{!’ Q’Q Q’c’ B\'D Q\? Q.yb
S S S e S L S S S L A S S
(a) Euro and Dollar (b) Chinese Renminbi
140.0000 50.0000
45.0000 /
120.0000 /
40,0000
100.0000 ﬁ——é 35.0000 e
e —-\___ acaocn:tc:—v-év'&&4
25.0000
EODO00 —hip 20,0000 —_—i_ru
e 15.0000
10.0000
20,0000
5.0000
0000 0000
Y T N0 U S G S Y T T T - -
O o &) & O 5 o O O 5 O o o O {+5 O O LY O
I S I QGA e g P P
P [ S S U S BT AT AT PPN P T P P
(c) Japanese yen (d) Russian ruble

Figure 2.4: Exchange rates

Pindyck et al [12].

Problem formulation

Regression analysis helps to determine connections and interactions of one
dependent variable Y with one or more independent variables Xi,..., X .
Each of the variables may include up to K observations, thus for all i:
X; = (z1,...,2x). The goal is to to describe and explain dependencies and
to estimate and predict values of Y.

A formal formulation of this problem can be represented by the following

equation:

Y = f(X1, X, ..., X)) (2.1)

which in the linear case might also be written as:

37




160
e _-_.___./
120
100  —— ————= —F
30 —s
—
40
— CH
20
0 T S R PR FER T I G SR S (R B P G 1
BT IO TR N O o Y T O O Y . T R O O TN O o O .
[ s 500« = = o+ T = il R - 0 - e ol - o R« e AT e R -
O OO0 O d o o o BN N M MMM MM oo
4 o4 =4 o4 o4 o o4 =4 = o o o o o o o = = o =
2 Oorars o 80rore o DEoIone O 0 aro e
LT B o B o O o R Vo B o I Y e O B T A A A S A

Figure 2.5: Consumer Prices - all items, Index = 2010

Y =80+ /1 X1+ B Xo+ -+ 85Xy (2.2)

where [5; is the i-th coefficient or regression parameter and especially By is

the intercept of the equation.

Solution

The aim of the regression is to find coefficients 5 such that the quadratic
error term € is minimized. This procedure is called Ordinary Least Squares
(OLS) estimation and can be formalized by:
K
ming, > [yx — (Bo + a1k + Pawor + -+ - + Bz i) (2.3)
k=1

Model

Since in most practical cases the linear estimation will not perfectly describe

all values of Y, finally a model can be formulated.

Y =00+ 5X1+PXo+ - +B;X)+e (2.4)
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Assumptions

In order to be allowed in the model the variables and error terms must fulfill

several assumptions (Pindyck et al. [12]) :
i. The model specification is given by equation (2.4)
ii. The X’s are nonstochastic

iii. € ~ N(0,0?) and uncorrelated

2.2 Specific Case

2.2.1 Model idea

The main idea behind this model is to describe the historical trade flows by
the corresponding development of the other variables. Since the observations
in the first chapter suggest to decompose total effects into real and nominal
factors, the goal in the following sections is to find such relationships and link
them into equations. To test the reliability and credibility of these equations
tools of regression analysis will be used to examine how they perform when
confronted with historical data. When the results prove to be plausible,

simulations and forecasts can be made to predict future developments.

2.2.2 Variables

This section is also summarized in Appendix C

Trade

Both imports and exports are examined, therefore for both flows variables
are needed and will be specified by . IMP;, and _,EXP,. Here e and 1%
denote the exporting country and the importing country respectively, hence

e,i € {EU,US,RU, JP,CH}.
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Total energy imports to the EU are denoted by TIM Py, and are the

sum of all imports from other countries:

TIM Py =ysIMPgy + gy IM Py + ;pIM Py + o IM Py (2.5)

Analogously total exports are denoted by p; TEXP and are calculated

by summation of all exports.

s TEXP = 5y EXPyg + py EXPry + gy EXPyp + gy EXPoy  (2.6)

Real Effects

The real effect will be covered by the evolution of the GDP in the trading
economy. This variable will be denoted by GD P, where ¢ stands for the
country and therefore ¢ € {EU,US, RU,JP,CH}

In a more sophisticated form of this model also the ratios of GDP to

GDP
suTEX

GDP

total trade will be introduced: TIMP,, -

o and

Nominal Effects

The monetary influence will be examined by introducing variables such as
Inflation INF,. and Foreign Exchange Rate F'X. where ¢ stands for the
country and therefore ¢ € {EU,US, RU, JP,CH}

2.2.3 Equations

Since the focus lies on finding relationships for European competitiveness
represented by the trading behavior the main endogenous variables will be
AMPpy; and g, EXP, fore,i € {US,RU,JP,CH}.

The basic structure of the equations will take the form

AMPgy =Bo + /i TIM Py + B2GD Py + B3GDPe+ @

BaF Xgy + BsF X + BeINFry + BrINF,
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and

BsF Xpy + BsFX; + BeINFpy + B7INF;

and will be adapted if comparisons of data and statistical tests suggest

SO.

2.2.4 Summary

To summarize, the goal is to find eight equations which describe the trade
flows between Europe and its main trading partners.

The first tests will be performed on equations (2.7) and (2.8). If neces-
sary, changes and adaptations will be made by adding or removing variables
and by changing functional forms. It is desirable to characterize bilateral
trade in the best way and afterwards to discuss how these patterns differ
among various countries. Moreover influences of factors are to be found that

may not seem obvious at first glance.

2.3 Model estimation

2.3.1 General procedure

All estimations and econometric analyses are performed with the help of the
software Eviews. This software allows for direct calculations for comfortable
use, but is also capable of more sophisticated procedures. In order to conduct
all tests in a holistic approach an Eviews-program was written that supports
automatic testing. This so called Rolling Regression Analysis provides for
all contingencies as it permutes all possible combinations of explanatory
variables to find the best regression of the endogenous variable.

The idea behind this program is as follows and can be explained by
regarding equation (2.1). For one endogenous variable Y it is desired to

select k exogenous variables X1, ..., Xy from all n considered variables as in
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chapter 2.2.2 such that these k variables describe the evolution of Y. These
k regressors can be inserted in equations (2.7) and (2.8) that thenceforward
serve as the model equations. In total (Z) regression outputs are to be
calculated and compared.

The program performs all possible least square regressions on the given
data and then provides the coefficients, corresponding t-statistics and the
value of the coefficient of determination R? as an output. By further manual
analyses on these results the best regressions with statistically significant
coefficients can be found.

Moreover, to achieve superior results, this procedure can be repeated for
different values of k. In this way more or less complicated models can be
estimated and compared. Additional insights can be gained by exploring
how much improvement in terms of R? an inclusion of more and different
explanatory variables imply.

A full example of this program is provided in Appendix D.

2.3.2 Systematic approach

The estimation was performed with a varying degree of assumptions. As
a consequence more or less complicated relationships between the variables
could be calculated that resulted in more or less sophisticated models. In

general, all tests can be summarized into 4 categories:

(i) A1 Basic approach: This fundamental approach considered only
the GDPs, Foreign Exchange Rates and Inflation Rates of both trad-
ing countries. By adding a constant C, this results in 7 exogenous

variables.

(ii) A2 Basic approach with seasonal adjustments: In addition to
the variables of the basic approach, seasonal dummy variables were

introduced to account for quarterly fluctuations.
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(iii) A3 Advanced approach: This more sophisticated approach in-
cluded the 7 variables of the basic approach, but also considered Total
Exports, Total Imports and ratios of GDP to Total Trade. This defini-
tion should analyze the relationship between bilateral trade and total

demand or total supply respectively. In total 12 variables were tested.

(iv) A4 Advanced approach with seasonal adjustments: The ad-

vanced approach was extended by adding seasonal dummy variables.

All equations have been estimated using the 16 observations from 2010Q1
t0 2013Q4. Since data was available until 2014Q4 the remaining 4 datapoints
were used for back-testing to measure the quality of the regressions. The

results of these estimations are summarized in the following chapters.

