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Abstract 

The purpose of this thesis is to analyze how the world market price of crude oil, coal and natural 

gas affects the demand of and dependency on energy imports from the Russian Federation of 

key European countries1. We achieve our objective through econometric estimations of import 

demand equations concerning imports from the Russian Federation of crude oil, coal and natural 

gas for seven EU key countries during 1990-2014.Three out of twenty-one models were found 

to be statistically significant for both the spot price- and income elasticity. The spot price 

elasticities for the models where: coal import demand for Finland (-0.49), crude oil import 

demand for Italy (-0.44) and the Netherlands (-0.42). The income elasticities for the 

aforementioned models were found to be: Finland (2.58), Italy (5.85) and the Netherlands 

(7.62). The remaining models were statistically insignificant presumably due to different 

internal structures in the data or due to the assumption of perfect substitute model. 

  

                                                 
1 EU key countries include: Austria, Finland, France, Germany, Italy, Netherlands, and the United Kingdom. 



 

 

Sammanfattning  

Syftet med denna uppsats är att analysera hur världsmarknadspriset på råolja, kol och naturgas 

påverkar den europeiska efterfrågan på och beroendet av energiimport från Ryssland. 

Ekonometriska uppskattningar av importefterfrågan för råolja, kol och naturgas som produceras 

av Ryska Federationen för sju EU nyckelländer kommer att produceras. Huvudsyftet är att 

uppskatta elasticiteter hos importefterfrågan som kännetecknar de handelsförbindelserna 

mellan Ryssland och sju EU nyckelländerna med avseende på de tre energiresurser.  Tre av 

tjugoen modeller visade sig vara signifikanta för både världsmarknadspriset och 

inkomstelasticiteten. Följande variabler och elasticiteter för priset var signifikant; Kol 

Importefterfrågan för Finland (-0,49), Olje Importefterfrågan för Italien (-0,44) och 

Nederländerna (-0,42). Inkomstelasticitet för de nämnda modellerna estimeras vara; Finland 

(2,58), Italien (5,85) och Nederländerna (7,62). Den statistiska insignifikansen hos de övriga 

modellerna härstamma troligtvis från den interna strukturen på datat eller antagandet om den 

perfekta substitut modellen  
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Chapter 1: Introduction  

The European Union (EU) is a major economic player in the global economy today. Its 

interlinked trading system makes it the largest market in the world, with over 500 million 

consumers. A major problem for the EU is its non-self-sufficiency in energy resources 

endowments. In order to maintain its position as the world’s largest economy, the EU needs a 

reliable energy supply given its energy-intensive patterns of production and consumption 

(http://www.ec.europa.eu). 

In recent years, the Russian Federation emerged as a strategic supplier of energy resources to 

the EU. After the fall of the Soviet Union, the EU’s diplomatic relations with the Russian 

Federation improved substantially. As a result, economic partnerships started to take shape, 

especially around increased access to energy resources. However, and in recent years, the EU 

relations with the Russian Federation came under substantial political strain. This occurred 

primarily after President Putin took power and engaged in a more assertive policy paradigm 

with respect the Russians Federations relations with the EU, in which access to the Russian 

Federation’s energy resources was used as a political trump card. Hence, the EU is becoming 

increasingly wary of its dependency on energy resources produced by the Russian Federation 

and its political and economic consequences. 

1.1. Background and Research Questions 

The EU is the largest energy resource importer in the world. Energy resource imports account 

for 53% of the EU’s total energy consumption, which include crude oil, coal and natural gas. 

Natural gas is expected to be the main energy resource to increase in total imported volumes, 

with the Russian Federation being the main supplier (International Energy Agency [IEA], 

2014). Furthermore, the EU-28’s deficit in energy resources results in imports of 90% of its 

crude oil, 66% of its natural gas and 42% of its coal domestic usage (EU, 2016).  

As the EU experiences a fast decline in the domestic production capability of energy, its 

dependency on energy imported from the Russian Federation is becoming notably larger and 

this trend is projected to continue (IEA, 2014). This can be observed in Figure 1, which shows 
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the historical evolution of aggregate energy resource deficit of EU key countries in tonnes of 

oil equivalent (toe) over the period 1990-2014. We notice that on aggregate, the energy deficit 

for the selected EU countries remains relatively constant for crude oil, despite its decreasing 

trend from 2006 onward. However, their deficit for gas and coal seems to be on an increasing 

trajectory.  

 

Figure 1: Historical evolution of aggregate energy deficit for selected EU countries by 

commodity 1990-2014 (in Million tonnes of oil equivalent (Mtoe))2 

Source: Eurostat. 

Given the decline in domestic production capability of fossil energy, the EU is taking measures 

to counter its increasing vulnerability to and dependency on imports from international energy 

markets, especially the energy market of the Russian Federation, through its Energy Security 

Strategy adopted in 2014. The long term objective of the 2014 Strategy is to achieve an 

acceptable level of energy self-sufficiency by implementing a number of measures such as 

increased investments in storage capacity to build its strategic energy reserves, new investments 

in renewable energy technologies, increased energy efficiency in production and consumption, 

diversification of supplying countries and delivery routes, and completion of the internal energy 

markets and covering missing infrastructure (EU, 2016). 

                                                 
2 Our selected countries include: Austria, Finland, France, Germany, Italy, Netherlands, and the United Kingdom. 
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However, as the EU has begun to construct strategies to diversify its suppliers of energy 

resources, the question remains: How has and will changes in the world market prices for crude 

oil, coal and natural gas affect the European consumption of the energy-resources oil, coal, 

natural gas produced by the Russian Federation? 

1.2. Purpose 

The purpose of this thesis is to analyze how the world market price of crude oil, coal and natural 

gas affects the import demand for and dependency on fossil energy from the Russian Federation 

for the EU. We approach the issue from the limited perspective of key EU countries that we 

select for the analysis. We specify import demand models for each country and provide 

empirical econometric estimations of parameters of interests, namely import price elasticities. 

1.3. Methodology 

The theoretical framework for this thesis is based on the econometric literature concerning 

estimation of the import demand models charactering bilateral flows of trade (e.g. Farinelli et 

al., 2009; Ziramba, 2010; Fukumoto, 2011; Wang & Lee, 2012; Çevik, 2001; and Altinay, 

2007).  

Most of the economic literature on estimation of economic models of bilateral trade flows 

follows on the footsteps of the pioneering work of Goldstein and Khan (1985), which 

introduced the perfect and imperfect substitute model. In most recent studies, these models 

represent the structural base for constructing and calculating the import and export models 

depending of the definition of the good. The key underlying assumption of the imperfect 

substitute model is that neither imports nor exports are perfect substitutes for a domestic 

commodity. While in the perfect substitute model assumes the opposite, assuming homogenous 

commodities (Goldstein and Khan, 1985). 

With the theoretical perspectives suggested by Goldstein and Khan (1985), this thesis uses the 

perfect substitute model as a structural base for constructing the import demand model. This 

implies that the import demand function for crude oil, coal and natural gas consists of import 

quantity as the dependent variable and world market price and real gross domestic product for 

the importing country as independent variables. The empirical strategy for the econometric 
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estimation of the import price elasticities is ordinary least squares (OLS) estimation. We adopt 

the approach identified in Farinelli et al. (2009). 

To avoid spurious regression estimates, the properties of the variables are investigated by using 

three unit root tests: the augmented Dickey Fuller test (ADF), Phillip-Perron test (PP) and the 

Kwitakowski et al. (1992, KPSS). When conducting the ADF test, the Akaike Information 

Criterion (AIC) is applied to determine the optimal lag for the analyzed variables. Furthermore, 

the Durbin-Watson test is conducted for identifying first order autocorrelation among variables 

and corrected using the Cochrane-Orcutt iterative procedure. 

The collected data consists of time series data of imports quantities of crude oil, gas and coal 

from the Russian Federation for each of the selected EU countries, the world price of crude oil, 

gas and coal, and gross domestic product (GDP). Import data is collected from the Eurostat 

database. The world price data for each commodity is collected from the BP Statistical Review 

of World Energy database, and supplemented by other sources whenever needed. The data on 

real GDP is obtained from United States Department of Agriculture Economic Research 

Service database. The time period covered spans the years 1990-2014. 

1.4. Delimitations 

The main focus of this thesis is to estimate import demand models for each EU key country 

selected characterizing the trade flows of fossil energy imports from the Russian Federation. 

Time-series and panel data will be used for the period 1990-2014. The countries defined as the 

European importers are Austria, Finland, France, Germany, Italy, Netherlands and United 

Kingdom.3 

1.5. Disposition 

This thesis consists of seven chapters. In Chapter 2, we provide a descriptive analysis of the 

domestic energy markets of the selected EU countries and the Russian Federation. Furthermore, 

we analyze the energy relationship between our countries of interest and the Russian Federation. 

In Chapter 3, we provide a comprehensive literature review on the theme of empirical 

                                                 
3 The EU key countries were chosen based on the availability of trade flow data for the time period and the level 

of dependency on energy resources produced by the Russian Federation. 
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estimation of import demand models. In Chapter 4, we present the theory and empirical method 

for estimating the import demand models. In Chapter 5, we present and discuss the econometric 

model’s key variables that are used for the regressions. Furthermore, we present and discuss 

the statistical tests results. Chapter 6 consists of a presentation and analysis of the empirical 

results. In chapter 7, we provide and discuss the concluding remarks for the empirical results 

obtained in the previous chapter. 

  



 

6 

 

Chapter 2: Historical Analysis of Fossil Energy Markets in the Russian Federation and 

Europe 

This chapter aims to discuss the historical evolution of energy markets in Europe, with a focus 

on our countries of interests, and the Russian Federation. Descriptive statistics are used to shed 

light on key indicators of market conditions (e.g. production, consumption, trade and prices, 

etc.) for crude oil, coal and natural gas. 

2.1. Fossil Energy in the Russian Federation 

 In the 21th century, the Russian Federation is a key player in the global energy markets in terms 

of production and trade. The country is the world’s largest producer of crude oil and holds the 

world’s largest reserves of natural gas, which amount to a quarter of the total proven reserves 

existing in the world. Furthermore, the Russian Federation has the second-largest recoverable 

coal reserves in the world, making it the third largest producer of coal in the world in 2013 

(EIA, 2015). 

However, the country’s rise as a strategic energy player in international markets is not a new 

phenomenon as it began in the early 19th century. The center for early oil production in the 

Russian Federation was located in Baku, which is today's capital of Azerbaijan. Initially, the 

Russian Federation was facing severe problems due to lacking transport infrastructure of oil 

produced from Baku to demand areas. Additionally, the oil industry suffered from low 

investments in technology and effective techniques to extract the oil. To make matters worse, 

the United States was exporting crude oil to the Russian Federation for a price that was lower 

than the cost of production in the Russian Federation, hence the industry suffered greatly 

(Campbell, 1968). 

The American companies exporting petroleum products to the Russian Federation were both 

larger in size and better organized. In addition, American companies had access to virtually all 

ports located near the large demographic centers. Thus, during the 19th century, the consumers 

in the Russian Federation preferred to consume imported petroleum products instead of 

domestically produced ones (Sutulov, 1973). 
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During the latter parts of the 19th century, the Russian Federation surpassed the United States 

in terms of quantity produced of crude oil. This was achieved with major private investments 

in pipelines between Baku and the large demographic centers, and further investments in 

refineries. This was done mainly by one major market actor, the two Swedish brothers Robert 

and Ludwig Nobel (Åsbrink, 2001). Furthermore, the transportation of petroleum products was 

revolutionized with the invention of the oil tanker. This meant that the logistics of the Russian 

Federation’s oil producers were improved to such an extent that exports of petroleum and crude 

oil produced by the Russian Federation was made possible (Sutulov, 1973). 

In 1895, over one million tonnes of crude oil and petroleum products were exported. Hence, 

the Russian Federation became the world’s largest exporter of crude oil and petroleum products, 

which remained so until the beginning of the First World War. During the Bolshevik revolution 

of 1917, a civil war erupted and lasted for three years. Once the war subsided with the 

Bolshevik's takeover, oil production stood at 14% of the pre-revolution production levels. 

(Sutulov, 1973) 

After the Alliance's victory in World War II, the Ex-Soviet Union (Ex-USSR)'s industrial output 

increased rapidly. The policy of Stalin to increase the Ex-USSR industry apparatus meant that 

the demand for energy resources increased rapidly, thus the capability of the energy resource 

industry increased likewise, this meant that exports increased as well. The Ex-USSR gained 

large parts of the world market share during the two OPEC oil crises. The exports of energy 

resources increased even further during the late 1970s and early 1980s, which was fueled by 

the second OPEC oil crisis (Gustafson, 1991). 

The Ex-USSR's rapid increase in its production capacity can be explained by its centralized 

style of economic management that did not rely on the laws of supply and demand 

characterizing a "market economy". The Ex-USSR's system was a "command economy", thus 

the decision could be made to increase production to capture larger market shares and it would 

be executed without a regard to its welfare implications. The central planning committee stated 

five year plans for production, which were binding. The Ex-USSR exported energy resources 

with a premium to countries in the west, owing to its status as the main supplier. This allowed 

it to earn much foreign exchange currency, therefore making the government to purchase 

products that was not available in the country (Radetzki, 1991). 
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The Ex-USSR's economic model was characterized by extensive growth, driven primarily by 

heavy state intervention in the form of public investment, especially within extractive 

industries. The legacy of the Ex-USSR system is still visible today as the Russian Federation's 

economic growth remains highly dependent on its resource wealth (Gaddy and Ickes, 2013). 

A negative trend in the GDP of the Russian Federation can be observed in Figure 2 for the time 

period of 1990-1998. This trend can be explained by falling energy resources prices since it can 

also be observed that both the value of exported and produced energy resources are decreasing 

in a similar manner. 

 

Figure 2: Indices of nominal GDP of the Russian Federation, total energy resources produced 

and total energy resources exported 1990-2014 by the Russian Federation. 

Source: Eurostat, World Bank 

However, additionally, the decrease in the GDP of the Russian Federation meant a decrease in 

domestic consumption of energy resources. Although the production of energy resources 

decreased as the GDP decreased, the reduction was disproportional in the sense that GDP 

decreased in a greater rate than production of energy resources. The decrease in consumption 

introduced new possibilities to increase exports towards new frontiers outside of the traditional 

trade patterns (Dobozi 1996). 

Figure 3 shows exports of oil, coal and natural gas to the EU key countries as a share the total 

domestic production of the Russian Federation. We can observe that in the beginning of our 
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time period (1990-2004) both crude oil and coal produced by the Russian Federation surged in 

their respective share of exports to our EU key countries as a share of total domestic production 

after which the growth of the share of crude oil started to decline meanwhile coal kept 

increasing at a reduced rate. Natural gas has remained stable at approximately 10% over the 

entire time period. 

 

Figure 3: European key country imports of energy resources produced by the Russian 

Federation as a share of total domestic energy resource production in the Russian Federation 

1990-2014. 

Source: Eurostat 

Furthermore, it can be observed in Figure 4 that since the fall of the Soviet Union in 1991, 

exports from the Russian Federation to the EU key countries has increased drastically. As will 

be discussed further in this thesis, it can be stated that the relationship between the Russian 

Federation and the EU key countries is one of interdependence, which developed around the 

time where GDP and demand for energy resources in the Soviet Union started to decline. Thus, 

it is of interest to illustrate that the energy resources exported by the Russian Federation is 

highly concentrated around the selected EU countries in the analysis (Figure 4). For example, 

we notice that the selected EU countries accounted for the totality of crude oil imports (100 

percent) into the EU in 2004. This comes after a sharp increase in imports between 1990 and 

2004. However, the trend has been decreasing since 2004 where the share of the key EU 

countries’ imports from the Russian Federation into the EU reached 65 percent in 2014. For 

natural gas, we notice that, historically, the key EU countries share in total EU imports from 
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the Russian Federation was at an already high level since 1990. The trend for the period 1990-

2014 is increasing, where it moved from 46 percent in 1990 to 62 percent in 2014. With respect 

to coal, we observe that the share was very low, but started to increase steadily after 1998 

onward. Between 1998 and 2014, the share of the key EU countries in total EU coal imports 

from the Russian Federation moved from 4 percent to 32 percent. 

 

Figure 4: Evolution of imports by the EU key countries from the Russian Federation energy 

commodity 1990-2014 (in million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

Sales of crude oil, natural gas, and coal accounted for 68% of the Russian Federation’s total 

export revenues in 2013. Revenues from crude oil and petroleum products exports were almost 

four times higher compared with revenues from export of natural gas. Crude oil exports alone 

were greater in value than the value of all coal and natural gas exports (Energy Information 

Agency [EIA, 2014], 2014). 

EU is the main receiver of most of the Russian Federation’s exports of crude oil, as well as 

virtually all exports of natural gas. Asia has begun receiving substantial volumes of crude oil 

and some liquefied natural gas (LNG) from The Russian Federation as a push by the 

government to diversify its sources of exports. (EIA, 2014) 

Although the Russian Federation exports less crude oil, coal and less natural gas than it 

consumes domestically, domestic sales of crude oil and natural gas are much lower in value 
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than exports because of vertical integration of the oil and natural gas industry and subsidized 

domestic prices. Many oil firms in the Russian Federation are vertically integrated, owning the 

entire supply chain from the oil fields to the refineries that process crude oil. These firms can 

sell crude oil directly to their own refineries at low prices. Domestic natural gas prices are also 

subsidized in a similar manner as the crude oil, forcing companies of the Russian Federation 

like Gazprom to use export revenue to fund investment in new infrastructure and projects. EIA 

estimates that domestic sales of natural gas and crude oil were about $20 billion in 2013 for the 

Russian Federation. (EIA, 2014) 

Oil and natural gas undertakings make up a great portion of the Russian Federation’s federal 

budget. According to the Ministry of Finance, 50% of the Russian Federation’s federal budget 

revenue in 2013 came from mineral extraction taxes and export customs duties on oil and 

natural gas (EIA, 2014). Hence, it can be stated that the Russian Federation is an economy 

increasingly dependent on the exports of energy resources, as observed in Figure 2. 

The sharp increase during the last decade in the index for the value of all energy resources 

exported can be explain by the fact that the Russian Federation is becoming more exports 

oriented. Thus, it can be stated that the Russian Federation is becoming a more energy resource 

dependent economy (Gaddy & Ickes, 2013). 

The Russian Federation has a real GDP of 1,677 billion US$ (2010 as base) (United States 

Department of Agriculture (USDA), 2015), with exports from the country dominated by energy 

resources owing to dynamics of domestic production and consumption. The consumption of 

energy in the Russian Federation reaches approximatly 602 Million tonnes oil equivilant (Mtoe) 

in 2014. However, total domestic production reaches 1,232 Mtoes. Thus, a large production 

surplus of coal, oil and natural gas is available, which explains the surge of exports to other 

countires. On aggregate, the Russian Federation produced 104% more energy resources then it 

consumed in 2014. Figure 5 presents the total production surplus for the three energy resources. 

It can be observed that the main resource avaible for export is crude oil at 392 Mtoe in 2014, 

followed by 153 Mtoe for natural gas. For coal, we observe that there was no significant 

production surplus observed from 1990 to 1999. From 2000 onwards, we start to observe the 

emergence of a production surplus, which increased steadily from 2003. This is explained by a 

number of factors, mainly the decline in domestic coal consumption in the Russian Federation. 
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Hence, the coal production surplus reached 86 Mtoe in 2014, of which a majority of is exported 

to the EU owing to declining domestic production in the latter.  

 

Figure 5: Surplus(+) and deficit(-) of energy resources in the Russian Federation 1990-2014  

(in million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

2.1.1. The Russian Federation Oil: Production, Prices and Trade 

A majority of oil produced in the Russian Federation originates from the West Siberia and the 

Urals-Volga regions. As of 2015, the total proven oil reserves were 80 billion barrels according 

to the Oil and Gas Journal (Oil & Gas Journal, 2014; EIA, 2015). 

In recent years, the Russian Federation has seen a large number of new projects being developed 

within the oil-extraction sector. However, numerous of these projects may in fact only offset 

declining outputs from aging fields. To help increasing the production capacity of the near 

future, the actors on the market have made use of advanced technologies and the application of 

improved recovery techniques. This is resulting in a slight increase in oil output from the 

already existing oil deposits, which helps increase their expected period of use (EIA, 2015).     

The Russian Federation has numerous oil grades. However, the main export grade is the Urals 

blend. This is a medium gravity sour crude blend, and is thus priced generally at a discount to 

Brent crude oil. There is also the Siberian Light crude, which is of a higher quality and would 

be more valuable if marketed on its own. However, due to limited infrastructure to transport 
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this blend and limited markets, it is often blended into the Urals blend (Annenkova, 2012). The 

wide availability of the Urals blend is one of the main reasons for the EU key countries large 

import quantities of crude oil produced by the Russian Federation. The production of the 

Russian Federation’s oil is dominated by large domestic firms. After the fall of the Soviet 

Union, the Russian Federation initially privatized its oil industry. However, the sector has 

gradually reverted to partial state control in recent years. During the 1990s, privately owned 

ventures and companies accounted for the growth in the sector. But during the 2000s, the 

Russian Federation’s oil industry was consolidated into fewer firms with more state control. 

The Russian Federation directly controls more than 50% of the largest firms involved in the 

countries oil production, which together with their shares of joint venture production, account 

for more than 75% of total oil production in the Russian Federation. In later years, smaller firms 

have generally had higher production growth than the five largest firms; nonetheless, these 

smaller firms could be less resilient to lower oil prices (Henderson, 2015). 

A vast majority of oil exports of the Russian Federation, 72% of roughly 7.3 million barrels per 

day (b/d) of petroleum and other liquids in 2014, was exported to EU key countries, mainly 

Germany, Netherlands, Belarus, and Poland. The Russian Federation is therefore very 

dependent on the EU’s consumption; though the EU is likewise dependent on the Russian 

Federation’s oil supply, with more than 30% of EU crude oil supplies in 2014 coming from the 

Russian Federation (EIA, 2015). 

When observing the movements of how the price of crude oil has developed over the chosen 

time period, it becomes evident that a sharp increase in the price of crude oil has occurred 

(Figure 6). This increase can be explained by the following: First, oil consumption in 

developing countries has risen sharply in recent years; while oil consumption in the OECD 

countries declined between 2000 and 2010. In developing countries, oil consumption increased 

more than 40%. China, India, and Saudi Arabia had the largest growth in oil consumption 

among the countries in the in developing countries during this period (EIA, 2016a). 

Rising oil consumption reflects rapid economic growth in these countries. Current and expected 

levels of economic growth heavily influence global oil demand and oil prices. Commercial and 

personal transportation activities, in particular, require large amounts of oil and are directly tied 

to economic conditions in these developing countries (EIA, 2016a). Many manufacturing 
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processes consume oil as fuel or use it as feedstock, and in some developing countries, oil 

remains an important fuel for power generation. Because of these uses, oil prices tend to rise 

when economic activity increases, which increases oil demand. Many developing countries are 

also experiencing rapid growth in population, which is an additional factor supporting strong 

oil consumption growth. (EIA, 2016a) 

Weather can also play a significant role in oil supply. Hurricanes in 2005, for example, shut 

down oil and natural gas production as well as refineries. Thus, petroleum product prices 

increased sharply as supplies to the market dropped which can be observed in Figure 6. Severe 

cold weather can strain markets as producers attempt to convert crude oil to supply enough of 

the product, such as heating oil, to consumers in a short amount of time, resulting in higher 

prices. Other events such as refinery outages or pipeline problems can restrict the flow of oil 

and products, driving up prices. However, the influence of these types of factors on oil prices 

tends to be relatively short lived. Once the problem subsides and oil and product flows return 

to normal, prices usually return to previous levels, thus resulting in a sharp fluctuation in the 

price. In addition, it is possible to observe a sharp increase in price up until the financial crisis 

where prices significantly dropped. Nevertheless, prices quickly recovered as demand in 

developing countries recovered. (EIA, 2016a .) 

 

Figure 6: International price of crude oil 1990-2014. (in $ per tonnes of oil equivalent (toe)) 

Source: Authors  
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Figure 7 shows the total production and consumption of crude oil in tonnes oil equivalent for 

the Russian Federation over the time period of 1990-2014. We observe that after the fall of the 

Soviet Union in the early 1990s, consumption has remained low, whilst production returned to 

previous levels. This allows the Russian Federation to maintain a large production surplus that 

could potentially be exported. 

 

Figure 7: Crude Oil production and consumption of the Russian Federation 1990-2014. (in 

million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

Figure 8 depicts the size of the surplus production as a share of total production for crude oil in 

the Russian Federation over the time period of 1990-2014. We observe that the production 

surplus has increased approximately 20% over the last 24 years, which means a higher potential 

for increased export levels as well. 
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Figure 8: Surplus of Crude Oil as a share of total Crude Oil production by the Russian 

Federation 1990-2014. 

Source: Authors  

2.1.2. The Russian Federation’s Coal: Production, Prices and Trade 

The Russian Federation is the world’s third-largest exporter of coal, and holds the world’s 

second largest recoverable coal reserves. In 2012, the Russian Federation produced 170 million 

tonnes oil equivalent of coal. The Russian Federation is the world’s sixth-largest coal producer 

in the world behind China, the United States, India, Indonesia, and Australia. Roughly 80% of 

the Russian Federation’s coal production is steam coal and 20% is coking coal, according to 

Eastern Bloc Research (Eastern Bloc Research, 2014a). Approximately 75% of the coal 

produced in the Russian Federation is consumed within the country and it plays a vital part of 

the energy consumption in the eastern parts of the Russian Federation where it is mined. 

Over 50% of the Russian Federation’s coal production originates from the Kuzbass basin, in 

the central Russian Federation. Coal produced in Kuzbass must be transported a long distance 

by rail, about 2,600 miles to reach The Russian Federation’s Baltic port of Ust-Luga, where the 

exports to European countries occurs (Carbon One, 2015). Due to the long overland transport, 

coal produced by the Russian Federation is facing an economic disadvantage with other sources 

of coal. Even so, in 2012, the Russian Federation was the third-largest coal exporting country 
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in the world, exporting roughly 1014 million tonnes oil equivalent both via sea and land. Over 

the past decade, the Russian Federation’s coal exports tripled and are expected to continue 

growing in the future. In the short term, coal exports of the Russian Federation are becoming 

more attractive in the EU and Asian markets owing to a weak ruble. Additionally, the Russian 

Federation’s coal-exporting ports and infrastructure is primarily located to serve either EU or 

Asian markets, and which most likely will exhibit an increase in demand for coal produced by 

the Russian Federation (EIA, 2015a). 

Global trade in energy commodities has been growing steadily over the last 21 years, where 

most of the growth stemmed from emerging and developing economies (e.g. China, India, 

South Africa, Brazil, etc.). Global trade of coal grew most dramatically from 2008 to 2013, 

driven by investments by many emerging economies in coal-fired electricity generation to 

ensure reliable, low-cost electricity access to support their industrial development and growing 

populations. This is so despite the reduction observed in OECD countries in terms of coal 

consumption in order to deliver on their pledge to cut fossil-fuel based GHG emissions. While 

the focus of energy and coal market analysis in the past decade has been on China, India is now 

emerging as a key consumer. India’s thermal coal imports have increased from almost zero in 

the 1990s to overtaking Japan as the world’s second largest importer in 2013. This helped fuel 

an increase in the price of coal from the beginning of the 2000s onward (Figure 9). 

