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Abstract 

This paper studied the extensive margin (EM) and intensive margin (IM) of liquefied natural 

gas (LNG) imports in Europe over the period 1996-2015. Two econometric models were used, 

a probit estimation for the EM and an OLS for the IM. A time-varying approach was conducted 

to analyse the stability of the models in the studied time frame. The models were constructed 

through the application of known determinants of LNG trade as well as new factors that 

previously was unused in the investigation of LNG trade.  

The results indicated an overall stable EM, but a highly varying IM over the period. The findings 

inform that the EM is driven by income, diversification and lower bounds technological 

development and we found that it is inhibited by pipeline imports, domestic production and 

higher bounds technological development. The IM is determined by favourable pricing 

opportunities, lower bounds technological development and the diversification aspect of LNG. 

IM is negatively affected by domestic natural gas production and the higher bounds of 

technological development. 

Keywords: LNG, extensive margin, intensive margin, panel data, OLS, probit, natural gas, 

Europe, diversification, energy security,  

  



 

 

 

Sammanfattning 

Denna uppsats studerade extensive margin (EM) och intensive margin (IM) för flytande 

naturgas (LNG) i Europa under perioden 1996–2015. Två ekonometriska modeller användes, 

en probitestimering för EM och en OLS för IM. En tidsvarierande ansats tillämpades för att 

analysera hur stabila modellerna var över tidsperioden. Modellerna konstruerades utifrån 

tidigare kända determinanter för LNG-handel tillsammans med nya faktorer som inte använts 

vid undersökning av handel av LNG. 

Resultaten visade på en övergripande stabil EM, men en tydlig varierad IM över perioden. 

Våra fynd indikerade att EM drivs av inkomst, diversifiering och lägre värden av teknologisk 

utveckling, samt att den förhindras av pipeline-import, inhemsk naturgasproduktion och de 

högre värdena av teknologisk utveckling. IM drivs av fördelaktiga prisförhållanden, lägre 

värden av teknologisk utveckling och diversfieringsaspekten av LNG. IM påverkades negativt 

av inhemsk naturgasproduktion och högre värden av teknologisk utveckling. 

Nyckelord: LNG, extensive margin, intensive margin, paneldata, OLS, probit, naturgas, 

Europa, diversifiering, energisäkerhet 
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1. Introduction 

The European natural gas market is becoming more globally integrated due to the increased 

availability of the long-distance compatible version of the gas, liquefied natural gas (LNG) 

(Barnes and Bosworth, 2015). In contrast to the other major natural gas markets, i.e. the Asian 

and North American markets, the participation of European countries in LNG trade is limited, 

with less than a third of European countries choosing to import it (IEA, 2017). Natural gas is 

an important source of energy in Europe due to its favourable properties such as low 

greenhouse gas emissions, modest local pricing, and flexibility in applications (European 

Commission, 2014). Today it accounts for about a third of the European energy consumption 

(IEA, 2017), which means that new market conditions caused by an increasing presence of 

LNG potentially have large effects on the long run energy consumption and growth nexus in 

the region. 

The transport of natural gas is divided into two types. Either it remains gaseous and is 

transported through subterranean pipelines or it is cooled into LNG, which is transported 

through conventional ways, such as shipping and rail transport (Paltsev, 2015). The 

construction of a pipeline is associated with large fixed costs, but it has been the favoured 

alternative because it provides overall lower per-unit cost than its alternatives (Ulvestad and 

Overland, 2012). The cost of a pipeline is proportional to its length and are especially costly to 

construct underwater which makes pipeline transportation unfit for long-distance transportation 

(Kumar et al., 2011).  Due to the magnitude of the supply of natural gas in the nearby countries, 

Europe has been able to sustain its natural gas needs from pipeline-viable sources (IEA, 2017). 

The overabundance of natural gas endowments in the region, and the fact that pipeline 

transportations has the lowest transportation costs has caused the regionality of the market 

(Paltsev, 2015).  

As previously stated, research has shown that the market is becoming less regional. This is 

evidenced by increased unity in price movements across the global markets. Findings by Li et 

al. (2014) shows that the prices in major market has been converging toward each other over 

the period 1997-2011. Similar findings were made by Geng et al. (2014) and Renou-Maissant 

(2012) which identified convergences in the period 2000-2011 and 2002-2009 respectively. A 

primary cause for such an adaptation is the increased economic feasibility of LNG, which is 

driven by technological advancements that has reduced transportation and production costs 

of the liquefied gas (Barnes and Bosworth, 2015). LNG has had an unprecedented increase in 

the volume of trade since 2006 (Barnes and Bosworth, 2015) and there is a widespread 

perception that the global trade of LNG will continue its current development (European 

Commission, 2014; Eucers and Ewi, 2016; BP, 2017).  
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The historical regionality of the market has kept the gas prices favourable in comparison to the 

other markets (Rosendahl and Sagen, 2008). This means that an increased global integration 

is something that would increase the competition for the current European natural gas 

consumers. The new market conditions could pose a threat to the current European natural 

gas consumers by pressuring them into altering their energy mix into something that is less 

efficient compared to today (Rosendahl and Sagen, 2008). 

It is possible that the new market conditions instead are primarily beneficial to the European 

nations. This is due to the disparity of natural gas endowments between countries, where the 

majority of the natural gas consumed in Europe is supplied by only a few nations, namely 

Russia, Norway, Algeria and The Netherlands (IEA, 2017). Russia is currently the largest 

supplier and has the world’s largest reserve of natural gas and is by some perceived to exhibit 

oligopolistic control over the market (European Commission, 2014). The scarcity in the number 

of available suppliers thus limits the bargaining power of consumers and is argued by many, 

researchers and public institutions alike, to constitute a risk to European energy security and 

to reduce market efficiency (Pfoser et al., 2014; Eucers and Ewi, 2016; Slesareva, 2017; 

European Commission, 2018).  

LNG consists of natural gas that has been cooled down to a liquid form and is primarily 

transported through shipping (IEA 2017). For LNG to be used as a fuel it has to be converted 

to gas, but after it has been regasified it has the same properties as ordinary natural gas 

(Paltsev, 2015). For a country to be able to use LNG as a source of energy it needs to possess 

a regasification facility. While the construction of such a facility generally is cheaper than a 

pipeline, it is still a capital-intensive endeavour and is a considerable investment for most 

countries (The Economist, 2012). LNG allow for higher trading flexibility compared to pipeline 

gas, since regasification facilities are not limited to specific suppliers. Pipelines are instead 

connected to a specific pipeline-system and is restricted to the suppliers connected to the 

system (Dorigoni et al., 2010).  

There is a widespread support among scientific community that LNG can provide energy 

security through diversification (Pfoser et al., 2014; Hauser and Möst, 2015; Osorio-Tejada et 

al., 2017). We find these claims legitimate due to the clear neoclassical substitute relationship 

between LNG and pipeline gas. It is therefore possible that the European nations incentivised 

to partake in natural gas trade with previously unavailable suppliers to relieve the energy 

security risks. Previous literature that has investigated the LNG trade patterns has omitted 

energy supply diversification as an explanation for trade, and we amend this eventual 

knowledge gap with the inclusion of diversification measurements into the models.  
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The importance of diversification in Europe is particular because of the dominating position of 

Russia. The Russian natural gas supply accounts for one fourth of the global confirmed 

reserves and is substantially larger than Norway, their main competitor on the European 

market (CIA, 2018). Russia has historically let politically based decisions affect their level of 

natural gas exports. An example of this is the Russian-Ukraine gas conflict of 2004, which was 

centred on Russia’s declaration that they would cut gas supplies to Ukraine unless Ukraine 

agreed to an up-front payment (Kirby, 2014). Ukraine did not agree to the proposed terms, 

which resulted in gas shortages in countries such as France, Poland and Hungary due to the 

interconnection of the European natural gas markets (Bilgin, 2009). While this particular cut-

off only resulted in a few months of shortages, the Ukraine-Russian relationship have triggered 

many similar supply disruptions in varying magnitude and is considered a cause for insecurity 

on the European natural gas market (Bilgin, 2009; European Commission, 2014; Slesareva, 

2017). Kumar et al. (2011) forecasts Europe’s future natural gas imports and estimates the 

share of imports from outside of Europe to significantly increase the upcoming years due to a 

decline in European natural gas production. An increased reliance on imports could stress the 

importance of a well-diversified natural gas supply and pushes the theoretical relevance of 

LNG as a tool for achieving energy security. 

There is currently not much known about why some countries decide to import LNG, neither is 

it clear why a country settles on a particular level of LNG imports. Such knowledge could prove 

itself useful when attempting to make inferences about the future of the European natural gas 

market conditions, which in extension can act as a basis for decision regarding the long-run 

energy mix composition in the region. The primary intention of this study was to provide such 

knowledge. We did this by applying two econometric models onto yearly data for 34 European 

countries1 over the period 1996-2015. The models were founded in the current literature, with 

the addition of factors we considered important in the European context, and were designed 

to answer the following three questions:  

• Why does a country decide to start importing LNG?   

• Why does an LNG importer choose to import a particular amount of LNG? 

• How has the answer to the above questions changed between the periods 1996-2005 

and 2006-2015? 

The models we apply are designed to answer the two first questions respectively. The concepts 

that the questions are addressing is in the international trade literature referred to as extensive 

and intensive margins and for consistency with the literature we refer to the models as such.  

                                                           
1 A list of the countries included in the study can be seen in Appendix A 
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The extensive margin model was specified using a probit estimation and answers the question 

“Why LNG?” in terms of the parameters effect on the probability to become an LNG importer. 

We included 34 European countries in this model, as the remaining European countries were 

excluded because due to data limitations.  

The intensive margin model was founded on an ordinary least squares (OLS) approach and 

explains the quantities of LNG that a country decides to import. The intensive margin model 

answers the question “how much LNG?” in regard to import dependency and uses LNG 

consumption as a share of total energy consumption as dependent variable. The model is 

applied to ten European countries that are LNG importers.  

The investigation of how the determinants for LNG trade has changed is conducted through 

the models described above, but they instead differentiate between the data points included in 

order to fit the periods of investigation. The break point of 2006 is motivated by the increase in 

LNG trade that started on the other half of the 00s (Barnes and Bosworth, 2015), it was also 

around that time where the Ukraine-Russia gas conflict heated up and caused increased 

uncertainty of the European natural gas market (European Commission, 2014). 

Over the period we studied extensive margin was found to be more stable than intensive 

margin. The results that the extensive margin is mainly driven by the determinants income, 

lower bound of technological development and diversification. The findings also showed that 

factors that are inhibiting LNG imports are pipeline gas imports, domestic natural gas 

production and higher bounds of technological development. A notable result of non-

consideration of pricing is found for the EM. 

The results stressed the importance of choosing an appropriate time period when determining 

IM as we found large deviations between time periods. The IM is found to be heavily dependent 

on the comparative pricing relationships, lower levels of technological advancements, and the 

diversification considerations of LNG. Furthermore, IM is inhibited by the natural gas 

endowments of a country, as well as the higher bounds of technological development. 

A notable adaptation for both EM and IM was the diminished significance of political risk across 

the time periods. Our results suggest that diversification has replaced it as the primary energy 

security factor for LNG trade.  

The paper is structured as follows, Section 2 contains a literature review of known drivers for 

LNG trade and our theoretical framework. Section 3 presents the chosen methodology. In 

Section 4 we present and motivate the proxies and data we include in the models. Section 5 

presents the results and analysis of the regressions, which are then summarised in Section 6. 
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2. Framework 

Upon investigating the current LNG trade literature, we find that there are no commonly 

accepted models that that fit the task of this paper. To amend this, we compile our own 

theoretical framework through research that we find to be applicable to LNG trade in a 

European context. This section therefore contains a presentation of the relevant literature that 

covers known drivers of LNG trade. The literature is then decomposed in a manner that it 

allows for clear hypothesis formulation in regard to the research questions. The amalgamation 

of hypotheses results in the theoretical framework that we operationalise in this study. In order 

to make the reasoning of this section easier for the reader to follow, we first need to define the 

central concepts of the paper. The definitions can be seen directly below. 