2.3.3 Export
Us

The goal was to find an equation for the exports from EU to the US denoted

by py EX P g and represented by a modification of following formula:

EUEXPUS :5() + 51EUTEXP + BQGDPEU + 63GDPU5—|- (2 9)

BaF Xgy + BsF Xys + BeI N Fpy + BrIN Fyg

A regression analysis performed on this data for all types of models
described in chapter 2.3.2 delivered estimations of the coefficients and mea-
sured the quality of the regression. Not surprisingly the coefficient of deter-
mination (R?) is increasing when more sophisticated models are used. It is
evident, that the basic model (A1) with R? = 0.30 only manages to follow
the general trend of the time series and fails to represent the fluctuations.
The more sophisticated models (A3 and A4) are more appropriate to repli-
cate the actual trend, a fact that is characterized by high values of R? = 0.83
and R? = 0.92. No significant relationships could be found for tests with
A2.
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Figure 2.6 compares the actual trade flows to the estimations derived

from the models. Although the models are differently suitable for describing

past data (2010-2013), all delivered satisfactory results when confronted with

data from 2014 that was excluded from the estimations. As a conclusion,

all three equations could be used to predict future trends. See figure E.1 for

more details on the regression.
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Figure 2.6: Estimation of exports from EU to US
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Russia

Similarly an equation for the exports from EU to the Russian Federation
denoted by ;; EX Pp;; was derived:

s EXPry =Bo+ bigy TEXP + B2GDPgy + 83GDPry+ (2.13)

BaF Xpu + BsF Xpu + BeINFpy + B7IN Fry

Regression analysis shows that the basic model (Al) is capable to ex-
plain a general trend of the series with R? = 0.40. Inclusion of total trade
variables and GDP to trade ratios in the A3 model helps only to improve the
explanations to some extent and results in R? = 0.45. Only after addition of
seasonal considerations a major betterment of the correlations is observable.
See figure E.2 for more details on the regression.

A comparison of calculated and actual values for 2014 shows that all
three models are suitable for explaining the future development. Although
the differences are bigger than in the case of the United States and espe-
cially the most sophisticated model overestimates the fluctuations, a general
convergence towards the last data point is visible. On the other hand the
actual values of exports to Russia in 2014 changed radically in comparison
to previous years what might explain the deviations in the models.

Al:

+

1
pu EXPry = 646.8 GDPgy — 2.55 * 10° 5%
EU (2.14)
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Figure 2.7: Estimation of exports from EU to Russia

Japan

The exports from EU to Japan are represented by the following equation:

v EXPip =Bo+ Bigy TEXP + BoGDPgy + f3GDPrp+ (2.17)

BaF Xpu + BsFXyp+ BeINFpy + BrINF;p

In this case all different approaches (A1-A4) yielded in acceptable re-
sults. Since exports to Japan are characterized by strongly varying seasonal
behavior the estimations in both models A1 and A3 were improved by the
addition of dummy variables. The basic model describes the rough move-
ment of the time series with a R? of 0.25 that can be increased up to 0.6
by inclusion of the seasonal fluctuations. Since the best outcome for A2
consisted of the same basic variables as A1, the comparatively low p-values
of some coefficients can be neglected. This problem does not occur in the so-

phisticated model, since the consideration of the dummy variables achieved
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to rise the R? value from 0.44 to 0.58 without overwhelmingly decreasing
the significance of the coefficients. See figure E.3 for more details on the
regression.

A forecast based on a sample from 2010Q1 to 2013Q4 resulted in a similar
outcome as in the Russian case. The values for the first quarters of 2014 are
far apart, but towards the end the estimated series converges to the actual
values. Thus, these models may prove to be suitable for general estimations.

Al:

pu EXP;p = 390.29 GDPgy — 1.20 % 10°

2.18
FXuo (2.18)

A2:

v EXP;p = 239.62 GDPgy — 1.09 % 10°
FXpy

+4.67%10% q; — 5.16 % 10% ¢o (2.19)
+5.08 % 10% g5 + 5.86 % 10% ¢4
A3:

—5.49 %102 =T
o TEXP

(2.20)

+ 13058471 IN Fgy

A4

v EXPyp =019 gy TEXP — 133 % 10°
EU

TEXP
— 912973 EU——="~
GDPgyy (2.21)

+1.91%10° g1 +1.95 % 10° ¢

+1.95 %10 g5 4+ 2.02 % 10° ¢4
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Figure 2.8: Estimation of exports from EU to Japan

China

Finally, the exports from EU to China represented following equation were

estimated:

EUEXPCH :ﬁo + ﬁlEUTEXP + ﬁzGDPEU + ﬁgGDPCH—i— (2 22)

BaFXgy + BsFXcu + B6INFpy + f7INFeon

An analysis of Chinese trade yields similar results to the other countries.
It is possible to find an easy model that consists only of two exogenous
variables, namely GDP and the development of the European Currency. By
that, a simple trend of the exports can be described with a R? of 0.25.
Once again, an equipment of this model with seasonal variables leads to no
significant results. When all possible variables are involved in model A3, still
the same equations as in Al are calculated to match the data best which
leads to the assumptions, that consideration of the total trade amounts does
not play a major role in trade with China. It is more plausible to conclude,
that this trade is sufficiently described by monetary factors only. Hence the
figure E.4 that summarizes the results of the regression, presents also the
second best solution. The most complicated model is characterized by a

good fit with R? = 0.70 but also fails to predict the values of 2014 what is
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shown in figure 2.9. However the last datapoint of 2014 seems at odds with
past years.

The seemingly most reliable forecasts are made by the basic models with
no seasonal adjustments since they are more conservative and do not react
so strongly to changes in values of the exogenous variables. Moreover, in
some cases the best explanation is given only by inflation or the exchange
rate. This behavior could indicate that trade with China is driven mainly
by monetary factors and serves to supplement the supply when conditions

are favorable.

A1/A3:
1
puEXPoy = 1666.618 GDPgy — 5.14 % 107 (2.23)
FXgy
A3 (second best):
1
s EXPoy = 1115 10" ——— +1.67% 10° INFcpy (2.24)
FXcon
A4:
GDPgy
EXP.y = 1007.54 GDPgy — 9% 1012 —— 22
BU =2 CH pu—ar S TEXP
+1.97% 108 ——=2 —1.9x10°INFoy
s TEXP (2.25)

+1.67 %109 g1 +1.62 %100 ¢

+1.64 %100 g3 + 1.7% 1010 ¢4

2.3.4 Import
US

To model the imports from US to EU the following equation was estimated:

Us IMPEU =0F + ﬁlTIMPEU 4+ BoGDPgy + 63GD Pyg+ (2 26)

BaF Xgy + BsFXys + BeINFpy + B7INFyg
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Figure 2.9: Estimation of exports from EU to China

The results show, that in all statistically relevant models (A1, A3 and
A4) the GDP and inflation rate in the United States contributed a major
part in explaining the trade flows. A2 did not yield any significant results.
The actual time series is captured by all models with increasing efficiency,
a fact that is proven by R? = 0.46 , R?> = 0.76 and R? = 0.77 respectively.
See figure E.5 for actual results.

All estimated equations tend to explain the trend for 2014 accurately,
however remarkable deviations for the simplest model (A1) are not negligi-
ble. Figure 2.10 visualizes this fact. As these differences might be accounted
to seasonal activities, it might be plausible to expect this model to perform
better in the long run. For short-term forecasts the other two models (A3
and A4) are more suitable, since they respond significantly better to seasonal
fluctuations.

Al:

vsIM Py, = 11568.48 GDPys — 3.9 % 108 IN Fyys (2.27)
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A3:

uvsIMPry = 10247.35 GDPys — 4.12 % 108 IN Fyg

TIMP (2.28)
+ 552499.3 GTDUZJ
Ad:
usIM Py = 451980.5% +2.05 % 10® INFyg
—2.3%10'0 ¢ — 2.25 % 10", (2.29)
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Figure 2.10: Estimation of imports to EU from US

Russia

Russian imports are modeled by an alteration of the following equation:

ruIMPry; =Po+ B1TIM Pry; + 2GDPry + B3GDPry+ (2.30)
BaF Xgy + BsFXgy + B6IN Fpy + B7IN Fry

The tests performed by all four types of methods suggest a relationship
between imports and the European GDP since this variable is significant

for every variant of the model. The basic model performs satisfactorily and
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results in values of R? = 0.73 and R? = 0.76. In these both cases GDP,
the exchange rate of the Euro and both inflation rates are used to explain
the development. After inclusion of total trade variables, both sophisticated
models deliver extraordinary values of R?, namely 0.98 and 0.99. This out-
come is justified by the relative contribution of Russian imports to total
imports. Since Russia is the main supplier of Europe, such a strong corre-
lation is not surprising. Nonetheless it is important to mention, that the
basic models which do neglect this relationship also perform well. Results
are displayed in figure E.6.