  

                                                 
4 Converted tonnes hard coal (392tonnes) to (274,2toe) tonnes of oil equivalent with unit juggler; 

https://www.unitjuggler.com/convert-energy-from-tSKE-to-toe.html?val=392 
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Figure 9: International price of coal 1990-2014. (in $ per tonnes of oil equivalent (toe)) 

Source: Authors 

Domestically, the Russian Federation’s coal consumption is in steady decline since the 

beginning of the 1990s. Coal consumption fell dramatically during most of the 1990s. From 

1990 until 1998, it decreased by 45%. As for production, we observe a similar trend throughout 

the 1990s. Indeed, production declined by almost an identical rate, where it fell by 41% from 

1990 to 1998. However, the trend reversed from 1999 onwards. From 1999 to 2014, coal 

production in the Russian Federation increased by 51% owing to higher international prices 

fueled by increased demand as previously argued (Figure 10). 
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Figure 10: Coal production and consumption of the Russian Federation 1990-2014. (in 

million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

Figure 11 depicts the size of the surplus production as a share of total production for coal in the 

Russian Federation over the time period of 1990-2014. We are able to observe that the 

production surplus has surged during our time period, from a value of close to zero in the 

beginning of the time period to a surplus of 50% in 2014, the surplus comes mainly from a 

reduction of domestic consumption which has allowed the Russian Federation to increase its 

exports of coal. 
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Figure 11: Surplus of Coal as a share of total Coal production by the Russian Federation 

1990-2014. 

Source: Eurostat 

2.1.3. The Russian Federation Natural Gas: Production, Prices and Trade 

The Russian Federation is a key and strategic player in the international markets for natural gas. 

It the world’s largest reserves of natural gas and accounts for a quarter of the total proven 

reserves existing in the world, with a majority of the reserves located in western Siberia. Thus, 

it is the second-largest producer of dry natural gas in the world and the national natural gas 

industry is dominated by one firm, the state-run company Gazprom which accounted for 73% 

of total domestic output in 2013. Private companies are, nevertheless, gaining an ever more 

important role when it comes to increasing total production volumes. However, Gazprom's 

dominant upstream position is reinforced by its legal monopoly on pipeline gas exports. 

Although the bulk of the natural gas reserves held by the Russian Federation can be found in 

north-western Siberia, an increase in exploration of new regions in eastern Siberia has become 

more interesting for the gas industry. Increasing efforts are afoot to get the eastern fields into 

production in order to make the natural gas more accessible to the Asian markets. The 

government of the Russian Federation has implemented policies in order to reduce the 

widespread practice of natural gas flaring and to enforce gas utilization requirements for oil 

extraction. This resulted in a growing number of companies entering the natural gas sector, 

including oil companies. As a result, total output of natural gas increased in the Russian 

Federation. (Eastern Bloc Research, 2014b) 
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In 2014, almost 90% of natural gas exports from the Russian Federation were to customers in 

Europe via pipeline, with Germany, Turkey, Italy, Belarus, and Ukraine receiving the bulk of 

these volumes. The remainder was exported to Asian markets as Liquefied natural gas (LNG). 

Half of the Russian Federation’s exports to Europe are delivered via Ukraine. Furthermore, 

some countries within Europe, especially Finland, the Baltics, and much of Southeast Europe, 

receive almost all of their natural gas from the Russian Federation (BP, 2015). 

The majority of exports to the EU is delivered via pipelines. In 2013, the Russian Federation’s 

natural gas transportation system included more than 100,000 miles of high-pressure pipelines 

and 26 underground natural gas storage facilities. Many of these pipelines were constructed 

during the Soviet era and thus many have become sensitive to political intentions. Thus, 

Gazprom is investing heavily in new pipelines that avoid crossing Ukrainian territory. The 

Russian Federation has one single operating liquefied natural gas (LNG) export facility and the 

majority of the LNG has been contracted to Japanese and South Korean buyers under long-term 

supply agreements. (Gazprom, 2015) 

International gas pricing in Continental Europe began around 1990. Several trends began to 

appear which had not been anticipated either by governments or EU gas stakeholders. It was 

never intended or expected that natural gas would become such an important fuel in the EU 

energy balances. The Netherlands is an exception, where the discovery of the huge Groningen 

gas field meant that there was an incentive to use as much as possible the domestic energy 

source. Natural gas was deemed to be a “premium fuel”, which should only be used in high 

value sectors such as for residential heating and cooking, and industrial processes requiring a 

clean and controllable heat source. (Stern, 2014) 

Using gas for power generation was not only looked down upon, but largely prohibited by a 

1975 EU Directive with restrictions being lifted only in the early 1990s. From 1990 to 2005, 

EU gas demand expanded continuously due to a combination of factors. Firstly, natural gas 

took significant market shares from crude oil products, assisted by the almost continuous 

increase in oil prices during this period. Secondly, the failure of coal and nuclear power to 

expand to the extent anticipated in many countries, partly for environmental reasons, and partly 

due to cost and risk considerations that arouse about nuclear power. (Stern, 2014) 
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As gas expanded its market share, so the pricing logic which had been established in the market 

began to change. There was a move from long term contracts being negotiated individually, 

which was based on the weight and price to both short and long term contracts being negotiated 

in the late early 1990s based on the gas-hub prices. (Stern, 2014) 

During 2009-2010, the shale gas revolution in the United States and other countries (e.g. 

Canada and China) induced a sharp decline in natural gas prices. In 2009, there was an 

abundance of supplies which were no longer needed in North America, and thus large volumes 

of natural gas became available for Europe, exerting significant downward pressure on spot 

prices, which can be observed in Figure 12. This happened just at the time when financial crisis 

and recession had hit Europe and natural gas demand collapsed, briefly recovering in 2010 due 

to cold weather. But by 2012, the EU gas demand began decreasing again. (Stern, 2014) 

 

Figure 12: International price of natural gas 1990-2014. (in $ per tonnes of oil equivalent 

(toe)) 

Source: Eurostat 

The position of the Russian Federation is of particular importance because of the size of the 

natural gas supply available. Gazprom has been the most outspoken opponent of moving to 

hub-based prices. However, the introduction of gas-hubs has meant that if Gazprom refused to 

sell to their customers at market prices (gas-hubs prices), they would lose those customers to 

competitors. This left Gazprom two options: to lose market share or to sell at spot gas prices 

themselves in preference to long term contract gas. Thus, the gas pricing mechanism has moved 



 

23 

 

from differential prices before 1990s to one true price for each product in the 21th century 

(Stern, 2014). 

Because of “its green properties” and highly efficient application technologies, natural gas will 

remain the fuel of choice and will continue to make a growing contribution to energy supply in 

the EU. Natural gas can play an important role as a bridging fuel to a sustainable energy future 

over the coming decades. (Eurogas, 2007) 

When observing the natural gas production and consumption of the Russian Federation, in 

Figure 13, it can be observed that both production and consumption has remained essentially 

on the same level through the entire time period without any major fluctuations. The recession 

in Europe after 2008 proved to be longer and deeper than expected resulting in a large impact 

on energy and gas demand, particularly when combined with significant increases in renewable 

generating capacity in many countries. As a result, the Russian Federation’s production of 

natural gas exhibited a slight decline. However, it quickly recovered as political developments 

in North African countries resulting from the “Arab Spring” resulted in a reduction of supply 

of natural gas as the exports from Libya for most of 2011 was restricted (Figure 13). (Stern, 

2014) 

 

Figure 13: Natural gas production and consumption of the Russian Federation 1990-2014. (in 

million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 
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Historically, we notice that the surplus of natural gas, as measured by the share of excess supply 

in total domestic production in%, remained at levels around 30% for the entire time period 

(Figure 14). The movements of natural gas production in the 1990s tended to be correlated with 

the production of crude oil as natural gas often was a byproduct of crude oil production (Stern, 

2014). 

 

Figure 14: Surplus of natural gas as a share of total natural gas production by the Russian 

Federation 1990-2014. 

Source: Eurostat 

2.2. Fossil Energy in Europe 

Within the EU, seven countries account for 14% of imported energy resources. We will focus 

on these countries to represent the EU demand of energy resources. The included countries are: 

Austria, Finland, France, Germany, Italy, Netherlands and the United Kingdom. During 2013, 

imports of natural gas from the Russian Federation by the selected EU countries of interest 

accounted for 21% of the EU28's total imports of natural gas from the Russian Federation. For 

crude oil and coal, the Figures reach 14% and 20% respectively (Table 1). 

  



 

25 

 

Table 1: Imports of energy resources from the Russian Federation as a% share in total EU28 

imports for selected EU countries 

Country Natural Gas Crude Oil Coal 

Austria 1.47 0.70 7.87 

Finland 0.78 1.82 1.39 

France 2.07 1.20 1.23 

Germany 8.96 5.90 4.71 

Italy 6.29 1.95 1.65 

Netherlands 0.96 2.65 2.89 

United Kingdom 0.00 0.21 0.01 

Countries combined 20.55 14.42 19.75 

Source: Eurostat. 

2.2.1. Austria 

Austria had a real GDP (in 2010$) of 407 billion in 2014, (USDA, 2015). The Austrian energy 

consumption in 2012 was dominated by crude oil and petroleum products, which accounted for 

36% of total energy consumption. Renewable energy sources (RES) and natural gas accounted 

for 30% and 23% respectively. However, Austria committed to increase the share of renewable 

energy to 34% by 2020 (European Commission [EUC], 2014). 

The wholesale gas market in Austria had a high concentration of large suppliers in 2011. 

Furthermore, the wholesale gas market in particular was affected by significant price changes, 

which brought about major developments for the industry. New suppliers made use of the 

opportunity to enter the relatively high-priced retail gas, which led to a large spectrum of rates 

being made available. On the other hand, suppliers adapted their contracts with importers to 

reflect better actual market conditions, i.e. adjusting their prices to the short-term spot market. 

(EUC, 2014) 

The dependency on gas imports makes it essential for Austria to have cross-border transport 

capacity available to gas traders. In the past years, new entrants wanting to trade in the Austrian 

gas market faced congestions in the transmission system at the border with Germany, and 

therefore had limited access to transport capacity. Current developments of the gas network 

seek to coordinate with neighboring countries, especially with regard to the development of 

new gas sources from the Caspian Region as Austria seeks to establish its role as Market Area 

Manager. (EUC, 2014) 
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The latest survey regarding the security of gas supply for Austria concluded that suppliers fulfill 

the requirements of Regulation (EU). No 994/2010. Furthermore, it showed that is the storage 

capacity of 67.8 GWh covers about 90% of annual gas demand. (EUC, 2014) 

When observing the consumption of Austria it becomes evident that Austria has a large deficit 

of energy resources, approximatly 18.05 Mtoe was consumed in 2014.  Of these 18.05Mtoe’s 

only approximatly 11.08 % was produced domestically, thus large quanteties of coal, oil and 

natural gas has to be imported from other countires. Figure 15 presents Austria's aggregated 

deficit in the three energy resources. We notice that Austria had a aggregated deficit of 7.49 

Mtoe of crude oil, 5.51 Mtoe of natural gas and 3.05 Mtoe coal in 2014. 

 

Figure 15: Energy resource surplus (-) and deficit (+) of Austria 1990-2014. (in million tonnes 

of oil equivalent (Mtoe)) 

Source: Eurostat 

As our interest focuses on the dependency on imports from the Russian Federation, we will 

investigate the composition of Austria's sources of imports of the three energy commodities 

selected.  

Figure 16 displays Austria's five largest suppliers of crude oil during the time period, which 

accounted for 72% of total crude oil imports in 2014. The five largest suppliers are: Kazakhstan 

(33%), Libya (13%), Saudi Arabia (10%), the Russian Federation (8%) and Nigeria (8%). We 

notice that the share of each suppliers exhibits high volatility over time. This is generally the 
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case as energy imports depend on many factors that import demand (e.g. international prices, 

domestic supply and demand, etc.). With respect to the Russian Federation's share in Austria's 

total import of crude oil, we notice that over time, it fluctuated between 10% and 27%. The 

trend for the period under consideration seems to be one of decline, especially as Austria seems 

to be trying to cut its dependency on crude oil produced by the Russian Federation. For instance, 

this is exhibited by the surge of crude oil imports from Kazakhstan that started from 1996, with 

renewed vigor in 2003 onwards.   

 

Figure 16: Share of total imports from the five largest suppliers of Crude Oil to Austria 1990-

2014.  

Source: Eurostat 

Figure 17 illustrates the five largest suppliers of coal during the time period for Austria. We 

notice that in 2014, 83% of total coal imports by Austria were accounted for by the latter. These 

suppliers are: Poland (36%), Czech Republic (29%), United States (12%), Germany (5%) and 

the Russian Federation (1%). Additionally, we observe over time that the Russian Federation's 

share of imports into Austria remained low the entire time-period. 
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Figure 17: Share of total imports from the five largest suppliers of Coal to Austria 1990-2014.  

Source: Eurostat 

Figure 18 represents the evolution of the share of Austria's suppliers of natural gas by source. 

Three main suppliers dominate Austria's natural gas import market, which are: The Russian 

Federation, Norway, and a third category "Not specified" (or "others"). Historically, the Russian 

Federation was the sole supplier of natural gas to Austria. For instance, natural gas imports 

from the Russian Federation accounted for more 90% of Austria's total imports between 1990 

and 1995. However, the trend is one of decline over the time-period. Indeed, the Russian 

Federation share of imports decreased steadily from nearly 100% to 62% in 2013: whereas the 

share of Norway and the “Not specified” as suppliers increased. Nonetheless, we notice that 

from 2008 onwards, the trend is flat with the Russian Federation dominating the Austrian 

import market with 63%, followed by "Not specified" with 23% and Norway with 14%. 
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Figure 18: Share of total imports from the three largest suppliers of Natural Gas to Austria 

1990-2014. 

Source: Eurostat 

2.2.2. Finland 

Finland had a real GDP (in 2010$) of 246.96 billion in 2014 (USDA, 2015). Finland is highly 

dependent on imports when retrieving its energy resources. When observing the deficit of 

Finland in Figure 21, it becomes evident that Finland has a large deficit of energy resources. 

Approximatly 19.14 Mtoe was consumed in 2014, of these 19.14 Mtoe only approximatly 1.60 

% was produced domestically, thus large quantities of coal, oil and natural gas has to be 

imported from other countires. Finland’s electricity generation was 73.5 TWh in 2011, of which 

renewables, nuclear and fossil fuels each accounted for roughly 33% each. There was a 

significant decline of 9% in electricity generation from 2010. This can be explained by mild 

weather, the waning growth of manufacturing and higher hydropower imports from Norway 

and Sweden (EUC, 2014)  

At the present, Finland relies on electricity imports during peak demand periods. It will continue 

to be reliant until the nuclear power plant, Olkiluoto 3, is complete. It is expected that the 

demand for reserve and balancing power will increase in the medium term. (EUC, 2014)  

Finland is currently lacking a diversified supply of countries delivering natural gas, and further 

efforts in development of cross-border gas connection to diversify supply sources are being 

pushed for. The Finnish natural gas market is isolated, as it is only connected to the Russian 
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Federation. The Baltic Energy Market Interconnection Plan (BEMIP), launched by the 

Commission in 2008, examines the options of diversifying gas supplies in the region. The plan 

points out that the most efficient option is the development of the of LNG facilities together 

with the necessary interconnectors. (EUC, 2014) 

In terms of Finland’s energy dependency vis-à-vis import markets, we argue that the Russian 

Federation represents a strategic supplier, which is a finding reinforced when investigating the 

top suppliers of fossil energy to Finland. 

Figure 19 presents Finlands deficit of the three energy resources. It can be observed that the 

main resources suffering from a deficit is crude oil at approximatly 11.48 Mtoe in 2014, 

followed by 3.19 Mtoe of natural gas and 2.87Mtoe of coal. Over the time period crude oil has 

been the dominating energy resource deficit meanwhile both natural gas and coal have 

fluctuated on an equal level in the energy resource deficit. 

 

Figure 19: Energy resource surplus (-) and deficit (+) of Finland 1990-2014. (in million 

tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

Figure 20 exhibits the five largest suppliers of crude oil to Finland during the time period to 

interest. These suppliers are: The Russian Federation, Norway, Denmark, United Kingdom and 

Kazakhstan. We notice a substantial change in the composition and trend of Finnish crude oil 

import supply. For instance, and prior to 1991, the Russian Federation did not supply any crude 
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oil to Finland. Additionally, we observe that the trend is of decline from all the main suppliers, 

except for the Russian Federation. Indeed, imports of crude oil from the latter increased by 

1,174% from 1990 to 2014. In 2014, these suppliers supplied 98% of Finland’s total imports of 

crude oil, where the share by country was: The Russian Federation (76%), Norway (13%), 

Denmark (5%), United Kingdom (2%) and Kazakhstan (2%). 

 

Figure 20: Share of total imports from the five largest suppliers of Crude Oil to Finland 1990-

2014.  

Source: Eurostat 

With respect to coal, similar findings to the crude oil situation emerge (Figure 21). For the 

period under study, the main suppliers of coal to Finland were: Poland, the Russian Federation, 

Canada, the United States and Colombia. Similar to the crude oil situation, we notice that import 

supplies from all the main suppliers are in decline, except for the Russian Federation whose 

imports into Finland exhibit a significant surge as. In 2014, 92% of total coal imports by Finland 

were accounted for by the five largest suppliers. Their respective shares in Finland’s total coal 

imports were: The Russian Federation (66%), Canada (10%), the United States (10%), Poland 

(4%) and Colombia (2%). 
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Figure 21: Share of total imports from the five largest suppliers of Coal to Finland 1990-2014. 

Source: Eurostat 

For natural gas imports by Finland, the Russian Federation represents the sole supplier for the 

whole period under consideration (Figure 22). 

 

Figure 22: Share of total imports from the only supplier of Natural Gas to Finland 1990-2014. 

Source: Eurostat 
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2.2.3. France 

As of 2014, France’s real GDP reached 2,730 billion (in 2010$) (USDA, 2015). The countries 

from which France imports energy are diverse. With respect to the fossil energy commodities 

considered in the analysis, we notice that France suffers from a substantial domestic deficit, 

owing to reduced domestic production capacity. In 2014, domestic energy consumption reached 

98 Mtoe, of which 1% was covered by domestic supply.  

In France both the wholesale and retail electricity and gas markets continue to be highly 

concentrated. Despite improvements, especially for gas, regulated tariffs continue to prevent 

alternative suppliers from entering the retail and wholesale markets. Furthermore, at the present 

gas infrastructure is lacking in the ability to alleviate internal congestion between balancing 

zones and increase cross-border flows. (EUC, 2014) 

The structure of the national energy mix has remained relatively stable. Nuclear energy 

continues to hold the highest market share, approximately 43%, followed by oil products at 

32% and natural gas 14%. (EUC, 2014) 

France imports almost all its natural gas, a majority of imports 40.4% in 2013 came from 

Norway. The structure of the present market share of LNG is reflecting the low competitiveness 

of LNG prices, which decreased from 35% in 2011 to 18% in 2013. The market has traditionally 

been dominated by long-term import contracts linked to oil product prices. Despite historical 

dominance, these contracts decreased from 92% of overall imports in 2010 to 85% in 2013. In 

addition, renegotiation efforts of French gas importers resulted in more hub indexation within 

the price formula of long-term contracts. (EUC, 2014) 

France suffers from some interoperability limitations with other countries in north-western 

Europe, affecting the potential capacity of France to contribute to the security of supply of 

natural gas for both Germany and Belgium. (EUC, 2014) 

Figure 23 presents the deficit of France for the three main fossil fuels included in the analysis. 

We notice that the trend for crude oil and coal deficits are declining for the period; whereas it 

increases for natural gas. For crude oil, France’s deficit reached its peak by the end of the 1990s, 

where it moved from 71 Mtoe to 91 Mtoe between 1990 and 1998. From 1998 onwards, France 
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managed to substantially reduce its dependency on crude oil as showcased by a reduction in its 

deficit from 91 Mtoe in 1998 to 55 Mtoe in 2014. For coal, the deficit remained constant, with 

a flat trend over the whole period. However, the trend for natural gas seems to increase. The 

deficit moved from 23 Mtoe in 1990 to 33 Mtoe in 2014. 

When observing Figure 23, we can observe that the largest energy resources in the deficit of 

France is crude oil. However, it has a decreasing trend, meanwhile the defcit of natural gas is 

displaying a positive trend and the decifit of coal remains steady through the entire time period. 

 

Figure 23: Energy resource surplus (-) and deficit (+) of France 1990-2014. (in million tonnes 

of oil equivalent (Mtoe)) 

Source: Eurostat 

France’s imports from the Russian Federation are relatively small as a share of total energy 

resource imports, approximately 20%, however the energy resources still remain of interest. 

When observing the following Figures 24-26 it becomes clear that France, as stated earlier is 

highly diversified in its sources of imports, thus it is not highly dependent on the Russian 

Federation for its energy resources. Figure 24 displays the five largest suppliers of crude oil 

during the time period to France. We can be observed that in 2014, 42% of total crude oil 

imports by France were accounted for by these five largest suppliers. The five largest suppliers 

are; Saudi Arabia (21%), the Russian Federation (10%), Norway (8%), The United Kingdom 

(3%) and Iran which accounted for nearly 0%.  
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With respect to the Russian Federation's share in France’s total import of crude oil, we can 

observe that over time, it fluctuated between shares of 20% to 5%. The trend for the period 

under consideration seems to be one of a gentle positive trend where up until 2010 France 

increased its imports from the Russian Federation. However, 2010 onwards the share of imports 

from the Russian Federation has declined as France is reducing its dependency on the Russian 

Federation’s crude oil.  We notice that the share of each of the supplying countries fluctuates 

over time, which is to be expected due to the nature of energy imports explained earlier. We 

can conclude that France is diversified in the sources it imports crude oil. 

 

Figure 24: Share of total imports from the five largest suppliers of Crude Oil to France 1990-

2014. 

Source: Eurostat 

Figure 25 is illustrating the five largest suppliers of coal during the time period to France. It can 

be observed that in 2014, 85% of total coal imports by France was accounted for by the five 

largest suppliers. The five largest suppliers are; Australia (20%) of supplied coal, the Russian 

Federation (19%), South Africa (19%), United States (15%) and Colombia (12%). Additionally, 

we can observe that over time the Russian Federation share of imports is displaying a sharp 

positive trend, increased from levels of 3% to 19% as a share of total imports for the entire 

time-period. It can be concluded that France is diversified in the sources it imports Coal 

although the total share of coal imported from the Russian Federation has increase over the time 

period. 
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Figure 25: Share of total imports from the five largest suppliers of Coal to France 1990-2014.  

Source: Eurostat 

Figure 26 is illustrating the five largest suppliers of natural gas during the time period to France. 

It can be observed that in 2014, 83% of total natural gas imports by France was accounted for 

by the five largest suppliers. The five largest suppliers are; Norway (44%), the Russian 

Federation (13%), The Netherlands (13%), Algeria (11%) and Nigeria (2%). Additionally, we 

can observe that over time the Russian Federation’s share of imports has displayed a steadily 

decreasing trend from nearly 34% in the begging of the time period to 13% in 2014. Meanwhile 

Norway has accumulated larger shares of the total supply. 
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Figure 26: Share of total imports from the five largest suppliers of Natural Gas to France 

1990-2014. 

Source: Eurostat 

2.2.4. Germany 

Germany had a real GDP (in 2010$) of 3608 billion in 2014 (USDA, 2015).Germany is mainly 

consuming petroleum products, its proximity to the Russian Federation has meant that it is 

becoming more dependent on the Russian Federation in its imports when retrieving its energy 

resources. When observing the consumption and production of energy resources in Germany it 

becomes apparent that Germany has a has a large deficit due to lacking domestic production of 

the three energy resources, approximatly 253 Mtoe was consumed in 2014.  Of these 234 Mtoes 

approximatly 23.20 % was produced domestically, thus large quanteties of coal, oil and natural 

gas has to be imported from other countires.  

In Germany, high volumes of renewables are changing the way the electricity market in 

operates. The gross energy consumption in 2012 for Germany consisted mainly of crude oil and 

petroleum products (34%), solid fuels accounted (25%) and natural gas (21%). The share of 

renewable energy sources (RES) in overall energy consumption accounted for 10%. The 

quantity of RES has constantly increased over the last years and surpassed the share of nuclear 

energy in 2011, which decreased over the same period to 8%. (EUC, 2014) 

The gas production in Germany is in decline. In 2012, it decreased by 10% and imports 

increased by 9%. The imported volumes primarily came from the Russian Federation (45%), 
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the Netherlands (27%), and Norway (26%). Whilst the German gas market was initially 

fragmented into more than 20 market areas, there remain only two market areas currently: Net 

Connect Germany (NCG) and GasPool. There is one German gas exchange EGEX (European 

Gas Exchange GmbH). (EUC, 2014) 

Figure 27 presents the deficit of Germany for the three fossil energy resources. We observe that 

the main resource deficit was crude oil at approximatly 88 Mtoe in 2014, followed by 56 Mtoe 

of natural gas and 35 Mtoe of coal. We notice also that Germany started to diversify its 

consumption of energy resources with an increasing demand for coal and natural gas; whilst 

crude oil is decreasing, especially from 2005 onward.  

 

Figure 27: Energy resource surplus (-) and deficit (+) of Germany 1990-2014. (in million 

tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

The proximity of Germany to the Russian Federation makes it increasingly dependent on energy 

imports from the latter. When observing Germany’s imports from the Russian Federation, it 

becomes clear that Germany is becoming less diversified in its sources of imports. Figure 28 

exhibits the five largest suppliers of crude oil during the time period for Germany. In 2014, 

74% of total crude oil imports by Germany were accounted for by the five largest suppliers. 

The five largest suppliers are: The Russian Federation (34%), Norway (17%), the United 

Kingdom (11%), Nigeria (8%) and Libya (4%). We notice that the trends are decreasing for all 

suppliers, except for the Russian Federation. Between 1990 and 2014, the Russian Federation's 
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share in the German import market moved from 0% in 1990 to 34% in 2014. This suggests that 

Germany is experiencing an increasing dependency on the Russian Federation's supply. This is 

exhibited by the surge of crude oil imports which represents a substantial increase. 

 

Figure 28: Share of total imports from the five largest suppliers of Crude Oil to Germany 

1990-2014.  

Source: Eurostat 

Figure 29 displays the five largest suppliers of coal during the time period to Germany. We can 

observe that in 2014, the latter accounted for 73% of total coal imports by Germany. The five 

largest suppliers are: The Russian Federation (25%), the United States (19%), Colombia (13%), 

Poland (8%) and South Africa (8%). With respect to the evolution of the trends, we notice that 

the United States suffered from a negative trend meanwhile the other largest suppliers displayed 

positive trend though the time period.  
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Figure 29: Share of total imports from the five largest suppliers of Coal to Germany 1990-

2014.  

Source: Eurostat 

Figure 30 displays the historical five largest suppliers of natural gas to Germany during the time 

period 1990-2014. The latter accounted for 95% of total natural gas imports into Germany in 

2014. The share of the five largest suppliers in 2014 was: The Russian Federation (41%), the 

Netherlands (31%), Norway (23%), Denmark (0%) and the United Kingdom (0%). We notice 

that the trend evolution is slightly decreasing the Russian Federation and more pronounced for 

the Netherlands; whereas is exhibits an increase for Norway over the period. However, it 

remains clear that the Russian Federation enjoys a dominant position in the German import 

market for natural gas, as was the case for crude oil and coal. 
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Figure 30: Share of total imports from the five largest suppliers of Natural Gas to Germany 

1990-2014.  

Source: Eurostat 

From the previous analysis, we can conclude that the Russian Federation in recent years 

remained and/or became the main supplier of fossil energy resources to Germany. Through our 

historical investigation of key indicators, it has been shown that the Russian Federation enjoys 

a dominant position within the German import markets, which raises questions about the degree 

of dependency on the latter. 