In the international trade literature extensive margin and intensive margin are two terms that 

describe the breadth (amount of different goods) and magnitude (the quantity of traded goods) 

of trade between two countries (Colacelli, 2009). In this paper we alter the definitions to 

explicitly relate to LNG imports in order to better match the purpose of the paper and to reduce 

ambiguity. The definitions we employ are the following: 

• Extensive margin (EM) is a determinant’s impact on the willingness for a country to 

start importing LNG. Whenever we describe the determinant’s extensive margin effect 

it refers to the effect on a country’s disposition be an LNG importer.  

• Intensive margin (IM) is a determinant’s impact on the share of energy consumption 

that comes from LNG in a country that already has established itself as an LNG 

importer. Whenever we describe to a determinant’s intensive margin effect it is the 

effects in terms of the demanded share of LNG in the energy mix. 

These terms are central to answering the research questions of this paper and we therefore 

explicitly relate our theoretical framework to either EM, IM, or both. 

2.1. Literature review 

The distance between two countries and their economic magnitude are factors that are heavily 

influential in determining the extent and intensity of trade between them (Kabir et al., 2017). 

Evidence exist that LNG trade is no exception. For instance, MIT (2011) analysed the impacts 

of distance on the economic viability of exporting natural gas. They found that the global LNG 

supply function has an exponential behaviour, which means that LNG becomes increasingly 

costly to supply. For a supplier to increase LNG exports it generally must deliver to a purchaser 

farther away, which results in costs that stifles the quantity exported. This means that distance 

cannot be disregarded when examining LNG trade patterns and is a striking difference when 
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contrasted to trade of crude oil, the most intensely traded energy good, where distance 

presents a negligible impact on the market conditions (MIT, 2011). 

The notion of distance as impactful on LNG trade patterns is supported by Zhang et al. (2017). 

They applied a gravity model OLS to study the determinants for global LNG trade and found 

that distance was highly impactful on the intensity of trade. The paper applied a time-varying 

approach and identified that the determining power of distance has been decreasing over the 

last twenty years, which suggested an increased prevalence of a global market. Their results 

also indicated that geopolitical factors are affecting LNG trade more when compared to general 

trade.  The authors argue that it is because of the implications to energy security that countries 

avoid trading partners that are exposed to political volatility. This means that LNG trade exhibits 

similar sensitivity to political risk as crude oil (Zhang et al., 2015). Furthermore, their results 

indicated that GDP for the importing country was highly impactful in determining the volume of 

LNG imports for a country, which is consistent with research of the determinants for other types 

of energy trade such as coal and crude oil (Sheng et al., 2015; Kitamura and Managi, 2017; 

Alsaleh and Abdul-Rahim, 2018). Another notable result was that Zhang et al. (2017) 

concluded that research and development as a share of GDP was significant in determining 

the quantity of LNG imported but a theoretical interpretation of this variable was not presented 

in the paper. The model that Zhang et al (2017) employed was specified using a control 

variable for domestic natural gas production which proved significant.  

The significance of being highly dependent of natural gas was emphasised by Vivoda (2014). 

The author performed a case study centred around the diversification of LNG supplies 

regarding increased dependency on natural gas in the five largest LNG importers in Asia. The 

study found that over the period 2002-2012, the five countries had increasingly diversified their 

LNG imports as they became more dependent on natural gas. The increased number of natural 

gas suppliers was implied by the author to be a reaction to an increased dependency on natural 

gas, where countries wanted to mitigate risks with being heavily reliant on one type of fuel by 

having a diverse supply for the fuel. Note that the author did not perform any econometrical 

analysis of the diversification and natural gas dependency relationship. Instead, the paper 

presented an analysis of the developing descriptive statistics with consideration of the 

countries individual characteristics. The lack of econometrical support makes the conclusion 

susceptible to critique, but due to the absence of knowledge in the field of LNG as a tool to 

diversify it presents an interesting and testable hypothesis that a country’s increasing 

dependency on natural gas would increase the need for further diversification.  

Through the application of network theory, Geng et al. (2014) analysed what characterises the 

development of the global LNG trade network in the last 20 years. They found that the LNG 
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market is much more flexible compared to the pipeline market. This means that countries are 

more prone to replace an LNG supplier rather than pipeline supplier, and that changes in LNG 

import volumes from a specific supplier are more frequent than the pipeline counterpart. 

Furthermore, they found that the establishing of trade relations on the natural gas market is 

heavily driven by the demand of the country that is looking to import LNG. The study also found 

that it generally is the importing country that seeks out and establishes trade relations with the 

LNG producers.  

Another network theory perspective is offered by Feng et al. (2017). They conducted an 

analysis of the global LNG trade patterns over the period 2005-2015. Findings of their study 

showed that countries with a higher number of natural gas trading partners are more likely to 

form new LNG trade relations. This emphasises the benefits of having larger number of 

suppliers, even if they are not large. This tells us that even if energy security is disregarded, 

diversification accelerates further diversification which in turn yields possible benefits in the 

form of increased bargaining power in the marketplace due to replaceability of suppliers. Their 

findings support the results from Geng et al. (2014), in that it generally is the importing country 

that takes the initiative for the formation of the trade relations.  

Maxwell and Zhu (2011) investigated the development of the US natural gas trade regarding 

LNG pricing. They used Granger non-causality methodology to investigate LNG how changes 

in pipeline-relative LNG pricing, as caused by LNG supply shocks, affects the LNG import 

levels in the US. They concluded that there was a causal relationship from supply shocks onto 

import levels over a duration of twelve monthly lags. This implies a substitute relationship 

between LNG and pipeline gas that is dependent on their relative pricing, and that it takes up 

to a year for contractors to adapt to new market conditions.  

2.2. Theoretical framework 

By reviewing the literature, we identified factors that have empirical support as determinants 

of overall LNG demand. These factors are income, price levels, political risk, distance to trading 

partners, natural gas production and spending on research and development (R&D). Because 

of their empirically stated significance we consider them the foundation for our theoretical 

framework. We build upon this foundation through the inclusion of other factors that we believe 

is of importance to properly assess the IM and EM in Europe. We also make additions to the 

known drivers of LNG trade by proposing non-linear interpretations of their interactions with 

the EM. The following section presents each of the factors that we decided to include in the 

models as well as their proposed theoretical mechanisms and empirical support. To make the 

reader able to critically assess the analysis we present each of the factors separately. 
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2.2.1. Income  

An empirically well-documented driver for most types of trade between two countries are the 

magnitude of their economies (Frankel and Roze, 2002). This principle refers to the notion that 

larger countries tend to engage in trade to a larger extent compared to smaller ones. The trade 

of LNG is no exception. As evidenced by Zhang et al. (2017) and Barnes and Bosworth (2015), 

GDP of the importing country displays a significant impact on the level of LNG imports. The 

theoretical justifications as to why GDP acts as a significant driver for trade are varied, but in 

the context of this paper we interpret the significance of economic activity in relation to energy 

imports to be fundamentally embedded at a core level. Energy consumption and economic 

activity is hard to disentangle, because energy consumption is often a prerequisite to perform 

an economic activity (Ozturk, 2010). This means that a country that has a large income will 

require more energy for its upkeep, and thus, a linear relationship between the quantity of LNG 

imports and a country’s income should exist. However, as we are investigating the share of 

LNG in a country’s energy supply, rather than the quantity in absolute numbers, we propose 

that income will have a negligible impact in terms of IM.  

We build upon the effect of income in relation to LNG by proposing that having a large economy 

will also have a non-linear impact on the willingness to import LNG. This is due to the high 

fixed costs that are associated with LNG (The Economist, 2012). Because regasification 

facilities are essential in order to employ LNG as an energy source, countries first have to 

construct such a facility to partake in the market. The costs of such an investment will be 

diminished in a large economy because of the lower burden of fixed costs per unit of income. 

This marginalisation of the investment should thus increase the inclination to invest in a 

regasification facility and therefore provide a positive EM effect. 

2.2.2. Distance 

Distance is known to be one of the most robust empirical factors affecting trade between two 

countries (Leamer and Levinsohn, 1995). The ways in which distance affects trade between 

countries is primarily through the channels of transportation costs and unfamiliarity of the other 

country (Huang, 2007). The effects of unfamiliarity propose that the further two countries are 

situated from each other, the more likely they are to lack overall homogeneity. This entails 

increasing complexity and costs to establish trade caused by the lacking common 

understanding of familiarity. To reduce the complexity of the analysis, we choose to disregard 

the unfamiliarity effect of distance. The reasoning for this is that countries that are high in 

demand for LNG imports are prone to be actively looking for trade relationships in LNG to such 

an extent that they seem indifferent to the unfamiliarity aspect. We consider this to be 

evidenced by Geng et al. (2014) and Feng et al. (2017) whose results show that country’s that 
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wish to import LNG will make efforts to do so. The disregard of unfamiliarity makes distance 

primarily a measure of transportation costs.  Larger transportation costs will diminish the gains 

from trade and have a negative impact on trading volumes. In accordance with results of 

Barnes and Bosworth (2015) and Zhang et al. (2017), we consider distance to inhibit LNG 

imports overall and thus have a negative effect onto both EM and IM 

As shipping is the primary means of transporting LNG (Yergin and Stoppard, 2003), countries 

that have coastal access will not have to go through the trouble of reloading shipping cargoes 

and utilise costlier means of transportation to obtain LNG. We therefore propose that the 

countries with coastal access will be more inclined to import LNG. Such an assessment is by 

previous studies considered to be an important LNG trade determinant and found that it inhibits 

the quantities of LNG imported (Barnes and Bosworth, 2015). This means that being 

landlocked is bound to have a negative effect onto both EM and IM. 

2.2.3. Pipeline-relative pricing 

Natural gas is a fuel that is hard to substitute for many European nations (Energimyndigheten, 

2008). Pipeline gas and LNG are in many ways identical in their applications (Paltsev, 2014), 

which in the neoclassical sense makes them substituting goods. Many studies have made 

observations confirming the real-world applications of LNG and pipeline gas as substitutes 

(Maxwell and Zhu, 2011; Barnes and Bosworth, 2015; Zhang et al., 2017). The substitutional 

effect makes the demanded quantity of LNG a subject to relative pricing to that of pipeline gas. 

This means whenever LNG becomes cheaper, in relation to pipeline gas, it gets higher in 

demand and vice versa.  

Parties that trade natural gas cannot react to the new pricing levels immediately, partly 

because of the natural delay that is present in the real world in most markets, but also because 

of inertia caused by the general application of long-term contracts in the LNG market (Maxwell 

and Zhu, 2011). The results from Maxwell and Zhu (2011) propose that it takes up to a year 

for trading parties to fully react to sudden changes in the supply-demand equilibrium of the 

LNG market. The difficulty to fully substitute natural gas, along with the proven competitive 

relationship between LNG and pipeline gas, makes the relative pricing a central measure of 

LNG’s competitiveness. Higher pipeline-relative LNG prices should therefore provide negative 

effects onto both EM and IM, as long as importers are given the time to react to the new pricing. 

2.2.4. Factor Endowments 

According to Ricardian theory of trade, a prerequisite for trade to emerge are that countries 

has comparative advantages over the other (Rugman and Brewer, 2001). Regarding the 

natural gas market, we consider the primary cause for comparative advantages to be the 
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discrepancies in the endowments of natural gas. Countries that do not have the natural gas 

producing capabilities, nor the natural gas reserves to go with it, will have to engage in imports 

to sustain an adequate level of natural gas consumption. If a country's natural gas production 

instead exceeds that of domestic demand, they can export the excess in favour of increased 

utility through trade. This means domestic natural gas production is an inhibitor for LNG imports 

that affects both EM and IM. 

2.2.5. Technology  

Research and development has been empirically proven to have a significant positive effect 

on the level of natural gas imported, both from pipeline sources and LNG (Zhang et al., 2017). 

Theoretical justification for the variable has been omitted in previous energy trade literature, 

which makes any following analysis hard to follow (e.g. Zhang et al., 2015; Zhang et al., 2017). 

