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[bookmark: _Toc514756553][bookmark: _Toc514955782]Introduction
Energy market is one of the most volatile, changing and developing market nowadays. Gas market has been undergoing considerable changes, especially in Europe. The rapid development of spot trading as a new alternative to gas delivery under long-term contracts has changed the European gas market conditions dramatically that directly influence foreign export companies’ strategies. 
The two gas hubs – National Balancing Point (NBP) in Great Britain and Title Transfer Facility (TTF) in the Netherlands – are nowadays the most developed hubs with the high number of market participants and gas volume traded there. These two virtual gas hubs provide the European market with an ability to buy gas not only under long-term contracts but also at spot prices that enables fast gas purchase. Furthermore, the possibility to trade gas through forwards and futures at gas hubs makes spot trading at TTF and NBP lucrative financial activity. Other European hubs have low liquidity levels and thus cannot be considered as mature hubs where prices potentially respond to market changes in supply and demand. 
With the development of gas hubs at Europe spot prices are considered to be dominant gas pricing mechanism nowadays while oil-indexed contract prices for gas delivery are labeled as “outdated approach” for gas pricing. While long-term contract prices are formed based on a special pricing formula that contains oil indexation and thus defines the relationship between LTC and oil prices, there is no united opinion on whether spot prices depend on oil prices or they represent independent pricing mechanism. 
A number of researchers claim that there is no or very slight correlation between spot and oil prices that explains a relatively low level of spot prices in comparison with LTC prices for gas delivery (Hulshof, Maat, & Mulder, 2015). These scientists reckon that gas hubs where spot trading takes place are developed enough in terms of liquidity levels that directly depend on number of hub participant and gas volume traded to provide market with spot prices that reflect market equilibrium, e.g. market supply and demand intersection that is profitable for both buyers and suppliers. 
Other scientists claim basing on their empirical research that even if liquidity levels at hubs are high spot prices could not be considered as an independent pricing mechanism that is forcing out LTC prices. These researches report that there is still quite strong correlation between spot and oil prices (Asche, Misund, &Sikveland: 2013; Komlev, 2016). Furthermore, S.Komlev (2016) claims that spot prices could be only considered as “a secondary” prices in relation to LTC prices that creates “pricing ceiling” for spot ones. Thus, in this case spot prices are not considered as an independent gas pricing paradigm since they follow oil and LTC price dynamics. 
Thus, there is no united opinion on the existence of the correlation between spot, oil and LTC prices. The result of the dispute is the lack of clarity about the nature of spot prices: what in reality drive spot prices, how they correlate with oil and to what degree they represent supply and demand changes. The uncertainty regarding this issue leads to the fact that export strategy of export companies cannot be consistent enough since the analysis regarding spot prices does not have stable basement. 
Furthermore, the highly rapid development speed of the European gas market requires quite often updates of the analysis. The research prepared by S. Komlev in 2016 covered the time period from 2007 till 1.01.2016. The current research covers the time period 31.12.2008 – 31.03.2018 and, thus, presents the most up-to-date analysis that include the prices even for the beginning of 2018. This enables to see the status-quo of the European gas market nowadays and its development over the last 10 years. 
Finally, in the current research paper it is aimed to examine not only the existence of the correlation between spot prices, oil prices and LTC prices, but also to analyze how this correlation have been changing over a particular time period. The time period taken for the analysis is divided into three sub-periods in order to examine how correlation between spot, oil and LTC prices have been changing over time. 
 In this regard research questions are: is there a correlation between spot price at TTF and NBP and Brent oil prices? Is there a correlation between spot prices at TTF and NBP and BAFA long-term contract prices? If the correlation exists, is the correlation between TTF and NBP spot prices and Brent oil and BAFA prices is weakening over a particular time period? 
Thus, the object of the research paper is spot prices at TTF and NBP gas hubs. The subject of the current research is the relationship of spot prices with Brent oil prices and BAFA long-term contract prices and the strength of this correlation. 
The Chapter 1 comprise an overview of the European gas market and Russian gas market status-quo, the notion of the liquidity and its importance for hubs efficiency assessment, main pricing paradigms in gas market and an overview of main European gas hubs. An overview of the European gas market is presented in this research in order to show the current market reality and how the European market has been developing over the recent years. The Russian market overview and the Gazprom export strategy is discussed in the paper since managerial implications are focused primarily for Gazprom and at the second place for other exporters all over the world. Two pricing paradigm are analyzed in detail in order to have a deep insight of pricing approaches in the gas market and to reveal an absence of unique opinion on the nature of spot prices. An overview of main European hubs were elaborated in order to create the finished picture of the European gas market and to show the development process of spot trading in the market. 
In the Chapter 2 the methodology for the analysis is discussed. The rational for choosing the time period 31.12.2008-31.03.2018 is explained. Furthermore, data choosing for the research and the sources where data for the analysis were extracted are reported. Finally, the research method – the regression analysis – is explained and preliminary research plan is elaborated. 
The Chapter 3 presents the results of the regression analysis and the conclusions. The scenario analysis is carried out in order to get deep insights of risks for Gazprom in the current market situation and potential strategy paths how to adjust the company’s export strategy to volatile new market reality. Practical and theoretical implications of the research are explained. For practical implication to be done the scenario analysis is prepared where 4 scenarios are considered based on the scenario matrix 2x2. 