2.2.5. Italy 

Italy had a real GDP of 2,149 billion US$ in 2014 (2010 as base) (USDA, 2015). In terms of 

energy consumption, natural gas represents the main source, followed by crude oil. Over the 

years, Italy has tried to keep its sources of energy imports diversified. The aggregate energy 

deficit, due to the imbalance between domestic production and consumption, was approximatly 

124 Mtoe in 2014. Approximately 10% of domestic energy consumption is covered by domestic 

productuin. In 2012, the energy mix in Italy's energy consumption was dominated by natural 

gas (38%) and crude oil (37%); whereas solid fuels (including coal) and renewables (14%). In 

recent years, there has been an increase in competition within the gas sector in Italy, which 

improved due to the successful unbundling of the transmission system operators and the 

implementation of new capacity allocation rules. However, security of supply at peak periods 

is limited due to inadequate flexibility in the Italian gas industry. Despite the excess of overall 

import capacity, Italy’s reserves at peak daily demand are rather tight. This is due to the high 
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share of residential consumption over the total demand, which reaches approximately 30%. 

Thus, it can be concluded that the daily demand is very sensitive to temperatures. Because of 

the high share of gas fired generation capacity, a shortage of gas may create flow problems in 

the electricity sector. This has resulted in Italy creating an emergency plan for the gas system 

which is based on reactivation of cold reserve oil plants and disconnection of industrial 

customers (EUC, 2014). 

Figure 31 disaggregates the energy deficit in Italy with respect to the three fossil energy 

resources included in the analysis. As previously argued, we notice that the trend in terms of 

usage deficit has been increasing for natural gas, decreasing for crude oil and relatively flat for 

coal. For instance, between 1990 and 2014, the latter moved from 25 Mtoe to 45 Mtoe for 

natural gas, 74 Mtoe to 54 Mtoe for crude oil, and 14 Mtoe to 13 Mtoe for coal. 

 

Figure 31: Energy resource surplus (-) and deficit (+) of Italy 1990-2014. (in million tonnes of 

oil equivalent (Mtoe)) 

Source: Eurostat 

Figure 32 displays the five largest suppliers of crude oil to Italy during the time period. In 2014, 

supply from the latter represented 48% of total crude oil imports by Italy. These suppliers are: 

the Russian Federation (16%), Iraq (12%), Saudi Arabia (11%), Libya (8%) and Iran (1%).  

Upon investigating we can witness that the share of each suppliers exhibits a protean volatility 

over time, we observe a decline in the share in Italian imports for Libya, Iran and Saudi Arabia; 
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whereas it is increasing for the Russian Federation and Iraq. Between 1990 and 2014, the shares 

for the Russian Federation increased sharply from 0% and 16%. 

 

Figure 32: Share of total imports from the five largest suppliers of Crude Oil to Italy 1990-

2014. 

Source: Eurostat 

With respect to coal, 72% of total coal imports by Italy were accounted for by the five largest 

suppliers (Figure 33). The latter are: The United States (25%), the Russian Federation (19%), 

Indonesia (17%), South Africa (8%) and Australia (3%). With regard to the evolution of the 

trend, we notice that the latter is of strong decline for the United States, minor decline for 

Australia and South Africa, and a marginal increase for the Russian Federation and Indonesia.  

Hence we can draw the conclusion that Italy has diversified its sources of coal supply during 

our chosen time period. 
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Figure 33: Share of total imports from the five largest suppliers of Coal to Italy 1990-2014. 

Source: Eurostat 

Figure 34 displays the five largest suppliers of natural gas to Italy during the time period. The 

latter, as of 2014, covered 84% of total natural gas imports to Italy. These suppliers are: the 

Russian Federation (43%), the Netherlands (12%), Algeria (12%), Libya (12%) and Norway 

(5%).  

Historically, the Italian import market for natural gas was dominated by the Russian Federation 

and Algeria. For the former, it is worthwhile noting that it experienced a downward trend from 

the 1990s onward and up until 2010. After which the share of the Russian Federation recovered 

to historical levels, however we are able to notice a minor negative trend after 2013. An 

important change that occurred within the Italian import market for natural gas is the entry of 

Norway in 2001 and subsequently of Libya in 2004which allowed Italy to diversify its imports.  
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Figure 34: Share of total imports from the five largest suppliers of Natural Gas to Italy 1990-

2014.  

Source: Eurostat 

2.2.6. Netherlands 

The Netherlands had a real GDP of 838,06 billion in 2014 US$(2010 as base) (USDA, 2015). 

As stated earlier the Netherlands is mainly consuming natural gas and crude oil is a near second. 

Over the years the Netherlands has been faily selfsufficient, however  over the last decade the 

Netherlands has begun importing larger quanteties of energy resources from other countries. 

Although an increased dependency of imports from other countries the netherlands consumed 

approximatly 93.01 Mtoes in 2014. Of these 93.01 Mtoes, approximately 55.90% was produced 

domestically.  

The energy consumption in 2012 of the Netherlands mainly consisted of fossil fuels, notably 

natural gas, crude oil and petroleum products, and to a lesser extent solid fuels. Renewable 

energy and nuclear energy were minor in the energy mix with shares of 4.3% and 1.2%, 

respectively. In 2011 the power generation mix reached 113 TWh, it consisted of gas-fired 

power generation with a share of 63.5% and by solid fuels reaching 18.9%, renewables 

represented 10.9% and other sources such as nuclear power only accounted for 3.6% (EUC, 

2014). 

The production and wholesale gas markets in the Netherlands are highly concentrated. This is 

due to the exploitation of the large Groningen field is being conducted by a single producer, the 
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Nederlandse Aardolie Maatschappij (NAM). All the gas produced by NAM is sold exclusively 

on the wholesale market by the trading company Gas Terra. (EUC, 2014) 

The gas market in the Netherlands is fully liberalized, however the market concentration at 

retail level remains high, as the three largest companies covered 81% of the retail market in 

2012. In December 2013, specific entry and exit tariffs for gas storages was introduced, as a 

measurement by the Dutch government in order to preparing itself for when more imports will 

be necessary, this is coupled with a strategy to become Europe’s ‘gas roundabout’, and diversify 

supply sources (LNG, countries of origin). (EUC, 2014) 

As stated earlier in this thesis the imports of the Netherlands are highly self-sufficient, however 

it is still of interest to know if the sources for energy resources that the Netherlands has to 

import is diversified or if they are highly dependent on one supplier. The Russian Federation 

have in the past decade come to have an ever increasing share of the total imports, 

approximately 17% for coal and 23% of oil was imported from the Russian Federation in 2014, 

interestingly the Netherlands has also since 2004 started to import natural gas from the Russian 

Federation, even though the Netherlands has had an surplus in domestic production of natural 

gas for our entire time period, in 2014 approximately 15 % of the amount of natural gas the 

Netherlands consumed was imported from the Russian Federation. Figure 35 presents the 

deficit of the Netherlands for the three energy resources, it can be observed that the main 

resources needed in the deficit was crude oil at approximately 46.06 Mtoe in 2014, followed by 

9.01 Mtoes, whilst a surplus of 14.05 Mtoes of natural gas was produced. It can also be observed 

that the Netherlands has a large surplus of natural gas for the entire time period, thus producing 

more than what is consumed every year. 
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Figure 35: Energy resource surplus (-) and deficit (+) of the Netherlands 1990-2014. (in 

million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

Figure 36 is illustrating the five largest suppliers of crude oil during the time period to The 

Netherlands. It can be observed that in 2014, 68% of total crude oil imports by The Netherlands 

were accounted for by the five largest suppliers. The five largest suppliers are; The Russian 

Federation (23%), Norway (18%), Saudi Arabia (11%), United Kingdom (9%) and Kuwait 

(7%). We are able to observe that for most countries supplying the Netherlands with crude oil 

there has been a fluctuating negative trend in the levels imported crude oil, however imports 

from the Russian Federation has surged from a share of 5% to 23% during the time-period. It 

can be concluded that The Netherlands is diversified in the sources it imports crude oil although 

the fact that the Russian Federation has taken an increasing share of total supplied imports in 

later years.   
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Figure 36: Share of total imports from the five largest suppliers of Crude Oil to the 

Netherlands 1990-2014.  

Source: Eurostat 

Figure 37 illustrates the five largest suppliers of coal during the time period to the Netherlands. 

It can be observed that in 2014, 96% of total coal imports by the Netherlands were accounted 

for by the five largest suppliers. The five largest suppliers are; Colombia (28%), The United 

States (24%), South Africa (21.5%), The Russian Federation (17%) and Australia (5.5%). We 

notice that the share of each suppliers exhibits varying degrees of volatility over time and that 

the share of the Russian Federation remained low up until 2003afterwhich it increased steadily 

to 17% as a share of total imports. It can be concluded that The Netherlands is diversified in the 

coal import sources. 
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Figure 37: Share of total imports from the five largest suppliers of Coal to the Netherlands 

1990-2014. 

Source: Eurostat 

Figure 38 displays the five largest suppliers of natural gas during the time period to the 

Netherlands. It can be observed that in 2014, 98% of total natural gas imports by The 

Netherlands were accounted for by the five largest suppliers. The five largest suppliers are; 

Norway (58%), The Russian Federation (22%), The United Kingdom (12%), Germany (4%) 

and Denmark (2%). Moreover, we observe over time period Norway remains the dominant 

supplier for the Netherlands and that the Russian Federation's share of total imports into the 

Netherlands remained on stable around 22% from 2004 after which it remained stable the entire 

time-period.   
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Figure 38: Share of total imports from the five largest suppliers of Natural Gas to the 

Netherlands 1990-2014.  

Source: Eurostat 

2.2.7. United Kingdom 

The United Kingdom’s real GDP reached 2,569 billion US$ in 2014 (USDA, 2015). Its main 

energy consumption comes from natural gas and crude oil. Over the years, the the United 

Kingdom has been faily selfsufficient in its crude oil production. However, over the last decade, 

the United Kingdom has begun importing larger quantities of energy resources from other 

countries.  Total energy consumption reached approximatly 150 Mtoe in 2014. Of these, 81 

Mtoes, approximatly 54%, was produced domestically.  

Energy consumption in the United Kingdom is largely based on fossil fuels and to a lesser 

extent on nuclear- and renewable energy. Total power generation reached 363.8 TWh in 2011, 

in which gas-fired power generation accounted for 40.2%, solid fuels 29.5% and renewables 

10.1% (EUC, 2014). 

In recent years, the natural gas production of the United Kingdom has been decreasing. In 2012, 

it declined by 14%, which led to increased reliance on imports from Norway, Continental 

Interconnections and/or LNG terminals. The wholesale gas market of the United Kingdom 

includes both over the counter (OTC) and exchange based trading. The National Balancing 

Point (NBP) is the virtual trading exchange for the natural gas of the United Kingdom. It is the 

most liquid gas trading point in Europe. The number of parties trading at NBP reached a total 
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of 222 licensed shippers, of which between 110 and 120 are usually active on a daily basis. 

Market concentration in the United Kingdom is low, with the largest market share of physical 

and traded activity below 8%. (EUC, 2014) 

The gas system of the United Kingdom is interconnected with Belgium, the Netherlands, as 

well as with Northern Ireland and Ireland to the west. The interconnector with Belgium (IUK) 

allows for gas flows in both directions. The BBL interconnector with the Netherlands has an 

import capacity, but does not allow physical reverse flow. (EUC, 2014) 

Figure 39 presents the deficit of the United Kingdom for the three energy resources, it can be 

observed that the largest of the deficits was the  natural gas deficit which reached 26.00 Mtoes 

in 2014, followed by 22.81 Mtoe of crude oil and 18.59 Mtoes of coal.  

 

Figure 39: Energy resource surplus (-) and deficit (+) of the United Kingdom 1990-2014. (in 

million tonnes of oil equivalent (Mtoe)) 

Source: Eurostat 

Figure 40 is illustrating the five largest suppliers of crude oil during the time period to the 

United Kingdom. It can be observed that in 2014, 81% of total crude oil imports by the United 

Kingdom was accounted for by the five largest suppliers. The five largest suppliers are; Norway 

(46%), Algeria (16%), Nigeria (12%), Saudi Arabia (4%) and the Russian Federation (3%). 

Furthermore, it can be observed that over time the Russian Federation share of imports 
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remained low during the time-period. It can be concluded that the United Kingdom is 

diversified in the sources it imports crude oil. 

 

Figure 40: Share of total imports from the five largest suppliers of Crude Oil to the United 

Kingdom 1990-2014. 

Source: Eurostat 

Figure 41 is illustrating the five largest suppliers of crude oil during the time period to the 

United Kingdom. It can be observed that in 2014, 94.3% of total coal imports by the United 

Kingdom were accounted for by the five largest suppliers. The five largest suppliers are; The 

Russian Federation (42%) of supplied coal, The United States (26%), Colombia (23%), 

Australia (3%) and South Africa (0,3%). We notice that the share of each supplier exhibits high 

volatility over the time period, with a declining trend for most of them. However, the share of 

the Russian Federation and Colombia exhibit an increasing trend. In the past decade, the 

Russian Federation consolidated its position as the major supplier of coal to the United 

Kingdom.  
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Figure 41: Share of total imports from the five largest suppliers of Coal to the United 

Kingdom 1990-2014.  

Source: Eurostat 

Figure 42 is illustrating the five largest suppliers of natural gas during the time period to The 

United Kingdom. It can be observed that in 2014, 56% of total natural gas imports by The 

United Kingdom were accounted for by the five largest suppliers. The five largest suppliers are; 

Algeria (24%), The Netherlands (15%), Qatar (15%), Norway (1%), Belgium (1%). We observe 

that the share of each supplier exhibits high volatility over our chosen time period and we are 

also able to note that the United Kingdom has up until 1997 barley imported any natural gas 

from the five largest suppliers.  In addition, it can be observed that over time-period, no imports 

of natural gas from the Russian Federation have been made. It can be concluded that The United 

Kingdom is diversified in the natural gas import sources. 
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Figure 42: Share of total imports from the five largest suppliers of Natural Gas to the United 

Kingdom 1990-2014.  

Source: Eurostat 

2.3. The Russian Federation and the EU relationship 

An increase in the availability of energy resources is, from an economic perspective, very 

positive for the consumer. This is due to the fact that an increase in the total extraction capacity 

of a specific energy resource means more supply, which results in falling energy resources 

prices. However, there is still a chance that energy resources become a political coercion. Due 

to the limited number of energy supply nodes (i.e. countries) and limited domestic production 

capacity, the risk of dependency for a country and/or region on one supplier opens up the 

possibility for the use of the resource as a tool of influence. In the EU context, the abundance 

of energy resources in the Russian Federation could both be of benefit for the EU consumers 

and a tool of influence for the Russian Federation over EU politics (Harsem and Harald Claes, 

2013). 

Evidence of this is provided by Müller-Kraenner (2008) which claims that “the Russian 

Federation’s leadership uses the country’s key role in supplying energy to Europe and East Asia 

to gain back influence in global politics that it lost when the Soviet Union collapsed”.  

The Russian Federation – EU energy relationship is a prominent illustration of the interaction 

between market forces and political interests. It is common that the relationship is perceived 

incorrectly as one of EU dependency on the Russian Federation. Nonetheless, and contrary to 
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conventional beliefs, it can be claimed that the relationship between the Russian Federation and 

the EU is a matter of interdependence. The asymmetry in the interdependence varies over time 

and the actors can influence it, creating economic and political dynamics in the interdependent 

relationship (Harsem and Harald Claes, 2013). 

Although every country would prefer to be energy-independent, the reality differs. States 

sometimes have to compensate the lack on energy resources with the use of other capabilities, 

such as human capital and technological expertise. In the modern world, energy resources have 

a noticeable role as they form the basis for almost all aspects of activity in society. This means 

that energy resources can be viewed as the key factor for potential wealth and power of any 

country. (Harsem and Harald Claes, 2013) 

A common belief that is often held in public debates is that energy-imports are unwelcome due 

to the dependency they create. Hence, many politicians propose import restrictions to achieve 

independence. But, this course of action is not realistic. Trade relations among developed 

countries are a matter of various degrees of symmetric or asymmetric interdependence. Energy-

importers are dependent on a secure and constant supply of energy resources, while energy-

resource exporters are in most cases highly dependent on income from their exports. Thus, the 

importance of the energy resource imported by one country has to be weighed against the 

importance or size of the payment for the energy exporting country (Fisher and Ury, 1981). 

Only under very specific circumstances can trade dependency yield political influence. In order 

for economic asymmetric interdependence to become a political instrument, the cost of the 

punishment has to exceed the cost of compliance. According to Armstrong (1981), three 

conditions must be fulfilled in order for economic asymmetric interdependence to become a 

political tool of influence: first, a large part of a country’s investment should be controlled by 

another country. The investments made by Gazprom in the EU gas market serve as a good 

example (Aalto, 2008; Light, 2008). Gazprom has been able to purchase EU-based companies, 

while law in the Russian Federation prohibits EU companies in having controlling stakes in 

companies located in the Russian Federation. Second, the resource dependent country should 

be unable to diversify its sources of supply. This problem becomes evident when we look at the 

gas-dependent EU, who is currently unable to properly diversify its gas import. Finally, “a 

desired political effect may occur without any threats or break in economic relations… 
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economic vulnerability is a powerful influence on the minds of decision maker of the dependent 

nations, inhibiting a policy shift which might otherwise occur” (Armstrong, 1981). 

Wagner (1988) argued that political concessions from one government to another must be 

compensated either politically or economically. However, this argument is faulty. This is 

because it fails to consider the relative importance of the traded commodity in question. When 

the commodity is of the highest importance to a country, and when the commodity in question 

is very hard to diversify, then compensation is not a necessary condition because the fear of a 

shutting off is an important factor to decision makers in recipient countries (Harsem & Harald 

Claes, 2013). 

Natural gas and oil can be characterized as a free resource (Smith, 2008), meaning income that 

does not dependent on taxing general economic activity. This makes it “unique” for decision-

makers in the Russian Federation, as they can use the revenues to simultaneously please the 

general population. Decision-makers in the Russian Federation pursue strategies that maximize 

their political influence as “they pursue energy development strategies that are politically 

rational, but not necessarily economically optimal (Luong and Weinthal, 2001:394).” From an 

economic perspective it is easy to see why the EU energy market is vital for the Russian 

Federation. The EU market is not only the largest in the world, but also consists of countries 

that are able to pay a good price for the energy resources. Additionally, Gazprom has acquired 

several EU companies that are involved in energy import; this is an effort to control both the 

supply and demand side of the gas market (Aalto, 2008). 

European Council on Foreign Relations (ECFR) has studied the differences among EU member 

states regarding their general foreign policy towards the Russian Federation. They found five 

distinct policy approaches (European Council on Foreign Relations, referred in (Harsem & 

Harald, 2013):  

 ‘Trojan Horses’ (Cyprus and Greece). who often defend interests of the Russian 

Federation in the EU system, and are willing to veto common EU positions;  
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 ‘Strategic Partners’ (France, Germany, Italy and Spain). who enjoy a ‘special 

relationship’ with the Russian Federation which occasionally undermines common EU 

policies;  

 ‘Friendly Pragmatists’ (Austria, Belgium, Bulgaria, Finland, Hungary, Luxembourg, 

Malta, Portugal, Slovakia and Slovenia). who maintain a close relationship with the 

Russian Federation and tend to put their business interests above political goals;  

 ‘Frosty Pragmatists’ (Czech Republic, Denmark, Estonia, Ireland, Latvia, the 

Netherlands, Romania, Sweden and the United Kingdom). who also focus on business 

interests but are less afraid than others to speak out against behavior of the Russian 

Federation on human rights or other issues; and  

 ‘New Cold Warriors’ (Lithuania and Poland) who have an overtly hostile relationship 

with Moscow and are willing to use the veto to block EU negotiations with the Russian 

Federation.”  

The saying; united we stand, divided we fall, could in some degree be applied to EU external 

energy relations. However, it is important not overstate the weaknesses of a divided Europe. 

With an uncoordinated foreign energy policy, the member states can pursue different strategies, 

follow various aims, and use different instruments in different external relations. This could be 

as well as effective and even produce superior results than a common external energy policy 

that would have had to be a compromise between the different interests of all the countries. 

(Harsem & Harald, 2013) 

When analyzing the Russian Federation–EU energy relationship, the concept of asymmetric 

interdependence provides a useful and accurate description. The Russian Federation exported 

approximately 50% of its gas to Europe, with limited opportunities to diversify its gas export 

(Light, 2008). European countries on the other hand, imported approximately an equal 

percentage of their total gas consumption from The Russian Federation the same year, thus 

making both parties dependent on each other and their relationship one of interdependence. 

Nonetheless, it must be stated that even though The Russian Federation is dependent on the 
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income from gas exports to the EU market, the EU gas consumers seems relatively more 

dependent on gas supplies from the Russian Federation. This is mainly because of gas being 

important commodity, which citizens rely upon in order to fulfill basic needs in a society and 

because gas in the short-run is almost impossible to substitute (Cameron, 2007). A possible 

shut-down in gas supply from the Russian Federation to EU will be very costly for the latter. 

When the Russian Federation temporarily suspended inflow of gas to Ukraine in January 2009, 

it became apparent how vulnerable certain EU countries are to disruption of their gas supply. 

A shut-down in gas supply from the Russian Federation would hurt certain EU countries harder 

than others, as the share of gas imports from the Russian Federation varies across the EU 

countries (Harsem & Harald, 2013). 

Thus, the costs of a conflict with the Russian Federation are unevenly distributed among the 

EU consumers, and consequently therefore the benefits from their potential compliance with 

political demands from the Russian Federation would vary between the different countries. But, 

while The Russian Federation is the major oil and gas supplier to many EU countries, EU 

countries combined, on the other hand, exports large quantities of services and goods to the 

Russian Federation, making the EU member states The Russian Federation’s most important 

trading partner. (Harsem and Harald Claes, 2013) 



 

59 

 

Chapter 3: Literature Review 

This chapter brings an overview of previous literature related to the purpose of this thesis. This 

overview contains of econometric studies focused on the estimation of import demand 

elasticities, also studies about the EU interdependency of the Russian Federation’s energy 

resources have been provided for a deeper understanding in the energy relationship. The chapter 

begins with a table presentation of the findings and ends with a summary of relevant literature. 

3.1. Previous literature 

In this subchapter Table 2 will be presented containing a presentation and short summary of 

each relevant study found during the research. The literature in the table contains of 

econometric studies about aggregate and disaggregated import elasticities and studies about the 

EU dependency of the Russian Federation’s energy resources. 

The presented econometric studies have been chosen mostly due to practical and methodical 

reasons since the econometric modeling of the import demand functions do not differ 

considerably between studies even if some have different purposes and outcomes. The most 

relevant articles are summarized in Section 3.2.1. 

The studies about the EU interdependency of the Russian Federation’s energy resources has 

been chosen in order to enhance the understanding of how the energy relations between these 

parts is functioning in form of imports.  
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Table 2: Overview of relevant literature 

Study Country Data Note Findings 

Altinay 

(2007). 

 

Turkey 1980-

2005 

Annual 

data 

Econometric  

Crude oil 

Import demand 

Elasticities 

Depending on the characteristics of the 

energy-resource, whether or not it is a 

final good, the model can use the price 

of the underlying good instead of 

energy prices. This makes the 

availability of data greater. 

Çevik 

(2001). 

 

Turkey 1989-

2000 

Quarterly 

data 

Econometric  

Capital and 

consumption goods 

Import demand 

Export supply 

cointegration 

The foreign trade development in 

Turkey is highly dependent on 

economic activity. The effects of 

exchange rate policy on imports and 

exports in the Turkish economy appear 

to be fairly limited. 

Farinelli 

et al., 

(2009). 

Brazil 

United 

States 

The 

Caribbean  

 Europe 

 Mexico 

Japan 

Nigeria 

1997-

2007 

Quarterly 

data  

Econometric  

Ethanol 

Import demand 

Price and income 

elasticities 

Ethanol imports were price elastic in 

the Caribbean, Mexico, Japan, and 

Nigeria. Price inelastic in the US and 

Europe. 

Gasoline/ethanol blends are important 

determinant in the import demand for 

ethanol. High correlation between 

variables such as world market price 

for oil and GDP. 

Fukumoto 

(2011). 

China 1988-

2005 

Annual 

data 

Econometric  

Disaggregate 

Import demand 

China 

Cointegration 

Cointegration between import of 

capital goods, GDP and aggregate 

investment. Intermediate goods have 

cointegration with exports, 

consumption goods with GDP and 

disposable income. 

Wang & 

Lee 

(2012). 

China 1992- 

2011 

Monthly 

data 

Econometric  

Import demand 

Global risk 

perception 

ARDL 

The domestic income found to have 

significantly positive effect on imports 

but the real effective exchange rate 

carries a negative coefficient which is 

in contrary to theory. 

Ziramba 

(2010). 

 

South 

Africa 

1980-

2006 

Annual 

data 

Econometric  

Crude oil 

Import demand 

Cointergration 

Long-run causality between real GDP 

and crude oil imports. Income and 

price was insignificant in the short run 

and significant in the long run 

Clune 

 (2014). 

Europe 

Russia 

N/A Discussion paper 

Energy sector 

Power dynamics 

Legal Challenges 

Energy trade flows 

Legal aspects and challenges for 

increased trade flows. Tactics that the 

Russian Federation and the EU may 

come to employ in regards to energy 

resources and consequences they 

would have on the trade of energy. 

Harsem 

& Harald 

Claes 

(2013). 

Europe 

Russia 

N/A Discussion paper 

Energy sector 

Energy relationship 

between Russia and 

EU 

The demand intensity for Russian gas 

varies among the EU members. Some 

EU members are highly dependent on 

the Russian energy. 
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3.1.1. Highly relevant papers 

Altinay (2007) estimated the short-run and long.-run elasticities of demand for crude oil in 

Turkey with an autoregressive distributed lag (ARDL) model and bounds testing for 

cointegration. The study focused on modeling a demand function for imported crude oil, using 

annual data in the time period of 1980-2005. The long-run elasticity parameters were estimated 

with the ARDL model whilst the short-run elasticities are estimated by the error correction 

model. The author tested two import demand models where one consisted of the real price and 

the other of nominal price for crude oil, followed by real gross domestic product and two 

dummy variables, one for the gulf war and one for the impact of an earthquake. The important 

findings in the study were that there is a significant long run cointegration relationship in the 

model with nominal price but not for the model with real price of crude oil. Also, depending on 

the characteristics of the energy-resource, whether or not it is a final good, the model can use 

the price of the underlying good instead of energy prices. This makes the availability of data 

greater. 

Another study relevant for both the import demand elasticities estimation is made by Çevik 

(2001). The purpose was to estimates the import demand and the export supply for Turkey with 

quarterly data during 1989-2000. He tested for cointegration with two approaches, the Engle-

Granger (1987) and the Johansen (1991). When the long-run relationship was found error 

correction models where specified for the export supply and the import demand equations. 

Where the import demand and export supply equations consisted of real domestic income, 

domestic price, import price and export price. The important findings in the study were a unique 

long run equilibrium relationship among real exports, real exchange rate and real gross domestic 

product. Also, a long run equilibrium among real imports, real exchange rate and real gross 

domestic product. The author concludes that the foreign trade development in Turkey is highly 

dependent on economic activity. 

One study highly relevant for the import demand elasticities estimation is Farinelli et al. (2009). 

The authors identified the economic factors that affect the demanded import for ethanol from 

Brazil to the United States, the Caribbean region, the EU region, Mexico, Japan and Nigeria. 

With the models they also derived the price and income elasticities of demanded import. 

Estimations of the demanded import models was attained by using ordinary least squares (OLS) 

with time series data from 1997-2007. The import demand model consisted of import price of 
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ethanol, real gross domestic product, real exchange rate, applied import tariffs and a time trend 

variable as a proxy for an omitted variable. The authors discovered that ethanol imports were 

price elastic in the Caribbean region, Mexico, Japan, and Nigeria. While it was price inelastic 

in the US and the EU region. Another important finding was that in the import model for Mexico 

the real gross domestic product and the world price for oil were highly correlated which led to 

multicollinearity. To avoid that issue they introduced only the import price for ethanol, real 

gross domestic product and real exchange rate in the import demand model for Mexico. 