We amend the problems of lacking stringency through the introduction of detailed theoretical 

mechanisms in regard to technological development’s effect on the inclination to import LNG. 

We propose the mechanisms of technology to be working through its effects on willingness to 

enter the natural gas market as well as the overall domestic demand of natural gas.  

The first mechanism describes how it relates to the feasibility to construct and sustain the 

natural gas import- and regasification processes. A technologically advanced country will be 

offered lower opportunity costs for skilled labour, due to its relative abundance, as well as lower 

research costs because of the increased likelihood to already have sectors that offer 

technological spill-over onto the natural gas market.  

Our other technological development mechanism works through the Porter Hypothesis (Porter 

and van der Linde, 1995). The hypothesis states that strict environmental regulations will 

promote innovations and development that reduce environmental impact. This is because of 

the higher demand of environmental-friendly technologies that emerge from the possibility for 

a company to increase profits from adopting to technology that better align with regulations 

(Porter and van der Linde, 1995). In its original form the Porter hypothesis states additional 

mechanisms for the adaptations of firms but for the context of this paper such detailed 

descriptions are of little use.  

Many European countries strive to reduce their environmental impact and are actively 

regulating the market in accordance with this (European Commission, 2014). Such regulations 

have shown to have an impact on the energy mix of a country through its effect on the 

development of renewable energy (Sauter et al., 2013). The interpretation we make of the 

Porter hypothesis in relation to LNG imports is the following: environmental regulation is a 

driver of technological progress which in turn affects the long run dependency on natural gas 

negatively. This means that we consider technological progress as a factor that affects natural 
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gas demand, but that the effect is increasing with the pace of the technological progress. Thus, 

we expect a negative effect that materialises at the higher levels of technological progress and 

that the effects will manifest itself in both EM and IM. 

We suggest that the two effects discussed above presents a non-linear relationship between 

the pace a country develops technologically and its willingness to import LNG. The explanation 

for this is that we consider it a lower break-even point, research-wise, to be able to construct 

and maintain LNG facilities when compared to a potentially accelerating research process of 

developing substituting energy sources. This means that we expect that technological 

development will exhibit a positive effect on EM, up to a certain point. We expect it to produce 

a negative effect on both EM and IM the greater it becomes because of lower long-run demand 

of natural gas that is resulted from faster technological advancements.  

Note that the Porter hypothesis is originally a framework for understanding the development 

of competitive advantages for firms and nations and might seem like an odd fit for the task at 

hand. However, the strength of the hypothesis is embedded in the fact that it is an empirically 

well-researched subject, where many studies support the claims of the fundamental notion of 

the hypothesis. This is evidenced by several authors (e.g. Lanjouw and Mody, 1996; 

Brunnermeier and Cohen, 2003; Johnstone et al., 2010) who all found a positive relationship 

between environmental regulation and number of environmentally related successful patents. 

The studies cited above were conducted with varying time-frames and populations, which is 

indicative of a robust relationship. 

2.2.6. Diversification  

Being heavily reliant on an individual supplier for a certain good makes a country sensitive to 

the supplier’s ability to provide according to contracts. Such a sensitivity is of particular 

significance when it comes to energy imports, since a country needs energy in order to sustain 

its fundamental functions (Lesribel, 2004). Because of this we assess that a country that is 

heavily dependent on a one, or a few, natural gas suppliers would be inclined to increase its 

number of suppliers when given the opportunity.  

The European network of pipeline gas is limited in its numbers of suppliers available and 

because the pipeline-network is not perfectly interconnected, some countries has access to 

fewer suppliers than others (IEA, 2017). This does theoretically result in some countries being 

unable to diversify their natural gas supply through pipeline sources alone. This means that 

LNG opens an opportunity for diversification and countries that has a less diverse natural gas 

supply should be more incentivised to import LNG to increase energy security. While the level 

of diversification in the energy supply as a determinant for LNG import is an unstudied subject 
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in the scientific literature, energy security through diversification is an exclaimed goal for many 

of the world’s policy-makers and is self-reported to have been considered factor when deciding 

upon where energy to obtain their energy (European Commission, 2014; IEA, 2016). 

In accordance to what was proposed by Vivoda (2014), we consider the willingness to diversify 

through LNG to be amplified by how heavily a country is dependent on natural gas imports. 

Through the same mechanisms as those described above, a larger share of imported natural 

gas in a country’s energy mix makes the country more exposed to its current supplier’s ability 

to deliver according to contract. Thus, the more dependent a country is on pipeline imports, 

the further it will need to diversify its gas supply to mitigate risks and LNG does theoretically 

offer that diversification benefit.  

However, as pipeline gas and LNG has a substitute relationship (Maxwell and Zhu, 2011; 

Barnes and Bosworth, 2015; Zhang et al., 2017) we propose there is an ambiguity for the effect 

of increased pipeline dependency. If the imports of pipeline gas increases for a country, it is 

possible it happens on the account of the country’s demand for LNG which in effect reduces 

how much LNG the country imports. Hence, we consider the effects of an increased 

dependency on pipeline imports to increase willingness to import LNG through the notion of 

energy security but also inhibit it, because of the substitution effect. It would be ideal to 

separate these effects from each other, but because we are unable to identify real-world 

measurements that differentiates between the two effects, we decide to settle on the unification 

of the effects into pipeline gas dependency.  We therefore expect that pipeline gas imports will 

affect the overall demand of LNG in an ambiguous way. An impact onto the overall demand of 

LNG will manifest itself as both EM and IM.  

2.2.7. Supplier risk 

Sudden political interventions such as policy changes and armed conflicts can provide a 

disruption to trade across borders (Rugman and Brewer, 2001). This increases the risks 

associated of trading with certain parties and according to findings by Moser et al. (2008), 

perceived risks associated with political intervention is an important determinant for the overall 

trade volumes between two countries. Such an effect is particularly significant when it comes 

to trade of energy goods. We conclude this from a study by Asche et al. (2002) which inform 

us that perceived political risk in a trading partner will have a greater impact on prices and 

demand for volume flexibility in energy goods compared to non-energy goods.  

In the context of this paper, we separate the risks associated with a supplier into natural risks 

and political risks. Natural risks are the risks that are present in all suppliers and refers to 

stochastic events that impede the provision of natural gas, such as pipeline malfunction, 
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unfavourable weather and piracy. We suppose that such risks cannot be quantified or 

foreseen, and because of this an importer cannot differentiate between suppliers and therefore 

consider all suppliers equal in regard to natural risk.  

In contrast to natural risks, political risks can be quantified and differentiated between 

countries. If a country’s leadership is prone to political interventions it will affect the demand of 

their exports negatively due to increased volatility of supply. This means that countries which 

import natural gas will consider all sources of imports equal, with the exception of the added 

political risk. A country that has a higher level of political risk present in its natural gas supply 

will want to further diversify its supply to mitigate risks. This relates to LNG imports through the 

possibility of LNG as a means for further diversification, where we expect a positive impact on 

both EM and IM.  

We also consider the level of political risk in the LNG market to be of importance when 

determining the demand of LNG. A high level of political risk on the LNG market should 

therefore inhibit the overall demand of LNG for a country and therefore have a negative effect 

on both EM and IM. 

2.2.8. Summary 

Our theoretical framework describes mechanisms that we propose to impact the way that 

European countries behave on the LNG market. The framework contains both linear and non-

linear interactions for some factors and some factors differentiate between EM and IM for their 

effects. We imported the linear effects of income, pricing, technological development, distance 

and political risk directly from previous literature and we build upon these theoretical 

interactions by proposing a non-linear mechanism for both income and technological 

development. We also include the previously unused aspect of diversification measures into 

our framework. An overview of our theoretical framework can be seen below in Table 1 where 

each factor’s proposed effect for both EM and IM can be seen. 

Table 1: Factors of the theoretical framework and their effects on EM and IM. 

Determinant Extensive margin  Intensive Margin 
Income Positive No effect 
Transportation costs Negative Negative 
Pipeline-relative pricing Negative Negative 
Technology, low levels margins Positive No effect 
Technology, high level margins Negative Negative 
Natural gas endowments Negative Negative 
Level of pipeline diversification Negative Negative 
Pipeline gas dependency Mixed Mixed 
Political risk in natural gas supply Positive Positive 
Political risk in LNG market Negative Negative 
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3. Methodology 

To be able to investigate the extensive and intensive margin of LNG imports in Europe we 

need make use of data that varies across both countries and time. This results in the 

application of panel methodology, where we specify one model for the extensive margin and 

one for the intensive margin. The extensive margin model uses a binary dependent variable 

that tells us why a country becomes an LNG importer. This output of the extensive margin 

model informs us whether a factor has a significant impact on the probability to become an 

LNG importer. It also tells us what direction such an effect would have in terms of negative or 

positive. The model is founded on maximum likelihood estimation (MLE) and is fitted, in 

accordance with much of contemporary economic research, with a probit link function (Gujarati 

and Porter, 2009). The intensive margin model instead explains the volume of LNG imports as 

a share of energy consumption in countries that are already importers of LNG. This model is 

employed through the specification of an ordinary least squares (OLS), where the coefficients 

will give insight how the intensive margins of LNG imports are decided in a country that is 

already importing LNG. In this section we present the two models and the reasoning for 

considering them a good fit for the task at hand. 

3.1. The Extensive Margin Model 

As we were interested in deciphering why a European country becomes an LNG importer using 

macro level mechanisms, we considered ourselves bound to use a binary-choice model. OLS 

can be used for this type of endeavour and might seem like a good choice due to the simplicity 

of interpretation, which is an important aspect for the kind of elementary inferences we are 

aspiring to make. However, there are problems with heteroscedasticity and non-normality in 

the error terms when using such methods, which makes the results unreliable (Verbeek, 2004). 

These problems are important to handle and can be circumvented by using non-linear 

estimation techniques, which is common practice for economic research (Gujarati and Porter, 

2009). 

This means we need a non-linear estimation that tells us the explanatory variables effects in 

terms of probability of being an LNG importer. This is often done through a method called probit 

estimation (Gujarati and Porter, 2009). Probit estimation is based upon maximum likelihood 

estimation (MLE) and it is a way to estimate parameter values for a model through the process 

of iteration (Gujarati and Porter, 2009). This process finds the probability function that best fit 

the data regarding the variables included in the model (Gujarati and Porter, 2009). There are 

many distribution functions that can be used for this endeavour, but probit has the ability to 

account for the general type of heteroscedasticity that often is present in economic data 
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(Gujarati and Porter, 2009) and is because of this the chosen distribution function for economic 

research such as ours. Note that the output of a probit estimation produces results that only 

describes the statistical significance and the direction of how an explanatory variable affects 

the probability for an outcome, but nothing about the strength of the coefficient (Gujarati and 

Porter, 2009).  

It is possible to generate the magnitude for the coefficients in a probit model by imposing values 

for the dependent variables at a set level (Gujarati and Porter, 2009). This would simulate the 

marginal effects that a one unit change in an explanatory variable would have onto the 

likelihood that an observation is an LNG importer in terms of percentage points of probability 

(Verbeek, 2004). However, such an investigation is not covered by the scope of this paper but 

would provide itself useful for making forecasts about the development of the European LNG 

market and is a subject for further research. 

3.2. The Intensive Margin Model 

The purpose of the intensive margin model was to decipher what factors that determines 

dependency on LNG imports. Because of this we chose OLS as the estimation method for IM, 

as it provides simplicity in execution and interpretation. The simplicity in interpretation was of 

significance when we selected the method, because we aspired to provide a foundation of 

understanding the drivers of European LNG imports and therefore interdisciplinary accessibility 

was of importance. The application of an OLS increased the real-world utility of the results and 

because we could see no compelling argument for any more complex models, it was the given 

choice. The only contender we considered was the so called fixed effects model. Fixed effects 

would allow to further control for heterogeneity in the observed countries while still providing 

the same overall simplicity of the OLS (Verbeek, 2004). However, such a model would require 

any omitted variables to be highly time-invariant (Verbeek, 2004). We did not consider such 

an assumption to be valid because of the potential changes that has happened to the LNG 

market over the observed period. Countries themselves are also prone to adaptations in their 

characteristics, which further undermines the validity of the time-consistency assumption. The 

violation of the assumption makes us disregard the fixed effects approach and settle on an 

OLS. 