[bookmark: _Toc514529687][bookmark: _Toc514756554][bookmark: _Toc514955783]1.LITERATURE REVIEW
[bookmark: _Toc514529688][bookmark: _Toc514756555][bookmark: _Toc514955784]1.1.European gas market: the path of development
[bookmark: _Toc514529689][bookmark: _Toc514756556][bookmark: _Toc514955785]1.1.1.Liberalization of the European gas market 
Nowadays the European gas market is constantly changing. This graduate shift is linked to various factors that could be roughly subdivided to two groups. The first group units factors related to main trends in the gas industry that define its development direction. The second one is factors triggered by European Union policy concerning the gas industry. These policy directions have determined the main trends in the current European gas market.
The most important process in the European gas is the gas market liberalization. A number of official policy documents, that are presented in the Figure 1, have been established by the European Union in order to facilitate this process.
 (
Security of Supply Directive 2004                        1998
) (
Second Gas Directive                         2003
) (
First Gas Directive                         1998
)


 (
Third Energy Package                         2009
) (
Third Gas Directive                         2009
) (
Regulation 1775                         2005
)


Figure 1 Policy documents for the market liberalization framework
Source: Haase (2008)
The liberalization of natural gas market in Europe was officially started by the establishing of gas Directive of 1998 (Haase, 2008). Since then two more gas Directives (2003, 2009), two additional gas regulations (2004, 2005), and the Third Energy Package (2009) have contributed to the process. The liberalization process addresses major obstacles for the European gas market in the way of its development: low supplies competition, high import dependency, and gas market place with strictly determined national boundaries. Thus, the main and primarily goal of the reforms is to introduce competition to the European gas market alongside with integrated gas market creation. 
According to the official website of the European Commission[footnoteRef:2], the European Union imports more than half of all the energy. Its import dependency is particularly high for natural gas (66%). In 2013, Russian energy suppliers exported 39% of EU natural gas import that equals 27% of the EU gas consumption. Moreover, six countries of the EU are heavily dependent on a single external supplier, including several countries (Sweden, Finland, Lithuania, Latvia, Estonia and Bulgaria) that rely entirely on Russian natural gas export, where the main gas exporter has been Gazprom (Kulagin&Mitrova, 2015). As a result, this dependence makesthose countries vulnerable to supply disruptions that could be caused by political disputes, supplier disrupt or infrastructure failures. For instance, a 2009 gas dispute between Russia and Ukraine, that is a transit country in Russia-Europe gas deals, left many EU countries with severe shortages.[footnoteRef:3] Moreover, in 2017 the total natural gas imports to the EU have risen by 5.5% in comparison with 2016 figures. Moreover, Russia is still the main gas importer as in 2017 it has provided over 40% of natural gas to Europe (Figure 2).[footnoteRef:4]In order to minimize the import dependency and to diversify gas suppliers, the European Commission reported a newly developed European Energy Security Strategy in May 2014. The goal of the strategy has been the reduction of Europe’s high energy dependency.  [2: https://ec.europa.eu/energy/en/topics/energy-strategy-and-energy-union/energy-security-strategy]  [3: https://www.theguardian.com/business/2009/jan/07/gas-ukraine]  [4: https://www.mckinseyenergyinsights.com/insights/the-2017-european-gas-market-in-10-charts/] 

[image: ]
Figure 2 Natural gas imports by suppliers
Source: Eurostat Estimates, 2017
E.V. Kislitsinand V. K. Pershin (2016) suggest several solutions to this issue of suppliers diversification. Firstly, new gas pipelines from the Netherlands and Norway could be constructed as these countries have considerable gas supply. The main drawback is that in 2013 the Netherlands claimed the decline in gas extraction so the capacity of a planned pipeline will be inefficient in relation to the construction and maintenance costs. Secondly, the place of Turkey as a potential main gas supplier in the European market should not be underestimated since it is possible for the EU to meet the demand for gas and at the same time to reduce the amount of gas imported from Russia only through the cooperation with Turkey (Pershin & Kislitsin, 2016). However, the necessary infrastructure for importinggas from Turkey is absent nowadays. Till recently there has been a large scale project with Turkey – a new gas pipeline “Nabucco” – that should meet the demand for gas in the European market by delivering gas from the Middle East and the Caspian region to Europe. However, it was decided to stop the construction of “Nabucco” in 2013. This decision has led to the inability of the EU to reduce its energy dependence on the Russian gas import. Thus, the large share of gas imported to Europe is still supplied by Russia. Finally, Pershin and Kislitsin (2016) reports that the full usage of currently existing liquefied natural gas (LNG) plants could be a solution for the European Union in energy dependence issue. However, the author highlights that LNG is still quite an expensive energy source. Thus, there are drawbacks in every approach suggested by the authors that reflects the complexity of the import dependency issue. 
In 1990s it was discovered that one of the key issues regarding European gas market structure was the dominance of incumbent monopolies, namely vertically integrated companies that controlled import and prices for gas as well as transmission assets (Katsis, 2013).The goal of competition enhancement and was not achievable with that kind of infrastructure. In order to enhance suppliers competition the EU has implemented a number of liberalization policy tools in order to mitigate the power of monopolies and develop market infrastructure. These policy tools are based on the standard regulatory prescriptions for the competition introduction into network industries (Joskow, 1996; Newbery, 2004). The unbundling (e.g. carving out natural monopoly services) gas transportation from trading activities and the providing third-party access to the gas network have been established in the Second Gas Directive and the Third Energy Package and aimed at opening the access to the infrastructure to new suppliers and market participants. It is stated that the same entity cannot possess control over generation, production and/or supply activities and at the same time have control over transmission system operator (TSO) (CEER Status Overview on TSOs Unbundling, 2016). Thus, the unbundling and the third-party access grant energy companies non-discriminatory access to the infrastructure.[footnoteRef:5] [5: https://ec.europa.eu/energy/en/topics/markets-and-consumers/wholesale-market/access-infrastructure-and-exemptions] 