With respect to forecasting accuracy once again the distinction between
the basic and advanced model has to be made. Here it is visible, that the
predictions from A1l and A2 have greater difficulties to match the actual
data and reproduce the actual decline that happened in 2014 more slowly.

A3 and A4 on the other hand follow the trend accurately, as is shown in

figure 2.11.
Al:
1
ru IM Py = 81134.15 GD Pgy — 1.90 101
FXgy
+4.7%10° INFgy — 2.19 % 10° IN Fry (2.31)
—3.03x 101 C
A2:
1
ru IM Py = 91949.56 GDPgy — 2.22 % 10" ———
FXpy

+5.40 ¥ 10° INFgy — 2.52 %« 10° IN Fry

(2.32)
—3.40 * 10* ¢ — 3.44 % 10! ¢
—3.43 % 10" ¢35 — 3.45 % 10" ¢4
A3:
Lo (2.33)
3.96 % 101 ——
200 o
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A4

1

ru IM Py = 16128.32 GDPry +3.12 % 10" ———
FXgy

TIM Py,
GDPgy (2.34)

—4.56 %1010 ¢; —4.61 % 10'° ¢

+ 3730227

—4.67 %1010 g3 — 4.7% 100 ¢4

COcH0 6.0E+10

5.5E+10 55E+10

ST 5.0E+10

4.5E+10 4.5E+10+

4.0E+10+ 4.0E+10+

35E+10 3.5E+10

3.0E+10 3.0E+10

T T T
2013 2014 2014Q1 2014Q2 2014Q3 2014Q4

2010 2011 2012

Actual
Estimated A2
Estimated A4

Estimated A3
Estimated A1

Actual
Estimated A2
Estimated A4

Estimated A3
Estimated A1

(a) 2010 - 2014 (b) Detail on 2014

Figure 2.11: Estimation of imports to EU from Russia

Japan

Japanese imports are modeled by an alteration of the following equation:

gpIMPry =Bo + JiTIM Pryy + B2GDPry + f3GDPyp+ (2.35)

BaF Xpy + BsF X jp + B6INFpy + 7 INF p

The imports from Japan have turned out to be very difficult to model.
The basic approach (A1) resulted in a R? of only 0.22. This leads to the
assumption, that imports from Japan depend on other factors as well that
have not been considered in the model. Better results are achieved when
total trade is take into account in the sophisticated models (A3 and A4).

In these cases the coefficient of determination is 0.48 and 0.34 respectively
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and the main exogenous variables are GDP rates of both countries and the
total import to Europe. Interestingly both models do not include monetary
variables since they depend on real factors only. Moreover, the GDP rates
seem to be very influential for trade with Japan since they are included in
every model. See figure E.7 for details.

The analysis of the forecasts for 2014 shows that all models give a similar

prediction and may prove to be suitable for future estimations. Compare

figure 2.12
Al:
L (2.36)
—2.99 %10 ——— — 9925822 INF
99 % 10 FXor 99258 wU
A3:
TIMP TIMP (2.37)
— 386544.8 ———LEY 1 110072.6 ———LU
GDPEU + GDPJP
A4:
+146431.3 TIM Py
GDPyp (2.38)
—5.96 % 10° g1 — 5.96 * 107 ¢»
—6.03%10% g3 — 5.96 % 107 g4
China

Chinese imports are modeled by an alteration of the following equation:

calIMPgy; =Bo + B1TIM Py + f2GDPry + B3GDPop+ (2.39)

BaF Xgu + BsFXcu + BsINFry + S7INFon

Imports from China present the following picture: The most significant

models take solely monetary factors into account. Regardless if total trade
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Figure 2.12: Estimation of imports to EU from Japan

variables are involved or not, the best results are achieved by inflation in both
countries and seasonal dummy variables. Thus A2 and A4 provide identical
results with R? = 0.52. If seasonal adjustments are excluded, there are also
acceptable models that base oneself on real and nominal relationships as well.
Al and A3 with R? = 0.33 and R? = 0.48 serve as plausible estimations of
the general trend, but fail to replicate the amplitudes of the fluctuations.
See figure E.8 for details.

A comparison of actual and estimated data for 2014 shows that all models
converge to the actual data point towards the end of the forecasting period.
In between the behavior is different and significant differences are visible.
As can be seen in figure 2.13 the best fit is achieved by A3, a model that
in general tends to follow the trend of the time series without excessive
variance.

Al:

cgIMPr; = 714.10 GDPgy — 256.28 GDPog

(2.40)
—1.91%10°

EU
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2.4 Summary of the model

The estimations of the previous section showed several possibilities to link
the equations into a model. Four types of models will be specified here and
used for simulations in the following chapter. All of them have in common,

that total trades are expressed by summation of bilateral trades:

TIMPgy =ysIMPyy + ryIMPgy + ;pIM Py +cg IM Py (2:43)

puTEXP = py EXPyg + gy EXPry + gy EXPip + gy EXPoy (2.44)

Basic Model - M1

This is the most intuitive version of the model and it reduces itself to the eas-
iest equations. It only allows GDPs, inflation rates and currency exchange
rates and merges the simplest connections for all bilateral flows. Therefore
it is supposed to explain trade by growth of the economies and consequen-
tial growing or declining demand and supply. No focus is put on seasonal

fluctuations, the goal is to give a rough estimate of the future long-term

development.
Exports:
ruEXPyg = 9812.5 GDPpy — 15966.9 GDPyg—
(2.45)
2.9 % 100 ! +6.2%10° INFpy
' FXpy
1
puEXPry = 646.8 GDPgy — 2.55 * 10° ot
) EU (2.46)
2.78 %1010 ———
T X
ruEXP;p = 390.29 GDPgy — 1.20 % 10° 2 (2.47)
EU
puEXPoy = 1666.618 GDPry — 5.14 % 10° (2.48)
FXgy
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Imports:

uvsIMPpgy = 11568.48 GDPys — 3.9 % 10° INFyg (2.49)

ru IM Py = 81134.15 GD Pgy — 1.90 101

FXpy
+4.7%10° INFpy — 2.19%10° INFgry (2.50)

—3.03x101C

JpIM Py = 250.46 GDPgy + 2525.66 GDPyp
(2.51)

1
—9. 10— — 9925822 INF
99 % 10 FXop 99258 U

o IM Py = 714.10 GD Py — 256.28 GDPoyy
(2.52)
—1.91%10°

FXgpy

Advanced Model - M2

This model relies on the same variables as the previous one, but wherever
possible is fully supplemented by seasonal improvements. Although GDP
remains the main driving force of demand and supply, more precise short-
term predictions should be possible.

Exports:

s EXPyg = 9812.5 GD Py — 15966.9 GDPyg—

o1 . (2.53)
2.9%10° ——— +6.2%10% INF
* FXo0 + 6.2 % EU
v EX Pryy = 646.8 GDPry — 2.55  10° v+
) EU (2.54)
2.78 % 10%°
tae 0 e
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s EXP;p = 239.62 GDPgy — 1.09 * 10°

FXgy
+4.67 %108 ¢ — 5.16 % 10% o

+5.08 % 10% g5 + 5.86 % 10% ¢4

pu EXPopy = 1666.618 GDPry — 5.14 * 109F
EU

Imports:

usIMPpgy = 11568.48 GDPys — 3.9 % 10° INFyg

1
FXgu

+5.40%10° INFry — 2.52 % 10° INFpy

ru IM Pgy; = 91949.56 GDPgy — 2.22 % 101

—3.40 % 10" ¢ — 3.44 % 10" o+

—3.43 %10 g3 — 3.45 % 10t gy

spIM Py = 250.46 GDPpy + 2525.66 GDPjyp
1
—2.99% 10" ——— — 9925822 INF
* FX,p EU
o IM Py = —44402303 IN Fyy — 29712211 IN Foy
1.53 % 10 q; + 1.60 * 10 go+

+1.64%10° g5 — 1.57 % 10° ¢4

Sophisticated Model - M3

99

(2.55)

(2.56)

(2.57)

(2.58)

(2.59)

(2.60)

This model is oriented on total trade. It does not longer rely on GDPs only,
but rather bases its predictions on demand derived from total imports and

exports. This model addresses the question how nominal changes will affect



trading behavior, given that the amount of traded energy will most probably
not be subject to remarkable changes. Its aim is to describe changes in
bilateral trades compared to total supply and demand for all partners for
which this relationship plays a major role. Consequently a characteristic
property of this model is, that it reacts stronger to changes in input variables
and therefore it may tend to propose solutions that diverge from the paths
of the other models.