A common problem with panel OLS models is that the error term often correlates with the 

explanatory variables, i.e. heteroscedasticity (Gujarati and Porter, 2009). Heteroscedasticity 

leads to biased estimation of the coefficients standard errors, which in extension results in 

misleading significance levels for the parameters (Gujarati and Porter, 2009). There are many 

ways to circumvent this problem, but we chose to do it through the application of White’s robust 

standard errors in the regressions. White’s robust standard errors is the most commonly used 
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method for amending problems of heteroscedasticity in economic research and are considered 

to be a valid measure for larger samples such as ours (Verbeek, 2004). A strength of applying 

White’s robust standard errors is that it does not necessitate the awareness of non-constant 

variance in the error terms, since the method will not harm the regression even if 

heteroscedasticity is absent (Verbeek, 2004). ¨ 

3.3. Time-varying models 

As there are many indications that the conditions for the LNG market has changed over the 

period of investigation we conduct three estimations, for EM and IM respectively. The models 

have the same specification in terms of variables, but they vary across the data that they use. 

The first regressions use all the data points that we have available, which covers the whole 

period 1996-2015. The two other estimations will use the same set of data but differentiates 

between two periods, where one estimation cover the years 1996-2005 and the other 

investigates the period 2006-2015.   
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4. Data 

This section starts with the variable selection where we concretely specify and justify the real 

world-measurements we have chosen to match our theoretical framework. Each variable is 

selected in order to capture one or several of the theoretical mechanisms. The compilation of 

variables results in the two final econometrical models that we employ in order to decipher the 

determinants for European LNG trade in terms of EM and IM.  For the studied period, 1996-

2015, we were only able to retrieve data on a yearly basis for the variables we have included 

in the models. Because of this we were bound to use annual data, but we did not consider this 

to be a particular hindrance since it is common practice among the macro-level LNG trade 

literature to use yearly data (see Barnes and Bosworth, 2015; Zhang et al., 2017).  

4.1. Dependent variables 

Because the focus of this study was to decipher what is determining countries to be dependent 

on LNG, we chose to use LNG consumption as a ratio of total energy consumed as the basis 

for the dependent variables2. The employment of a ratio rather than units of imported LNG 

gave the opportunity to make more nuanced inferences how a country decides to make use of 

LNG in their energy mix. This is because of how a ratio will allow for variables that linearly 

correlate with imported volumes of LNG to be kept constant regarding the energy mix 

composition. We consider this best exemplified with the case of income in relation to energy 

consumption, where energy consumption is engrained in the income generating activities 

(Ozturk, 2010). This fact would make it hard to interpret an income coefficient in a model where 

imported LNG quantities in absolute numbers were used, as we expect LNG quantities and 

income to have an approximately linear relationship.  

In the IM model we used the ratio described above as the dependent variable. In order for the 

model to correctly capture our proposed mechanisms, we excluded values beneath 1% 

dependency on LNG for energy consumption. We observed a sharp increase in LNG 

consumption over the first few years after a country started importing LNG, which we 

interpreted as a start-up period where the LNG import mechanisms have not been fully 

developed. We therefore excluded the lower bound of the observations, resulting in six 

removed points of data to increase the accuracy of the intensive margin model. The omission 

of this start-up period has overall small effects on the IM models results but shifts one variable 

just out of the 10% significance level3. The other variables are unaffected in regard to direction 

of coefficients and in terms of significance levels breakpoints. 

                                                           
2 The mathematical derivations of variables included in our model can be found in Appendix B. 
3 The output for the IM regression that includes all dependent variable data points can be found in Appendix C. 
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For the EM model we used a binary classification of an established LNG importer as the 

dependent variable. This classification was derived from the ratio used in the IM model and is 

defined as European countries that get more than 1% of their energy consumption from LNG 

imports. This is consistent with the cut-off that is presented above for the omission of data 

points and shares the same motivation of not capturing the mechanisms of the theoretical 

framework.  

4.2. Explanatory variables 

Overall trade flows between two nations are known to be affected by their GDP (Frankel and 

Roze, 2002). However, according to the results of Geng et al. (2014) and Feng et al. (2017) 

trade connections appear to be heavily dependent on the importing country’s demand. This 

made us favour models that only include the GDP of the importing country. Such a measure 

helps to keep the model parsimonious and fits our theoretical framework. Due to the barrier-

diminishing effect of income, we expect GDP to be a significant determinant in the extensive 

margin 

Initially we chose to measure transportation costs through two variables commonly employed 

in trade research (Kabir et al., 2017). The first metric was distance to an eventual trading 

partner, which we measured with weighted distance by sea to the major LNG producers, where 

the weights are proportional to the share of LNG produced in regard the other LNG producers 

that export to Europe over the studied period. For landlocked countries we used harbours in 

neighbouring countries and added the highway distance between the harbour and the capital. 

Previous research has shown that distance has a negative impact on trade, our hypothesis is 

that both models will demonstrate the same results.  

As we stated in our theoretical framework, whether a country has access to a harbour or not 

is an important measurement for LNG transportation costs. We created a dummy variable for 

this which indicates whether a country is landlocked or not. However, as none of the countries 

included in the IM model are landlocked, we omit it from the IM model since the inclusion would 

not provide any additional information (Verbeek, 2004). We also had to remove it from the EM 

model. This is because of problems with quasi-complete separation which is a result of the 

model’s perfect prediction of the dependents variable’s binary response (So, 1995). Quasi-

complete separation invalidates the definition of some parameter’s value of the MLE and 

makes the definition of a specific probability distribution unable to exist (So, 1995). Because 

of this we cannot perform the EM model with the binary variable as we first intended.  

According to So (1995) the problems with quasi-complete separation can be resolved in three 

separate manners. The first solution is to redefine the data so that the perfect prediction is 
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removed by avoiding certain break-points in regard to correlation with the dependent variable. 

The second alternative is to collect more data since more data does theoretically allow for 

combinations that does not predict the binary response of the dependent variable perfectly. 

The third solution is the substitution, or removal, of the problematic variable altogether. We do 

not see any way that we can redefine the variable in a meaningful manner, as it is binary in 

nature. We lack the possibility to collect more data because we are restricted to the secondary 

data we already are using. This leaves us with the decision to either omit the variable or 

substitute it, and as we do not see how this variable would be substituted in a way that has 

relevance, we are left with the option of omission. The omission of a theoretically important 

variable will likely cause bias in the estimation (Verbeek, 2004), but as we do not have much 

in the ways of alternatives this is the route chosen. 

In order to control for trade effects created by the variation in natural gas endowments, we 

added a variable to account for its effects. We did this through the inclusion of the importing 

country’s domestic total natural gas production as a share of total energy consumption. By 

measuring it as a share, the variable becomes easier to interpret and it allowed us to compare 

countries with each other. Such a measure allowed us to control for variations in the 

fundamental demand for natural gas imports and allow for the other variables give more 

accurate estimates overall. The variable was included in both models since we consider it to 

affect the overall natural gas import demand negatively, which in turns affect both EM and IM 

negatively. 

To investigate how sensitive LNG consumption is to its pipeline-relative pricing we chose to 

employ a variable that measure the relative price for the whole region. The use of an aggregate 

average for the region might seem like an odd choice. This is because there are large 

variations between the price-levels for both pipeline gas and LNG, over the period that we 

study, price differences between countries up to 10% can be observed for both pipeline gas 

and LNG (IEA, 2017). These large variations can be interpreted that a country-specific 

measurement is needed to capture the effects of pricing. However, as the price described in 

our theoretical framework captures the effects of the supply and demand equilibrium for the 

LNG and pipeline markets themselves, a measure at the individual country level would be of 

little use. From the perspective of the models, the price variations between countries are 

perceived to be given by the other explanatory variables, which alter the supply and demand 

conditions of the individual country. Thus, the inclusion of an individual country price variable 

would cause multicollinearity to some extent and requires an entirely different model to be used 

meaningfully. 
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Furthermore, due to the implications of the delay to react to new market conditions that was 

observed by Maxwell and Zhu (2011), we chose to specify the models with a price variable 

that was lagged by one period. Note that the results of Maxwell and Zhu (2011) indicates that 

the reaction to new prices are progressive over a twelve-month period, but due to data-

availability restrictions we were limited to annual lag-intervals. The application of a lagged 

variable will reduce the available periods of our data-set by one, which changes the period that 

the models studies to 1997-2015. Neoclassic theory states that increased relative price in 

regard to a substitute good will reduce the demand of the good. Therefore, we consider that 

the delayed price variable will exhibit a negative effect onto both EM and IM.  

As mentioned in Chapter 2, the technological level of a country is a factor that impacts their 

possibilities to construct and utilise a regasification facility as well as long-term demand of 

natural gas. Much of the contemporary trade research has used the measure of how much a 

country spends on R&D per unit of GDP to indicate a country’s level of technological 

development (Josheski and Fotov, 2013). We consider this a good measure for the models, 

as R&D contains information about the level of skilled labour, technological development of 

industry (Sasso and Ritzen, 2016) and number of patents (Gerlagh et al., 2014). Because we 

expect a non-linear relationship of R&D onto LNG imports we specify the models with a R&D 

term at level, as well as a squared R&D variable. 

To measure the level of diversification for a country we chose to use the Herfindahl-Hirschman 

index (HHI). The HHI made a good fit because it captures the diminishing returns on further 

diversification, where the marginal risk-mitigating gain of adding another supplier is diminished 

for each added supplier. An HHI value at unity tells us that a country relies on one sole provider 

of natural gas, while a value closer to zero is indicative of a country that has a diverse supply 

of natural gas. According to our framework this means that a country which has a higher HHI 

would be interested in further diversifying their natural gas supply and that LNG is one of its 

options. Because of this we expect the variable to have a positive effect both in the EM and 

IM.  

Our theoretical framework states that the benefits of diversification of pipeline suppliers will be 

proportional to the magnitude of pipeline imports. We control for such an effect through the 

measure of how much pipeline gas that a country imports as a share of their total energy 

supply. However, since LNG and pipeline gas are substitutes, the measure of pipeline gas 

imports will include the effects of the substitute relationship. We were unable to find variables 

that allows for the disentangling of the two effects. This means we will use the measure of 

pipeline imports as a share of energy consumption to measure both effects, and we instead 
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rely on the results of the regressions to decipher what effects that are in play. This means that 

we consider the variable to exhibit mixed effects onto both EM and IM. 

To control for the perceived political risk in country’s natural gas supply we used the political 

risk index that is created by the PRS group and it is a measure that is often used in literature 

that investigates energy trade (see Zhang et al., 2015, 2017). The index is an aggregate of 

multiple risk factors like government stability, corruption, ethnic tension and military activity of 

the measured country (PRS, 2018) A low index-number indicates that there is low political risk 

in the country and the opposite is true for a high number. We include two measurements based 

upon this metric into the models. One that is derived from the current level of political risk that 

is present in an importer’s natural gas supply at a given year. As our theoretical framework 

points out, we consider countries with high level of political risk to be higher in demand for LNG 

due to the dimension of energy security. The reasoning for using country specific levels of 

political risk in their energy supply, rather than a measure for political risk in the overall 

European pipeline market, is embedded in the limited flexibility a country has to change their 

pipeline suppliers. Due to the inflexibility, countries have a hard time substituting between 

pipeline gas sources and will have to look for alternatives such as LNG instead. By measuring 

country-specific political risk, we account for the individual differences and more accurately 

describe the effects proposed by our theory. As LNG is described by our theory as a tool to 

circumvent the risks of having political volatility in the pipeline gas supply, we expect it to have 

a positive effect onto both EM and IM. 

The other measure of political risk is that for the whole LNG market, which we created from 

weighting each LNG producers PRS group risk rating with their current share of LNG exports 

to the European market4. Taking an aggregate measure for the whole market is more in line 

with the higher flexibility that is characteristic of LNG imports (Maxwell and Zhu, 2011). The 

higher flexibility of the LNG market makes it so that an importer can decide to change their 

import sources more freely, which makes the overall political risk in the market a more precise 

measure when we try to capture the mechanism of our theory. As our theory states that political 

risk is a factor that negatively affect the demand of a good, we expect the risk on the LNG 

market to impact the LNG EM and IM negatively.  