Fukumoto (2011) wrote an article that estimates the disaggregated demand functions for 

imports in China with respect to the relative prices of import and relevant macroeconomic 

variables by using data collected from 1988 to 2005. The author has chosen to divide the goods 

into three classes of goods, which are capital goods, intermediate inputs, and final consumption 

goods. The author then tests the existence of cointegration among Chinas imports, relative 

prices and domestic macroeconomic variables with the bounds test. Finally, based on the test 

results the coefficients for the long-run and short-run are estimated by using an Autoregressive 

Distributed Lag (ARDL) approach. The Bounds test showed cointegration between import of 

capital goods, GDP and aggregate investment. Intermediate goods have cointegration with 

exports, consumption goods with GDP and disposable income. The conclusion was that when 

china switches from focusing on exports to creating a domestic demand they will be facing a 

faster decreasing trade surplus with respect to the relative price of imports and the other 

macroeconomic variables. 

Wang & Lee (2012) estimated the import demand elasticity for China using cointegration 

techniques and the autoregressive distributed lag (ARDL) method. The study focused on 

estimating the import demand elasticity for the time period January 1992- July 2011. The 

properties of variables were investigated by using three unit root tests the augumented Dickey 

Fuller test (ADF), Phillip-Perron test (PP) and the Kwitakowski et al. (1992, KPSS), which 

were followed by cointegration tests for long-run relationship by applying the Johansen, Engle 

and Granger and Philip Ouliaris cointegration test. The short run elasticities where estimated 

by differencing and including an error correction term to the model. The empirical results show 

that real imports are cointegrated with domestic economic activity, real effective exchange rate, 

and the perception of global risk.  
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The domestic income found to have significantly positive effect on imports but the real effective 

exchange rate carries a negative coefficient which is in contrary to theory. 

Another quite similar study to Altinay (2007) for the import demand elasticities estimation was 

the made by Ziramba (2010). Where the main objective of the paper was to develop and test an 

econometric model which can estimate the price and income elasticities of imported crude oil 

in South Africa during 1980-2006. The import demand equation consisted of real price of crude 

oil and real gross domestic product. A Johansen cointegration multivariate analysis was carried 

out to determine the long-run income and price elasticities. The short-run elasticities are 

estimated by specifying a general error correction model. What the authors discovered was that 

in the short-run both income and price are statistically insignificant in explaining the quantity 

of imported crude oil. However, evidence found a unidirectional long-run causality between 

real GDP and crude oil imports. The results indicate that imported crude oil is a normal good 

since it increases with income. The magnitude of the long-run income elasticity estimate was 

within the range of previous oil demand studies in other countries. 

3.1.2. Other papers related to the subject 

These other studies are not econometric studies, but are the form of discussion papers relating 

to the EU interdependency of the Russian Federation’s energy resources. These studies are 

presented in this subchapter since they provide research and information to the analysis of the 

data and the estimated elasticities. 

Clune (2014) wrote an article with the purpose to address the EU attempts to secure future flows 

of energy resources as well as current events that have threatened the flow of these resources. 

In the conclusion there are some possible eventualities for the Russian Federation–EU natural 

gas trade. One scenario is that the EU will continue to challenge the most egregious of 

Gazprom’s anticompetitive business practices while Gazprom will continue to innovate new 

ways of extorting enough profits from the EU to keep Gazprom profitable. Second scenario is 

that the EU may prevail and force changes to Gazprom’s business practices. Finally, the EU 

could find another fuel supplier that would meet its standards and offer fuel in a competitive 

market. One option for this would be Middle Eastern and Central Asian countries which require 

pipeline construction to begin a large scale trade. 
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Harsem & Harald Claes (2013) explores and discusses the interdependent energy relationship 

between the Russian Federation and the EU. They explain their viewpoints on the political 

aspects of trade relations and how the Russian Federation has the current energy-based 

influence power. Furthermore, they investigate how the EU could compensate for the lack in 

energy production and power on the market with its trade related capabilities. From this study 

many conclusions were drawn:  The first one is that, by stating that the demand intensity for 

gas produced by the Russian Federation varies among the EU members. Secondly the “Russians 

energy weapon” is conditioned on the fragmented EU foreign energy policy and the EU’s 

different attitudes towards the Russian Federation. Also that some certain EU members are 

highly dependent on the Russian Federation’s energy and there is also a chance that others could 

profit from a bilateral energy relation. 

3.2. Conclusions based on the literature overview 

When analyzing the previous literature several conclusions can be drawn concerning the studies 

about estimating import demand elasticities. Firstly, the majority have been calculating the 

elasticities with dynamic approaches to determine the long and short run elasticities for a 

commodity (e.g. Wang & Lee, 2012; Fukumoto, 2011; Çevik, 2001; Ziramba, 2010 and 

Altinay, 2007). The data used in these studies reaches from monthly to yearly data, where the 

quarterly and monthly data seems to have less econometric issues to correct from due to the 

amount of observations. Only one of the studies uses static models Farinelli et al. (2009), where 

the study used annual data and ordinary least squares (OLS) approach for estimating the 

elasticity.  

Due to the lack of available data observations and the time schedule for this thesis, the ordinary 

least squares (OLS) approach will be used for estimating the elasticities. The advantage of using 

a static model is that it includes fewer steps in the determining process than dynamic model. 

But with the disadvantages of not including the long and short run effects in the model. 

Therefore, the study from Farinelli et al. (2009) can be considered to be the most relevant and 

suited for the purpose of this thesis. Also keep in mind the numerous econometrical issues that 

can occur when using time series data such as autocorrelation and multicollinearity. To detect 

autocorrelation the previous literature has used the Durbin Watson statistics and Breusch-

Godfrey LM test. The multicollinearity issue for Farinelli et al. (2009) was solved by using a 

correlogram to detect the multicollinearity and correcting by eliminating one of the highly 
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correlated variables. Since Farinelli et al. (2009) found correlation between the price for oil and 

real gross domestic product it is wise to check for multicollinearity as this thesis is uses the 

same kind of variables. 

To make sure that the regressions do not have spurious results in the analysis a good alternative 

is to apply unit root test. These tests are used to detect if variables have a unit root, also known 

as a sign for non-stationarity. In the literature review, it is noticed that this is an investigation 

technique that is used in the majority of studies that search for a long run cointegration 

relationship between variables (e.g. Wang & Lee, (2012; Fukumoto, 2011; Çevik, 2001; 

Ziramba, 2010 and Altinay, 2007). Wang & Lee (2012) uses three unit root tests: the augmented 

Dickey-Fuller test (ADF), Phillip-Perron test (PP) and the Kwitakowski et al. (1992, KPSS); 

whereas Çevik (2001) used the ADF-test and Fukumoto (2011) the PP-test. According to 

Kwiatkowski et al. (1992), the KPSS test is a good compliment to both the ADF-test and the 

PP-test. The use of more than one test is common practice in the recent literature as it increases 

the level of result reliabilitynon-stationary. Spurious results in time series analysis is a usual 

occurrence and that is why this thesis is will perform these three tests to make a reliable 

conclusion and see if the test results differ. 

Despite the use dynamic approaches that have been used in previous studies such as Wang & 

Lee (2012), Fukumoto (2011), Çevik (2001), Ziramba (2010) and Altinay (2007), the variables 

used for estimating the import demand elasticities have been quite similar as the static model 

studies. The latter usually involve a price variable in the form of real price, nominal price or 

import price; an income variable in form of real gross domestic product and dummy variables 

for catching certain changes if desired. These studies provide a good base of which variables to 

use in the import demand models for this thesis. Additionally, a positive coefficient should be 

expected from the gross domestic income elasticity while, a negative price elasticity should be 

expected for the price variable according to the previous literature. 

One important conclusion is that the majority of studies focusing on an energy commodity 

identified as a perfect substitute on the world market. This implies that a produced commodity 

like crude oil is perceived as homogeneous irrespective of where it is produced. Another 

important note is that Altinay (2007) had a solution for a potential data problem that can occur 

during the data search for this thesis. If the commodity price data is hard to find, whether or not 
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it is a final good, a solution is use the price of the underlying good instead of energy price in 

the model.  

The studies presented in the Section ’’Other papers related to the subject” are discussion papers 

considered to be important when studying the interdependency between the EU and the Russian 

Federation Harsem and Harald Claes (2013) state that the demand intensity for gas produced 

by the Russian Federation varies among the EU members, with some members exhibiting high 

dependency on the energy produced by the Russian Federation. This finding supports the choice 

of a disaggregated analysis of import demand as adopted in the present analysis. This would 

also imply that the price and income elasticities will differ between the EU key countries and 

the traded commodities as well. Clune (2014) mentioned three possible eventualities that can 

occur in the future for the natural gas trade between the Russian Federation and the EU; of 

which a scenario suggesting that the EU may prevail and force changes to Gazprom’s business 

practices. This is not an impossible outcome, especially if the EU uses its status of primary 

importer of energy resources to leverage concessions and/or better terms of exchange. 
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Chapter 4: Econometric Modelling 

This chapter contains a presentation of the approach for the modeling of the import demand 

function. Subsequently, we discuss the econometric issues that usually occur when analyzing 

and regressing time series data. 

4.1. Theoretical Framework 

The thesis is based upon neoclassical demand and supply theory. This will be implemented in 

import theory about international trade with energy resources. The selected EU countries will 

be viewed as the consumer (importer) and the Russian Federation will be considered as the 

producer (exporter) in the trade relationship.  Based on the models produced, there will be an 

estimation of the import demand elasticities with the use of OLS regression analysis.    

4.2. Import Demand 

When examining international trade, it is important to understand the underlying factors 

affecting import demand. Thus, the classical demand theory will briefly be explained in this 

introduction by discussing the main determinant of demand for a product. When examining 

demand, it is assumed that consumers are subject to a budget constraint subject to which they 

try to maximize their utility. Thus, it is reasonable to assume that if the price of a good is at a 

high level, the consumer will economize and reduce the quantity purchased; and vice versa at 

a low price level. One of the major factors affecting the consumer’s behavior is income. If the 

income increases, the consumption of goods will increase as well. In microeconomic theory, 

key parameters capture this relationship between demand for a commodity and its price on one 

hand, and income on the other hand. These parameters are referred to as the price elasticity 

demand and the income elasticity, and capture the degree to which consumers' demand is 

responsive to changes in price and income levels. 

The same insight driven from the microeconomics foundations of consumer theory can be 

applied when arguing from the perspective of countries. Hence, it is safe to assume that demand 

for commodities by importing countries (i.e. consumer) will likely be governed by the same 

mechanism, including energy commodities. Other factors, such as climate change policies, have 
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also become a significant factor when studying the consumption of energy resources. For 

instance, emission taxes and/or subsidies can substantially alter the behavior of demand for 

energy resources. 

Therefore, the question of interest in our analysis is: how responsive is quantity demanded of 

imported energy commodities to a change in international prices? As argued previously, to 

answer this question, we purport to estimate the elasticity parameters (i.e. price and income 

elasticities) at the country level as it provides useful information how much change in quantity 

demanded results from a one unit increase in price and/or income (Pugel, 2009). 

4.3. Theoretical Model 

When constructing models which has to account for time-series of imports and their patterns, 

one has to define what type of good that is being traded. When it comes to the empirical 

literature on trade, there are two general models that are dominating the field. These are the 

perfect substitute model and the imperfect substitute model developed by Goldstein and Khan 

(1985). Once the good has been defined, an import model can be constructed in accordance 

with either of the models.   

When deciding what import model fits the energy resources oil, coal and natural gas, one can 

keep in mind one of the stated reasons why to choose the perfect substitute model:  

Despite many man-made impediments to arbitrage such as tariffs, quotas, and special 

preferential trading relationships, there is no denying that there are homogeneous commodities 

(wheat, copper, sugar, etc.) that are traded on organized international commodity markets at a 

common price (net of transportation and interest costs and expressed in terms of a common 

currency). For such ‘‘standard’’ commodities, a framework is needed where demands and 

supplies do not depend on price differentials between domestic and foreign goods (Goldstein 

and Khan, 1985, pp 1050).  

Thus, it is sensible that import demand equations for the three energy resources, coal, oil and 

natural gas shall be based on the theoretical framework of the perfect substitute model produced 

by Goldstein and Khan (1985). 

As the EUs import relationship with the Russian Federation is being analyzed in isolation from 

the influence of other countries, it is the energy resources produced by the Russian Federation 

which are of interest. The kind of oil blends and coals produced by the Russian Federation are 
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few, approximately three qualities of each commodity. Moreover, the country is lacking 

infrastructure to diversify the oil blends and coals being exported. The result of this is that many 

oils are mixed into one blend, the Urals blend. This blend is sold at a discount to Brent oil. The 

coals exported are 80 percent steam coal and 20 percent coking. Thus, it is reasonable to 

aggregate the values of coal exports and interpret each energy resource as a homogenous good. 

Whilst using Brent Oil as a proxy variable for the Urals blend due to lack of price data or the 

chosen time-period, by doing this the commodities can be interpreted to be sold at an aggregated 

world price. 

Therefore, it can be stated that in the thesis, no difference is made between the different 

commodities in the energy resource definition and the energy resources of the Russian 

Federation are mentioned in an aggregated term of coal, oil and natural gas. There are several 

varying qualities of both coal and oil, however due to the purpose of the imports of the 

commodities being of an intermediate input. In other words, the main purpose of the energy 

resources are to be an input in the production energy, then it can be stated that the quality of the 

energy resource is not as significant factor as if they were to be imported for an end use purpose. 

A further consideration to add to the previous argument is that the EU countries are unable to 

produce energy resources to meet their own demand. Hence, they rely on imports to fulfill the 

demand. Nonetheless, as other supplies of energy resources are limited, EU countries have to 

make do with what is available to them. If large quantities of oil or coal with lower qualities 

produced by the Russian Federation are available, then the resources will still be highly desired 

as they are essential to meet energy demand. This implies that the commodities are of a 

homogenous nature for the consumer. Therefore, a case can be made for analyzing the 

aggregated level of price and quantity for the kinds of energy resources with varying quality. 

Hence the perfect substitute model is considered to be applicable in this case.   

The demand side of perfect substitute model is based on three observations: Firstly, the import 

demand represents the excess demand that each importing country cannot fulfill on its own. 

Secondly, the perfect substitutes model assumes all prices are expressed in a common currency 

(US$) and there is only one common good price in the model. The implications of this are that 

one does not take in to account tariffs and/or cost insurance and freight (CIF). Furthermore, the 
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price will represent a world market spot price, which is determined by interaction between 

world market supply and demand. The ramifications of this is that country (i) can only affect 

the world market price of the energy resource to the extent it has an impact on either global 

supply or demand of the commodity (Goldstein and Khan, 1985).    

Goldstein and Khan (1985) show that “A third noteworthy feature of the perfect substitutes 

model is that it yields several implications for inter-country differences in price elasticities of 

import demand that do not emerge from the imperfect substitutes model”(p1052). 

The EU countries import demand functions from the Russian Federation energy resources are 

being derived from a consumer utility maximization problem. The consumer can be observed 

to maximize utility, subject to a budget constraint (Snyder and Nicholson 2012).  

4.3.1. Import demand model 

Based on Goldstein and Khan (1985), our import demand function is defined as: 

𝐷𝑖.𝑗,𝑡
𝑀 = 𝑓(𝑌𝑖,𝑡, 𝑃𝑗,𝑡)                                 (1). 

Where (𝐷𝑀) represents the import demand in country i for energy commodity j in toe in year t, 

(Y𝑖,𝑡 ) real domestic incomes in US$ for country i in year t, (𝑃𝑗,𝑡) is the world spot market price 

for energy commodity j in US$. Empirical implementations; All prices are expressed in a 

common currency, the U.S. dollar. The dollar is used in order to account for historical currency 

substitution and facilitates the data manipulations for EU countries. In order for equation (1) 

and (2) to be possible to implement the use of certain proxy variables has to be conducted. Real 

gross domestic product (GDP) will be used as a proxy variable that represents domestic income. 

All energy resources will be defined as million tonnes oil equivalent (Mtoe) in order to allow 

for an easy comparison between respective resources. 
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The EU key countries import demand equation can be functionally expressed as:   

𝐷𝑖.𝑗,𝑡
𝑀 = 𝛽0 + 𝛽1𝑌𝑖,𝑗,𝑡 − 𝛽2𝑃𝑗,𝑡 + 𝜀𝑖.𝑡                                                    (2) 

where 

𝜀𝑖.𝑡 =   𝐸𝑟𝑟𝑜𝑟 𝑡𝑒𝑟𝑚 𝑓𝑜𝑟 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 (𝑖) 𝑎𝑛𝑑 𝑡𝑖𝑚𝑒 (𝑡). 

𝑖 =  𝑥 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐸𝑈 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠, 𝑖 =  1 … 7  

𝑗 =  𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑖𝑒𝑠, 𝑗 =  𝑜𝑖𝑙, 𝑔𝑎𝑠, 𝑎𝑛𝑑 𝑐𝑜𝑎𝑙  

𝑡 =   𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑡𝑖𝑚𝑒 𝑠𝑒𝑟𝑖𝑒𝑠, 𝑡 = 1 … 24 

The import demand equation consists of the coefficients 𝛽0 defining an intercept,  𝛽1 is the real 

income elasticity of import demand for country i expressed in US$, and 𝛽2 is the real price 

elasticity of import demand for oil, coal and natural gas for country i expressed in US$. 

The import demand equation implies that import increases as the domestic purchasing power 

increases (GDP). On the other hand, when prices increase, demand for imports decreases. From 

equation (2), we expect 𝛽1 to be a positive coefficient and 𝛽2 to be a negative coefficient 

according to economic theory. 

4.4. Elasticities 

According to Dougherty (2011), assume that a model is nonlinear in its parameters as well as 

variables, like the function below: 

𝑌 =  𝛽1𝑋𝛽2 

Regardless of the mathematical relationship connecting Y and X, the elasticity of Y with respect 

to X is defined to be the proportional change in Y for a given proportional change in X: 

𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 =
𝑑𝑌/𝑌

𝑑𝑋/𝑋
 

In order to estimate the elasticities in such a model it needs to be transformed into a log linear 

model, also known as a logarithmic model: 
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𝑙𝑜𝑔 𝑌 = 𝑙𝑜𝑔𝛽1 +  𝛽2 𝑙𝑜𝑔𝑋 

In theory there are three different measures of the elasticity. When the demand for certain good 

is defined as elastic the value of the elasticity is higher than -1, if the value is -1 it is defined as 

unit elastic. When the value is lower than the value -1 it is defined as an inelastic demand. 

(Dougherty, 2011) 

4.4.1. Price elasticity of demand 

Consumers of a certain good often need more time to notice and give a response in their 

consumption when the price changes. This is usually explained by assuming that the demand 

for the good may be inelastic. But in the long run, consumers have had the time to respond to 

the price change and change their consumption. (Mankiw, 2004) 

4.5. Analyzing time series data 

Time series analysis consists of various methods, which are often used for e.g. forecasting with 

time series. This is done in order to obtain useful statistics and an increased understanding of 

the underlying data. Two of the most basic methodologies are the univariate and the 

multivariate time series analysis. (Horváth, 2003) 

In a univariate time series analysis, the independent variable is a function of its own past values, 

random shocks, seasonal dummies and time. A common approach when modeling a univariate 

time series is to use the autoregressive (AR) process. The AR model is a linear regression of 

the time series, hence it includes the current and previous values. The univariate time series 

analysis can be used for among other things forecasting and descriptive analysis. Although, 

according to economic theory, there are a comprehensive number of factors the might affects 

the variable of interest. (Horváth, 2003) 

The other type of analysis is the multivariate time series analysis that expands the ideas from 

the univariate time series analysis by using more than one time series variable. In a multivariate 

time series analysis, the dependent variable is determined by its past values, random shocks and 

explicitly formulated exogenous variables. By using more variables in the analysis, the 

interactions and comovements within a group of variables can be explained. A common 

approach used when introducing other stationary series into the regression is to use a vector 

autoregressive process (VAR). Since it expands the autoregressive (AR) processes by 
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implementing previous values from the added time series variables into the new process. 

(Horváth, 2003) 

In time series analysis, it is important to know that the data may contain different internal 

structures such as trends, variation between seasons, autocorrelation etc.. These factors change 

the behavior of a time series variable and should be taken into account in the procedure of a 

time series analysis. (Natrella, 2012) 

In the later years, it has been concluded that a successful econometric model should capture the 

dynamics and the behavioral relationships between variables. When estimating OLS regression 

from time series data, there are certain problems that often occur, such as the non-stationarity 

problem.  This is due to the fact that when estimating with time series, it is assumed that the 

time series are stationary. This problem, if not corrected for, can lead to biased econometric 

estimates for the parameters of the model and how it is interpreted. Other common problems 

are: autocorrelation and multicollinearity. These are explained further in Sections 4.6. and 4.7. 

(Dougherty, 2011) 

4.6. Autocorrelation 

Autocorrelation occurs when using time series data to estimate econometric models. It occurs 

when the disturbance term (𝑢𝑖) in a model is influenced by variables which affect the dependent 

variable and are not functionally included in the constructed regression model. So, if the (𝑢𝑖) in 

any of the observations needs to be independent of its past values, then any variable which is 

collected by the disturbance term needs to be uncorrelated with its past value. (Dougherty, 

2011) 

In an equation the excluded variables’ effects need to be summed up by the disturbance term. 

First, they can have a net positive effect, which affects the disturbance term to have a positive 

value. If these variables then change in a slow phase, their effects will still be positive in their 

aggregation in the disturbance term until the balance is once again restored and the disturbance 

term value becomes negative. This can also go the other way around which makes the 

disturbance term to be negative for a while. What’s most important to know is that the smaller 

the interval between observations, the bigger is the risk for autocorrelation and the longer the 

smaller risk. (Dougherty, 2011) 
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First-order autoregressive autocorrelation (AR1) is when the random variable 𝜀𝑡 in the 

disturbance term 𝑢𝑡 is independent of all past observation in the time series.  

𝑌𝑡 = 𝛽1 + 𝛽2𝑋𝑡 + 𝑢𝑡  

𝑢𝑡 = 𝜌𝑢𝑡−1 + 𝜀𝑡 

This is called autoregressive because of the disturbance term is estimated through some lag 

values of itself and the randomness variable. The term first-order explains that 𝑢𝑡 only depends 

on its past value and the randomness. The consequences of autocorrelation for an OLS 

regression is that the coefficients will be biased, but the regression will not be efficient in the 

form of estimators. Also, that the standard errors are inaccurately estimated. (Dougherty, 2011) 

4.6.1. Durbin Watson test 

One test that can be applied to identify first-order autoregressive autocorrelation is the Durbin-

Watson test. This test is based on the Durbin-Watson d statistic calculated from the residuals 

using the expression: 

𝐴 =
∑ (𝑒𝑡 − 𝑒𝑡−1).2𝑇

𝑡=2

∑ 𝑒𝑡
2𝑇

𝑡=1

 

In large samples it can be shown that 𝑑 → 2 − 2𝜌, if there is no autocorrelation in the regression 

the correlation coefficient 𝜌 = 0 and 𝑑 should be close to 2, this is known as the null hypothesis. 

The alternative hypothesis implies that if there is positive autocorrelation, 𝑑 should be greater 

than 2. The Durbin-Watson test assumes that 𝜌 lies in the interval −1 < 𝜌 < 1 and that 𝑑 lies 

between 4 and 0. (Dougherty, 2011) 

4.6.2. Cochrane-Orcutt iterative procedure 

One method for eliminating the first-order autoregressive autocorrelation is the Cochrane-

Orcutt iterative procedure which effectively enables the nonlinear AR(1) model to be fitted 

using linear regression analysis. The process consists of 3 steps according to Dougherty ( 2011): 

First step, is to run a regression of the original model between the dependent variable and the 

independent variables to estimate the residual 𝑒𝑡. 
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Second step, another regression is run, but this time between the residuals 𝑒𝑡 and 𝑒𝑡−1 to obtain 

an estimate of the correlation coefficient 𝜌. The value of the correlation coefficient 𝜌 will then 

be included in the original model.  

Last step, a new regression is run on the model to obtain the new values of the residuals  𝑒𝑡 and 

𝑒𝑡−1  and process starts all over again, until the autocorrelation has been eliminated to the 

preferred degree. (Dougherty, 2011) 

4.7. Multicollinearity 

When there is high correlation between explanatory variables, the larger will the variance in the 

coefficients distribution be. This will lead to increased risk of irregular values of the estimated 

coefficients. If this correlation appears and does not satisfy the regression, it is known to suffer 

from multicollinearity. (Dougherty, 2011) 

Although, high correlation is not always indications for bad estimates or that the model is 

misspecified. If the observed quantity and the mean square deviations of the explanatory 

variables are large, and the disturbance term has a small variance, there still is a chance for good 

estimates. So as long as the regression model has some kind of correlation between its 

explanatory variables, there will always be multicollinearity of some degree. This is a common 

problem when analyzing time series. That is because when the regression is made out of 

observations on certain factors in different time periods and there is a tendency to the variables 

to have strong time trends. This will give indication that the explanatory variables will be highly 

correlated and we will face what is called multicollinearity. If there is multicollinearity in a 

model with a greater number of explanatory variables, there is a chance that it is caused by a 

linear relationship between these variables which can make it harder to understand from where 

the effect comes from. Sometimes it is hard to know extent of the multicollinearity problem. 

Although it is less relevant in cases where the population variance of the disturbance term is 

small, the number of observations and the mean square deviations of the explanatory variables 

are large. To avoid multicollinearity you can increase the sample by shortening the interval 

between the observations, for example from annual data to monthly data. If there is a variable 

that is omitted and not taken into account, it can be implemented and in that way reduce the 

population variance of the disturbance term. Combine variables that you think are highly 

correlated instead of studying them individually. Test the correlation between explanatory 
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variables by pairing them and test them, if they have a high correlation and eliminate one of 

them. (Dougherty, 2011) 

4.8. Stationarity  

If a time series variable has a constant or static mean and variance over a certain time period, it 

is called a stationary variable. This also implies that the covariance between the observations 

in a variable only is captured by the time intervals between its observations, not the actual point 

in time the observation was measured. For a variable to be stationary the following conditions 

must be fulfilled (Dougherty, 2011):  

 The distribution mean is independent of time  

 The distribution variance is independent of time  

 The covariance between its values, at any point in time only depends on the distance between 

these points and not determined by the time.  

But when a time series variable violates any of these 3 conditions it’s called a non-stationary 

time variable, which indicates the existence of a unit root. These variables have a variance that 

will increase the bigger the population or random sample is. This non-stationarity can mislead 

the observer to misunderstand and make a falsely conclusion of the regression results because 

of a misleading correlation among variables. There is also a distinction between if a time 

variable is difference stationary and trend-stationary. For the process to be a difference-

stationary the non-stationary process can be transformed into a stationary by differencing. 