Exports:

GDP
EU_ 1 94%10°

EXPyg = —9.4%102 — 22
EU us s TEXP FXpy

(2.61)

GDPry
o TEXP
o sy TEXP

GDPgy

puEXPry = 6.67%10"
(2.62)

+ 391565. —71%10%C

s EXP;p = —0.19 py TEXP + 861.97 GDPjp

— 549 %102 ——=L_
sy TEXP

(2.63)

+ 13058471 IN Fgy

1
puEXPoy = —1.11% 1011FX +1.67%10° INFoy (2.64)

CH

Imports:

usIMPpy =10247.35 GDPyg — 4.12 % 108 IN Fyg

552499.3
+ GDPys

. (2.66)

3.96 % 101 ———
+ o000 FXry
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TIMP TIMP (2.67)
— 386544.8 ———EU 1 110072.6 —— LU
GDPEU + GDPJP
GDPgy TIMP
IMPy; = —1.86%10"% —— =% — 126532.5 —— LU
CH EU
TIMPEU GDPEU (2.68)

— 9911856 INFgy + 4.23 +10° C

Advanced Sophisticated Model - M4

This model takes all variables into account and consists of the best fitting

equations that were found in the analysis of the previous chapter.

Exports:
GDPry
EXPy¢ =1900.9 GDPgyy — 8.63 x 10'2 —— 2V
BU s = 1900.9 GDPgy — 8.63 % 10 —TEXD
—~8.6%10" INFyg +1.22% 10" ¢+ (2.69)

1.24 % 10%¢ 4+ 1.21 % 10' %3 + 1.17 % 100,

GDPry TEXP
EXPpy; =643 %102 ——— 22 4+ 398724.9 EU_ "~
pUTE I RY o TEXP GDPry
—7.28%10% ¢ — 7.29 % 10° ¢o (2.70)

—6.27%10% g3 — 7.37% 10% g4

v EXP;p =019 puy TEXP — 1.33 % 10°

— 912973 M
GDPgy (2.71)

+1.91 %10 ¢; + 1.95 % 10° ¢o

FXgy

+1.95 %10 ¢35 4+ 2.02 % 10° ¢4
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EXP.,;, = 1007.54 GDPgy — 9% 102 ——— =~
EU CH 007.54 G EU 9% 10 EUTEXP

GDPcop

+1.97x108 —/ =1
s TEXP

—1.9%x10®INFoy

+1.67 %109 g1 +1.62 %10 ¢

+1.64 %1010 g3 + 1.7 %1010 ¢4

Imports:

TIM Py,
GDPys

—23%10'0 ¢; —2.25 %« 10"¢,

vsIM Py = 451980.5 +2.05%10° INFyg

—2.17%10%5 — 2.12 %109,

1
ru IM P =16128.32 GDPrpy +3.12 % 1010 ———
FXgu
TIMP
3730227 ——-LU
+ GDPry

—4.56 % 1010 ¢; —4.61 %100 ¢,

—4.67 %1010 g3 — 4.7 %100 ¢4

TIM Py,
GDPyp

—5.96%10% ¢ — 5.96 % 107 ¢

+ 146431.3

—6.03%10° g3 — 5.96 % 10° ¢4

o IM Py = —44402303 IN Fy — 29712211 IN Foy
1.53 % 107 q1 + 1.60 % 107 ¢

+1.64%10° g3+ 1.57% 107 ¢4
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Chapter 3

Simulation

In this chapter the models derived from historical data and summarized
in the previous chapter are simulated into the future. For this purpose
different scenarios will be tested, since different developments are possible.
The goal is to observe how and to which extent the different models will
react to changes in the variables and which conclusions can be derived out
of this. The time horizon for this simulations will be eight quarters into
the future, therefore 2015Q1 to 2016Q4. In order to be able to execute
these calculations, all future values of the endogenous variables had to be

predicted which was done by exponential smoothing of the time series.

3.1 Scenarios

3.1.1 Scenario 1 - Continuation of global economic crisis

The first scenario imitates a prolongation of the current global economic
crisis. The economies struggle to obtain price stability characterized by the
aspired benchmark of 2% inflation and also generate only modest growth
of GDPs. The currency exchange rates continue to follow the actual trend
without great fluctuations. Figures 3.1 and 3.2 visualize these developments.

Under these circumstances the models predict slightly different out-
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and a general tendency of rising exports. The imports on the contrary tend
to decline but are also characterized by remarkable volatility. This type
of models apparently suggest that Europe will become more competitive
the longer the recession continues in that sense, that import dependency

declines and more exports will become possible. An observation of the in-

divid

of ex

In addition, Chinese exports are also forecast to maintain stable on a rela-
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Figure 3.2: Scenario 1 GDP

s. The basic models (M1 and M2) foresee strong seasonal variations

ual trade partners shows that this effect can be contributed to a rise

ports to the US that is projected to reach its peak values from 2011.
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tively high level and Japanese exports increase by 40 % over the period of
2015Q4 to 2016Q4. In both basic models the decline of total imports can
be attributed to falling imports from Russia which are reduced by about 30

% in the given time frame.
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Figure 3.3: Scenario 1 Results

The sophisticated models (M3 and M4) submit another answer. With
respect to the exports the picture is unclear and differs between the models
depending if seasonal adjustments are included or not. Under no seasonal
influences (M3) the development is predicted to continue on the same level
within a constant bandwidth. A decomposition into bilateral trades exposes

that these fluctuations can be fully attributed to commerce with the US,
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since all other developments are forecast to stay constant. When the model
is equipped with seasonal variables (M4) Chinese exports no longer stay on
the same level, but begin to rise with almost doubling within the projected
period. Japanese exports follow this behavior although on a comparatively
small stage. In total these two effects manage to cancel out the decline in
US trade which results in a combined estimated increase in total values.

With respect to the imports the sophisticated models predict a slight
increase in total business. In contrast to the basic case the imports from
Russia stay roughly on the same level with a decent upward trend.
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Figure 3.4: Scenario 1 Results (continued)

66



3.1.2 Scenario 2 - Resolution of economic crisis

The second scenario describes a state where all economies manage to over-
come the current stagnation. It is characterized by a noticeable recovery of
GDP growth and assumes a global inflation of 2 % throughout the next two
years. Moreover, the American Dollar appreciates in value which results in
falling exchange rates for the other monetary areas. Russian Ruble recov-
ers, but not as significant as in the first scenario. These circumstances are

summarized in Figures 3.5 and 3.6.
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Figure 3.5: Scenario 2 Inflation and Foreign Exchange Rates
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In this scenario the differences between the two types of models are rather
extreme. The models that rely stronger on GDP evolution (M1 and M2) tend
to overestimate the effects of the favoring conditions of the economies. Con-
sequently they predict doubling of total exports and total imports, a result
that is caused by increases of commerce with all trading partners. Although
in reality and in absolute numbers this development seems questionable even
if the circumstances indeed suggest greater possibilities for enhanced trade,
an interpretation of this forecast might be as follows: Given the beneficial
conditions Europe would strive to increase its trading activity because of
comparative cost advantages. An outcome of this might be an induced shift

to other suppliers or a change in the energy mix.
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Figure 3.7: Scenario 2 Results - Exports
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The models that are based on total trade ratios behave more conserva-
tive. They tend to follow the historical trend from the previous years and
predict a stable development. The main observation that can be made here
is that for the exports the major part of the difference between the models
M3 and M4 is due to the varying evaluation of Chinese exports. Given that
M3 explains this trend by monetary factors only, it comes as no surprise that

in the favorable terms of scenario 2 these exports are predicted to increase

substantially.
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Figure 3.8: Scenario 2 Results - Imports

As the difference of the historical accuracy between these two models is
remarkable (R? of 0.20 (M3) versus 0.72 (M4)) this outcome should be con-

sidered with some degree of caution. Altogether the analysis of this scenario

69



shows, that the results predicted by M4 are not only the best with respect
to statistical parameters but also suggest the most reasonable outcomes.
For the imports this picture shows no noteworthy differences between
the models M3 and M4. This situation is underlined by the fact, that
Russia as the major supplier is projected to behave similar in both models.
Since the imports are steadily declining, this might signal a positive impact
on competitiveness and a lesser energy dependency under such favorable

conditions.