To ease the process of interpretation, as well as reduce problems of heteroscedasticity 

(Verbeek, 2004), we choose to use a logarithm transformation for some variables. The ones 

we transform have large deviations and non-intuitive interpretations at their level values. The 

variables we decide to transform are GDP, distance, and the political risk variables. 

                                                           
4 A list of the included LNG producers and their respective weights is displayed in Appendix A. 
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The variables we presented above are the ones included in the models. The mathematical 

description of the models can be seen below. Equation 1 shows the EM model and Equation 

2 shows the IM model. Following the equations, we present Table 2 which displays a summary 

of the variables that we have included in the models. 

𝐿𝑁𝐺𝑖𝑖𝑡 = 𝛽0 + 𝛽1 𝑙𝑛(𝐺𝐷𝑃𝑖𝑡) + 𝛽2 𝑙𝑛(𝐷𝑖𝑠𝑡𝑖) + 𝛽3𝑃𝑟𝑖𝑐𝑒𝑡−1 + 𝛽4 𝑙𝑛(𝑃𝑃𝐿𝑟𝑖𝑡) +  𝛽5 𝑙𝑛(𝐿𝑁𝐺𝑟𝑡) +  𝛽6𝑅&𝐷𝑖𝑡 +  𝛽7(𝑅&𝐷)𝑖𝑡
2 +

 𝛽8𝑁𝐺𝑝𝑖𝑡 +  𝛽9𝑃𝑃𝐿𝑖𝑠𝑖𝑡 + 𝛽10𝐷𝑖𝑣𝑖𝑡 + 𝜀𝑖𝑡     Equation 1.

     

𝐿𝑁𝐺𝑠𝑖𝑡 = 𝛽0 + 𝛽1 𝑙𝑛(𝐺𝐷𝑃𝑖𝑡) + 𝛽2 𝑙𝑛(𝐷𝑖𝑠𝑡𝑖) + 𝛽3𝑃𝑟𝑖𝑐𝑒𝑖𝑡−1 + 𝛽4 𝑙𝑛(𝑃𝑃𝐿𝑟𝑖𝑡) +  𝛽5 𝑙𝑛(𝐿𝑁𝐺𝑟𝑡) +  𝛽6𝑅&𝐷𝑖𝑡 + 𝛽7(𝑅&𝐷)𝑖𝑡
2 +

 𝛽8𝑁𝐺𝑝𝑖𝑡 +  𝛽9𝑃𝑃𝐿𝑖𝑖𝑡 + 𝛽10𝐷𝑖𝑣𝑖𝑡 + 𝜀𝑖𝑡     Equation 2.

     

Table 2: Variables included in the econometric models. 

Category Variable Symbol in 
equation 

Unit Source Expected 
effect, EM 

Expected 
effect, IM 

Dependent 
variable, EM 

LNG 
consumer, 
binary 

LNGi 1, if 
LNGEN/TOTEN> 
1 % 

IEA - - 

Dependent 
variable, IM  

LNG 
consumption 

LNGs LNG share of 
energy 
consumption 

IEA - - 

Economic 
activity 

GDP GDP Constant 2010 
USD 

World bank Positive No effect 

Transportation 
costs 

Distance 
 

Dist 
 

Nautical miles Sea-
distances.org 

Negative Negative 

Transportation 
costs 

Landlocked Land  Google maps Negative - 

Factor 
endowments 

Natural gas 
production 

NGp Share of total 
energy 
consumption 

IEA Negative Negative 

Pricing Pipeline-
relative 
pricing 

Price LNG price to 
Pipeline price 
ratio, lagged 
one period 

IEA Negative Negative 

Technology, 
low level 
margins 

R&D R&D Share of GDP 
spent on R&D 

World Bank Positive No effect 

Technology, 
high level 
margins 

(R&D)2 (R&D)2 Share of GDP 
spent on (R&D)2  

World Bank Negative Negative 

Natural gas 
diversification 

HHI Div Herfindal-
Hirchman index 

IEA Positive Positive 

Pipeline Share Pipeline 
imports 

PPLi Share of total 
energy 
consumption 

IEA & World 
Bank 

Mixed Mixed 

Political risk in 
supply 

Political risk 
PPL 

PPLr Political risk 
index 

PRS group Negative Negative 

Political risk in 
LNG market 

Political risk 
LNG 

LNGr Political risk 
index 

PRS group Positive Positive 
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Table 3 and Table 4 below show the descriptive statistics for the EM and IM models. The tables 

show the non-logarithmic values for the variables and include a Jarque-Bera test. All variables 

in all models reject the test’s null hypothesis of normal distribution. The non-normality of a 

distribution does not pose problems in terms of bias in the coefficient, but it may reduce the 

efficiency of the estimates by producing inaccurate standard deviations for the coefficients 

(Verbeek, 2004). Because of limitations to alter method or data to reduce the impact of non-

normality, we did not make any adjustments. Instead, we kept the effects of non-normality in 

mind when we conducted the analysis of the results. 

The descriptive statistics for the time-varied models5 show overall similar values as for the 

overall models for most variables, but we notice differences between the time periods with a 

lower value for the price variable and a higher spending on R&D. 

Table 3: Descriptive statistics, overall extensive margin model. 

 LNGi GDP Dist Price PPLr LNGr R&D NGp PPLi Div 

Mean 0.215 5.6*1011 3933.2 0.953 32.485 36.573 1.364 0.190 0.231 0.755 

Maximum 1 3.7*1012 5288.8 1.123 59.538 41.225 3.911 3.961 0.740 1 

Minimum 0 5.5*109 2755.9 0.830 4.989 32.168 0.087 0 0 0.231 

Std. Dev. 0.411 8.1*1011 749.0 0.071 11.206 2.725 0.814 0.521 0.156 0.266 

Skewness 1.390 2.013 0.319 0.538 0.444 -0.073 0.960 4.611 0.931 -0.529 

Kurtosis 2.931 6.171 1.899 2.768 2.151 1.781 3.156 26.663 3.639 1.794 

Jarque-
Bera 

219.0*** 744.2*** 45.9*** 34.4*** 39.1*** 42.7*** 95.9*** 18 274.4*** 108.8*** 66.8*** 

N 680 680 680 680 621 680 620 680 674 623 

* denotes p < 0.1, ** denotes p < 0.05, *** denotes p < 0.01 in the Jarque-Bera test. 

Table 4: Descriptive statistics, overall intensive margin model. 

 LNGs GDP Dist Price PPLr LNGr R&D NGp PPLi Div 

Mean 0.056 1.0*1012 3730.7 0.953 31.070 36.573 1.246 0.129 0.171 0.648 

Maximum 0.203 2.8*1012 4918.2 1.123 59.534 41.225 2.462 1.203 0.460 1 

Minimum 0.011 2.0*1010 2755.9 0.830 6.212 32.168 0.371 0 0.003 0.231 

Std. Dev. 0.040 8.7*1011 756.2 0.072 12.539 2.730 0.569 0.277 0.107 0.263 

Skewness 1.587 0.710 0.223 0.538 0.230 -0.073 0.307 2.379 0.522 0.062 

Kurtosis 5.685 1.987 1.692 2.767 1.868 1.781 1.779 7.359 2.150 1.612 

Jarque- 
Bera 

103.7*** 27.9*** 17.5*** 11.1*** 13.6*** 12.8*** 16.8*** 381.6*** 16.5*** 17.7*** 

N 144 220 220 220 219 220 216 220 218 219 

* denotes p < 0.1, ** denotes p < 0.05, *** denotes p < 0.01 in the Jarque-Bera test. 

  

                                                           
5 Descriptive statistics for the time-varying models can be found Tables 8-11 in Appendix D. 
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5. Empirical Results 

In this section we present the results and analysis of the output of the models. The section is 

separated into three segments, where the first segment contains the analysis of the EM and 

IM models that use data for the whole period 1996-2015. The other two segments display the 

analysis of the time-varying approach for EM and IM models respectively. To ease the process 

of comparison, we also include the output of the overall models into the time-varying segments. 

The overall EM and IM analysis will be conducted with the non-consideration of the time-

varying models. This is to emphasize the difference in conclusions that can be made 

depending on the chosen time-period of investigation. These inferences are then 

problematised in the time-varying segments. 

5.1. Overall EM and IM models 

Table 5: Overall EM and IM regressions, 1997-2015. 

Variable Extensive Margin, n = 554  Intensive Margin, n = 138 

 Coefficient P-value Coefficient P-value 

Intercept 25.421 
(17.187) 

0.139 0.639 
(0.494) 

0.198 

Log(GDP) 0.833*** 
(0.103) 

0.000 -0.004 
(0.004) 

0.259 

Log(Dist) -5.387*** 
(0.879) 

0.000 -0.015 
(0.028) 

0.590 

Pricet-1 -1.821 
(2.059) 

0.377 -0.097* 
(0.058) 

0.091 

Log(PPLr) -0.567 
(0.741) 

0.444 -0.055** 
(0.027) 

0.042 

Log(LNGr) 1.028 
(3.412) 

0.763 0.134 
(0.094) 

0.152 

R&D 2.552*** 
(0.741) 

0.001 0.106*** 
(0.025) 

0.000 

(R&D)2 -1.062*** 
(0.238) 

0.000 -0.037*** 
(0.009) 

0.000 

NGp -1.942*** 
(0.469) 

0.000 -0.048*** 
(0.018) 

0.009 

PPLi -1.676** 
(0.847) 

0.048 -0.057** 
(0.028) 

0.043 

Div -1.083** 
(0.500) 

0.030 0.024 
(0.015) 

0.125 

Standard errors are in parenthesis. * denotes p < 0.1, ** denotes p < 0.05, *** denotes p < 0.01 

Table 5 shows the outputs for the EM and IM models for the overall period. The regressions 

display results that are contradictory to many of our hypotheses. The noteworthy deviations in 

the EM model are the non-consideration of the price and political risk variables, as well as a 

negative coefficient for the diversification variable. As for the IM model there are theoretical 
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misspecifications that is exposed from the insignificance of distance, LNG political risk, and 

diversification.  

GDP exhibited a significant positive effect in the EM model and an insignificant effect in the IM 

model. The positive effect in the EM model means that a larger economy is more inclined to 

start importing LNG compared to a small one. This result was well aligned with the mechanism 

our theory proposes, in that we expected a larger economy to not be as burdened by the 

necessary investment to start employing LNG in their energy mix. The insignificance of GDP 

in the IM model was also compatible with our theory. This result implies that having a larger 

economy does not warrant the demand for increased dependency on LNG. In other words, we 

found support for a linear relationship between the magnitude of an economy and its 

demanded quantity of LNG, but not for the increased share of LNG in the energy mix with the 

exception of the EM effects of GDP. It is possible this knowledge offers a clearer theoretical fit 

for GDP in the LNG income-trade nexus by reducing it to the effects of the linearly increasing 

magnitude of demand and the diminishing of entry-barriers onto the LNG market. 

Distance was considered by previous research to be an empirically robust inhibitor of LNG 

trade and in accordance to this, distance exhibited a negative effect in the EM model. More 

interestingly, the results of the IM model considered the effects distance to be insignificant to 

explain the share of LNG in a country’s energy mix. In our theoretical framework we stated that 

distance would primarily act as a driver for transportation costs and disregard unfamiliarity 

effects. Such an axiom does not align well with the results of the regressions. The results 

instead promoted the opposite notion by informing us of barrier-like effects onto the entering 

of the market along no significant effects on the imported volumes. If distance really were a 

measurement of transportation costs, and were indifferent to unfamiliarity, the models would 

generate the exact opposite results. The reasoning for this is that transportation costs for LNG 

should be approximatively linear to the quantities that is to be transported and distance would 

then act as an amplifying factor to the costs. It should thus provide a negative effect on the 

volumes which a country is interested to acquire and is something that should manifest itself 

as a negative impact on the IM mode. Since the result instead only tell us that countries that 

are farther away from the LNG producers are less likely to partake in LNG trade at all, we must 

consider our theoretical assessments of distance’s role in the models to be invalid. The results 

thus challenge the findings of Maxwell and Zhu (2011) and promotes the notion of a non-linear 

effect of distance, not unlike those described by the concept of unfamiliarity (Huang, 2007).  