(Dougherty, 2011)  

For example, the following model where 𝑋𝑡 is a random walk with drift is: 

∆𝑋𝑡 = 𝑋𝑡 − 𝑋𝑡−1 = 𝛽1 + 𝜀𝑡 

This stationary process has a population mean expressed as 𝛽1 and the processes variance is 𝜎𝜀
2 

, which both is independent of the time. Also in this process there is possibility to transform 
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this non-stationary time series into a stationary by only differencing once. This is called 

integration of order (I) and in this example it is integrated of order 1 also expressed as I(1). If 

this is possible by differencing twice its called integrated of order I(2). But if there is no need 

for differencing the stationary process is expressed as I(0). For the process to be trend-stationary 

it can be transformed into a stationary process by extracting a time trend. Although this can 

remove any drift and it would not affect the increasing variance of series which implies that the 

series remain non-stationary. (Dougherty, 2011) 

4.8.1. Unit root test: Augmented Dick-Fuller test  

One way to detect non-stationarity in variables is to conduct a unit root test, one of them is the 

Augmented Dickey-Fuller test (ADF-test) constructed by Dickey & Fuller (1979). This is a test 

is an expanded function of the Dick-Fuller test where the difference is that the ADF-test is a 

parametric autoregressive structure, which removes autocorrelation from the time series. The 

test has three differential-form autoregressive tests to detect the existence of a unit root. One 

test includes an intercept constant or drift and the other tests the same elements but also includes 

a linear time trend. The last test excludes all these deterministic elements. These three follow 

the null hypothesis of presence of a unit root in the process which indicates non-stationary; 

whereas the alternative hypothesis states no presence of a unit root, indicating that the process 

is stationary. If the series suffers from non-stationarity it can be transformed into a stationary 

process by differencing described in Section 4.8. (Dougherty, 2011) 

The ADF-test conducts a test on each variable of interest with the equation in the form: 

∆𝑌𝑡 = 𝛽0 + 𝛽1𝑡 + 𝛽2𝑌𝑡−1 + ∑ 𝛾𝑗∆𝑌𝑡−𝑗

𝑝

𝑗=1

+ 𝜀𝑡  

Where 𝛽0 is the intercept or drift, 𝛽1 is the coefficient of the linear time trend, coefficient 𝛽2 

presents the process root and 𝑝 is the number of augmenting lags. The issue that usually occurs 

when applying the ADF-test is the issue of determine the lags for 𝑝. Wich can be solved by 

using information criterions where one of them is the the Akaike information Citerion (AIC) 

which is a relative quality measure of the model. The AIC is often used when analyzing smaller 

sample sizes and used in this thesis as well considering the sample size. (Dougherty, 2011) 
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 The formula for the AIC is: 

𝐴𝐼𝐶 = 𝑙𝑜𝑔 (
𝑅𝑆𝑆

𝑇
) +

2𝑘

𝑇
 

where: 𝑅𝑆𝑆 is the residual sum of squares, 𝑇 is the number of observations and 𝑘 the number 

of regressors (Dougherty, 2011). 

4.8.2. Unit root test: Phillip-Perron test 

Another test for searching for non-stationarity in variables is the Phillip-Perron test (PP-test) 

and was constructed by Phillip & Perron (1988). The test allows for the case of including a 

constant or drift and the case with a constant or drift with a linear trend in the specification. 

Phillip & Perron (1988) stated that these extensions are important because the existence of a 

nonzero drift is common and in many econometric cases, also that the alternative for a unit root 

is the presence of a deterministic time trend. The null hypothesis for the PP-test is the same as 

for the ADF-test, the existence of a unit root in the process. The equation for the PP-test can be 

presented in the form: 

𝑌𝑡 = 𝛽0 + 𝛽1𝑡 + 𝜌𝑌𝑡−1 + 𝜀𝑡 

Where 𝛽0 is the constant or drift 𝛽1𝑡 is the coefficient of the linear time trend, 𝜌 is the estimate 

of the autoregressive coefficient. The difference between ADF-test and PP-test is that ADF-test 

uses parametric autoregressive structure while the PP-test makes a non-parametric correction 

to the test statistic, i.e. it does not require selecting the level of serial correlation as in ADF-test. 

(Phillip and Perron, 1988) 

According to Davidsson & MacKinon (2004) the PP-test usually does not perform as good in 

finite samples than the ADF-test. Overall the main difference is how these tests deal with serial 

correlation and heteroscedasticity in the errors. 

4.8.3. Unit root test: KPSS 

There is one unit root test that differs from the classical methods of ADF and PP-tests and that 

is the KPSS-test constructed by Kwiatkowski et al. (1992). The classical methods use the null 

hypothesis of a unit root and non-stationarity while the KPSS-test does the opposite by testing 
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the null hypothesis of no unit root and stationarity. The null hypothesis corresponds to a 

hypothesis that the variance of the random walk equals to zero. The test is conducted by testing 

the case of including a constant or drift and the case with a constant or drift with a linear trend 

in the specification. (Kwiatkowski et al., 1992) 

The KPSS-test is structured as a non-parametric unit root test which is used to analyze if a time-

series variable is stationary around a deterministic trend. To explain the KPSS-test it can be 

presented in the decomposed form of the 𝜉𝑡 sum of deterministic trend, 𝑟𝑡 a random walk and 

𝜖𝑡 a stationary error: 

𝑌𝑡 = 𝜉𝑡 + 𝑟𝑡 + 𝜖𝑡 

Here 𝑟𝑡 is a random walk, where: 

𝑟𝑡 = 𝑟𝑡−1 + 𝑢𝑡 

The initial value of 𝑟 is fixed and serves as an intercept in the model. The stationarity hypothesis 

is simply that 𝜎𝑢
2 = 0. The KPSS-test will often select fewer differences than other tests like 

the ADF –test and the PP-test because it selects only one or more differences to overturn the 

assumption of stationarity. This test is a good compliment to both the ADF-test and the PP-test 

because it gives the analysis of the unit roots four outcomes. They complement each other in 

the way that if the tests accept the presence of a unit root and rejects the case of stationarity, it 

proofs the case of a unit root. If the unit root is rejected and stationarity accepted, the variables 

are stationary. If both the unit root and stationarity is accepted or rejected, there is uncertainty 

in the results whether or not there is a unit root. (Kwiatkowski et al., 1992)  
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Chapter 5. Data Sources and Discussion of Statistical Tests Results 

This chapter contains of Section 5.1, with the discussion concerning what data sources that have 

been referred for the study in this essay. Moreover, the data used for the construction of key 

variables are also presented in Table 3 in order to provide a more thorough view of the data 

being employed in the study. Finally, a discussion regarding validity and reliability issues is 

provided in the end of the section. Section 5.2 contains a presentation of the approach for 

conducting the unit root tests for investigating the properties of the variables used to estimate 

the import demand models. Then, we follow up with a presentation of the results for each 

variable presented individually for each country and the Durbin-Watson test results for first 

order autocorrelation. 

5.1. Econometric model variables 

Table 3 shows the summary of explanatory variables collected for estimating each EU key 

countries import demand for oil, coal and natural gas from the Russian Federation. The data for 

1990-2014 are collected from Eurostat, BP Statistical Review of World Energy and the United 

States Department of Agriculture Economic Research Service. 

The quantities of the Russian Federation’s crude oil, coal and natural gas imported by each EU 

key country were obtained from the Eurostat Database. Imported quantities for crude oil were 

expressed in Thousand tonnes (toe), coal in thousand tonnes, natural gas in terajoules (Gross 

calorific value = GCV).   

World spot prices for crude oil, coal and natural gas were obtained from BP Statistical Review 

of World Energy. The choice of prices used for each commodity was determined by the price 

geographically closest to the European market. For this thesis the crude oil price is determined 

by the Brent price expressed in US$ per barrel (boe), Coal by the Northwest Europe marker 

price expressed in US$ per tonne, Natural gas by the UK Heren NBP Index expressed in US$ 

per million British thermal unit (MBtu). The natural gas price is prior to the introduction of the 

UK Heren NBP Index, which has short term prices, was often done with over the counter 

trading. This meant that contracts often have a long run perspective to them.  
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An index that provides a good perspective on how the price for long run contracts changed over 

time is the Average German import price CIF, however this has as the name states a CIF cost.  

Due to the assumption of the perfect substation model CIF costs cannot be included or used. 

However, it is possible with the help of an indexation of the movement of price from the 

Average German import price cif to construct an estimation of the natural gas price without any 

CIF prices. Based on the UK Heren NBP Index, and the indexation of the price-movements 

from the Average German import price CIF a natural gas price can be constructed for the time 

period of 1990-1996. Average German import price CIF is obtained from BP Statistical Review 

of World Energy and expressed in US$ per million British thermal unit (MBtu). 

Other historical indicators of import demand, such as real Gross Domestic Product (GDP) for 

each EU key country were collected from the United States Department of Agriculture 

Economic Research Service. The real Gross Domestic Product (GDP) is in billions US$ (in 

2010$). 

To make the data for each country and commodity comparable the values need to be converted 

into million tons of oil equivalents (Mtoe). This was made by using an online energy converter 

(Unitjuggler, 2016).  

Converting the world spot prices: 

 1 barrel of Crude oil (boe) = 0.00000014 million tonnes of oil equivalent (Mtoe) 

 1 tonne of hard coal = 0,0000007 (Mtoe) 

 1 million British thermal units of natural gas = 2.5219021687207E-8 (Mtoe) 

Converting the import quantities: 

  The crude oil was converted from thousand tonnes of oil equivalent (ktoe) to million 

tonnes of oil equivalent (Mtoe) 

 1 tonne of hard coal = 2,93, E+07 kilojoule (KJ) and 1 KJ = 2,39, E-8 (Mtoe)  

 1 terajoule of natural gas = 0.00002388458966275 (Mtoe). 
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Table 3: Summary of explanatory variables 

Variable Type Commodity Units Time series Description Source 

Imports from 

Russia 

Dependent 

variable 

Crude oil Thousand tonnes 

(ktoe) 

1990-2014 Total crude oil imports from 

the Russian Federation by 

each EU key country. 

Eurostat, Imports oil annual 

data, 2016 

Natural gas Terajoules (Gross 

calorific value = 

GCV) 

1990-2014 total natural gas imports from 

the Russian Federation by 

each EU key country. 

Eurostat, Imports gas annual 

data, 2016 

Coal Thousand tonnes 1990-2014 Total coal imports from the 

Russian Federation by each 

EU key country. 

Eurostat, Imports solid fuels 

annual data, 2016  

World price Independent 

variable 

Crude oil US$ dollars per 

barrel 

1990-2014 Spot price Brent BP Statistical Review of 

World Energy June 2015 

Natural gas US$ per million 

Btu 

1996-2014 UK (Heren NBP Index) BP Statistical Review of 

World Energy June 2015 

Natural gas US$ per million 

Btu 

1990-1996 Average German import price 

CIF 

BP Statistical Review of 

World Energy June 2015 

Coal US$ per tonne 1990-2014 Northwest Europe marker 

price 

BP Statistical Review of 

World Energy June 2015 

Real Gross 

Domestic 

Product 

(GDP) 

Independent 

variable 

 Billions US$ 1990-2014 Real GDP (in 2010$) for each 

EU key country 

United States Department of 

Agriculture Economic 

Research Service, Real 

GDP (2010 dollars) 

Historical, 2016 

Source: Authors’
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5.1.1. Validity and reliability issues 

All data collected has been collected from governmental departments, mainly Eurostat and can 

thus be viewed as both valid and reliable. The reliability issues in this essay are mainly 

associated with the estimations of variables such as prices as they had to be estimated for certain 

years. Behind this approach lie several assumptions made by the authors. It is likely that others 

would end up with a differently compiled price data set on the basis of alternative assumptions 

(United States department of Agriculture, 2015). 

5.2. Statistical tests and results 

In order to prevent the problems of spurious regression results in this thesis all the variables 

representing the import demand model was individually investigated to determine their 

properties. For that it is essential to identify the order of integration of each variable. A process 

with no need for first differencing (significant in level) is a stationary process is expressed as 

I(0). In general if a time series is integrated of order I(1) it is known to be non-stationary in 

level, but when first differenced it is stationary. The general way of identifying the order of 

integration in time series is by unit root testing. For this investigation three unit root tests were 

applied to test if the variables contained a unit root or not and to determine their order of 

integration. These tests were the ADF-test (Dickey & Fuller, 1979), the PP-test (Phillip & 

Perron, 1988) and the KPSS-test (Kwiatkowski et al.,1992). The null hypothesis for the ADF-

test and the PP-test is that the variable contains a unit root, which indicates the presence of a 

non-stationary process against the alternative of a stationary process. The null hypothesis for 

the KPSS-test differs from the others since it tests the null hypothesis of a stationary process. 

If a variable has a constant or static mean and variance over a certain time period, it is called a 

stationary variable. If a variable has a variance that will increase the bigger the sample, it is 

defined as a non-stationary variable. This non-stationarity can mislead the observer to 

misunderstand and make a falsely conclusion of the regression results because of a misleading 

correlation among variables. When conducting the ADF-test, the Akaike information Citerion 

(AIC) was applied to obtain an optimal lag for the regressions of the models. 

The results of the unit root tests for the variables are presented individually for each country 

except for the price variables. Since they are defined as international spot prices for the 

commodities and will not differ between countries in the results of the unit root test. The unit 

root tests are applied on both levels and first differences and the critical value for the test 
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statistics have been chosen on a 5 percent significance level for all variables. The tests have 

been estimated in the statistics program R with the urca package5.  

5.2.1. Prices 

The world market spot prices for each commodity shown in Table 4 indicates that that according 

to the unit root tests the null hypothesis of a unit root in each price variable cannot be rejected 

in level in the ADF and the PP test. For the KPSS the null hypothesis of no unit root and 

stationarity is rejected for the crude oil, coal, and natural gas prices. Since the tests complement 

each other the conclusion that can be made is that the unit root is accepted and non-stationarity 

accepted for the crude oil, coal, and natural gas price variables in level at a 5 percent 

significance level. As it is concluded that the crude oil, coal, and natural gas price variables is 

non-stationary, they can be transformed into a stationary by first differencing. 

The first differenced results in Table 4 indicates that the hypothesis of a unit root in each price 

variable can now be rejected for the first difference of the variable in the ADF and the PP tests. 

For the KPSS we fail to reject the null hypothesis of no unit root and stationarity for crude oil, 

coal and natural gas prices. Therefore, a conclusion can now be made that world market spot 

price for crude oil, coal and natural gas appears to be integrated of order I(1). So it can be 

considered to differentiate the data before modeling it. This implies that the most of the 

methodologies developed for stationary time series can be used when building a regression 

model. 

  

                                                 
5 The R software and corresponding statistical packages were used for conducting unit root tests 

such as ADF-test (ur.dr), KPSS-test (ur.kpss) and PP-test (ur.pp) 
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Table 4: World market spot price unit root test results 

Unit root test ADF  PP  KPSS  
t-statistic p-value t-statistic p-value t-statistic   

    

Crude oil price 
 

    

Level 1.320 0.337 -0.130 0.584 0.828* 

Difference -3.870* 0.264 -4.768* 0.021 0.233   
    

Natural gas price 
 

    

Level 1.180 0.434 -0.703 0.475 0.823* 

Difference -3.890* 0.300 -6.700* 0.010 0.120   
    

Coal price 
 

    

Level 0.460 0.691 -1.172 0.381 0.698* 

Difference -5.410* 0.328 -5.974* 0.010 0.144 

      

Notes:   *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 

5.2.2. Austria 

The variables used for estimating the Austrian import demand model for the Russian 

Federation’s energy resources are presented in Table 5. Note that the coal imports have not 

been tested due to a lack of observations for Austrian imports of coal from the Russian 

Federation.  

By observing the unit root tests in Table 5 the null hypothesis of a unit root in the natural gas 

imports and real GDP variable cannot be rejected for the level of the variable in the ADF and 

the PP tests. The KPSS rejects the null hypothesis of stationarity and no unit root which implies 

that the natural gas imports and real GDP are non-stationary and includes a unit root. While for 

the crude oil imports the ADF and rejects the null hypothesis stating that the variable has no 

unit root in level and the KPSS states that it is stationary.  Since the PP test does not reject the 

null hypothesis it can be concluded that it is difficult to determine whether there is a unit root 

or not. This problem may disappear when testing the first difference of the variable. 

When first differencing the variables the results presented in Table 5 indicates that the 

hypothesis of a unit root in natural gas imports, real GDP and crude oil imports is rejected in 

the ADF and the PP tests. For the KPSS we fail to reject the null hypothesis of no unit root and 
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stationarity for natural gas imports, real GDP and crude oil imports. The conclusion can now 

be made that the natural gas imports, real GDP and crude oil imports for Austria appears to be 

integrated of order I(1). This conclusion is useful when modeling the imports demand functions 

since one can assume that the imports are affected by the imports from the previous year, the 

lagged imports should be first differentiated. 

Table 5: Unit root test results for Austria 

Unit root test ADF  PP  KPSS  
t-statistic p-value t-statistic p-value t-statistic   

    

Crude oil imports 
 

    

Level 5.961* 0.087 -2.579 0.356 0.089 

Difference 6.732* 0.073 -3.857* 0.051 0.053   
    

Natural gas 

imports 

 
    

Level 0.528 0.175 -1.710 0.155 0.671* 

Difference -3.139* 0.386 -4.108* 0.010 0.070   
    

Coal imports 
 

    

Level N/A N/A N/A N/A N/A 

Difference N/A N/A N/A N/A N/A 

      

Real GDP      

Level 1.298 0.990 -2.016 0.956 0.915* 

Difference 9.532* 0.069 -3.656* 0.040 0.356 

      

Notes:    *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 

5.2.3. Finland 

The variables used for estimating Finland’s import demand model for the Russian Federation’s 

energy resources are presented in Table 6.  Where ADF and the PP unit root tests indicate a unit 

root in the crude oil, coal, natural gas imports variables and real GDP. While the KPSS also 

states that coal imports and real GDP includes a unit root and non-stationary. This implies that 

we can conclude that coal imports and real GDP contains a unit root and are non-stationary in 

level. When analyzing the KPSS for crude oil imports and natural gas imports it states that these 

variables are stationary since they do not reject the null hypothesis for stationarity in level. 
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When the ADF and PP tests states that these variables are non-stationary and the KPSS states 

the opposite, it is difficult to state whether or not the crude oil imports and natural gas imports 

contain a unit root or not. As in previous cases this problem may disappear when testing the 

first difference of the variable. 

First difference of the variables indicates that the hypothesis of a unit root in coal imports, real 

GDP and crude oil imports is rejected in the ADF and the PP tests. While the KPSS we fail to 

reject the null hypothesis of no unit root and stationarity for coal imports, real GDP and crude 

oil imports. The conclusion can now be made that the in coal imports, real GDP and crude oil 

imports for Finland appears to be integrated of order I(1).   

 The natural gas imports variable cannot still reject the null hypothesis for the ADF test at a 5 

percent significance level when first differentiated which contradicts the results of the PP test. 

Furthermore, the variable rejects stationarity in the KPSS test, this concludes that there are some 

problems in the mean or variance of the natural gas imports variable. The conclusion can be 

made that the natural gas imports variable unknown order of integration, which can lead to 

problems like spurious regression results for Finnish imports of natural gas. 
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Table 6: Unit root test results for Finland 

Unit root test ADF  PP  KPSS 
 t-statistic p-value t-statistic p-value t-statistic 
      

Crude oil imports      

Level 3.666 0.980 -2.274 0.917 0.089 

Difference 9.978* 0.010 -4.853* 0.010 0.053 
 

 
    

Natural gas imports 
 

    

Level 0.200 0.990 -1.767 0.990 0.453 

Difference -1.786 0.284 -4.473* 0.010 0.711* 
 

 
    

Coal imports 
 

    

Level 0.627 0.664 -1.855 0.046 0.653* 

Difference -4.85* 0.083 -7.127* 0.010 0.119 

      

Real GDP      

Level 1.591 0.969 -0.763 0.780 0.842* 

Difference 7.591* 0.047 -3.351* 0.780 0.179 

      

Notes: *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 

5.2.4. France 

The variables for the French import demand model for the Russian Federation’s energy 

resources are viewed in Table 7. We can observe that the crude oil imports, coal imports and 

real GDP variable cannot be rejected of containing a unit root in according the ADF and the PP 

tests. While the KPSS also indicates that there are unit roots and non-stationarity in these 

variables. The conclusion can be made that crude oil imports, coal imports and the real GDP 

variables includes a unit root and are non-stationary in level at a 5 percent significance level. 

While the natural gas imports variable it rejected in level according the ADF test but not for the 

PP test and the KPSS states that the variable is non-stationary. The conclusion can be made that 

the natural gas imports variable cannot with certainty be stated to be non-stationary and 

including a unit root. But this problem may disappear when testing the first differences of these 

variables. 
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First differencing the variables in Table 7 indicates the existence of unit roots in crude oil 

imports, natural gas imports, coal imports is rejected in the ADF and the PP tests and the KPSS 

does not reject the null hypothesis of stationarity. The conclusion can be made these variables 

are most likely stationary in first difference and does not include a unit root at a 5 percent 

significance level. Indicating that crude oil, coal, and natural gas imports for France are 

integrated of order I(1). 

When first differencing the real GDP the variable it still contains a unit root according to the 

ADF results but not in the PP test and the KPSS. This makes it difficult to state whether the real 

GDP variable includes a unit root or not and to determine its order of integration. 

Table 7: Unit root test results for France 

Unit root test ADF  PP  KPSS 
 t-statistic p-value t-statistic p-value t-statistic 
      

Crude oil imports      

Level 0.623 0.977 -2.122 0.348 0.498* 

Difference -4.207* 0.191 -7.289* 0.010 0.181 
 

 
    

Natural gas imports 
 

    

Level 3.502* 0.578 -0.967 0.367 0.699* 

Difference 10.687* 0.251 -5.128* 0.010 0.151 
 

 
    

Coal imports 
 

    

Level 0.130 0.150 -0.899 0.770 0.555* 

Difference -3.221* 0.243 -3.934* 0.022 0.226 

      

Real GDP      

Level 1.148 0.976 -1.349 0.971 0.899* 

Difference 5.093 0.206 -3.323* 0.081 0.279 

      

Notes: *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 
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5.2.5. Germany 

The variables used for estimating the German import demand model for the Russian 

Federation’s energy resources are viewed in in Table 8.  The ADF- and the PP-tests indicate a 

unit root in coal imports and real GDP. The KPSS-test results support the conclusions from the 

previous tests. Thus, the conclusion can be made that coal imports and real GDP includes unit 

roots and are non-stationary in level at a 5 percent significance level. 

For the case of crude oil imports and natural gas imports, the ADF-test and PP-test contradicts 

each other, while the KPSS indicate non-stationarity in both cases. Since the tests contradict 

each other, it is difficult to make a conclusion whether or not the variables include a unit root 

or not in level at a 5 percent significance level.  

First differencing these variables rejects the null hypothesis of a unit root for all variables 

according to the ADF and PP test. While the KPSS rejects the null hypothesis of stationarity 

only for crude oil imports after first difference meaning that it is uncertain whether or not it 

includes a unit root and therefore its order of integration cannot be determined. The conclusion 

can now be made that the natural gas imports, coal imports, real GDP for Germany appears to 

be integrated of order I(1). While the variable for crude oil imports have an unknown order of 

integration. 
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Table 8: Unit root test results for Germany 

Unit root test ADF  PP  KPSS 
 t-statistic p-value t-statistic p-value t-statistic 
      

Crude oil imports      

Level 0.735 0.990 -6.503* 0.490 0.654* 

Difference -6.406* 0.498 -5.778* 0.034 0.579* 
 

 
    

Natural gas imports 
 

    

Level 2.754* 0.578 -1.568 0.446 0.675* 

Difference 9.155* 0.163 -5.722* 0.010 0.078 
 

 
    

Coal imports 
 

    

Level 1.324 0.566 -0.398 0.677 0.851* 

Difference -2.142* 0.424 -3.329* 0.150 0.144 

      

Real GDP      

Level 6.499 0.469 -1.542 0.080 0.927* 

Difference 15.557* 0.015 -5.494* 0.020 0.155 

      

Notes: *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 

5.2.6. Italy 

The variables for the Italian import demand model for the Russian Federation’s energy 

resources are presented in Table 9. The null hypothesis of non-stationarity for the variables 

crude oil imports, coal imports and real GDP in level cannot be rejected and the inclusion of 

unit roots according to the ADF and PP tests. With the support of the KPSS statistics, the 

conclusion about the existence of unit roots and non-stationarity can be made when testing the 

level at a 5 percent significance level. 

While the variable for natural gas imports rejects this null hypothesis for a unit root in the ADF 

but not in the PP test, but according to KPSS this variable is considered to be non-stationary in 

level. As for the other countries these different test results makes it difficult to determine the 

existence of a unit root and non-stationarity. 
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 First difference of the variables indicates that the hypothesis of unit roots in coal imports and 

natural gas imports is rejected in the ADF and the PP tests. With the support of the KPSS test 

it can be stated that coal imports and natural gas imports appears to be integrated of order I(1). 

The variables crude oil imports and real GDP rejects the null hypothesis of unit in the ADF and 

the PP tests while the KPSS statistics indicates non-stationarity in these variables. Since the 

tests contradicts each other it is difficult to make a conclusion whether or not the crude oil 

imports and real GDP include a unit root or not for determine their order of integration. 

Table 9: Unit root test results for Italy 

Unit root test ADF  PP  KPSS 
 t-statistic p-value t-statistic p-value t-statistic 
      

Crude oil imports      

Level -0.791 0.812 -1.518 0.761 0.170* 

Difference -2.595* 0.010 -5.344* 0.010 0.180* 
 

 
    

Natural gas imports 
 

    

Level 1.568* 0.346 -1.454 0.395 0.671* 

Difference 2.946* 0.181 -6.144* 0.010 0.066 
 

 
    

Coal imports 
 

    

Level 0.443 0.384 -1.455 0.530 0.480* 

Difference -3.528* 0.246 -4.994* 0.010 0.104 

      

Real GDP      

Level 1.956 0.990 -2.000 0.990 0.721* 

Difference 9.218* 0.140 -3.344* 0.043 0.516* 

      

Notes: *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 
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5.2.7. The Netherlands 

The variables used for estimating the Netherlands import demand model for the Russian 

Federation’s energy resources are presented in Table 10. Note that the natural gas imports have 

not been tested due to a lack of observations for imports to the Netherlands of natural gas from 

the Russian Federation.  

In Table 10 it can be observed that the crude oil imports, coal imports and real GDP variable 

cannot be rejected of containing a unit root in according the ADF and the PP tests. While the 

KPSS also indicates that there are unit roots and non-stationarity in these variables. The 

conclusion can be made that crude oil imports, coal imports and the real GDP variables for the 

Netherlands includes a unit root and are non-stationary in level at a 5 percent significance level. 

When testing the first differences of these variables in Table 10 the ADF and PP tests rejects 

the existence of a unit roots in crude oil and coal imports and the KPSS accepts the null 

hypothesis of stationarity. The conclusion can be made that crude oil and coal import does not 

have a unit root in first difference, indicating that these are integrated of order I(1). The ADF-

test and the PP-test do not reject the null hypothesis of non-stationarity and unit roots for real 

GDP but the KPSS accepts the null hypothesis of stationarity. This implies that it is also difficult 

to make a conclusion whether or not the real GDP for the Netherlands include a unit root or if 

it is integrated of order I(1). 
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Table 10: Unit root test results for the Netherlands 

Unit root test ADF  PP  KPSS 
 t-statistic p-value t-statistic p-value t-statistic 
      

Crude oil imports      

Level 1.488 0.861 -1.014 0.562 0.800* 

Difference -2.859* 0.416 -6.752* 0.010 0.163 
 

 
    

Natural gas imports 
 

    

Level N/A N/A N/A N/A N/A 

Difference N/A N/A N/A N/A N/A 
 

 
    

Coal imports 
 

    

Level 2.783 0.551 -0.469 0.010 0.920* 

Difference -3.523* 0.019 -9.953* 0.010 0.078 

      

Real GDP      

Level 1.653 0.984 -2.102 0.971 0.880* 

Difference 6.516 0.324 -2.559 0.081 0.401 

      

Notes: *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 

5.2.8. United Kingdom 

The variables for the Italian import demand model for the Russian Federation’s energy 

resources are presented in Table 11. Note that the natural gas imports have not been tested for 

United Kingdom due to a lack of observations for imports of natural gas from the Russian 

Federation.  