3.1.3 Scenario 3 - Europe’s aspiration for self-sufficiency

The third scenario focuses on European efforts toward self-sufficiency. Under
adequate policy measures the domestic production of renewables is intensi-
fied and will most probably cause the total energy imports to decline and
might have a positive impact on total exports as well. Therefore this sce-
nario will assume shrinking total imports and increasing total exports, in
contrast to the previous both cases where total trade rates were assumed to

be following an upward trend (Figure 3.9).
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Figure 3.9: Total trade amounts

Moreover, this scenario is a mixture of the previous both and GDP

growth follows the second example and is presented in figure 3.6 and in-
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flation and currency exchange rates are similar to the first case, see figure
3.1. Since only the sophisticated models consider total trade amounts, only
these two will be analyzed.

Both models show an increase in exports and an decline in imports but in
the case of the model without seasonality this effect is much less pronounced.
Figure 3.11 shows in detail, to which partner these changes can be attributed.
The exports to China are predicted to be intensified in both models, but
M4 also suggest more commerce activity with the US, Japan and Russia. In
M3 this rise in numbers is also visible, although this impact is not so severe.
Moreover, trade with the US is predicted to stay on a constant level.

Predictions imply the biggest victim of Europe’s rising independence in
energy matters to be its major supplier Russia, who will register declines
in demand and thus shrinking business opportunities . The effect on other
trading partners is negligible.

These results signal a clear positive outlook for Europe. It is in its own
interest to strengthen its international position by bigger trust in domestic

industry and greater reliableness of own energy production.
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Figure 3.10: Total trade estimations
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Figure 3.11: Scenario 3 Results - decomposed

72



Chapter 4

Conclusion

The aim of this work was to give an overview of European energy related
trading behavior and its impact on international competitiveness. For this
purpose a model was created that replicates bilateral trade flows between
EU and its main trading partners US, Russia, Japan and China. This model
merges two major effects that interact in the determination of imports and
exports, namely real and nominal effects. Consequently, commerce devel-
opment was described by GDP and total trade values on the one hand, but
also by changes of the inflation rates and currency exchange rates.

To find the mathematical equations included in the model a multiple
regression analysis was performed to examine the interconnections of the
variables. To ensure a holistic approach, this task was performed with the
help of a program that tested all possible combinations of the exogenous
variables to find the best explanations of the endogenous variables.

Models in different degrees of sophistication were derived that were able
to explain historical evolutions more or less accurately. A first finding during
this process was, that trade flows are exposed to seasonal fluctuations and
that an inclusion of seasonal variables in the model helps to increase the
performance.

Moreover, although all possible combinations were tested the most sig-
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nificant results were achieved when European parameters were occurring in
the equations. In total roughly 60% of the appearing variables can be as-
signed to this category and are either European GDP, Inflation in Europe
or the foreign exchange rate of the Euro. Nonetheless, there was no clear
evidence of the feasibility to formulate an uniform model for all trade flows.
In some cases it was not even possible to include both nominal and real
variables. One valid explanation for this phenomenon is the simple form of
the model and the limitation with regard to the tested variables. Better out-
comes would be achievable if other than linear forms of the equations and a
greater diversity of exogenous variables would be considered. However, the
results derived from this simple approach are more than satisfactory and
allowed for implications and forecasts. In all cases the simulations deliver
plausible results.

For the first example where a prolongation of the financial crisis is as-
sumed, the prediction is that a longer duration of the stagnation could have
an positive impact on the European economy. This is because favoring condi-
tions enable the exports to increase and the imports to decline. This signals
a lower trade dependency and therefore a higher competitiveness. Especially
the energy imports from Russia are anticipated to decline, a circumstance
that is accepted with pleasure in the context of the actual political disputes
with the biggest supplier. These results signal a higher possibility for diplo-
matic measures and sanctions without exposing Europe to hazardous risks
in supply security. A very positive effect that is also predicted in this sce-
nario is the increase of export diversity. New markets are opening up and
opportunities for versatile trade emerge. Europe does not longer have to
rely on the USA as the major customer, but especially China and Russia
show bigger interest in European energy products.

The second example imitates a situation where all economies grow and

manage to maintain price stability, circumstances that are realistic should
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the economic crisis be resolved in the near future. In this case the pre-
dictions depend on the specifications of the model. According to the basic
model that includes GDP values as the only real variable the imports and
exports rise significantly under these conditions. This is because the effect
of comparative cost advantages comes into play and results in a bigger spe-
cialization in most beneficial production sectors. Although the prediction of
doubling both exports and imports due to this cause might not be realistic,
the model foresees a higher willingness of increasing trade incentives. Es-
pecially the exports to the USA and China are intensified but also imports
from Russia. The models where the development of the real effect is sup-
plemented by total trade amounts behave more conservative. Nonetheless a
clear picture is shown: The exports stay on the same level and the imports
begin to decline. Here the outlook is not so radical, but also signals an in-
crease in competitiveness. Again an increase in export diversity is predicted
and a decline in import dependency from Russia.

The third example investigates how falling total demand would impact
the trade behavior. This situation could be obtained by either intensify-
ing domestic production of renewables or by exploiting shale gas resources
that are available on European territory as suggested in the first chapter of
this thesis. Not surprisingly under this scenario the competitiveness would
benefit from an increase of avoided fuel costs. The exports are predicted
to increase with a simultaneous decline in total imports. This development
shows, that Europe can enhance its economical position by undertaking ac-
curate policy measures. Nonetheless it is very important to remember that
these positive effects are only possible when a common understanding of this

issue from all Member States is ensured.
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Appendix A

Energy Costs

There are different methods available to asses energy costs ([6]). The RUEC

on the one hand only covers all energy related developments whereas the

NUEC on the other hand takes also nominal effects into account.

with

EC...monetary value of energy costs in current prices

Qp . . .calorific value of energy inputs

VA urr . . .value added in current prices

VA onst - - -value added in constant prices (2005)

Pvya .. .value added deflator

the RUEC can be written as:

EC EC
E = =
RUEC VAcurr VAconst * PVA
EC Qg

—_— %
QE * PVA VAconst
N— ~—

real energy price energy intensity

(A1)

(A.2)

Again the decomposition into the two main components of Real Unit Energy

Costs becomes visible.
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To consider monetary effects another variable is introduced:
s...exchange rate

and the NUEC can be written as:

EC EC
NUEC = —— = A3
VACOTLSt ¥ VAC”LI,T‘T‘ * PLVA s ( )
EC
= VA % s*Pya (A4)
=" nominal effect

RUEC

This model is useful to help to understand the difference between energy-
related changes of prices and currency-related effects. It must be used with
care as the nominal effect is expressed in sectoral purchase power parities
(PPP). They are comparable among countries with similar per capita in-
come levels, whereas have to be used with caution when countries with

significantly different income levels come into consideration.

International comparison - shift share analysis

As the manufacturing industry is facing the price developments continuously,
therefore it is able to react to changes dynamically. As a consequence of the
rise of RUEC the industry might adapt and shift to different subsectors or
even whole sectors of production. In order to take this restructuring into
account a shift share analysis may be performed. By this approach a decline

of the market share of energy intensive sectors becomes visible.
With
{0, T}...periods of time
i...given subsector of total manufacturing
m; 1 .. .share of sector i in the value added of total manufacturing in period T
ARUECr =RUECt — RUEC,

Am;T =mjT —mjp

80



a decomposition into three effects is made:

ARUECT . Zz ARUECLT * 1140 i Zz Ami,T * RUECLO + Zz Amin * ARUECLT

RUEC, RUEC, RUEC, RUECy

within subsector effect restructuring effect interaction effect

The effects are explained as follows [6]:

e Within subsector effect: shows the pure energy costs pressure with-
out the effects of restructuring. Gives an answer to the question what
would be the growth of the RUEC if the shares of the subsectors had

remained the same.