The neoclassical notion of price-anchored substitution for LNG was questioned by the models 

outputs for the price variable. This was evidenced by the fact that it displayed an insignificant 

effect in the EM. The insignificance of the variable indicate that countries does not consider 
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the eventual short-term gains from current market conditions as an important factor when 

deciding to start importing LNG. This result emphasizes the importance of motives, other than 

the possibility to make price-related profits to enter the LNG market. While the IM model 

displayed a significant and negative coefficient, it was only at the 10% significance level. The 

strength of the coefficient in the IM model displays a .1 elasticity for the price-ratio. This means 

that a 10% price premium on LNG only reduces the dependency on it by 1%, which is far from 

a perfect substitute relationship. A possible explanation for this inertia is that the natural gas 

market consists of long-term contracts to such an extent that parties cannot alter their volumes 

to match specific demanded volumes of LNG. Together, the results indicate that countries will 

consider the price ratio when deciding on the level of LNG in their energy share, but not when 

they decide whether to enter the market or not.  

The results inform us that domestic natural gas production is something that significantly 

affects IM and EM negatively at the 1% level. We consider this the result of lowering overall 

demand of natural gas imports due to substitution from domestic production, as to be expected 

from the perspective of Ricardian theory. The magnitude of the coefficient of natural gas 

production in the IM model tell us about how countries substitute domestic natural gas 

production with LNG. The coefficient tells us that a 1% increase in the energy expenditure that 

comes from domestic natural gas on average inhibits .048% dependency on LNG imports. In 

extension, this informs how changes in overall natural gas import demand in Europe would 

affect the LNG market. If countries that are importing LNG and producing natural gas were to 

reduce their natural gas production, this would manifest itself as substitution through LNG by 

around a half a percentage of the natural gas production lost. The results of the EM are 

indicative that countries that are more self-sustaining in regard to natural gas are less prone 

to enter the LNG market.  

The findings for the measurement of technological development of a country, both at level and 

when squared, displayed significance in both models. While the results for the EM model were 

consistent with the hypothesis we proposed, it is actually undermined by the significance of 

the non-squared term in the IM model. Because we hypothesised a barrier-diminishing effect 

of R&D we included the linear term in the models, and such an effect is present in the EM 

model. We also hypothesised that overall demand for natural gas would be reduced for highly 

advanced countries, which was evidenced by the negative coefficient for the squared term in 

both the IM and EM. An aspect that was not rationalised by theory was the significance of the 

linear term in the IM model. A possible interpretation of the inverted-U shape of the effect of 

R&D in the IM model is that natural gas demand is affected positively by technological 

advancements up to a point, until it changes for the opposite direction along the lines of the 
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mechanism proposed Porter’s hypothesis. What is noteworthy is the high level of significance 

in both models where a sub 1% level of significance is displayed. In the IM model this is paired 

with coefficients of .106 for the level variable and -.037 for the squared term, which is indicative 

of quite sizable effects given the exponential behaviour of a quadratic term. 

Among the energy security factors, the diversification variable proved significant on a 5% level 

in the EM. The results indicate that LNG, in regard to energy security, are used as a tool for 

further diversification by the countries that have a well-diversified natural gas supply. Our 

theory proposed the opposite, where a country that has a non-diverse pipeline supply would 

be more inclined to partake in LNG imports because of diminishing returns of diversification. 

The variable was not significant in the IM model, and this tells us a country will view LNG as a 

binary tool for diversification and will not let their level of pipeline diversification affect the extent 

to which they import LNG. 

The measurement of political risk in the current pipeline supply showed significance on a 5% 

level in the IM model. This result contradicts our hypothesis since we expected countries to be 

driven to diversify by importing LNG to circumvent their current problems with high supplier 

volatility. The result was indicative of the inverse, where the countries that had already 

managed their political risk volatility were the ones that import LNG to the greatest extent. The 

variable was insignificant in the EM model. This means that countries will not consider their 

current level of political risk in their energy supply when they determine whether or not to pick 

up LNG imports and does not align with our hypothesis.  

The other measurement of political risk, the variable for the LNG market displayed 

insignificance in both models. This means that countries will not let the varying levels of political 

risk in the LNG suppliers affect whether to start importing LNG or their dependency of LNG in 

their energy supply. This is surprising because the repeatedly stated importance of political 

risk in energy trade (Zhang et al., 2015 and 2017). This could possibly be linked to the results 

from the HHI when assessing the utilisation of LNG for energy security. It is possible that 

countries have a blunt approach to the energy security measurements that is offered by LNG, 

in that LNG is chosen to be imported because of the pre-meditated perception of political risk 

in its market which makes changes in the market to be exhibit an insignificant effect. 

The share of pipeline imports of a country exhibited 5% significant effects in both models. What 

is notable is that the coefficient had a negative direction, which indicates that the LNG inhibiting 

effect of the substitute relationship takes the overhand in the models. For the EM model the 

results tell us that countries that have a high dependency on pipeline gas are less inclined to 

start importing LNG. In the context of the EM model this could be indicative that there are some 
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kind of lock-in mechanics in play for the countries. The lock-in mechanic we propose works 

through the substitute relationship and the fixed investments that are associated with partaking 

the pipeline-market. Being heavily invested into the infrastructure needed for large volumes of 

pipeline gas will increase the opportunity cost for making the switch to LNG due to the lower 

marginal costs of a well-developed pipeline infrastructure.  

As for the IM model we consider the magnitude of the pipeline imports coefficient to inform us 

of a more nuanced relationship. If a perfect substitute relationship was observed, the coefficient 

in the model would be at unity. Because the results were displaying an elasticity of .057 it was 

evident that no such relationship is present. According to our theoretical framework, this 

deviation is explained by the increased demand for LNG that is caused by an increased 

requirement for energy security measures. We realise that the evidence is far from conclusive, 

due to the inability for the econometrical model to control for the individual effects of our 

framework. However, as the coefficient shows sign that LNG and pipeline gas is far from 

perfect substitutes there clearly are some substitute-inhibiting effect in play, which possibly 

could be the further need for diversification. 

5.2. Time-varying approach, EM  

Table 6: EM models with a time-varying approach, as well as the overall EM model. 

Variable 1997-2005 n = 258 2006-2015 n = 296 1997–2015 n = 554 
 Coefficient p-value Coefficient P-value Coefficient P-value 

Intercept -119.251 
(94.845) 

0.209 55.664 
(38.734) 

0.151 25.421 
(17.187) 

0.139 

Log(GDP) 5.654*** 
(1.737) 

0.001 0.881*** 
(0.140) 

0.000 0.833*** 
(0.103) 

0.000 

Log(Dist) -10.929 
(8.319) 

0.189 -4.741*** 
(1.063) 

0.000 -5.387*** 
(0.879) 

0.000 

Pricet-1 10.685 
(7.040) 

0.129 5.223 
(4.936) 

0.290 -1.821 
(2.059) 

0.377 

Log(PPLr) -7.042*** 
(2.455) 

0.004 -0.707 
(1.161) 

0.542 -0.567 
(0.741) 

0.444 

Log(LNGr) -2.136 
(7.543) 

0.777 11.666 
(8.455) 

0.168 1.028 
(3.412) 

0.763 

R&D 28.992*** 
(0.029) 

0.004 4.094*** 
(1.051) 

0.000 2.552*** 
(0.741) 

0.001 

(R&D)2 -11.856*** 
(4.114) 

0.004 -1.513*** 
(0.328) 

0.000 -1.062*** 
(0.238) 

0.000 

NGp -45.659*** 
(14.948) 

0.002 -1.373** 
(0.593) 

0.021 -1.942*** 
(0.469) 

0.000 

PPLi -23.003** 
(9.180) 

0.012 -2.631** 
(1.311) 

0.045 -1.676** 
(0.847) 

0.048 

Div 0.695 
(2.564) 

0.786 -1.292* 
(0.675) 

0.056 -1.083** 
(0.500) 

0.030 

Standard errors are in parenthesis. * denotes p < 0.1, ** denotes p < 0.05, *** denotes p < 0.01 
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In Table 6 we display the results of the time-varying EM models. The outputs display results 

that overall are fairly consistent between the time periods. All variables have the same level of 

significance and direction in their effects between the models, except for the first period where 

distance, pipeline supply risk, and diversification display changes in their significance. The low 

variability indicates that the motives for entering the LNG market as an importer has remained 

stable, which is a notable result because of the considerable changes to the supply side of the 

market. As the later period showed the same direction for its significant variables as the overall 

model, we consider the analysis conducted in the previous section to remain valid for the 

current market conditions.  

The regressions tell us that countries previously considered the distance to the LNG producers 

to a lesser extent when determining whether or not to start importing LNG. This is a change 

that is non-compatible about the known development of the LNG market as there is much 

evidence that LNG is becoming more of a global good driven by technological development in 

the domains of production and transportation costs (Barnes and Bosworth, 2015). We interpret 

this outcome as evidence that the model is unable to account for some factor that is to some 

extent correlated with the distance variable, which makes the model unable to capture the 

effects of distance under the distance variable.  

The effects of political risk in the pipeline supply has diminished between the periods. This 

means that it previously was the countries that had the lowest risk in their pipeline supply were 

those that chose to import LNG. What was notable about this result is that it aligns well with 

the hypothesis we stated in the previous segment. There we considered how it is possible that 

countries that value energy security strives for, and achieves, low political risk in their energy 

supply and uses LNG to further secure energy supply. However, as the variable only was 

significant in the first period, the actuality of such a theory is limited to earlier days of LNG 

imports.  

What is interesting about the change for diversification is that it has shown the opposite 

development as to the pipeline supply political risk measure. Diversification was insignificant 

in the first period but gained around a 5% level of significance in the later period, which tell us 

that countries have become increasingly aware of their level of diversification when they decide 

to enter the natural gas market. The negative coefficient informs us that the countries that use 

LNG in their energy supply are generally the ones that already has a well-diversified supply of 

pipeline gas. The changed significances between pipeline risk and diversification could 

possibly be an indicator of a shifted focus for the countries that value energy security, as they 

increasingly consider all suppliers to only exhibit natural risk and that it is increased importance 

to manage that natural risk. 
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5.3. Time-varying approach, IM  

Table 7: IM models with a time varying approach, as well as the overall IM model. 

Variable 1997-2005 n = 55 2006-2015 n = 83 1997–2015 n = 138 

 Coefficient p-value Coefficient P-value Coefficient P-value 

Intercept -4.064*** 
(0.757) 

0.000 1.251 
(0.919) 

0.173   0.639 
(0.494) 

0.198 

Log(GDP) 0.042*** 
(0.007) 

0.000 -0.009** 
(0.004) 

0.028 - 0.004 
(0.004) 

0.259 

Log(Dist) 0.350*** 
(0.064) 

0.000 -0.027 
(0.030) 

0.369 -0.015 
(0.028) 

0.590 

Pricet-1 -0.070* 
(0.038) 

0.065 -0.265*** 
(0.103) 

0.010 -0.097* 
(0.058) 

0.091 

Log(PPLr) -0.101*** 
(0.020) 

0.000 -0.068 
(0.045) 

0.135 -0.055** 
(0.027) 

0.042 

Log(LNGr) 0.094** 
(0.048) 

0.048 0.221 
(0.203) 

0.277 0.134 
(0.094) 

0.152 

R&D 0.199*** 
(0.029) 

0.000 0.162*** 
(0.033) 

0.000 0.106*** 
(0.025) 

0.000 

(R&D)2 -0.114*** 
(0.014) 

0.000 -0.048*** 
(0.011) 

0.000 -0.037*** 
(0.009) 

0.000 

NGp -0.247* 
(0.138) 

0.074 -0.069*** 
(0.019) 

0.000 -0.048*** 
(0.018) 

0.009 

PPLi -0.149*** 
(0.052) 

0.005 0.009 
(0.032) 

0.769 -0.057** 
(0.028) 

0.043 

Div 0.016 
(0.026) 

0.526 0.050** 
(0.020) 

0.013 0.024 
(0.015) 

0.125 

Standard errors are in parenthesis. * denotes p < 0.1, ** denotes p < 0.05, *** denotes p < 0.01 

In Table 7 the output for the time-varying IM models is displayed. When contrasting both time-

varying models to the overall IM model some considerable deviations are revealed. The 

variables GDP, Distance, LNG political risk and diversification that in the overall model was 

considered insignificant, instead exhibits significance in at least one of the time-varying 

models. Furthermore, some variables that were significant in the overall model was instead 

proven to have diminished significance in at least one of the time periods. The variables with 

such a behaviour were the level of pipeline imports and political risk in pipeline supply. The 

relationship that appears to be the most robust across all models is the effects of the R&D 

terms. All results considered them to be significant on a 1% level they also have had consistent 

direction in their coefficients, which is an interesting occurrence because of the deviations in 

many of the other coefficients in the models. The large variations between the time periods 

stresses the importance of choosing an adequate time period when investigating the IM of 

LNG. As the 2006-2015 model is the one that covers the most recent market conditions, it is 

that models result that we use to define the current IM in Europe. 