In Table 11 the variables crude oil imports, coal imports and real GDP in level cannot reject the 

null hypothesis of non-stationarity and the inclusion of unit roots according to the ADF and PP 

tests. With the support of the KPSS statistics the conclusion about the existence of unit roots 

and non-stationarity can be made when testing the level at a 5 percent significance level. 

The first difference of the variables indicates that the hypothesis of unit roots in crude oil and 

coal imports is rejected in the ADF and the PP tests. With the support of the KPSS test it can 

be stated that coal imports, crude oil imports appears to be integrated of order I(1). 
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What can be seen is that real GDP does not reject the null hypothesis of unit root in the ADF 

test when it is rejected in the PP test meaning that the ADF an PP seems to contradict each 

other, while the KPSS statistics indicates stationarity in this variable. Since the tests contradicts 

each other it is difficult to make a conclusion whether or not the real GDP include a unit root 

or not for determine their order of integration. 

Table 11: Unit root test results for the United Kingdom 

Unit root test ADF  PP  KPSS 
 t-statistic p-value t-statistic p-value t-statistic 
      

Crude oil imports      

Level -0.095 0.891 -1.802 0.464 0.541* 

Difference -3.478* 0.172 -4.987* 0.010 0.180 
 

 
    

Natural gas imports 
 

    

Level N/A N/A N/A N/A N/A 

Difference N/A N/A N/A N/A N/A 
 

 
    

Coal imports 
 

    

Level 0.254 0.280 -0.868 0.752 0.689* 

Difference -2.203* 0.522 -3.227* 0.095 0.118 

      

Real GDP      

Level 1.975 0.916 -0.926 0.929 0.896* 

Difference 6.400 0.334 -3.281* 0.231 0.194 

      

Notes: *Significant at the 5 percent level. 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at 

a 5 percent significance level for the ADF and the PP. For KPSS it rejects the null hypothesis 

of stationarity. Source: Authors' estimations. 

5.2.9. Durbin-Watson test Results 

Each import demand model was tested for first order autocorrelation with the Durbin-Watson 

test and corrected by conducting the Cochrane-Orcutt iterative procedure (both described in 

Section 4.6). The regression results for the import demand estimates before the correction for 

the first order autocorrelation can be viewed in the appendix (Figures A.1-A.7.). 

What have been presented in Section 4.6 is that autocorrelation is something that usually occurs 

when using time series and can be explained as that the disturbance term in a model is 

influenced by variables which is affecting the dependent variable and these are not functionally 
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included in in the constructed regression model. One test that can be applied to identify first-

order autoregressive autocorrelation is the Durbin-Watson test. In this thesis the Durbin Watson 

Test is conducted on the estimated regressions of the import demand models in order to identify 

first order autocorrelation, the results are shown in Table 12. 

From the Durbin Watson Test, the conclusion can be drawn that all except four models suffer 

from autocorrelation, three are indecisive and one defiantly does not suffer from 

autocorrelation. The consequences of suffering from autocorrelation are; The OLS estimators 

are still unbiased and linear, however they no longer have the minimum variance property. 

Usual formulas and methods to estimate variances are biased, either positively or negatively. 

Confidence intervals and hypothesis tests based on the t and F distributions are unreliable; hence 

it is likely to draw the wrong conclusions. 𝑅2 is affected, increasing its size. Finally, computed 

variances and standard errors of forecasts may be inaccurate. The reasons that the 

autocorrelation might have occurred are; Inertia in data series, model specification errors and 

the Cobweb phenomenon. For eliminating the serial correlation the Cochrane-Orcutt iterative 

procedure is conducted which effectively enables the nonlinear AR(1) model to be fitted using 

linear regression analysis. 

Table 12: Durbin Watson statistics 

Durbin Watson Test Crude oil Imports Natural gas imports Coal imports 
    

Austria 0.791* 0.744* N/A   
  

Finland 1.315** 0.984* 0.866* 
 

 
  

France 0.807* 1.313** 0.706*   
  

Germany 0.807* 0.743* 0.660* 
 

 
  

Italy 1.730*** 0.680* 0.589*   
  

The Netherlands 0.411* N/A 1.299** 

    

The United Kingdom 0.843* N/A 0.332* 

    

Notes: 

  

*Autocorrelation 

**No conclusion can be drawn 

***No autocorrelation 

Source: Authors' estimations 
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5.2.10. Summary 

Table 13 presents the results for determining the order of integration from the ADF, PP, and 

KPSS unit root tests for the price of coal, price of crude oil, price of natural gas, coal imports, 

crude oil imports, natural gas imports and the real GDP Time series. The Coal imports are most 

likely stationary since they follow the I(1) processes for those countries that import Coal from 

The Russian Federation. Regarding the crude oil imports the unit root tests indicates stationarity 

in first difference for Austria, Finland, France, Netherlands and United Kingdom. While crude 

oil imports for Germany and Italy still remain unknown of their order of integration since the 

KPSS test contradicts the ADF and PP tests by indicating non-stationarity. The natural gas 

imports for Austria, France, Germany and Italy are most likely stationary in first difference. 

While the natural gas imports for Finland fails both the ADF and KPSS test in first difference, 

concluding that there could be non-stationarity in this variable and therefore the order of 

integration remains unknown. 

The problem variable for these unit root tests is the real GDP for the analysed countries since 

only Austria, Finland and Germany indicates stationarity in these variables in first difference. 

While France, Italy, Netherlands and United Kingdom indicates non-stationarity in their GDP 

variables in first difference, meaning that over half of the real GDP variables could contain a 

unit root. 

The price variables for Coal, crude oil and natural gas have the order of integration I(1) for all 

countries. In other words, these variables are most likely stationary in first difference and do 

not include a unit root at a 5 percent significance level. The conclusion that can be made after 

these three tests are that there are signs of non-stationarity in some of the time series variables. 

According to Section 4.8 the problems can explained by that the distribution mean or variance 

for the variables could be dependent of time. Another reason could be that the covariance 

between its values, at any point in time, is affected by time and not only the distance between 

these points. The Akaike information Citerion (AIC) was applied to the ADF test to obtain an 

optimal lag to use for the variables when the regressing the import demand models which was 

estimated to be one period lag. 

From the Durbin Watson Test, the conclusion can be drawn that all except four models suffer 

from autocorrelation. Three of them, the crude oil import demand for Finland, the coal import 
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demand for the Netherlands and the natural gas import demand for France are indecisive. One 

defiantly does not suffer from autocorrelation, the crude oil imports for Italy. The reasons that 

the autocorrelation might have occurred are: inertia in data series, model specification errors 

and/or the Cobweb phenomenon. For eliminating the serial correlation, the Cochrane-Orcutt 

iterative procedure is conducted which effectively enables the nonlinear AR(1) model to be 

fitted using linear regression analysis. 
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Table 13: Unit root test results summary 

Unit root test Austria Finland  
ADF  PP  KPSS ADF  PP  KPSS  

t-statistic p-value t-statistic p-value t-statistic t-statistic p-value t-statistic p-value t-statistic  
 

 
        

Crude oil imports  
 

        

Level 5.961* 0.087 -2.579 0.356 0.089 3.666 0.980 -2.274 0.917 0.089 

Difference 6.732* 0.073 -3.857* 0.051 0.053 9.978* 0.010 -4.853* 0.010 0.053 

           

Natural gas imports  
 

        

Level 0.528 0.175 -1.710 0.155 0.671* 0.200 0.990 -1.767 0.990 0.453 

Difference -3.139* 0.386 -4.108* 0.010 0.070 -1.786 0.284 -4.473* 0.010 0.711* 

           

Coal imports  
 

        

Level N/A N/A N/A N/A N/A 0.627 0.664 -1.855 0.046 0.653* 

Difference N/A N/A N/A N/A N/A -4.85* 0.083 -7.127* 0.010 0.119 

           

Real GDP  
 

        

Level 1.298 0.990 -2.016 0.956 0.915* 1.591 0.969 -0.763 0.780 0.842* 

Difference 9.532* 0.069 -3.656* 0.040 0.356 7.591* 0.047 -3.351* 0.780 0.179 

           

Notes:   *Significant at the 5 percent level.      

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at a 5 percent significance level for the ADF and the 

PP. For KPSS it rejects the null hypothesis of stationarity. Source: Authors' estimations. 
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Table 13: Unit root test results summary (continued) 

Unit root test France Germany  
ADF  PP  KPSS ADF  PP  KPSS  

t-statistic p-value t-statistic p-value t-statistic t-statistic p-value t-statistic p-value t-statistic  
 

 
        

Crude oil imports  
 

        

Level 0.623 0.977 -2.122 0.348 0.498* 0.735 0.990 -6.503* 0.490 0.654* 

Difference -4.207* 0.191 -7.289* 0.010 0.181 -6.406* 0.498 -5.778* 0.034 0.579* 

           

Natural gas imports  
 

        

Level 3.502* 0.578 -0.967 0.367 0.699* 2.754* 0.578 -1.568 0.446 0.675* 

Difference 10.687* 0.251 -5.128* 0.010 0.151 9.155* 0.163 -5.722* 0.010 0.078 

           

Coal imports  
 

        

Level 0.130 0.150 -0.899 0.770 0.555* 1.324 0.566 -0.398 0.677 0.851* 

Difference -3.221* 0.243 -3.934* 0.022 0.226 -2.142* 0.424 -3.329* 0.150 0.144 

           

Real GDP  
 

        

Level 1.148 0.976 -1.349 0.971 0.899* 6.499 0.469 -1.542 0.080 0.927* 

Difference 5.093 0.206 -3.323* 0.081 0.279 15.557* 0.015 -5.494* 0.020 0.155 

           

Notes:   *Significant at the 5 percent level.      

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at a 5 percent significance level for the ADF and the 

PP. For KPSS it rejects the null hypothesis of stationarity. Source: Authors' estimations 
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Table 13: Unit root test results summary (continued) 

Unit root test Italy The Netherlands  
ADF  PP  KPSS ADF  PP  KPSS  

t-statistic p-value t-statistic p-value t-statistic t-statistic p-value t-statistic p-value t-statistic  
 

 
        

Crude oil imports  
 

        

Level -0.791 0.812 -1.518 0.761 0.170* 1.488 0.861 -1.014 0.562 0.800* 

Difference -2.595* 0.010 -5.344* 0.010 0.180* -2.859* 0.416 -6.752* 0.010 0.163 

           

Natural gas imports  
 

        

Level 1.568* 0.346 -1.454 0.395 0.671* N/A N/A N/A N/A N/A 

Difference 2.946* 0.181 -6.144* 0.010 0.066 N/A N/A N/A N/A N/A 

           

Coal imports  
 

        

Level 0.443 0.384 -1.455 0.530 0.480* 2.783 0.551 -0.469 0.010 0.920* 

Difference -3.528* 0.246 -4.994* 0.010 0.104 -3.523* 0.019 -9.953* 0.010 0.078 

           

Real GDP  
 

        

Level 1.956 0.990 -2.000 0.990 0.721* 1.653 0.984 -2.102 0.971 0.880* 

Difference 9.218* 0.140 -3.344* 0.043 0.516* 6.516 0.324 -2.559 0.081 0.401 

           

Notes:   *Significant at the 5 percent level.      

 

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at a 5 percent significance level for the ADF and the 

PP. For KPSS it rejects the null hypothesis of stationarity. Source: Authors' estimations. 
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Table 13: Unit root test results summary (continued) 

Unit root test The United Kingdom World market spot price  
ADF  PP  KPSS  ADF  PP  KPSS  

t-statistic p-value t-statistic p-value t-statistic  t-statistic p-value t-statistic p-value t-statistic  
  

 
         

Crude oil imports  
 

   Crude oil price      

Level -0.095 0.891 -1.802 0.464 0.541* Level 1.320 0.337 -0.130 0.584 0.828* 

Difference -3.478* 0.172 -4.987* 0.010 0.180 Difference -3.870* 0.264 -4.768* 0.021 0.233 

            

Natural gas imports  
 

   Natural gas price      

Level N/A N/A N/A N/A N/A Level 1.180 0.434 -0.703 0.475 0.823* 

Difference N/A N/A N/A N/A N/A Difference -3.890* 0.300 -6.700* 0.010 0.120 

            

Coal imports  
 

   Coal price      

Level 0.254 0.280 -0.868 0.752 0.689* Level 0.460 0.691 -1.172 0.381 0.698* 

Difference -2.203* 0.522 -3.227* 0.095 0.118 Difference -5.410* 0.328 -5.974* 0.010 0.144 

            

Real GDP  
 

         

Level 1.975 0.916 -0.926 0.929 0.896*       

Difference 6.400 0.334 -3.281* 0.231 0.194       

            

Notes:   *Significant at the 5 percent level.      

* = indicates that the variable rejects the null hypothesis of a unit root and non-stationarity at a 5 percent significance level for the ADF and the 

PP. For KPSS it rejects the null hypothesis of stationarity. Source: Authors' estimations. 
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Chapter 6: Empirical Results and Analysis 

This chapter contains a presentation of the econometric results of the log linear import demand 

models constructed in chapter 4. The import demand models explain the import demand of oil, 

coal and natural gas from the Russian Federation to respective EU key country. Lastly, a 

presentation of the regression results corrected from autocorrelation for each energy resource 

and an analysis of the econometric estimates in this thesis for respective EU key country. 

6.1. Import demand for Austria 

6.1.1. Import demand crude oil 

As seen in Table 14 the adjusted 𝑅2 of the model for import demand of crude oil from the 

Russian Federation by Austria is estimated to 0.78. This implies that the independent variables 

explain the variation in the demanded imports of crude oil from the Russian Federation’s by 78 

percent. All the variables except the price have acquired the predicted sign which complies to 

economic theory. Furthermore, the variables are significant accordingly; Price elasticity of 

import demand is not significant at any percent level, Income elasticity of Crude oil import 

demand is significant at a 5 percent level and the elasticity of the first difference estimator of 

natural gas import demand is significant at a 1 percent level. Therefore, it can be stated that the 

real GDP and the first difference estimator are different from zero at.   

The variable for the world market spot price have the estimated coefficient of 0.38. This implies 

that if the world market spot price for crude oil would increase by one percent, the demanded 

imports of crude oil from the Russian Federation would increase by 0.38 percent. The 

coefficient is defined as the “Price elasticity of Crude oil import demand”. When observing the 

price variable one can conclude that crude oil is an inelastic good in Austria. 

The coefficient for the real gross domestic product for Austria has a value of -18.06, which can 

be interpreted as if the real gross domestic product for Austria increases by one percent, the 

demanded imports of crude oil from the Russian Federation will decrease by 18.06 percent. The 

coefficient is defined as the “Income elasticity of Crude oil import demand”.  
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The estimated coefficient for the first difference estimator of Crude oil import demand is -0.43, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by Austria for the next year would decrease 

with 0.43 percent. The coefficient is defined as the “elasticity of the first difference estimator 

of Crude oil import demand”. 

6.1.2. Import demand coal 

As seen in Table 14 no analysis of Austrian import demand of coal from the Russian Federation 

can be made due to lack of sufficient data on coal imports from the Russian Federation. 

6.1.3. Import demand natural gas 

As seen in Table 14 the adjusted 𝑅2 of the model for import demand of natural gas from the 

Russian Federation by Austria is estimated to 0.99. This implies that the independent variables 

explain the variation in the demanded imports of natural gas from the Russian Federation’s by 

99 percent. All the variables the e have acquired the predicted sign which complies to economic 

theory. Furthermore, the variables are significant accordingly; Price elasticity of import demand 

is not significant at any percent level, Income elasticity of natural gas import demand is not 

significant at any percent level and the elasticity of the first difference estimator of natural gas 

import demand is significant at a 1 percent level. Therefore, it can be stated that the first 

difference estimator is different from zero.   

The variable for the world market spot price have the estimated coefficient of -0.06. This 

implies that if the world market spot price for natural gas would increase by one percent, the 

demanded imports of natural gas from the Russian Federation would increase by 0.06 percent. 

The coefficient is defined as the “Price elasticity of natural gas import demand”. Furthermore, 

it can be observed that the variable does not have a negative sign. This can be explained by the 

fact that Austria is very poorly diversified in its suppliers of natural gas as Austria only imports 

natural gas from the Russian Federation and Norway (Figure 20). Importing natural gas requires 

an infrastructure of pipelines, the fact that Austria continues to buy more natural gas even if the 

prices increases uncovers the fact that Austrian consumption of natural gas is hard to substitute 

with other energy resources due to the fact that this requires additional infrastructure, which is 

costly and not necessarily viable. When observing the variable for the world market spot price 

of natural gas one can conclude that natural gas is an inelastic good in Austria. 
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The coefficient for the real gross domestic product for Austria has a value of 1.09, which means 

that if the real gross domestic product for Austria increases by one percent, the demand for 

imports of natural gas from the Russian Federation will increase by 1.09 percent. The 

coefficient is defined as the “Income elasticity of natural gas import demand”.  

The estimated coefficient for the first difference estimator of natural gas import demand is -

0.41, which can be interpreted as if the first difference estimator increases by one percent the 

import demand for natural gas from the Russian Federation by Austria for the next year would 

decrease with 0.41 percent. The coefficient is defined as the “elasticity of the first difference 

estimator of natural gas import demand”. 
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Table 14: Regression results for the estimation of Austria's import demand function of crude 

oil and natural gas from the Russian Federation 
 

Dependent variable: Imports (in Mtoe)  
Oil Gas   

 

World price 0.38 -0.06  
(0.47) (0.06)   

 

Real GDP -18.06** 1.09  
(7.05) (0.69)   

 

First difference in imports (inMtoe) -0.43* -0.41*  
(0.12) (0.12)   

 

Constant 111.28* 2.96  
(38.53) (3.62)   

 

Observations 22 21 

R2 0.82 0.99 

Adjusted R2 0.78 0.99 

Residual Std. Error 0.39 (df = 18) 0.08 (df = 17) 

F Statistic 19.94** (df = 4; 18) 3786*** (df = 4; 17) 

Notes: ***Significant at the 1% level.  
**Significant at the 5% level.  

*Significant at the 10% level. 

Oil and natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for Oil and natural gas. Source: Authors' estimations 

6.2. Import demand for Finland 

6.2.1. Import demand crude oil 

As seen in Table 15 the adjusted 𝑅2 of the model for Crude oil import demand of crude oil from 

the Russian Federation by Finland is estimated to 0.98. This implies that the independent 

variables explain the variation in the demanded imports of crude oil from the Russian 

Federation’s by 98 percent. All the variables except the variable for the world market spot price 

have acquired the predicted sign which complies to economic theory. Furthermore, the 

variables are significant accordingly; Price elasticity of Crude oil import demand is not 

significant at any percent level, Income elasticity of Crude oil import demand is not significant 

at any percent level and the elasticity of the first difference estimator of coal import demand is 

significant at 1 percent level. Therefore, it can be stated that the first difference estimator is 

different from zero.  
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The variable for the world market spot price have the estimated coefficient of -0.01. This 

implies that if the world market spot price for crude oil would increase by one percent, the 

demanded imports of crude oil from the Russian Federation would decrease by 0.01 percent. 

The coefficient is defined as the “Price elasticity of Crude oil import demand”. When observing 

the variable for the world market spot price of crude oil one can conclude that crude oil is close 

to a perfect inelastic good in Finland 

The coefficient for the real gross domestic product for Finland have a value of 0.42, which 

means that the real gross domestic product for Finland increases by one percent, the demanded 

imports of crude oil from the Russian Federation will increase by 0.42 percent. The coefficient 

is defined as the “Income elasticity of Crude oil import demand”.  

The estimated coefficient for the first difference estimator of Crude oil import demand is -0.53, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by Finland for the next year would decrease 

with 0.53 percent.  

6.2.2 Import demand coal 

As seen in Table 15 the adjusted 𝑅2 of the model for import demand of coal from the Russian 

Federation by Finland is estimated to 0.99. This implies that the independent variables explain 

the variation in the demanded imports of coal from the Russian Federation’s by 99 percent. All 

the variables have acquired the predicted sign which complies to economic theory. 

Furthermore, the variables are significant accordingly; Price elasticity of coal import demand 

is significant at 10 percent level, Income elasticity of coal import demand is significant at a 5 

percent level and the elasticity of the first difference estimator of coal import demand is 

significant at a 1 percent level. Therefore, it can be stated that the real GDP and the first 

difference estimator are different from zero.  

The variable for the world market spot price have the estimated coefficient of -0.49. This 

implies that if the world market spot price for coal would increase by one percent, the demanded 

imports of coal from the Russian Federation would decrease by 0.49 percent. The coefficient is 

defined as the “Price elasticity of coal import demand” When observing the variable for the 

world market spot price of coal one can conclude that coal is an inelastic good in Finland 
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The coefficient for the real gross domestic product for Finland has a value of 2.58, which means 

that the real gross domestic product for Finland increases by one percent, the demanded imports 

of coal from the Russian Federation will increase by 2.58 percent. The coefficient is defined as 

the “Income elasticity of coal import demand”.  

The estimated coefficient for the first difference estimator of coal import demand is -0.51, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for coal from the Russian Federation by Finland for the next year would decrease with 

0.51 percent. 

6.2.3. Import demand natural gas 

As seen in Table 15, the adjusted 𝑅2 of the model for natural gas import demand of natural gas 

from the Russian Federation by Finland is estimated to 0.99. This implies that the independent 

variables explain the variation in the demanded imports of natural gas from the Russian 

Federation’s by 99 percent. All the variables except have acquired the predicted sign which 

complies to economic theory except the real gross domestic product estimated coefficient for 

the first difference estimator of Crude oil import demand. Furthermore, the variables are 

significant accordingly; Price elasticity of natural gas import demand is not significant at any 

percent level, Income elasticity of natural gas import demand is not significant at any percent 

level and the elasticity of the first difference estimator of natural gas import demand is 

significant at 1 percent level. Therefore, it can be stated that the estimated coefficient for the 

first difference estimator of natural gas import demand estimator are different from zero.  

The variable for the world market spot price have the estimated coefficient of -0.07. This 

implies that if the world market spot price for natural gas would increase by one percent, the 

demanded imports of natural gas from the Russian Federation would decrease by 0.07 percent. 

The coefficient is defined as the “Price elasticity of natural gas import demand”. When 

observing the variable for the world market spot price of natural gas one can conclude that 

natural gas is an inelastic good in Finland. 

The coefficient for the real gross domestic product for Finland has a value of 0.070, which 

means that if the real gross domestic product for Finland increases by one percent, the 
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demanded imports of natural gas from the Russian Federation will decrease by 0.07 percent. 

The coefficient is defined as the “Income elasticity of natural gas import demand”.  

The estimated coefficient for the first difference estimator of natural gas import demand is -

0.38, which can be interpreted as if the first difference estimator increases by one percent the 

import demand for natural gas from the Russian Federation by Finland for the next year would 

decrease with 0.38 percent. The coefficient is defined as the “elasticity of the first difference 

estimator of natural gas import demand”.  

Table 15: Regression results for the estimation of Finland’s import demand function of crude 

oil, natural gas and coal from the Russian Federation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal  

   

World price 0.01 -0.07 -0.49*  
(0.17) (0.04) (0.20)  

   

Real GDP 0.42 0.11 2.58**  
(2.33) (0.29) (0.80)  

   

First difference in imports (in Mtoe) -0.53*** -0.38*** -0.51***  
(0.11) (0.11) (0.09)  

   

Constant 6.60 8.54*** -0.45  
(12.42) (1.38) (3.46) 

    

Observations 20 22 22 

R2 0.99 0.99 0.99 

Adjusted R2 0.98 0.99 0.99 

Residual Std. Error 0.14 (df = 16) 0.05 (df = 18) 0.22 (df = 18) 

F Statistic 380.5*** (df = 

4; 16) 

2953*** (df = 

4; 18) 

817.4*** (df = 

4; 18) 

Notes: ***Significant at the 1% level. 
 **Significant at the 5% level. 

 *Significant at the 10% level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for Oil-, coal-, natural gas. Source: Authors' estimations 
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6.3. Import demand for France 

6.3.1. Import demand crude oil  

As seen in Table 16 the adjusted 𝑅2 of the model for Crude oil import demand of crude oil from 

the Russian Federation by France is estimated to 0.99. This implies that the independent 

variables explain the variation in the demanded imports of crude oil from the Russian 

Federation’s by 99 percent. All the variables except the estimated coefficient for the first 

difference estimator of Crude oil import demand have acquired the predicted sign which 

complies to economic theory. Furthermore, the variables are significant accordingly; Price 

elasticity of Crude oil import demand is not significant at any percent level, Income elasticity 

of Crude oil import demand is not significant at any percent level and the elasticity of the first 

difference estimator of coal import demand is significant at a 1 percent level. Therefore, it can 

be stated that the first difference estimator is different from zero.  

The variable for the world market spot price have the estimated coefficient of -0.12. This 

implies that if the world market spot price for crude oil would increase by one percent, the 

demanded imports of crude oil from the Russian Federation would decrease by 0.12 percent. 

The coefficient is defined as the “Price elasticity of Crude oil import demand”. When observing 

the variable for the world market spot price of crude oil one can conclude that crude oil is an 

inelastic good in France 

The coefficient for the real gross domestic product for France has a value of 1.21, which can be 

interpreted as follows: if the real gross domestic product for France increases by one percent, 

the demanded imports of crude oil from the Russian Federation will increase by 1.21 percent. 

The coefficient is defined as the “Income elasticity of Crude oil import demand”.  

The estimated coefficient for the first difference estimator of Crude oil import demand is -0.58, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by France for the next year would decrease 

with 0.58 percent. 

6.3.2. Import demand coal 

As seen in Table 16 the adjusted 𝑅2 of the model for import demand of coal from the Russian 

Federation by France is estimated to 0.95. This implies that the independent variables explain 
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the variation in the demanded imports of coal from the Russian Federation’s by 95 percent. All 

the variables have acquired the predicted sign which complies to economic theory. Moreover, 

the variables are significant accordingly; Price elasticity of coal import demand is not 

significant at any percent level, Income elasticity of coal import demand is significant at 1 

percent level and the elasticity of the first difference estimator of coal import demand is 

significant at a 1 percent level. Therefore, it can be that the real GDP estimator and the first 

difference estimator are different from zero. 

The variable for the world market spot price have the estimated coefficient of -0.45. This 

implies that if the world market spot price for coal would increase by one percent, the demanded 

imports of coal from the Russian Federation would decrease by 0.45 percent. The coefficient is 

defined as the “Price elasticity of coal import demand” When observing the variable for the 

world market spot price of coal one can conclude that coal is an inelastic good in France. 

The coefficient for the real gross domestic product for France has a value of 13.30, which can 

be interpreted as follows: if the real gross domestic product for France increases by one percent, 

the demanded imports of coal from the Russian Federation will increase by 13.30 percent. The 

coefficient is defined as the “Income elasticity of coal import demand”.  

The estimated coefficient for the first difference estimator of coal import demand is -0.53, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for coal from the Russian Federation by France for the next year would decrease with 

0.53 percent. 

6.3.3. Import demand natural gas 

As seen in Table 16 the adjusted 𝑅2 of the model for natural gas import demand of natural gas 

from the Russian Federation by France is estimated to 0.99. This implies that the independent 

variables explain the variation in the demanded imports of natural gas from the Russian 

Federation’s by 99 percent. All the variables except the Real GDP have acquired the predicted 

sign which complies to economic theory except the variable for the world market spot price. In 

addition, the variables are significant accordingly; price elasticity of natural gas import demand 

is not significant at any percent level, Income elasticity of natural gas import demand is not 

significant at any percent level and the elasticity of the first difference estimator of natural gas 
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import demand is significant at a 1 percent level. Therefore, it can be stated that the world 

market spot price for natural gas, real GDP and the first difference estimator are different from 

zero.  