¢ Restructuring effect: shows a static restructuring effect as it mea-
sures the contribution of changes in value added shares of subsectors

to overall manufacturing RUEC growth.

e Interaction effect: shows a dynamic restructuring effect as it mea-

sures the comovement between RUECs and value added shares

With this methodology different impacts of these effects on the compared

countries can be seen.

81



Appendix B

Trade data

All of the following items are summarized in Chapter 27 of the Harmo-
nized Tariff Schedule of the United States: ”Mineral fuels, mineral oils and
products of their distillation; bituminous substances; mineral waxes”.

This list has been retrieved from the Homepage of the United States

International Trade Comission [14].

2701 Coal; briquettes, ovoids and similar solid fuels manufactured from coal
2702 Lignite, whether or not agglomerated, excluding jet
2703 Peat (including peat litter), whether or not agglomerate

2704 Coke and semicoke of coal, of lignite or of peat, whether or not ag-

glomerated; retort carbon

2705 Coal gas, water gas, producer gas and similar gases, other than petroleum

gases and other gaseous hydrocarbons

2706 Tar distilled from coal, from lignite or from peat, and other mineral
tars, whether or not dehydrated or partially distilled, including recon-

stituted tars
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2707

2708

2709

2710

2711

2712

2713

2714

2715

2716

Oils and other products of the distillation of high temperature coal
tar; similar products in which the weight of the aromatic constituents

exceeds that of the nonaromatic constituents

Pitch and pitch coke, obtained from coal tar or from other mineral
tars
Petroleum oils and oils obtained from bituminous minerals, crude

Petroleum oils and oils obtained from bituminous minerals, other than
crude; preparations not elsewhere specified or included, containing by
weight 70 percent or more of petroleum oils or of oils obtained from
bituminous minerals, these oils being the basic constituents of the

preparations; waste oils
Petroleum gases and other gaseous hydrocarbons

Petroleum jelly; paraffin wax, microcrystalline petroleum wax, slack
wax, ozokerite, lignite wax, peat wax, other mineral waxes and similar
products obtained by synthesis or by other processes, whether or not

colored:

Petroleum coke, petroleum bitumen and other residues of petroleum

oils or of oils obtained from bituminous minerals

Bitumen and asphalt, natural; bituminous or oil shale and tar sands;

asphaltites and asphaltic rocks

Bituminous mixtures based on natural asphalt, on natural bitumen,

on petroleum bitumen, on mineral tar or on mineral tar pitch

Electrical energy
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Appendix C

Variables

Variable Acronym | Eviews Source

Gross Domestic Product EU GDPgy | GDP_EU | OECD [11]
Gross Domestic Product US GDPys | GDP_US | OECD [11]
Gross Domestic Product Russia GDPry | GDP_RU | OECD [11]
Gross Domestic Product Japan GDPjyp | GDP_JP | OECD [11]
Gross Domestic Product China GDPcy | GDP_CH | OECD [11]
Inflation EU INFgy | INF_EU | OECD [11]
Inflation US INFys | INF_US | OECD [11]
Inflation Russia INFry | INF_RU | OECD [11]
Inflation Japan INF;p | INF_JP | OECD [11]
Inflation China INFey | INF_CH | OECD [11]
Currency exchange rate EU ﬁ EUR | OECD [11]
Currency exchange rate US ﬁ[]s DOL | OECD [11]
Currency exchange rate Russia ﬁ RUB | OECD [11]
Currency exchange rate Japan ﬁﬂ: JPY | OECD [11]
Currency exchange rate China " XICH CNY | OECD [11]

Figure C.1: Variables
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Variable Acronym Eviews Source
Imports from US to EU vsIMPg; | IMP_US_EU | COMTRADE |[3]
Imports from Russia to EU ruIMPg; | IMP_RU_EU | COMTRADE [3]
Imports from Japan to EU gpIMPg; | IMP_JP_EU | COMTRADE (3]
Imports from China to EU cugIMPg; | IMP_CH_EU | COMTRADE |[3]
Exports from EU to US puEXP;g | EXP_LEU_US | COMTRADE (3]
Exports from EU to Russia puEXPr; | EXP_LEU_RU | COMTRADE 3]
Exports from EU to Japan puEXP;p | EXP_LEU_JP | COMTRADE 3]
Exports from EU to China puEXPqy | EXPLEU_CH | COMTRADE [3]
Total Exports from EU sy TEXP TEXP_EU calculated
Total Imports to EU TIM P, TIMP_EU calculated
Ratio of EU’s GDP to total trade, in case % RATIO1 calculated

of imports T'IM Pgy in denominator

Ratio of partner country’s GDP to total EUGTD% RATIO2 calculated
trade, in case of imports TIM Pgy in de-

nominator

Ratio of total trade to EU’s GDP, in case % RATIO3 calculated

of imports TIM Pgy in numerator

Ratio of total trade to partner country’s % RATIO4 calculated
GDP, in case of imports TIM Pgy in nu-

merator

Constant C C

Seasonal dummy, 1 for 15 quarter, 0 else qQ Q1

Seasonal dummy, 1 for 2" quarter, 0 else Q2 Q2

Seasonal dummy, 1 for 3"¢ quarter, 0 else qs3 Q3

Seasonal dummy, 1 for 4" quarter, 0 else qa Q4

Figure C.2: Variables (continued)
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Appendix D

Eviews

’create group for exogenous variables’

group xs

’create vector to store r-squares’

vector (1000) r2sb

vector (1000) r2barb

’create matrices to store coefficients and tvalues’
matrix(5,1000) coefsb

matrix(5,1000) tvaluesb

’matrix for labels’

matrix(5,1000) variablesb

vector(5) drinnen

’counter of equations’

lrowcounter=1

’assign x to group’
for %i texp_eu gdp_eu gdp_us ratiol ratio2 ratio3 ratio4 eur dol
inf_eu inf_us ¢
xs.add {%i}

next
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’run regressions between Y and five of the X’
for !i=1 to xs.Qcount-1
%iname = xs.@seriesname(!i)
for !j='i+l1 to xs.Qcount
%jname = xs.@seriesname(!j)
for 'k=!j+1 to xs.Qcount
%kname = xs.@seriesname ('k)
for !m=!k+1 to xs.Q@count
Jmname = xs.@seriesname(!m)
for In=!m+1 to xs.@count
/nname = xs.@seriesname(!n)
equation eq_{!i}{!jH !k} !m}{!n}.1s exp_eu_us {)iname} {jname}

{%kname} {/mname} {’nname}

r2s5(!rowcounter) = eq_{!i}{!jH !k} {!m}{!n}.0r2
r2bar5(!rowcounter) = eq_{!i}{!jH{'k}{!m}{!n}.0rbar2
colplace(coefs5,eq_{!'i}{!jH{'k}{!'m}{'n}.@coefs, !rowcounter)

colplace(tvalues5,eq_{!i}{!j}'k}{!m}{!n}.@tstats, !rowcounter)

drinnen(1l) = !i
drinnen(2) = !j
drinnen(3) = 'k
drinnen(4) = !m
drinnen(5) = !n

colplace(variables5,drinnen, !rowcounter)

lrowcounter = !rowcounter+1
next
next
next
next
next
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Appendix E