The income variable GDP is displaying an interesting deviation from the overall IM model. 

There it is found to be insignificant, but in both time-varying models it is displaying significance 
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at the 1% level. Furthermore, the variable showed a positive effect in the first period, but a 

negative one in the last period. Such a variability is not captured by our theoretical framework 

and the negative impact is particularly incompatible with contemporary trade theory. As stated 

in the literature review the income of a nation is evidenced to positively impact the level of 

trade a country engages in (Frankel and Roze, 2002). As such a relationship is highly robust 

(Frankel and Roze, 2002) we consider the output in regard to GDP to be unreliable. A possible 

interpretation of this is that there is some factor that correlates with GDP that is causing the 

variation in the coefficients direction, but still makes GDP exhibit significance. As to what is 

causing the interaction we have no specific suggestion, so we refrain from making any specific 

claims for its cause. However, this finding presents an interesting topic for further research as 

a country’s income is a central variable in the international trade literature (Rugman and 

Brewer, 2001) and finding the cause for the deviation in the results could provide deeper insight 

into the mechanics that GDP impacts international trade. 

The distance variable was exhibiting the same kind of variation as the GDP variable. The 

results showed that it had considerable insignificance in both the overall and later period but 

displayed a highly significant positive coefficient in the earlier period regression. The direction 

for the coefficient for the earlier period is in stark contrast with theory. Our interpretation of this 

interaction aligns with that of the GDP in that there seem to be some factor that is correlating 

with distance that is causing the variation. We conclude this because of the distinct contrast 

with theory, where we cannot find an explanation for an inherently positive effect from distance. 

This is indicative that there is some factor that is currently omitted from the model that is 

causing the relationship. However, it is possible that such a factor only was present during the 

earlier period due to the following insignificance in the overall model and the later period. To 

summarise: it is evident that there is some significant heterogeneity between the observed 

countries that the model fails to account for in regard to both distance and GDP. This causes 

bias in the coefficient which makes the cause for the effect important to identify in order to 

increase the reliability of any LNG trade estimation. Such an investigation is not covered by 

the scope of this paper but makes for a topic for further research. 

The relative pricing was showing a consequently negative and significant coefficient in all 

models. The consideration of price when determining the level of LNG imports has become 

increasingly prominent over time as the coefficient has gained both statistical significance and 

increased magnitude. Such an evolution is coherent with the notion that LNG is becoming a 

more mature market with higher trading volumes, as the increased number of available trading 

opportunities allows for higher flexibility in the imported volumes. Higher flexibility does 

theoretically entail that countries has the possibility to alter their LNG consumption in 

accordance to short term price levels and the results propose that this is happening more 



 

32 
 

intensively now compared to the earlier period. The increased magnitude of the coefficient is 

interesting because of the new lower levels of pipeline-relative pricing of LNG in the second 

period (Appendix D). Because the pipeline-relative LNG price levels has had negative trend 

over the investigated period (IEA, 2017) we believe that the levels of LNG and pipeline prices 

will play a significant role in the future of LNG dependency in the region. 

Risk in the supply of pipeline gas displayed a negative effect in the overall model as well as in 

the earlier period. This means that in the first period, countries that had a low level of political 

risk in its natural gas supply had a higher dependency on LNG. In the previous analysis of the 

overall IM model we theorised that this might be evidence that countries that prioritise energy 

security already had managed the political risk in their energy supply. However, the actuality 

of such a reasoning is undermined by the results of the later period where the coefficient fails 

to exhibit significance above the 90% confidence level. The diminished level of significance 

indicates that countries have grown less considerate to the risk in their natural gas supply when 

deciding their level of LNG imports. This is an interesting result, because this means that the 

uncertainty on the European natural gas market that started halfway into the 00s has had a 

negligible effect onto how political risk is considered when deciding to employ LNG.   

A similar development can be seen for political risk in the LNG market. It proved a 5% level of 

significance during the first period and became insignificant in the second period. The findings 

from the first period is in line with our hypothesis that risk in the LNG suppliers reduce the 

demand for LNG, but the later time-period and the overall model proved insignificant which 

questions the rigidity of our theoretical specification. We consider the loss of significance in 

both of the political risk variables to be to be related to the development of the diversification 

variable between the time-varying models.  

The level of pipeline diversification has gained significance between the two periods which our 

framework interprets as countries are increasingly considering their diversification among 

pipeline sources when determining their need for LNG in their energy mix. If countries are able 

to manage their natural gas supply volatility through diversification the effects of political risk 

would theoretically be reduced in regard to energy security. Such an effect is visible in the 

model as the variable for diversification was insignificant in the first period and significant on a 

1% level in the later period. To summarise, there is a clear detraction from the overall 

consideration of political risk between the periods. We consider this as a shift in priority where 

countries emphasize to have a well-diversified natural gas supply rather than one that is ridden 

of political risk. 

A country’s share of pipeline imports exhibited significance with a negative coefficient on a 1% 

level in the first period but turned to be insignificant in the second period. In the analysis of the 
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overall model we theorised that the results were indicative that having a large import of pipeline 

gas primarily has a substitute effect upon LNG. The actuality of this reasoning is undermined 

by the insignificance in the later period. This means that the results inform us that having a 

larger dependency on pipeline imports had a greater inhibiting effect onto the dependency of 

LNG in the past. This is an interesting result when accompanied with the increased significance 

of the price variable which we described earlier. Together they tell us that in the later period 

countries will increase their consumption of LNG whenever the market conditions are 

favourable and that the increased consumption will not be made on the account of pipeline gas 

imports. To problematise this interpretation we consider the additional effect of an increased 

pipeline share that we proposed in our theoretical framework. It is possible it is the increased 

needs for diversification through LNG that is causing the faded significance of the variable. As 

we stated in the overall analysis, the model fails to differentiate between the two effects in a 

sophisticated enough manner that it allows for specific inferences. The results clearly state that 

further investigation is needed in order to decipher how LNG consumption interacts with 

pipeline gas dependency.  

As pointed out earlier, the most robust of the findings are the results for the research and 

development terms. In all models it has shown consistent direction as well as higher than 99% 

confidence levels. This non-linear relationship for technological development seems to be 

highly impactful as to how a country chooses to use LNG in their energy mix. As the quadratic 

term has previously not been included in LNG trade research, this finding provides interesting 

insight as to how the demand for natural gas imports is behaving. Countries are clearly affected 

by their level of technological development when determining LNG dependency. The average 

R&D spending in Europe has been increasing over the studied period (Appendix E). If such a 

trend were to continue it could pose a highly impactful change to the role that LNG plays in the 

European economies. Further spending in the technologically advanced countries that are 

consuming LNG would entail lowered LNG consumption that eventually results in departure 

from the LNG market. The inverse is true for the countries that are on the lower side of the 

R&D spectrum, where technological advancement would result in an increased demand for 

LNG and could make nations start importing LNG and others to become increasingly 

dependent on it. 

A country’s domestic production of natural gas has been significant and negative in all 

estimations. In the time-varying IM model the variable increased from being significant on a 

10% level in the first period to become significant on a 1% level in the second period. Even if 

this variable was primarily included into the model as a control variable, the statistical strength 

of the results provides further evidence for the inclusion of Ricardian type-factors into LNG 

trade investigating studies. Furthermore, the magnitude of the coefficient informs us the extent 
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of the substitution effect between domestic natural gas production and LNG import. In the 

earlier period the domestic natural gas production had a coefficient of .247 and in the later 

period the coefficient .069. As the earlier period had a higher standard deviation in its 

approximation and the overall model generated a coefficient of .048, we consider the 

substitution elasticity is likely to be situated around the .05 level. This means that for every one 

percent of natural gas production lost, a country will replace it with 0.05 percentage LNG.  
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6. Conclusions 

This paper studied the extensive margin and intensive margin for LNG trade in Europe. This 

was operationalised through the amalgamation of a model of known LNG trade drivers as well 

as new variables unique to this study into two types of estimations. We employed a probit 

estimation for the extensive margin and an OLS estimation for the intensive margin. The 

estimations were performed over varying time frames to observe changes in the determinants 

between the periods 1996-2005 and 2006-2015. In this final section of the paper we give a 

summary of the results and our analysis. We also make predictions for the development of the 

LNG market and give suggestions for further research. 

Results from the extensive margin models shows that income is the primary driver of becoming 

an LNG importer. R&D spending had a positive effect onto the willingness to start import LNG 

but only for the lower levels of spending as it exhibits a negative effect for the more 

technologically advanced countries. The implementation of a diversification variable into the 

extensive margin models tells us that a country that is well-diversified are more likely enter the 

LNG market. The results also indicate that heavy pipeline gas dependency acts as a lock-in 

mechanism and prevents countries from entering the LNG market as importers. Furthermore, 

the extensive margin is proven to be indifferent to the relative pricing of pipeline gas and 

political risks. The findings support the notion that there are vast differences in how countries 

use LNG to handle natural gas security, as the countries that are already well-diversified are 

those that choose to import LNG. Despite the large increase in LNG trade that has happened 

since 2006 (Barnes and Bosworth, 2015), the extensive margin for the European natural gas 

consumers are stable over time. However, upon investigating the time-variant extensive 

margin models we saw that political risk was previously a significant factor and that the 

diversification aspect of LNG was not valued as it is now. It also indicated problems with 

heterogeneity in the model, as the distance variable proved to be insignificant in the earlier 

period but not in the latter. 

The application of time-varying models for the intensive margin displays the importance of 

choosing a correct time frame when attempting to decipher the intensive margin. Effects such 

as the pipeline-relative pricing, political risk, and diversification would have all been 

misinterpreted in relation to current conditions if all the available data points were to be 

included in the intensive margin model. Such a misinterpretation would defeat the purpose of 

inquiries such as this paper’s, and in line with this reasoning we consider the model that covers 

the period 2006-2015 to be the one that best reflects the current intensive margin for LNG 

imports in Europe.  
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The 2006-2015 intensive margin model tells us that pipeline-relative pricing and a non-diverse 

pipeline supply are the primary drivers for the intensive margin of LNG trade. An interesting 

finding is that countries does not set their LNG dependency on the expense of pipeline-gas 

consumption. In line with the result for the extensive margin we observe that countries with low 

spending on R&D has a higher demand for LNG imports and that the inverse is true for 

countries with a high spending on R&D. Furthermore, we conclude that the European countries 

are indifferent to political risk when determining their dependency on LNG. 

When we compared the determinants of intensive margin over the two time periods we noticed 

distinct changes as to how countries determine the share of LNG in their energy supply. The 

pipeline-relative pricing has become more relevant and LNG is no longer used at the expense 

of pipeline gas. This means the relation to pipeline gas has shifted from being primarily reactive 

to the quantities of pipeline gas to instead be more reactive it’s pricing. In line with the extensive 

margin we see an increased emphasis of diversification instead of political risk for energy 

security for the intensive margin.  