The variable for the world market spot price have the estimated coefficient of -0.07. This 

implies that if the world market spot price for natural gas would increase by one percent, the 

demanded imports of natural gas from the Russian Federation would decrease by 0.07 percent. 

The coefficient is defined as the “Price elasticity of natural gas import demand”. When 

observing the variable for the world market spot price of natural gas one can conclude that 

natural gas is almost a perfect inelastic good in France 

The coefficient for the real gross domestic product for France has a value of -1.03, which can 

be interpreted as follows: if the real gross domestic product for France increases by one percent, 

the demanded imports of natural gas from the Russian Federation will increase by -1.03 percent. 

The coefficient is defined as the “Income elasticity of natural gas import demand”.  

The estimated coefficient for the first difference estimator of natural gas import demand is -

0.42, which can be interpreted as if the first difference estimator increases by one percent the 

import demand for natural gas from the Russian Federation by France for the next year would 

decrease with 0.42 percent. The coefficient is defined as the “elasticity of the first difference 

estimator of natural gas import demand”. 
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Table 16: Regression results for the estimation of France’s import demand function of crude 

oil, natural gas and coal from the Russian Federation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 

    

World price -0.12 -0.07 -0.45  
(0.20) (0.07) (0.36)  

   

Real GDP 1.21 -1.03 13.30***  
(1.69) (0.70) (2.92)  

   

First difference in imports (in Mtoe) -0.58*** -0.42*** -0.53***  
(0.14) (0.10) (0.13)  

   

Constant 1.10 17.90*** -92.35***  
(11.20) (4.90) (20.75)  

   

Observations 22 22 22 

R2 0.99 0.99 0.96 

Adjusted R2 0.99 0.99 0.95 

Residual Std. Error 0.18 (df = 18) 0.09 (df = 18) 0.38 (df = 18) 

F Statistic 
1473*** (df = 

4; 18) 

5113*** (df = 4; 

18) 

117.2*** (df = 

4; 18) 

Notes: ***Significant at the 1% level. 
 **Significant at the 5% level. 
 *Significant at the 10% level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for Oil-, coal-, natural gas. Source: Authors' estimations 

6.4. Import demand for Germany 

6.4.1. Import demand crude oil  

As seen in Table 17, the adjusted 𝑅2 of the model for crude oil import demand of crude oil from 

the Russian Federation by Germany is estimated to 0.99. This implies that the independent 

variables explain the variation in the demanded imports of crude oil from the Russian 

Federation’s by 99 percent. All the variables except the coefficient for real GDP have acquired 

the predicted sign, which complies with economic theory. Furthermore, the variables are 

significant accordingly; Price elasticity of crude oil import demand is not significant at any 

percent level, Income elasticity of crude oil import demand is not significant at any percent 

level and the elasticity of the first difference estimator of crude oil import demand is significant 

at a 1 percent level. Therefore, it can be stated that the first difference estimator is different 

from zero.  
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The variable for the world market spot price have the estimated coefficient of -0.05. This 

implies that if the world market spot price for crude oil would increase by one percent, the 

demanded imports of crude oil from the Russian Federation would decrease by 0.05 percent. 

The coefficient is defined as the “Price elasticity of Crude oil import demand”. When observing 

the variable for the world market spot price of crude oil one can conclude that crude oil is almost 

a perfect inelastic good in Germany. 

The coefficient for the real gross domestic product for Germany has a value of -0.13, which can 

be interpreted as if the real gross domestic product for Germany increases by one percent, the 

demanded imports of crude oil from the Russian Federation will decrease by 0.13 percent. The 

coefficient is defined as the “Income elasticity of Crude oil import demand”.  

The estimated coefficient for the first difference estimator of Crude oil import demand is -0.55, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by Germany for the next year would decrease 

with 0.55 percent. 

6.4.2. Import demand coal 

As seen in Table 17, the adjusted  𝑅2 of the model for import demand of coal from the Russian 

Federation by Germany is estimated to 0.98. This implies that the independent variables explain 

the variation in the demanded imports of coal from the Russian Federation’s by 98 percent. All 

the variables have acquired the predicted sign which complies to economic theory. 

Additionally, the variables are significant accordingly; Price elasticity of coal import demand 

is not significant at any percent level, Income elasticity of coal import demand is significant at 

a 1 percent level and the elasticity of the first difference estimator of coal import demand is 

significant at a 10 percent level. Therefore, it can be stated that the real GDP and the first 

difference estimator are different from zero. The Price elasticity of coal import demand can 

only be stated an economically significant, not statistically significant.  

The variable for the world market spot price have the estimated coefficient of -0.74. This 

implies that if the world market spot price for coal would increase by one percent, the demanded 

imports of coal from the Russian Federation would decrease by 0.74 percent. The coefficient is 

defined as the “Price elasticity of coal import demand” and it is only economically significant, 
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not statistically significant. When observing the variable for the world market spot price of coal 

one can conclude that coal is an inelastic good in Germany. 

The coefficient for the real gross domestic product for Germany has a value of 19.39. The result 

can be interpreted as follow: if the real gross domestic product for Germany increases by one 

percent, the demanded imports of coal from the Russian Federation will increase by 19.39 

percent. The coefficient is defined as the “Income elasticity of coal import demand”.  

The estimated coefficient for the first difference estimator of coal import demand is -0.63, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for coal from the Russian Federation by Germany for the next year would decrease 

with 0.63 percent. 

6.4.3. Import demand natural gas 

As seen in Table 17 the adjusted 𝑅2 of the model for natural gas import demand of natural gas 

from the Russian Federation by Germany is estimated to 0.99. This implies that the independent 

variables explain the variation in the demanded imports of natural gas from the Russian 

Federation’s by 99 percent. Only the estimated coefficient for the first difference estimator of 

natural gas import demand variable has the predicted sign, which complies with economic 

theory. Furthermore, the variables are significant accordingly; Price elasticity of natural gas 

import demand is not significant at any percent level, Income elasticity of natural gas import 

demand is not significant at any percent level and the elasticity of the first difference estimator 

of natural gas import demand is significant at a 1 percent level. Therefore, it can be stated that 

the first difference estimator is different from zero.  

The variable for the world market spot price have the estimated coefficient of 0.01. This implies 

that if the world market spot price for natural gas would increase by one percent, the demanded 

imports of natural gas from the Russian Federation would increase by 0.01 percent. The 

coefficient is defined as the “Price elasticity of natural gas import demand”. When observing 

the variable for the world market spot price of natural gas one can conclude that natural gas is 

close to a perfect inelastic good in Germany. 
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The coefficient for the real gross domestic product for Germany has a value of -1.02, which can 

be interpreted as follow: if the real gross domestic product for Germany increases by one 

percent, the demanded imports of natural gas from the Russian Federation will decrease by 1.02 

percent. The coefficient is defined as the “Income elasticity of natural gas import demand”.  

The estimated coefficient for the first difference estimator of natural gas import demand is -

0.50, which can be interpreted as if the first difference estimator increases by one percent the 

import demand for natural gas from the Russian Federation by Germany for the next year would 

decrease with 0.50 percent. The coefficient is defined as the “elasticity of the first difference 

estimator of natural gas import demand”. 

Table 17: Regression results for the estimation of Germany’s import demand function of 

crude oil, natural gas and coal from the Russian Federation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 

    

World price -0.05 -0.01 -0.74  
(0.04) (0.05) (0.44)  

   

Real GDP -0.13 -1.02 19.39***  
(0.50) (0.65) (3.57)  

   

First difference in imports (in Mtoe) -0.55*** -0.50*** -0.63*  
(0.06) (0.09) (0.27)  

   

Constant 12.22*** 18.65*** -140.15***  
(3.75) (4.99) (25.28) 

    

Observations 20 22 22 

R2 0.99 0.99 0.98 

Adjusted R2 0.99 0.99 0.98 

Residual Std. Error 0.04 (df = 16) 0.05 (df = 18) 0.41 (df = 18) 

F Statistic 
7597*** (df = 4; 

16) 

4167*** (df = 

4; 18) 

294*** (df = 

5; 18) 

Notes: ***Significant at the 1% level. 
 **Significant at the 5% level. 
 *Significant at the 10% level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for Oil-, coal-, natural gas. Source: Authors' estimations. 
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6.5. Import demand for Italy 

6.5.1. Import demand crude oil  

As seen in Table 18, the adjusted  𝑅2 of the model for crude oil import demand from the Russian 

Federation by Italy is estimated to 0.99. This implies that the independent variables explain the 

variation in the demanded imports of crude oil from the Russian Federation’s by 99 percent. 

All the variables have acquired the predicted sign which complies to economic theory. In 

addition, the variables are significant accordingly; Price elasticity of natural gas import demand 

is not significant at any percent level, Income elasticity of natural gas import demand is 

significant at a 1 percent level and the elasticity of the first difference estimator of natural gas 

import demand is significant at a 10 percent level. Therefore, it can be stated that the real GDP 

and the first difference estimator are different from zero.  

The variable for the world market spot price have the estimated coefficient of -0.44. This 

implies that if the world market spot price for crude oil would increase by one percent, the 

demanded imports of crude oil from the Russian Federation would decrease by 0.44 percent. 

The coefficient is defined as the “Price elasticity of Crude oil import demand”. When observing 

the variable for the world market spot price of crude oil one can conclude that crude oil is almost 

a perfect-inelastic good in Italy. 

The coefficient for the real gross domestic product for Italy has a value of 5.85. The result can 

be interpreted as follow: if the real gross domestic product for Italy increases by one percent, 

the demanded imports of crude oil from the Russian Federation will increase by 5.85 percent. 

The coefficient is defined as the “Income elasticity of Crude oil import demand”.  

The estimated coefficient for the first difference estimator of Crude oil import demand is -0.56, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by Italy for the next year would decrease 

with 0.56 percent. 

6.5.2. Import demand coal 

As seen in Table 18 the adjusted  𝑅2 of the model for import demand of coal from the Russian 

Federation by Italy is estimated to 0.53. This implies that the independent variables explain the 

variation in the demanded imports of coal from the Russian Federation’s by 53 percent. All the 
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variables except the real GDP have acquired the predicted sign which complies to economic 

theory.  Furthermore, the variables are significant accordingly; Price elasticity of coal import 

demand is not significant at any percent level, Income elasticity of coal import demand is not 

significant at any percent level and the elasticity of the first difference estimator of coal import 

demand is significant at a 1 percent level. Therefore, it can be stated that the world market spot 

price for coal and the first difference estimator are different from zero.  

The variable for the world market spot price have the estimated coefficient of -0.14. This 

implies that if the world market spot price for coal would increase by one percent, the demanded 

imports of coal from the Russian Federation would decrease by 0.14 percent. The coefficient is 

defined as the “Price elasticity of coal import demand” When observing the variable for the 

world market spot price of coal one can conclude that coal is an inelastic good in Italy. 

The coefficient for the real gross domestic product for Italy has a value of 2.75, which means 

that if the real gross domestic product for Italy increases by one percent, the demanded imports 

of coal from the Russian Federation will increase by 2.75 percent. The coefficient is defined as 

the “Income elasticity of coal import demand”.  

The estimated coefficient for the first difference estimator of coal import demand is -0.49, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for coal from the Russian Federation by Italy for the next year would decrease with 

0.49 percent. 

6.5.3. Import demand natural gas 

As seen in Table 18 the adjusted 𝑅2 of the model for natural gas import demand of natural gas 

from the Russian Federation by Italy is estimated to 0.97. This implies that the independent 

variables explain the variation in the demanded imports of natural gas from the Russian 

Federation’s by 97 percent. All the variables except the estimated coefficient for the first 

difference estimator of natural gas import demand have acquired the predicted sign which 

complies to economic theory. Furthermore, the variables are significant accordingly; Price 

elasticity of natural gas import demand is not significant at any percent level, Income elasticity 

of natural gas import demand is not significant at any percent level and the elasticity of the first 
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difference estimator of natural gas import demand is significant at a 1 percent level. Therefore, 

it can be stated that the first difference estimator is different from zero.  

The variable for the world market spot price have the estimated coefficient of -0.04. This 

implies that if the world market spot price for natural gas would increase by one percent, the 

demanded imports of natural gas from the Russian Federation would decrease by 0.04 percent. 

The coefficient is defined as the “Price elasticity of natural gas import demand”. When 

observing the variable for the world market spot price of natural gas one can conclude that 

natural gas is almost a perfect-inelastic good in Italy. 

The coefficient for the real gross domestic product for Italy has a value of 0.54, which is 

interpreted as follow: if the real gross domestic product for Italy increases by one percent, the 

demanded imports of natural gas from the Russian Federation will increase by 0.54 percent. 

The coefficient is defined as the “Income elasticity of natural gas import demand”.  

The estimated coefficient for the first difference estimator of natural gas import demand is -

0.49, which can be interpreted as if the first difference estimator increases by one percent the 

import demand for natural gas from the Russian Federation by Italy for the next year would 

decrease with 0.49 percent. The coefficient is defined as the “elasticity of the first difference 

estimator of natural gas import demand”. 
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Table 18: Regression results for the estimation of Italy’s import demand function of crude oil, 

natural gas and coal from the Russian Federation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 

    

World price -0.44*** -0.04 -0.14  
(0.05) (0.07) (0.38)  

   

Real GDP 5.85*** 0.54 2.75  
(0.62) (1.25) (5.56)  

   

First difference in imports (in Mtoe) -0.56*** -0.50*** -0.49***  
(0.12) (0.09) (0.11)  

   

Constant -29.72*** -6.76 33.51 
 (4.28) (9.05) (42.23) 
    

Observations 19 22 22 

R2 0.99 0.98 0.62 

Adjusted R2 0.99 0.97 0.53 

Residual Std. Error 0.09 (df = 15) 0.09 (df = 18) 0.40 (df = 18) 

F Statistic 
41890*** df = 

4; 15) 

172*** (df = 4; 

18) 

7.19** (df =4; 

18) 

Notes: ***Significant at the 1% level. 
 **Significant at the 5% level. 
 *Significant at the 10% level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for Oil-, coal-, natural gas. Source: Authors' estimations 

6.6. Import demand for the Netherlands 

6.6.1. Import demand crude oil  

As seen in Table 19, the adjusted 𝑅2 of the model for crude oil import demand from the Russian 

Federation by the Netherlands is estimated to 0.98. This implies that the independent variables 

explain the variation in the demanded imports of crude oil from the Russian Federation’s by 98 

percent. All the variables have acquired the predicted sign which complies to economic theory. 

Furthermore, the variables are significant accordingly; Price elasticity of natural gas import 

demand is significant at 5 percent level, Income elasticity of Crude oil import demand is 

significant at 1 percent level and the elasticity of the first difference estimator of natural gas 

import demand is significant at a 1 percent level. Therefore, it can be stated that the world 

market spot price for crude oil, real GDP and the first difference estimator are different from 

zero. 
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The variable for the world market spot price have the estimated coefficient of -0.42. This 

implies that if the world market spot price for crude oil would increase by one percent, the 

demanded imports of crude oil from the Russian Federation would decrease by 0.42 percent. 

The coefficient is defined as the “Price elasticity of Crude oil import demand”. When observing 

the variable for the world market spot price of crude oil one can conclude that crude oil is an 

inelastic good in The Netherlands. 

The coefficient for the real gross domestic product for The Netherlands has a value of 7.62, 

which is interpreted as follow: if the real gross domestic product for The Netherlands increases 

by one percent, the demanded imports of crude oil from the Russian Federation will increase 

by 7.62 percent. The coefficient is defined as the “Income elasticity of Crude oil import 

demand”.  

The estimated coefficient for the first difference estimator of Crude oil import demand is -0.59, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by The Netherlands for the next year would 

decrease with 0.59 percent. 

6.6.2. Import demand coal 

As seen in Table 19, the adjusted 𝑅2 of the model for import demand of coal from the Russian 

Federation by the Netherlands is estimated to 0.99. This implies that the independent variables 

explain the variation in the demanded imports of coal from the Russian Federation’s by 99 

percent. All the variables except the price variable and the estimated coefficient for the first 

difference estimator of coal import demand have acquired the predicted sign which complies to 

economic theory. Furthermore, the variables are significant accordingly; Price elasticity of coal 

import demand is not significant at any percent level, Income elasticity of coal import demand 

is significant at 1 percent level and the elasticity of the first difference estimator of coal import 

demand is significant at a 1 percent level. Therefore, it can be stated that the world market spot 

price for coal and the first difference estimator are different from zero. The Price elasticity of 

coal import demand can only be stated an economically significant, not statistically significant.  

The variable for the world market spot price have the estimated coefficient of 0.14. This implies 

that if the world market spot price for coal would increase by one percent, the demanded imports 
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of coal from the Russian Federation would decrease by 0.14 percent. The coefficient is defined 

as the “Price elasticity of coal import demand” and it is only economically significant, not 

statistically significant. The fact that The Netherlands in increasing its imports of coal even 

though global prices are increasing can be interpreted as an effort made by the country to 

diversify its consumption and suppliers of energy resources as the Dutch government in order 

to preparing itself for when more imports will be necessary when the large Groningen fields 

productivity will decrease in the future. When observing the variable for the world market spot 

price of coal one can conclude that coal is an inelastic good in The Netherlands. 

The coefficient for the real gross domestic product for The Netherlands have a value of 9.86 

Which can be interpreted as if the real gross domestic product for The Netherlands increases 

by one percent, the demanded imports of coal from the Russian Federation will increase by 9.86 

percent. The coefficient is defined as the “Income elasticity of coal import demand”.  

The estimated coefficient for the first difference estimator of coal import demand is -0.49, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for coal from the Russian Federation by The Netherlands for the next year would 

decrease with 0.49 percent. 

6.6.3. Import demand natural gas 

As seen in Table 19, no analysis of the Netherlands import demand of natural gas from the 

Russian Federation can be made due to lack of sufficient natural gas import data. 
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Table 19: Regression results for the estimation of the Netherlands’s import demand function 

of crude oil and coal from the Russian Federation 
 

Dependent variable: Imports (in Mtoe)  
Oil Coal   

 

World price -0.42** 0.14  
(0.22) (0.29)  

  

Real GDP 7.62*** 9.86***  
(2.03) (1.21)  

  

First difference in imports (in Mtoe) -0.59*** -0.49***  
(0.10) (0.10)  

  

Constant -36.14*** -60.13***  
(11.63) (6.33)  

  

Observations 22 22 

R2 0.99 0.99 

Adjusted R2 0.98 0.99 

Residual Std. Error 0.20 (df = 12) 0.33 (df = 18) 

F Statistic 537.2*** (df = 4; 18) 590.9*** (df = 4; 18) 

Notes: ***Significant at the 1% level.  
**Significant at the 5% level.  

*Significant at the 10% level. 

Oil and coal price = World market spot price in US dollar per toe; Real GDP= Real gross 

domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference of 

import demand for Oil and coal. Source: Authors' estimations 

6.7. Import demand for the United Kingdom 

6.7.1. Import demand crude oil  

As seen in Table 20, the adjusted 𝑅2 of the model for Crude oil import demand of crude oil 

from the Russian Federation by The United Kingdom is estimated to 0.97. This implies that the 

independent variables explain the variation in the demanded imports of crude oil from the 

Russian Federation’s by 97 percent. All the variables except the variable for the world market 

spot price have acquired the predicted sign which complies to economic theory. Furthermore, 

the variables are significant accordingly; Price elasticity of Crude oil import demand is not 

significant at any percent level, Income elasticity of Crude oil import demand is not significant 

at any percent level and the elasticity of the first difference estimator of Crude oil import 

demand is significant at a 1 percent level. Therefore, it can be stated that the first difference 

estimator is different from zero.  
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The variable for the world market spot price have the estimated coefficient of 0.37. This implies 

that if the world market spot price for crude oil would increase by one percent, the demanded 

imports of crude oil from the Russian Federation would increase by 0.37 percent. The 

coefficient is defined as the “Price elasticity of Crude oil import demand”. It is economically 

significant however not statistically significant. When observing the variable for the world 

market spot price of crude oil one can conclude that crude oil is an inelastic good in The United 

Kingdom. 

The coefficient for the real gross domestic product for The United Kingdom has a value of 0.53, 

which means that if the real gross domestic product for The United Kingdom increases by one 

percent, the demanded imports of crude oil from the Russian Federation will increase by 0.53 

percent. The coefficient is defined as the “Income elasticity of Crude oil import demand”.  

The estimated coefficient for the first difference estimator of Crude oil import demand is -0.40, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for crude oil from the Russian Federation by The United Kingdom for the next year 

would decrease with 0.40 percent. 

6.7.2. Import demand coal 

As seen in Table 20 the adjusted  𝑅2 of the model for import demand of coal from the Russian 

Federation by The United Kingdom is estimated to 0.92. This implies that the independent 

variables explain the variation in the demanded imports of coal from the Russian Federation’s 

by 92 percent. All the variables have acquired the predicted sign which complies to economic 

theory. Furthermore, the variables are significant accordingly; Price elasticity of coal import 

demand is not significant at any percent level, Income elasticity of coal import demand is 

significant at 1 percent level and the elasticity of the first difference estimator of coal import 

demand is significant at a 1 percent level. Therefore, it can be stated that the real GDP and the 

first difference estimator are different from zero. The Price elasticity of coal import demand 

can only be stated an economically significant, not statistically significant.  

The variable for the world market spot price have the estimated coefficient of -0.43. This 

implies that if the world market spot price for coal would increase by one percent, the demanded 

imports of coal from the Russian Federation would decrease by 0. 43 percent. The coefficient 
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is defined as the “Price elasticity of coal import demand” and it is only economically significant, 

not statistically significant. When observing the variable for the world market spot price of coal 

one can conclude that coal is an inelastic good in The United Kingdom. 

The coefficient for the real gross domestic product for The United Kingdom has a value of 

15.72, which is interpreted as if the real gross domestic product for The United Kingdom 

increases by one percent, the demanded imports of coal from the Russian Federation will 

increase by 15.72 percent. The coefficient is defined as the “Income elasticity of coal import 

demand”.  

The estimated coefficient for the first difference estimator of coal import demand is -0.49, 

which can be interpreted as if the first difference estimator increases by one percent the import 

demand for coal from the Russian Federation by The United Kingdom for the next year would 

decrease with 0.49 percent. 

6.7.3. Import demand natural gas 

As seen in Table 20 no analysis of The United Kingdom’s import demand of natural gas from 

the Russian Federation can be made due to lack of sufficient natural gas import data. 
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Table 20: Regression results for the estimation of the United Kingdom’s import demand 

function of crude oil and coal from the Russian Federation 
 

Dependent variable: Imports (in Mtoe)  
Oil Coal   

 

World price 0.37 -0.43  
(0.42) (0.50)  

  

Real GDP 0.53 15.72***  
(2.98) (3.70)  

  

First difference in imports (in Mtoe) -0.40** -0.49**  
(0.12) (0.17)  

  

Constant -0.65 -108.01***  
(19.22) (26.06)  

  

Observations 22 22 

R2 0.98 0.94 

Adjusted R2 0.97 0.92 

Residual Std. Error 0.33 (df = 18) 0.51 (df = 18) 

F Statistic 175.30*** (df = 4; 18) 65.89*** (df = 4; 18) 

Notes: ***Significant at the 1% level.  
**Significant at the 5% level.  

*Significant at the 10% level. 

Oil and coal price = World market spot price in US dollar per toe; Real GDP= Real gross 

domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference of 

import demand for Oil and coal. Source: Authors' estimations 

6.8. Summary and discussion of the import demand regression results  

When observing the regression results in Tables 21-23, we notice that the intercept is negative 

in some of the models. This should not be a cause for concern, because it is the overall 

relationship between the studied variables that is of the most importance. 

What we can observe is the difference in the predicted signs for some of the variables, this can 

be, among other things, caused by highly collinear variables in the regression models and thus 

it leads to suspicions about multicollinearity problems in some of the estimated models. It 

affects the models and can make the variables statistically insignificant and insignificant 

according to economic theory. The following variables that are discussed and interpreted in this 

section are not all statistically significant and/or economically significant. Therefore, it should 
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be noted that the results which are not statistically significant needs to be interpreted with 

caution. 

The regression results for the estimations of the import demand functions for crude oil presented 

in Table 21 indicates greater differences between the EU key countries. What can be concluded 

is that the price elasticity of demand varies between countries. Austria, Finland and the United 

Kingdom have a sign that contradicts economic theory, which states that when the price for a 

good increase in theory the country will import less. As mentioned earlier, this can be the cause 

of highly collinear variables for these import demand models. 

The countries that have the expected sign and follows economic theory are; France, Germany, 

Italy and the Netherlands. These countries import demand for crude oil depends on the world 

market spot price. In table 21 it is noticeable that Italy and the Netherlands are more sensitive 

to a price change of crude oil. The price variable for Italy and the Netherlands are also the only 

price variables that are economically significant and statistically significant in the regression 

results. 

As mentioned earlier in Section 2.2.5 in this thesis Italy has a well-diversified energy mix, both 

in terms of the energy resources consumed and the number of suppliers. This allows Italy to 

take advantage of price changes, which is reflected in Italy’s high price elasticity for crude oil. 

A very large domestic surplus of natural gas allows the Netherlands, in certain cases, to 

substitute crude oil consumption for natural gas consumption. This becomes evident when 

observing Figure 35 in Section 2.2.6. We observe that for most cases, the movements of the 

natural gas surplus and crude oil deficit are mirrored. Thus, this gives us reason to believe that, 

the higher price elasticity could be explained by the substitution between crude oil and natural 

gas. 

The crude oil price elasticities for France and Germany are relatively small and the coefficients 

are only economically significant, but not statistically significant. So, these elasticity estimates 

should be interpreted with caution. Within all the analyzed EU countries, Germany is the 

country that imports the largest amount of crude oil from the Russian Federation. This could 

explain why the price elasticity of the import demand for crude oil for Germany is one of the 
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lowest, meaning that they are less sensitive to price changes. Another reason for differences in 

the price elasticities is affected by the cost for substitutes and number of suppliers. Also, how 

valuable that resource is for that specific country and these are factors that vary geographically. 

Table 21 shows the income elasticities for Finland, France, Italy, the Netherlands and the United 

Kingdom is considered to be economically significant. While, Austria and Germany have an 

unexpected sign and contradicts the economic theory. It is only Italy’s and the Netherlands’ 

income elasticities that are economically significant and statistically significant. This indicates 

that the countries import demand for crude oil depends on the real gross domestic product 

(GDP). The higher income elasticities for Italy and the Netherlands may be a cause of a higher 

energy resource intensity industry in their domestic production. When the real gross domestic 

product (GDP) rises, more goods are being produced which leads to a higher demand of energy 

resources. Another explanation could be the income differentials in the EU. The estimated 

coefficients for the first difference estimators of import demand for crude oil in Table 21 is both 

economically significant and statistically significant for all EU key countries. This applies to 

all the first difference estimators of import demand models, including natural gas in table 22 

and coal in table 23. These results indicate that the countries import demand for energy 

resources depends on the first difference estimator. This coefficient could be explained by if a 

country imports more energy resources this year, they will not import as much next year vice 

versa. 

Table 22 shows the regression results for the estimations of the import demand functions for 

natural gas and indicates minor differences between some of the EU key countries. The price 

elasticities of import demand have the expected sign that follows economic theory, but lacks 

the statistical significance for all the EU countries. Therefore, these elasticity estimates should 

be interpreted with caution. The highest price elastic import demand models for natural gas is 

for Finland and France. Although, as mentioned earlier in Section 2.2.2 Finland imported in 

2014 all the Natural gas from the Russian Federation which implies that they should be less 

sensitive since the option of switching suppliers or supplements is removed. While France, in 

2014 as we stated in Section 2.2.3 only imported 13% of the total imports of natural gas from 

the Russian federation but also has the same price elasticity as Finland. This could be explained 

by the numbers of suppliers that increases the price sensitivity for France, while it lowers the 

sensitivity for Finland. Another reason could be the substitution of energy resources. 
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The income elasticities in Table 22 for Austria, Finland and Italy are economically significant, 

but not statistically significant. While, France and Germany have an unexpected sign, which 

contradicts the economic theory and are not statistically significant. The explanations of how 

the results differ between countries are the same as discussed earlier for table 21 about the 

income elasticities for crude oil imports. 