Results

On the following pages all estimation results from chapter 2.3 are presented.
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(e) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_EU 9812.563 3576.000 2.744005 0.0178
GDP_US -15966.97 5554.868 -2.874411 0.0140
EUR -2.90E+10 1.09E+10  -2.661445 0.0207
INF_EU 6.19E+08 219e+08 2824234 0.0153
R-squared 0.447068 Mean dependentvar 5.88E+09
Adjusted R-squared 0.308835 S.D. dependentvar 8.23E+08
S.E. of regression G6.84E+08 Akaike info criterion 4373702
Sum squared resid 5.B1E+18  Schwarz criterion 43.93016
Log likelihood -345.8961 Hannan-Quinn criter. 4374691
Durbin-Watson stat 2672123
(b) Al Parameters
Coefiicient  Std. Error t-Statistic Prob
RATIOA -9.41E+12 1.08E+12  -B.6B7979 0.0000
EUR 9.01E+09 5.34E+08 16.89590 0.0000
R-squared 0.841507 Mean dependentvar 5.88E+09
Adjusted R-squared 0.830186 S.D. dependentvar 8.23E+08
S.E. of regression 3.30E+08 Akaike info criterion 4223749
Sum squared resid 1.61E+18 Schwarz criterion 42.33406
Log likelihood -335.8999 Hannan-Quinn criter. 4224244
Durbin-\Watson stat 1642024
(d) A3 Parameters
Coefficient Std. Error +-Statistic Prob.
GDP_EU 1900.897 369.1907 5.148821 0.0006
RATIO -8.63E+12 TI7TE+11 1111072 0.0000
INF_US -86217781 26016524  -3.313962 0.0080
af] 1:22E+40 2.70E+09 4.516497 0.0015
a2 1.24E+10 273E+09 4528173 0.0014
Q3 121E-10 2.74E+09 4413701 0.0017
Q4 11A7E+10 2.75E+09 4233304 0.0022
R-squared 0.954900 Mean dependent var 5.88E+09
Adjusted R-squared 0924833 S5.D. dependentvar 8.23E+08
S.E. of regression 2.26E+08 Akaike info criterion 41.60566
Sum squared resid 4 58E+17  Schwarz criterion 41.94367
Log likelihood -3258453  Hannan-Quinn criter. 4162297
Durbin-Watson stat 2787218

(f) A4 Parameters

Figure E.1: Regression results for exports from EU to US
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(c) A3 Regression
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(e) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_EU 646.8222 169.4303 3.816504 0.0021
EUR -255E+09 751E+08  -3.396580 0.0048
RUB 2.78E+10 1.44E+10 1.923543 0.0766
R-squared 0.483876 Mean dependentvar 3.61E+08
Adjusted R-squared 0.404472 S.D. dependentvar 85506926
S.E. of regression 65986098 Akaike info criterion 39.01515
Sum squared resid 5.66E+16 Schwarz criterion 3916001
Log likelihood -309.1212 Hannan-Quinn criter. 39.02257
Durbin-Watson stat 2138448
(b) A1 Parameters
Coefiicient  Std. Error t-Statistic Prob
RATIOZ2 6.67E+12 2.48E+12 2692141 0.0185
RATIO3 391565.6 103895.6 3768838 0.0023
C -7.10E+08 297E+08  -2.390145 0.0327
R-squared 0.528419 Mean dependentvar 3.61E+08
Adjusted R-squared 0.455868 S.D. dependentvar 85506926
S.E. of regression 63074438  Akaike info criterion 38.92489
Sum squared resid 517E+16  Schwarz criterion 39.06975
Log likelihood -308.3991 Hannan-Quinn criter. 38.932:1
F-statistic 7.283423 Durbin-Watson stat 2.061799
Prob(F-statistic) 0.007553
(d) A3 Parameters
Coefficient Std. Error t-Statistic Prob.
RATIOZ2 6.43E+12 1.80E+12 3.574819 0.0051
RATIO3 398724.9 7272570 5.482586 0.0003
] -7.2BE+08 20BE+08  -3.524112 0.0055
Q2 -7.29E+08 210E+08  -3.473594 0.0060
Q3 -6.27E+08 209E+08  -2.998934 0.0134
Q4 -71.37E+08 210E+08  -3.507955 0.0057
R-squared 0.824951 Mean dependent var 3.61E+08
Adjusted R-squared 0737427 S.D. dependentvar 85506926
S.E. ofregression 43815336 Akaike info criterion 38.30886
Sum squared resid 1.92E+16 Schwarz criterion 3859858
Log likelihood -300.4709 Hannan-Quinn criter. 38.32370
Durbin-Watson stat 0.980019

(f) A4 Parameters

Figure E.2: Regression results for exports from EU to Russia
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(c) A2 Regression
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(g) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_EU 390.2862 146.9237 2656387 0.0188
EUR -1.20E+09 486E+08  -2.468136 0.0271
R-squared 0.303969 Mean dependentvar 1.22E+08
Adjusted R-squared 0.254253 S.D. dependentvar 69717232
S.E. of regression 60205477  Akaike info criterion 38.78089
Sum squared resid B5.07E+16 Schwarz criterion 38.87747
Log likelihood -308.2471 Hannan-Quinn criter. 38.78584
Durbin-\Watson stat 2628640
(b) Al Parameters
Coefficient Std. Error t-Statistic Prob.
GDP_EU 239.6185 115.5408 2073886 0.0649
EUR -1.09E+09 395E+08 -2.760781 0.0201
Q1 467E+08 3.10E+08 1.507934 0.1625
Q2 5.16E+08 3.06E+08 1.686294 01226
Q3 5.0BE+08 3.06E+08 1.659949 0.1279
Q4 5.86E+08 311E+08 1.884675 0.0888
R-squared 0.734997 Mean dependentvar 1.22E+08
Adjusted R-squared 0.602496 S.D. dependentvar 6a717232
3.E. of regression 43955257  Akaike info criterion 38.31524
Sum squared resid 1.93E+16  Schwarz criterion 38.60496
Log likelihood -300.5219 Hannan-Quinn criter. 38.33008
Durbin-Watson stat 2527990
(d) A2 Parameters
Coefficient Std. Error t-Statistic Prob.
TEXP-EU -0.191243 0.059747  -3.200895 0.0076
GDP_JIP 861.9729 333.0826 2587865 0.0238
RATIOZ2 -5.49E+12 171E+12  -3.206727 0.0075
INF_EU 13058471 3258330. 4.007708 0.0017
R-squared 0.559743 Mean dependentvar 1.22E+08
Adjusted R-squared 0.449679 S.D. dependentvar 69717232
S.E. of regression 51718769 Akaike info criterion 38.57286
Sum squared resid 3.21E+16 Schwarz criterion 38.76600
Log likelihood -304.5829 Hannan-Quinn criter. 38.58275
Durbin-Watson stat 3.136022
(f) A3 Parameters
Coefficient Std. Error +-Statistic Prob.
TEXP_EU 0.199275 0.098272 2.027788 0.0732
RATIOZ -912973.1 480616.2  -1.899589 0.0809
EUR -1.33E+09 5.3BE+08  -2.477060 0.0352
a1 1.91E+09 8.10E+08 2354344 0.0430
a2 1.95E+09 797E+08 2.441833 0.0373
Q3 1.95E+09 T.95E+08 2.445215 0.0370
Q4 2.02E+09 T.91E+08 2.550468 0.0312
R-squared 0751422 Mean dependent var 1.22E+08
Adjusted R-squared 0585703 S.D. dependentvar 69717232
S.E. of regression 44874121  Akaike info criterion 38.37626
Sum squared resid 1.81E+16 Schwarz criterion 38.71426
Log likelihood -300.0101  Hannan-Quinn criter. 3839357
Durbin-Watson stat 2791227

(h) A4 Parameters
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Figure E.3: Regression results for exports from EU to Japan
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(e) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_EU 1666.616 645.8982 2580308 0.0218
EUR -5.14E+09 214E+09  -2.406296 0.0305
R-squared 0.205920 Mean dependentvar 4 06E+08
Adjusted R-squared 0.256343 S.D. dependentvar 3.07E+08
S.E. of regression 265E+08  Akaike info criterion 41.74235
Sum squared resid 9.81E+17  Schwarz criterion 41.83892
Log likelihood -331.9388 Hannan-Quinn criter. 41.74730
Durbin-Watson stat 2189722
(b) Al Parameters
Coefficient Std. Error t-Statistic Prob.
CHY -1.11E+11 570E+10  -1.941330 0.0726
INF_CH 1.67E+08 83495731 1997784 0.0656
R-squared 0.262639 Mean dependentvar 4 06E+08
Adjusted R-squared 0.208971 S.D. dependentvar 3.07E+08
S.E. of regression 273E+08 Akaike info criterion 41.80284
Sum squared resid 1.04E+18  Schwarz criterion 41.89941
Log likelihood -332.4227 Hannan-Quinn criter. 41.80779
Durbin-Watson stat 2.328358
(d) A3 Parameters
Coefficient Std. Error t-Statistic Prob.
GDP_EU 1007.538 506.0592 1.990949 0.0817
RATIOT -9.00E+12 282E+12  -3.188869 0.0128
RATIOZ 1.97E+13 6.56E+12 2997831 0.0171
INF_CH -1.90E+08 74731328 -2.539905 0.0347
o1 1.67E+10 6.09E+09 2737107 0.0256
Q2 1.62E+10 6.03E+09 2.683641 0.0278
Q3 1.64E+10 6.06E+09 2.699078 0.0271
Q4 1.70E+10 6.13E+09 2767827 0.0244
R-squared 0.852691 Mean dependentvar 4.96E+08
Adjusted R-squared 0.723795 S.D. dependentvar 3.07E+08
SE. ofregression 1.B1E+08  Akaike info criterion 40.94230
Sum squared resid 2.08E+17  Schwarz criterion 4132859
Log likelihood -319.5384 Hannan-Quinn criter. 40 96208
Durbin-Watson stat 2769874