As for distance and income in the intensive margin model, we consider their result to be 

unreliable. Due to fundamental incompatibility with theory we suspect some heterogenous 

factor among the studied countries that the model fails to account for. We consider the cause 

this to be a subject for further research as such understanding would allow for more correct 

model specifications. 

An interesting relationship that was present in all regressions was the effects of the research 

and development variables. In all six models we conducted, it exhibited a high level of 

significance as well as a consequently non-linear impact onto both margins. In the context of 

the models we see this as evidence for Porter’s hypothesis and how it affects natural gas 

demand, but also that it presents the need for further clarification how R&D affects demand at 

the lower bounds. Due to the robustness of this relationship, we believe the interaction of R&D 

can act as an overall indicator of the development of LNG dependency in the region, and is an 

important metric to consider when making inferences of the upcoming development. It should 

be noted that the results only present the relationship in the European region and because 

there are large differences in characteristics between the natural gas markets we consider the 

demand effects from R&D to be tested for validity in the other markets.  

The inclusion of the previously non-considered diversification variable gave insight as to how 

countries are utilising the diversification aspects of LNG. We therefore consider that 

measurements of diversification should be included in the models that attempts to decipher 

the drivers for LNG trade. As the models reveal an overall drift from the consideration of 
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political risk onto diversification, it is possible that these factors are related to each other in a 

causal manner. We therefore propose that their interaction is to be studied in a bivariate time-

series setting which allows for a more accurate decomposition of their interaction.  

As we had to exclude the dummy variable for landlocked countries in the extensive margin 

model in order to be able to run the probit regression, it is possible that the results are biased. 

As we were unable to control for such an effect, that is a crucial area of investigation for future 

research. 

In the light of the extensive margin results, we consider Ukraine to be a potential candidate for 

entering the market as they have a sizeable economy, relatively low R&D spending and 

decreasing pipeline gas dependency (IEA, 2017). Other possible candidates are Sweden and 

Finland, primarily due to their large economies and low dependency on pipeline gas (IEA, 

2017). 

In terms of intensive margin, we believe that countries will become increasingly dependent on 

LNG. There are three factors that we consider indicative of this. Firstly, LNG prices in the region 

has been lowered in relation to those of pipeline gas (IEA, 2017), which according to the model 

is an increasingly significant factor. Secondly, domestic natural gas production has been on a 

steady decline in the countries included in the intensive margin model (Cedigaz, 2018). Such 

an effect might provide sizeable impacts on The Netherlands, as they have the largest natural 

gas production out of the LNG importing countries (IEA, 2017) and a natural gas production 

that has been steeply declining and the decline is commonly expected to continue over the 

coming years (Euractiv, 2018). Thirdly, Lithuania, Poland and The Netherland has recently 

started importing LNG, and as we observed a sharp increase in LNG dependency over the first 

few years as an LNG importer, we consider it likely that they will follow the same pattern.  
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Appendix A 

Countries included in the models. 

Extensive Margin   Intensive Margin 
Albania Lithuania  Belgium 

Austria Luxembourg  France 

Belarus Netherlands  Greece 

Belgium Norway  Italy  

Bulgaria Poland  Lithuania 

Croatia Portugal  Netherlands 

Czech Republic Romania  Portugal 

Denmark Russia  Spain 

Estonia Serbia  Turkey 

Finland Slovak Republic  United Kingdom 

France 

Germany 

Greece 

Hungary 

Ireland 

Italy  

Latvia 

Slovenia 

Spain 

Sweden 

Switzerland 

Turkey 

Ukraine 

United Kingdom 

 (Poland) 

The European countries that are not represented in the data set were removed because of 

data availability. Poland has recently made their entrance on the LNG market but so far LNG 

accounts for less than 1% of their energy mix and they are therefore not included in the overall 

IM model that was conducted.  

LNG suppliers on the European market. 

Country Average market share over studied period 
Algeria 0.369 

Nigeria 0.127 

Norway 0.010 

Peru 0.008 

Qatar 0.377 

Trindad & Tobago 0.110 
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Appendix B 

Calculation of the variables included in the models 

Variable Formula Symbols 
LNGs 𝐿𝑁𝐺𝐸𝑁𝑖𝑡

𝑇𝑂𝑇𝐸𝑁𝑖𝑡

 
LNGENit: Total energy consumed from LNG 
TOTENit: Total energy consumption 

Dist 

∑ (
∑(𝑆ℎ𝑎𝑟𝑒𝑖𝑡)

𝑇
∗ 𝐷𝑖) 

Shareit: Supplier’s share on the European market 
Di: Distance to supplier 
T: Total time period 

Price 
𝐿𝑁𝐺𝑝𝑟𝑖𝑐𝑒𝑡

𝑃𝑃𝐿𝑝𝑟𝑖𝑐𝑒𝑡

 

LNGpricet: Average LNG import price in Europe 
PPLpricet: Average pipeline gas import price in Europe 

PPLr 
∑(𝑆ℎ𝑎𝑟𝑒𝑖𝑡 ∗ 𝑃𝑅𝐼𝑖𝑡)

𝑁
 

PRIit: Political risk index for each supplier 
N: Number of suppliers 

LNGr 

∑ (
∑(𝑆ℎ𝑎𝑟𝑒𝑖𝑡)

𝑇
∗ 𝑃𝑅𝐼𝑖𝑡) 

Shareit: Supplier’s share on the European market 
T: Total time period 
PRIit: Political risk index for each supplier 

NGp 
𝐷𝑃𝑟𝑜𝑑𝑖𝑡

𝑇𝑂𝑇𝐸𝑁𝑖𝑡

 

DProdit: Domestic production of natural gas 
TOTENit: Total energy consumption 

PPLi 
𝑃𝑃𝐿𝑖𝑚𝑝𝑖𝑡

𝑇𝑂𝑇𝐸𝑁𝑖𝑡

 

PPLimpit: Total imports of pipeline gas 
TOTENit: Total energy consumption 

Div 

∑(𝐺2
𝑖𝑡)

𝑁

𝑖=1

 

Gi: Share of imports from country i in time t 
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Appendix C 

The robustness test of the overall IM model uses a dependent variable that does not exclude 

LNG imports below 1% of energy consumption. The primary difference in terms of significance 

break-points is the insignificance of the previously 10% significance lagged price variable. 

Variable Intensive Margin n = 144 
 Coefficient P-value 
Intercept 0.869 

(0.508) 
0.0873 

Log(GDP) -0.006 
(0.004) 

0.1173 

Log(Dist) -0.037 
(0.028) 

0.1830 

Pricet-1 -0.089 
(0.060) 

0.1191 

PPLr 0.055** 
(0.028) 

0.044 

LNGr -0.134 
(0.098) 

0.157 

R&D 0.105*** 
(0.026) 

0.000 

(R&D)2 -0.034*** 
(0.009) 

0.000 

NGp -0.052*** 
(0.019) 

0.009 

PPLi -0.057* 
(0.029) 

0.050  

Div 0.024* 
(0.016) 

0.0968 
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Appendix D 

Table 8: 1996-2005 Extensive margin. 

 LNGi GDP Dist NGp Price R&D Div PPLi PPLr LNGr 
Mean 0.182 5.1*1011 3935.6 0.180 1.001 1.240 0.787 0.224 32.587 38.333 

Maximum 1 3.2*1012 5288.8 3.042 1.123 3.911 1 0.710 59.534 41.225 

Minimum 0 5.5*109 2755.9 0 0.911 0.305 0.255 0 4.989 32.168 

Std, Dev. 0.387 7.6*1011 749.9 0.434 0.064 0.759 0.257 0.162 11.975 2.587 

Skewness 1.645 2.073 0.313 3.492 0.207 1.111 -0.681 0.933 0.500 1.268 

Kurtosis 3.707 6.355 1.893 20.804 2.240 3.751 1.877 3.385 2.208 3.713 

Jarque-
Bera 

160.5*** 403.1*** 22.9*** 5371.6*** 10.6*** 68.3*** 40.2*** 51.4*** 21.0*** 98.3*** 

N 340 340 340 340 340 298 309 340 309 340 

Table 9: 2006-2015 Extensive margin. 

 LNGi GDP Dist NGp Price R&D Div PPLi PPLr LNGr 
Mean 0.247 6.2*1011 3930.7 0.200 0.906 1.480 0.724 0.238 32.383 34.813 

Maximum 1 3.7*1012 5288.8 3.961 0.953 3.749 1 0.740 48.226 36.440 

Minimum 0 1.0*1010 2755.9 0 0.830 0.087 0.231 0.003 12.043 32.988 

Std, Dev. 0.432 8.6*1011 749.2 0.595 0.040 0.846 0.272 0.149 10.407 1.404 

Skewness 1.173 1.927 0.325 4.632 -0.345 0.826 -0.384 0.954 0.361 0.013 

Kurtosis 2.376 5.795 1.904 25.211 2.081 2.742 1.745 3.992 1.954 1.153 

Jarque-
Bera 

83.5*** 321.2*** 23.0*** 8204.4*** 18.7*** 37.5*** 28.3*** 64.4*** 21.0*** 48.3*** 

N 340 340 340 340 340 322 314 334 312 340 

Table 10: 1996-2005 Intensive margin. 

 LNGs GDP Dist NGp Price R&D Div PPLi PPLr LNGr 

Mean 0.045 9.2*1011 3738.2 0.141 1.001 1.136 0.590 0.136 31.382 38.333 

Maximum 0.143 2.6*1012 4918.2 1.203 1.123 2.209 1 0.355 59.534 41.225 

Minimum 0.011 2.0*1010 2755.9 0 0.911 0.371 0.234 <0.001 6.212 32.168 

Std. Dev. 0.027 8.2*1011 760.9 0.289 0.064 0.589 0.242 0.095 13.868 2.595 

Skewness 1.139 0.730 0.207 2.214 0.207 0.427 0.260 0.589 0.216 1.268 

Kurtosis 4.895 1.926 1.678 6.663 2.240 1.569 1.997 2.152 1.842 3.713 

Jarque- 
Bera 

22.3*** 15.0*** 8.8** 151.4*** 3.4 12.3*** 5.8* 9.5*** 6.9** 31.8*** 

N 61 110 110 110 110 106 110 108 109 110 

Table 11: 2006-2015 Intensive margin. 

 LNGs GDP Dist NGp Price R&D Div PPLi PPLr LNGr 

Mean 0.065 1.0*1012 3723.1 0.116 0.906 1.352 0.706 0.205 30.762 34.813 

Maximum 0.203 2.8*1012 4918.2 1.056 0.953 2.462 1 0.460 48.226 36.440 

Minimum 0.012 3.7*1010 2755.9 0 0.830 0.551 0.231 0.054 12.574 32.988 

Std. Dev. 0.046 9.2*1011 754.8 0.266 0.040 0.532 0.272 0.109 11.123 1.409 

Skewness 1.334 0.654 0.239 2.567 -0.345 0.323 -0.204 0.395 0.293 0.013 

Kurtosis 4.298 1.911 1.706 8.196 2.081 2.021 1.438 1.801 1.655 1.153 

Jarque- 
Bera 

30.5*** 13.3*** 8.7** 244.5*** 6.1** 6.3** 11.8*** 9.5*** 9.9*** 15.6*** 

N 83 110 110 110 110 110 109 110 110 110 
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The main differences one can spot between the two periods is the decrease in relative price 

and the increase in R&D spending. Apart from those changes the variables have displayed 

similar values during the overall period. In the extensive margin we can also see a larger 

amount of LNG imports that accounts for more 1% of the energy consumption. 
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Appendix E 

Average research and development spending 1996-2015. 

 

Source: The World Bank 

Central Europe and the Baltics refers to the following countries: Bulgaria, Croatia, Czech 

Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovak Republic and 

Slovenia. European Union refers to the countries that are currently member of the European 

Union as of 2018-05-16. As one can see in the graph there is an up-going trend for R&D as a 

share of GDP. Notably member countries of the EU have generally a higher share than non-

members.  
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