The regression results in Table 23 is the estimations of the import demand functions for coal 

and indicates major differences between some of the EU key countries. The coal price 

elasticities of demand have the expected sign for Finland, France, Germany, Italy and the 

United Kingdom, while the coal price elasticity for the Netherlands is neither economically 

significant nor statistically significant. Only the coal price elasticity for Finland is both 

economically significant and statistically significant in the regression results. This is indicating 

that Finland’s import demand for coal depends on the world market spot price. 

Although, as mentioned earlier in Section 2.2.2 Finland imported in 2014 66% coal from the 

Russian federation which should decrease the elasticity. This may be the cause of that Finland 

imports smaller quantities of coal than the majority of the other EU key countries or the 

substitution to other energy resources. 

According to the income elasticities of coal demand in Table 23 for Finland, France, Germany, 

the Netherlands and the United Kingdom are economically significant and statistically 

significant; while, Italy have the expected sign and follows the economic theory, but it is not 

statistically significant. The income elasticities of demand for coal seems statistically 

significant, which indicates that real GDP is a decisive factor for the import demand for coal 

from the Russian Federation. This may be due to coal being a cheap energy resource and thus 

easy to increase usage of when an increasing energy consumption occurs.  

To conclude this section, it is mentioned again that these estimates for the price- and income 

elasticities which have been discussed/interpreted in this section are not all statistically 

significant and/or economically significant. Therefore, it should be noted that these results 

needs to be interpreted with caution. The factors that is believed to affect the price elasticities 

between countries are the substitutes for energy resources, quantity imported, number of 

suppliers and how important that resource is for that specific country. The factors affecting the 
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income elasticities are the energy dependency in national production and the income 

differentials in the EU. 

The only regression results where all the variables are statistically significant and follow 

economic theory are the import demand for coal for Finland and the import demand for crude 

oil for Italy and the Netherlands. This indicates that there could be collinear variables in the 

regression models that affect the statistical- and economic significance for most of the variables. 

Another reason could be that the time series are non-stationary or containing a unit root. As 

discussed in Section 4.8, this happens if distribution mean is dependent of time or the 

distribution variance is dependent of time. Furthermore, a time series is also non-stationary if 

the covariance between its values, at any point in time does not depend on the distance between 

these points and is determined by the time. Another problem could be that the correction of first 

order autocorrelation, did not fully remove the autocorrelation from the models. 
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Table 21: Summary of regression results for the estimation of import demand functions of crude oil from the Russian Federation 

Dependent variable: Crude oil imports (in Mtoe)  
Austria Finland France Germany Italy The 

Netherlands 

The United 

Kingdom   
      

World price 0.38 0.01 -0.12 -0.05 -0.44*** -0.42** 0.37  
(0.47) (0.17) (0.20) (0.04) (0.05) (0.22) (0.42)   

      

Real GDP -18.06** 0.42 1.21 -0.13 5.85*** 7.62*** 0.53  
(7.05) (2.33) (1.69) (0.50) (0.62) (2.03) (2.98)   

      

First difference in 

imports (in Mtoe) 
-0.43* -0.53*** -0.58*** -0.55*** -0.56*** -0.59*** -0.40** 

 
(0.12) (0.11) (0.14) (0.06) (0.12) (0.10) (0.12)   

      

Constant 111.28* 6.60 1.10 12.22*** -29.72*** -36.14*** -0.6517  
(38.53) (12.42) (11.20) (3.75) (4.28) (11.63) (19.22)   

      

Observations 22 20 22 20 19 22 22 

R2 0.82 0.99 0.99 0.99 0.99 0.99 0.98 

Adjusted R2 0.78 0.98 0.99 0.99 0.99 0.98 0.97 

Residual Std. 

Error 
0.39 (df = 18) 0.14 (df = 16) 0.18 (df = 18) 0.04 (df = 16) 0.09 (df = 15) 

0.20 (df = 

12) 

0.33 (df = 

18) 

F Statistic 19.94**  

(df = 4; 18) 

380.5***  

(df = 4; 16) 

1473***  

(df = 4; 18) 

7597***  

(df = 4; 16) 

41890***  

df = 4; 15) 

537.2***  

(df = 4; 18) 

175.30***  

(df = 4; 18) 

Notes:    ***Significant at the 1% level.  
   **Significant at the 5% level.  
   *Significant at the 10% level. 

Crude oil price = World market spot price in US dollar per toe; Real GDP= Real gross domestic product (GDP) in 2010 billion US dollars. 

∆Import demand= First difference of import demand for Oil. Source: Authors' estimations 
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Table 22: Summary of regression results for the estimation of import demand functions of natural gas from the Russian Federation 

Dependent variable: Natural gas imports (in Mtoe)  
Austria Finland France Germany Italy   

    

World price -0.06 -0.07 -0.07 -0.01 -0.04  
(0.06) (0.04) (0.07) (0.05) (0.07)   

    

Real GDP 1.09 0.11 -1.03 -1.02 0.54  
(0.69) (0.29) (0.70) (0.65) (1.25)   

    

First difference in imports (in Mtoe) -0.41* -0.38*** -0.42*** -0.50*** -0.50***  
(0.12) (0.11) (0.10) (0.09) (0.09)   

    

Constant 2.96 8.54*** 17.90*** 18.65*** -6.76  
(3.62) (1.38) (4.90) (4.99) (9.05)   

    

Observations 21 22 22 22 22 

R2 0.99 0.99 0.99 0.99 0.98 

Adjusted R2 0.99 0.99 0.99 0.99 0.97 

Residual Std. Error 
0.08 (df = 17) 0.05 (df = 18) 0.09 (df = 18) 0.05 (df = 18) 

0.09 (df = 

18) 

F Statistic 3786***  

(df = 4; 17) 

2953***  

(df = 4; 18) 

5113***  

(df = 4; 18) 

4167***  

(df = 4; 18) 

172***  

(df = 4; 18) 

Notes:   ***Significant at the 1% level.  
  **Significant at the 5% level.  
  *Significant at the 10% level. 

Natural gas price = World market spot price in US dollar per toe; Real GDP= Real gross domestic product (GDP) in 2010 billion US dollars. 

∆Import demand= First difference of import demand for natural gas. Source: Authors' estimations 
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Table 23: Summary of regression results for the estimation of import demand functions of coal from the Russian Federation 

Dependent variable: Coal imports (in Mtoe)  
Finland France Germany Italy The Netherlands The United Kingdom  

      

World price -0.49* -0.45 -0.74 -0.14 0.14 -0.43  
(0.20) (0.36) (0.44) (0.38) (0.29) (0.50)  

      

Real GDP 2.58** 13.30*** 19.39*** 2.75 9.86*** 15.72***  
(0.80) (2.92) (3.57) (5.56) (1.21) (3.70)  

      

First difference in 

imports (in Mtoe) 
-0.51*** -0.53*** -0.63* -0.49*** -0.49*** -0.49** 

 
(0.09) (0.13) (0.27) (0.11) (0.10) (0.17)  

      

Constant -0.45 -92.35*** -140.15*** 33.51 -60.13*** -108.01***  
(3.46) (20.75) (25.28) (42.23) (6.33) (26.06)  

      

Observations 22 22 22 22 22 22 

R2 0.99 0.96 0.98 0.62 0.99 0.94 

Adjusted R2 0.99 0.95 0.98 0.53 0.99 0.92 

Residual Std. Error 0.22 (df = 18) 0.38 (df = 18) 0.41 (df = 18) 0.40 (df = 18) 0.33 (df = 18) 0.51 (df = 18) 

F Statistic 817.4***  

(df = 4; 18) 

117.2***  

(df = 4; 18) 

294***  

(df = 5; 18) 

7.19**  

(df =4; 18) 

590.9***  

(df = 4; 18) 

65.89***  

(df = 4; 18) 

Notes:    ***Significant at the 1% level.  
   **Significant at the 5% level.  
   *Significant at the 10% level. 

Coal price = World market spot price in US dollar per toe; Real GDP= Real gross domestic product (GDP) in 2010 billion US dollars. ∆Import 

demand= First difference of import demand for Coal. Source: Authors' estimations
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Chapter 7: Concluding Remarks and Directions for Future Research 

This thesis examined how the EU key countries energy relationship with the Russian Federation 

is affected when changes in the explanatory variables occur. Among these variables, we focused 

on the changes in the world market spot prices and income, and how these are affecting the 

energy relationship.  

The purpose of this thesis was to analyze how the world market price of crude oil, coal and 

natural gas affects the EU demand of and dependency on energy imports from the Russian 

Federation. For this purpose, we econometrically estimate import demand equations for 

selected EU countries. The main objective was to obtain empirical estimates for import price 

elasticities that characterize the trade linkages between the Russian Federation and the EU key 

countries with respect to the energy resources. A total of 21 import demand models that try to 

capture import demand of crude oil, coal and natural gas relationship between the seven EU 

key countries and the Russian Federation were constructed using data for the time period of 

1990-2014. Additionally, the econometric techniques employed, mainly the unit-root tests, e.g. 

the ADF-test, PP-test and KPSS-test, indicate the existence of parametric instability in the 

estimated import demand equations. The tests suggest that there is both unit-roots and non-

stationarity in the time series variables. It has also been concluded that these tests vary in their 

results concerning the unit roots and non-stationarity, which makes it difficult to determine the 

order of integration for the variables. Thus, we caution that there still could be problems with 

spurious regression results in the estimations for the import demand models.  

In comparison with (Farinelli et al., 2009) where the model suffered a 94% correlation between 

real GDP and world price of crude oil, the results of our regressions indicate a similar problem 

with correlation between the world price of each energy resource and real GDP. In other terms, 

our models could still suffer from multicollinearity issues. 

The regressions results reviled that the significance levels of the models ranged from an 𝑅2
of 

0.530 to an 𝑅2
 of 0,960. Three out of twenty-one constructed models had a significance of at 

least 10% for the variable for the world market spot price, which explains how the world market 
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price of crude oil, coal and natural gas affects the EU demand. The Following variables for the 

world market spot price was significant; Coal Import Demand from the Russian Federation by 

Finland, Crude oil import demand from the Russian Federation by Italy, Crude oil import 

demand from the Russian Federation by The Netherlands.  

Coal Import Demand from the Russian Federation by Finland, has an import demand price 

elasticity of -0.49 meaning that if prices increased with 1 percent demand for coal from the 

Russian Federation would decrease with 0.49 percent, hence it can be stated that the crude oil 

imported from the Russian Federation is an inelastic commodity for Finland. It had an import 

demand income elasticity of 2.58 meaning that if income in Finland increase with 1 percent the 

demand for crude oil produced by the Russian Federation will increase with 2.58 percent.  

Crude oil import demand from the Russian Federation by Italy has an import demand price 

elasticity of -0.42, which means that if prices increased with 1 percent demand for crude oil 

from the Russian Federation would decrease with 0.42 percent. Hence, it can be stated that the 

crude oil imported from the Russian Federation is an inelastic commodity for Italy. It had an 

import demand income elasticity of 4.83, thus meaning that if income in Italy increase with 1 

percent the demand for crude oil produced by the Russian Federation will increase with 4.83 

percent.  

Crude oil import demand from the Russian Federation by the Netherlands has an import demand 

price elasticity of -0.42. Thus, if prices increased with 1 percent demand for crude oil from the 

Russian Federation would decrease with 0.42 percent. Hence, it can be stated that the crude oil 

imported from the Russian Federation is an inelastic commodity for the Netherlands. It had an 

import demand income elasticity of 7.62 meaning that if income in the Netherlands increase 

with 1 percent the demand for crude oil produced by the Russian Federation will increase with 

7.62 percent.  

For no other model can it be stated with any significance level that the world market price of 

crude oil coal or natural gas is affects the EU key country demand of and dependency on energy 

imports from the Russian Federation. For all other models it can however be concluded that the 

world market price is not the significant factor affecting the import demand for crude oil, coal 

and natural gas produced by the Russian Federation. This suggests that either other factors then 



 

136 

 

the world market price is the crucial factor determining the level of imports from the Russian 

Federation or other prices, not correlated with the world market price is negotiated when a key 

EU country imports energy resources from the Russian Federation.  

Additionally, we have observed in the analysis of the regressions that the intercept is negative 

in most of the models; however, that should not be a cause for concern since it is the overall 

relationship between the studied variables that is of the most importance in our estimated 

models and not the value of the constant.  

The price variables in a minority of the regressions display a positive nature and thus contradict 

economic theory, there is undoubtedly some shortcoming in the researcher’s theory, data 

specification or the model could suffer from multicollinearity.  

A problematic variable for our analysis has been the real GDP, unit root tests has shown that 

since only Austria, Finland and Germany indicates stationarity in these variable in first 

difference. While France, Italy, Netherlands and United Kingdom indicate non-stationarity in 

their GDP variables in first difference, meaning that over half of the real GDP variables could 

contain a unit root. The problem of potential unit roots increases as it could not be concluded 

its order of integration. This raises the question if the variable real GDP should have been 

included in the first place.  

Originally it was planned to produce both import demand and export supply elasticities for the 

EU key countries and the Russian Federation for the time period of 1980-2014. Due to lack in 

sufficient availability of import and export data concerning the imports and exports of crude 

oil, coal and natural gas between the chosen countries the time period was changed to 1990-

2014 and the export supply model was scrapped. 

The results of the non-statistically significant regressions should be interpreted with caution 

given their nature. In that respect, the majority of our results should be interpreted as providing 

only economical evidence of the nature of the relationships between the chosen EU key 

countries and the Russian Federation during the sample time period. 
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7.2. Future Studies 

Future studies are recommended to recreate a similar study, however by using the imperfect 

substitute model. This would allow for the split of crude oil and coal into differentiated 

commodities by source of origin, which would extend the analysis. Furthermore, it would be 

interesting to include more suppliers in the equation; this is something that the imperfect 

substitute model allows for. The use of the imperfect substitute model would also allow for the 

calculation of substitution elasticities between the different suppliers and their differentiated 

energy resources. Modern day data needed for the imperfect substitute model is widely 

available at the IEA, however it does come with a fee. Future studies are also recommended to 

limit the time periods to begin at 1990 onwards, this is due to the availability of data from this 

time onwards. Additional recommendations are to use the wide availability of import data 

provided on Eurostat, however most data are only available from 1990/1995 onwards. 

Other methods for estimating elasticities such as those presented in the literature review could 

be applied to similar data sets for estimating the price and income elasticities of demand. So it 

would be interesting if the elasticities would reach a higher significance with other models such 

as the ARDL for modeling the import demand for these countries. An advantage with the ARDL 

model is the opportunity to use co-integration and bounds test techniques for estimating both 

short and long run elasticities. This may lead to a better conclusion of how the import demand 

is affected by the commodity prices and income of a country when adding the short run 

perspective to the analysis. 

The unit-root tests in this thesis indicate the probability of non-stationarity among the variables 

in the data set used for estimating the import demand models. Since this is a usual problem 

according time series the recommendation for future studies is to also keep this problem in mind 

when analyzing time series data. The use of the KPSS should also be acknowledged since this 

test compliment the ADF and PP test since it tests the contrary. A recommendation is to use at 

least one of the ADF or PP tests and compliment with the KPSS to straighten the rejection of 

non-stationarity among variables. 

What we have observed from the results one can make the conclusion that there are signs of 

serial correlation among the variables. So for future studies it would be recommended to not 

only use one certain method for correcting for the serial correlation like in this thesis, the 
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Cochrane-Orcutt iterative procedure. Since there are other methods for correcting for serial 

correlation like the generalized least squares (GLS) or with the use of an autoregressive 

integrated moving average (ARIMA) model. It would be recommended to first make tests with 

different serial correlation correcting models to evaluate which one is the most applicable for 

the purpose. There is also solution by adding more lagged variables or differentiate variables to 

avoid the probability of serial correlation in time series variables.  

7.3. Position of thesis 

Accurate estimations of import demand models are important because with these it is possible 

produce elasticities, which are valuable for economic growth policies, assuming that they are 

based on trade promotion.  It is common that these equations are produced, however at the 

present not sufficient attention seems to have been paid this subject when it comes to the trade 

of energy resources between the Russian Federation and the EU. This thesis aims to provide 

accurate estimations of import demand models and further deepen the understanding of the 

relationship by searching for structural changes throughout the chosen time periods. 

7.4. Contribution of thesis  

As mentioned earlier not enough focus in the econometric field has been placed on the subject 

of EU and the Russian Federation energy resources relationship, we hope to produce a thesis 

that can give a deeper understanding of current and future energy relationships between the EU 

countries and the Russian Federation. Additionally, we hope that this thesis can work as an 

erudition for future studies within the subject and arouse the readers interest in the subject.  
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Appendix 

Relevant regression results are presented in the thesis however the regression results before 

correcting with the Cochrane–Orcutt iterative procedure in are viewed in this appendix. This is 

done in order to provide the reader with a smooth flow in the main text of thesis. 

Table A.1: Regression results for the estimation of Austria's import demand function of crude 

oil and natural gas from the Russian Federation without correction from first order 

autocorrelation 
 

Dependent variable: Imports (in Mtoe)  
Oil Gas   

 

World price -0.85** 0.06  
(0.34) (0.07)   

 

Real GDP 3.53** 0.69**  
(1.61) (0.31)   

 

First difference in imports (in Mtoe) -0.55** -0.50**  
(0.20) (0.19)   

 

Constant -3.30 3.93***  
(6.10) (1.15)   

 

Observations 23 22 

R2 0.42 0.69 

Adjusted R2 0.32 0.64 

Residual Std. Error 0.55 (df = 19) 0.10 (df = 18) 

F Statistic 4.53** (df = 3; 19) 13.63*** (df = 3; 18) 

Notes: ***Significant at the 1 percent level.  
**Significant at the 5 percent level.  
*Significant at the 10 percent level. 

Oil and natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for oil and natural gas. Source: Authors' estimations  



 

 

 

Table A.2: Regression results for the estimation of Finland's import demand function of crude 

oil, coal and natural gas from the Russian Federation without correction from first order 

autocorrelation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 
    

World price -0.50*** -0.27*** -0.36* 
 (0.12) (0.06) (0.19) 
    

Real GDP 7.01*** 1.39*** 2.85*** 
 (0.69) (0.21) (0.44) 
    

First difference in imports (in Mtoe) -0.48** 0.06 -0.59*** 
 (0.17) (0.28) (0.15) 

    

Constant -26.05*** 3.95*** -3.53** 
 (2.72) (0.65) (1.65) 
    

Observations 21 23 23 

R2 0.95 0.75 0.80 

Adjusted R2 0.95 0.71 0.77 

Residual Std. Error 0.16 (df = 17) 0.09 (df = 19) 0.27 (df = 19) 

F Statistic 
117.53*** (df 

= 3; 17) 

19.07*** (df = 

3; 19) 

25.42*** (df = 

3; 19) 

Notes: ***Significant at the 1 percent level. 
 **Significant at the 5 percent level. 
 *Significant at the 10 percent level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for oil-, coal-, natural gas. Source: Authors' estimations  

  



 

 

 

Table A.3: Regression results for the estimation of France's import demand function of crude 

oil, coal and natural gas from the Russian Federation without correction from first order 

autocorrelation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 
    

World price -0.37** -0.25*** 1.02* 
 (0.14) (0.07) (0.52) 
    

Real GDP 3.54*** -0.36 4.98** 
 (0.79) (0.34) (1.98) 
    

First difference in imports (in Mtoe) -0.61*** -0.48*** -0.75** 
 (0.17) (0.14) (0.30) 

    

Constant -13.81*** 14.83*** -44.45*** 
 (4.76) (1.98) (11.60) 
    

Observations 23 23 23 

R2 0.76 0.84 0.69 

Adjusted R2 0.72 0.82 0.64 

Residual Std. Error 0.23 (df = 19) 0.10 (df = 19) 0.74 (df = 19) 

F Statistic 
20.13*** (df = 

3; 19) 

33.79*** (df = 

3; 19) 

13.82*** (df = 

3; 19) 

Notes: ***Significant at the 1 percent level. 
 **Significant at the 5 percent level. 
 *Significant at the 10 percent level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for oil-, coal-, natural gas. Source: Authors' estimations  

  



 

 

 

Table A.4: Regression results for the estimation of Germany's import demand function of 

crude oil, coal and natural gas from the Russian Federation without correction from first order 

autocorrelation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 
    

World price -0.22*** -0.11* -0.25 
 (0.07) (0.06) (0.48) 
    

Real GDP 3.38*** 1.86*** 17.66*** 
 (0.62) (0.41) (2.23) 
    

First difference in imports (in Mtoe) -0.79*** -0.52** -0.76* 
 (0.24) (0.20) (0.44) 

    

Constant -14.09*** -3.31 -131.73*** 
 (4.19) (2.71) (13.95) 
    

Observations 21 23 23 

R2 0.84 0.72 0.89 

Adjusted R2 0.81 0.68 0.87 

Residual Std. Error 0.09 (df = 17) 0.09 (df = 19) 0.61 (df = 19) 

F Statistic 
29.01*** (df = 

3; 17) 

16.36*** (df = 

3; 19) 

50.14*** (df = 

3; 19) 

Notes: ***Significant at the 1 percent level. 
 **Significant at the 5 percent level. 
 *Significant at the 10 percent level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for oil-, coal-, natural gas. Source: Authors' estimations  

  



 

 

 

Table A.5: Regression results for the estimation of Italy's import demand function of crude 

oil, coal and natural gas from the Russian Federation without correction from first order 

autocorrelation 

 Dependent variable: Imports (in Mtoe) 
 Oil Gas Coal 
    

World price -0.42*** -0.06 0.72* 
 (0.07) (0.07) (0.38) 
    

Real GDP 4.83*** 2.78*** 1.33 
 (0.76) (0.52) (2.26) 
    

First difference in imports (in Mtoe) -0.78*** -0.41** -0.49* 
 (0.17) (0.18) (0.26) 

    

Constant -22.10*** -10.65*** -11.76 
 (5.12) (3.41) (14.91) 
    

Observations 20 23 23 

R2 0.75 0.76 0.35 

Adjusted R2 0.71 0.73 0.25 

Residual Std. Error 0.14 (df = 16) 0.12 (df = 19) 0.66 (df = 19) 

F Statistic 
16.15*** (df = 

3; 16) 

20.61*** (df = 

3; 19) 

3.49** (df = 3; 

19) 

Notes: ***Significant at the 1 percent level. 
 **Significant at the 5 percent level. 
 *Significant at the 10 percent level. 

Oil-, coal-, natural gas price = World market spot price in US dollar per toe; Real GDP= Real 

gross domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference 

of import demand for oil-, coal-, natural gas. Source: Authors' estimations  

  



 

 

 

Table A.6: Regression results for the estimation of the Netherland's import demand function 

of crude oil and coal from the Russian Federation without correction from first order 

autocorrelation 
 

Dependent variable: Imports (in Mtoe)  
Oil Coal   

 

World price 0.01 0.39*  
(0.20) (0.22)  

  

Real GDP 5.28*** 9.42***  
(0.84) (0.64)  

  

First difference in imports (in Mtoe) -0.53** -0.45***  
(0.23) (0.14)  

  

Constant -25.97*** -60.13***  
(3.72) (3.02)  

  

Observations 23 23 

R2 0.89 0.97 

Adjusted R2 0.87 0.96 

Residual Std. Error 0.35 (df = 19) 0.34 (df = 19) 

F Statistic 49.96*** (df = 3; 19) 176.38*** (df = 3; 19) 

Notes: ***Significant at the 1% level.  
**Significant at the 5% level.  

*Significant at the 10% level. 

Oil and coal price = World market spot price in US dollar per toe; Real GDP= Real gross 

domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference of 

import demand for oil and coal. Source: Authors' estimations  



 

 

 

Table A.7: Regression results for the estimation of the United Kingdom's import demand 

function of crude oil, coal and natural gas from the Russian Federation without correction 

from first order autocorrelation 
 

Dependent variable: Imports (in Mtoe)  
Oil Coal   

 

World price -0.02 -0.06  
(0.27) (0.90)  

  

Real GDP 3.27*** 11.19***  
(1.09) (2.44)  

  

First difference in imports (in Mtoe) -0.34* -0.74*  
(0.18) (0.42)  

  

Constant -16.67*** -77.08***  
(5.61) (11.69)  

  

Observations 23 23 

R2 0.71 0.77 

Adjusted R2 0.66 0.73 

Residual Std. Error 0.41 (df = 19) 1.07 (df = 19) 

F Statistic 15.14*** (df = 3; 19) 21.23*** (df = 3; 19) 

Notes: ***Significant at the 1% level.  
**Significant at the 5% level.  

*Significant at the 10% level. 

Oil and coal price = World market spot price in US dollar per toe; Real GDP= Real gross 

domestic product (GDP) in 2010 billion US dollars. ∆Import demand= First difference of 

import demand for oil and coal. Source: Authors' estimations 

  



 

 

 

Glossary 

British Thermal Unit (Btu).:  The quantity of heat required to raise the temperature of 1 pound 

of liquid water by 1 degree Fahrenheit at the temperature at which water has its greatest density 

(EIA, 2016). 

Coal: Coal is defined as a basket of lignite, peat, coal briquettes, ovoids etc, Retort carbon, 

coke or semi-coke of coal and Anthracite  

Crude Oil: Crude oil is defined as Brent oil, Brent oil is used instead of the Urals blend due to 

the availability of data. Brent oil and Urals blend only differ due to the fact that Urals blend is 

sold at a discount to the Brent crude oil price.   

EU key countries: EU key countries is defined as the seven key European countries of interest 

in this thesis. The countries of interest are; Austria, Finland, France, Germany, Italy, the 

Netherlands, the United Kingdom.  

Imports: Natural gas received in the EU key countries from a foreign country (EIA, 2016). 

Natural Gas: A gaseous mixture of hydrocarbon compounds, the primary one being 

methane.  Note: The Energy Information Administration measures wet natural gas and its two 

sources of production, associated/dissolved natural gas and nonassociated natural gas, and dry 

natural gas, which is produced from wet natural gas.(EIA, 2016). 

Natural Gas Liquids (NGL).:  A group of hydrocarbons including ethane, propane, normal 

butane, isobutane, and natural gasoline. Generally include natural gas plant liquids and all 

liquefied refinery gases, except olefins (EIA, 2016). 

Nominal Dollars: A measure used to express nominal price (EIA, 2016). 

Nominal Price: The price paid for a product or service at the time of the transaction. Nominal 

prices are those that have not been adjusted to remove the effect of changes in the purchasing 

power of the dollar; they reflect buying power in the year in which the transaction occurred 

(EIA, 2016). 

Nominal GDP: GDP in current dollars (Library Economics Liberty, 2012). 

Real GDP:  adjusts the GDP data for inflation to arrive at real GDP (Library Economics 

Liberty, 2012). 



 

 

 

Real Price:  Real price is its value in terms of some other good, service, or bundle of goods. 

The term "relative price" is used to make comparisons of different goods at the same moment 

of time. The term "real price" tends to be used to make comparisons of one good to a group or 

bundle of other goods across different time periods, such as one year to the next (Library 

Economics Liberty, 2012). 

Tonne oil equivalent: The tonne of oil equivalent (toe). is a unit of energy defined as the 

amount of energy released by burning one tonne of crude oil (Business dictionary, 2016).  

   

https://en.wikipedia.org/wiki/Units_of_energy
https://en.wikipedia.org/wiki/Tonne
https://en.wikipedia.org/wiki/Crude_oil