(f) A4 Parameters

Figure E.4: Regression results for exports from EU to China
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(e) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_US3 11568.48 3560.722 3248914 0.0058
INF_US -3.8BE+08 1.36E+08  -2.853657 0.0128
R-squared 0.496386 Mean dependentvar 5.55E+09
Adjusted R-squared 0.460414 S.D. dependentvar 1.60E+09
S.E. of regression 1.18E+09  Akaike info criterion 44.72490
Sum squared resid 1.94E+19  Schwarz criterion 44.82147
Log likelihood -355.7992 Hannan-Quinn criter. 4472934
Durbin-Watson stat 0.878501
(b) Al Parameters
Coefficient Std. Error t-Statistic Prob.
GDP_US 10247 .35 2467.258 4153336 0.0011
RATIO4 552499.3 1353227 4.082829 0.0013
INF_US -412E+08 93609896 -4.405176 0.0007
R-squared 0.779336 Mean dependentvar 5.55E+09
Adjusted R-squared 0745388 S.D. dependentvar 1.60E+09
S.E. of regression 8.0BE+08 Akaike info criterion 4402473
Sum squared resid 8.4BE+18 Schwarz criterion 4416959
Log likelihood -349.1978 Hannan-Quinn criter. 44.03214
Durbin-\Watson stat 1.590746
(d) A3 Parameters
Coeflicient Std. Error t-Statistic Prob.
RATIO4 451980.5 1390136 3251340 0.0087
INF_US 2.05E+08 88616754 2.318672 0.0429
o1 -2.30E+10 §.23E+09 -2.798378 0.0188
Q2 -225E+10 8.33E+09  -2.704427 0.0221
Q3 -217E+10 8.33E+09  -2.608086 0.0261
Q4 -212E+10 832E+09  -2551430 0.0288
R-squared 0.847125 Mean dependentvar 5.55E+09
Adjusted R-squared 0.770688 S.D. dependentvar 1.60E+09
SE. ofregression 7B7TE+08  Akaike info criterion 4403270
Sum squared resid 5.88E+18 Schwarz criterion 4432243
Log likelihood -346.2616 Hannan-Quinn criter. 4404754
Durbin-Watson stat 1.455205

(f) A4 Parameters

Figure E.5: Regression results for imports to EU from US
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(g) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_EU 8113415 29576.07 2743237 0.0181
EUR -1.90E+11 9.65E+10  -1.969271 0.0746
INF_EU 4 76E+09 1.99E+09 2391492 0.0358
INF_RU -2.19E+09 7T71E+08  -2.842189 0.0160
Cc -3.08E+11 152E+11 -2.033407 0.0669
R-sguared 0.804253 Mean dependentvar 5.00E+10
Adjusted R-squared 0.733072 S.D.dependentvar 6.81E+09
S.E. of regression 352E+09  Akaike info criterion 47.05134
Sum squared resid 1.36E+20 Schwarz criterion 47.20278
Log likelihood -371.4107 Hannan-Quinn criter. 47.06371
F-statistic 11.28875 Durbin-Watson stat 2.678447
Prob(F-statistic) 0.000690
(b) Al Parameters
Coefficient Std. Error t-Statistic Prob.
GDP_EU 9194856 29386.75 3128913 0.0140
EUR -2.22E+11 9.66E+10  -2.203168 0.0510
INF_EU 5.40E+09 1.99e+09 2709983 0.0267
INF_RU -2.52E+09 757E+08  -3.337022 0.0103
m -3.40E+11 1.53E+11 -2.229949 0.0563
Q2 -3.44E+11 1.53E+11 -2.253045 0.0543
Q3 -3.43E+11 1.52E+11  -2.254654 0.0542
Q4 -3.45E+11 1.853E+11  -2.260442 0.0537
R-squared 0.874150 Mean dependentvar 5.00E+10
Adjusted R-squared 0.764032 S.D. dependentvar 6.81E+09
S.E. of regression 3.31E+09 Akaike info criterion 46.98461
Sum squared resid 8.76E+19 Schwarz criterion 47.37090
Log likelihood -367.8769 Hannan-Quinn criter. 47.00439
Durbin-\Watson stat 2250168
(d) A2 Parameters
Coefficient Std. Error t-Statistic Prob.
TIMP_EU 0.876336 0.034324 25.53148 0.0000
GDP_EU -2681.731 1307.506 -2.051028 0.0610
RUB 3.96E+11 143E+11 2767298 0.0160
R-squared 0.986973 Mean dependentvar 5.00E+10
Adjusted R-squared 0.984969 S.D. dependentvar 6.81E+09
S.E. of regression 8.35E+08 Akaike info criterion 44.09155
Sum squared resid 9.07E+18 Schwarz criterion 44.23641
Log likelihood -349.7324 Hannan-Quinn criter. 44.09897
Durbin-Watson stat 1.450135
(f) A3 Parameters
Coeflicient Std. Errar t-Statistic Prab.
GDP_RU 16128.32 5446924 2.960996 0.0159
RATIO3 3730227 1991701 18.72885 0.0000
EUR 3.12E+10 3.48E+09 8.975298 0.0000
a1 -4 56E+10 499E+09 -8.137711 0.0000
Q2 -4.61E+10 491E+09  -9.377719 0.0000
Q3 -4.67E+10 493E+09  -9.471126 0.0000
Q4 -4 70E+10 5.00E+09  -9.405256 0.0000
R-squared 0994152 Mean dependentvar 5.00E+10
Adjusted R-squared 0.980253 S.D. dependentvar 6.81E+09
S.E. of regression 673E+08 Akaike info criterion 4379069
Sum squared resid 407E+18  Schwarz criterion 4412870
Log likelihood -343.3256 Hannan-Quinn criter. 43.80800
Durbin-Watson stat 1.657428

(h) A4 Parameters

Figure E.6: Regression results for imports to EU from Russia
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(e) A4 Regression

Coefficient Std. Error t-Statistic Prob.
GDP_EU 250.4552 101.7460 2461572 0.0300
GDP_JP 2525 657 1207.636 2.001405 0.0584
JPY -2.99E+11 140E+11  -2.132900 0.0543
INF_EU -8925822. 4317226. -2.299120 0.0403
R-squared (0.282569 Mean dependentvar 99850224
Adjusted R-squared 0.228211 S.D. dependentvar 75362853
S.E. of regression B6207396  Akaike info criterion 30.06680
Sum squared resid 5.26E+16  Schwarz criterion 39.25995
Log likelihood -308.5344 Hannan-Quinn criter. 39.07669
Durbin-Watson stat 2232336
(b) Al Parameters
Coefficient Std. Error t-Statistic Prob.
GDP_EU -097.6134 4223526  -2.362039 0.0359
GDP_JIP 3553.501 1357622 2617448 0.0225
RATIO3 -386544.8 136862.0 -2.8243390 0.0153
RATIO4 110072.6 42087.97 2.616542 0.0225
R-squared 0.584427 Mean dependentvar 99350224
Adjusted R-squared 0.480534 S.D. dependentvar 75362853
S.E. of regression 54317003  Akaike info criterion 38.67089
Sum squared resid 3.54E+16 Schwarz criterion 38.86404
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(f) A4 Parameters

Figure E.7: Regression results for imports to EU from Japan
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Figure E.8: Regression results for imports to EU from China
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