Thus, despite several actions taken by the EU to introduce competition into the gas market high import dependency and low suppliers competition are still two main issues to be solved in the future.
In order to create a fully integrated gas market where national boundaries are eroded, the EU takes such actions as the increase in underground gas storage capacity, the infrastructure development (especially for reverse gas flows), and the creation of easy access to gas storage facilities.According to V. Kulagin, 16 interconnectors for reverse gas flows were developed, modernized or constructed. Moreover, cross-border connective networks throughput capacity has grown by 14% from 1992.[footnoteRef:6]Moreover, the unbundling and third-party access that have been discussed earlier also facilitate the infrastructure development. All these actions lead to infrastructure development that is an important step for integrated market creation.  [6: http://neftianka.ru/gaz-v-evrope-konkurenciya-narastaet/] 

In 2011 the EU developed Gas Target Model where the idea how the European gas market should function was emphasized. It is supposed that competitive European gas market with entry-exit zones, with liquid virtual trading points (VTPs, or hubs), with gas freely moved between market zones to the locations where there is a high demand for that gas in that particular moment should be created (ACER, 2015). Thus, the hub gas trading development strongly facilitates integrated gas market creation. 
With the hub gas trading development there is a paradigm shift from oil-indexed long-term contract pricing to hub-based pricing (Kulagin,Melnikova, Galkina, Osipova, &Kozina, 2016). The new pricing paradigm is still dependent on the old one, but nowadays it is considered to be a dominant pricing approach. On the Figure 3 the proportion of oil-indexed prices to hub-based prices in 2005 and in 2015 is presented that could be a proof of hub-based pricing paradigm dominance in the gas market. The process of pricing paradigm shift and related issue will be considered further in the separate section. 
[image: ]
Figure 3 Percentage of oil-indexed prices to hub-based prices in 2005 and 2015
Source: Platts, 2016
The competition enforcement, import dependency mitigation, suppliers diversification and integrated market creation areaimed to achieve energy security that is the centre of liberalization process. Energy security is an issue that is of high importance for many stakeholders such as policy markers, businesses and major energy consumers in particular, and a larger community whose life quality strongly depends on secured and uninterrupted energy supply in the market (Ang, Choong, & Ng, 2015). Nowadays, there is an absence of consensus about energy security definition in the scientific literature. In formation of energy security definition some researchers are mainly focused on the security of energy supply and availability of a type of energy in the market, while others highlights the influence of energy security on economic and social welfare. Ang, Choong and Ng (2015) in their article reckon that the notion of energy security is highly dependent on the context where it is used (Ang, Choong, &Ng, 2015). The authors identified seven main dimensions of energy security: energy availability, social impacts, energy prices, governance, environment, infrastructure, and energy efficiency. Mansson, Johansson and Nilsson (2014) are mainly focused on assessing energy security from the side of energy supply. The authors also highlights the complexity of the notion of energy security that vary between different disciplines and over time (Mansson, Johansson, &Nilsson, 2014). In the article it is also emphasized that the notion is broadly perceived as the guarantee from threats to national security due to dependence on a few oil and gas producers that corresponds to the situations in the European gas market. 
Thus, energy security integrates all actions taken by the EU in relation to competition reinforcement, supplier diversification, import dependency diminution and integrated market creation. Energy security is the corestone of the gas market liberalization in Europe that is one of the main triggers of the industry development in Europe. 

[bookmark: _Toc514529690][bookmark: _Toc514756557][bookmark: _Toc514955786]1.1.2. Gas consumption, production and demand in Europe: main trends
The liberalization of the gas industry in Europe is accompanied by main trends in gas consumption and gas production within the region that influence the development of the industry.The market share of natural gas in Europe has increased rapidly from less than 10% of the total primary energy supply (TPES) in the early 1970s to approximately 24% in 2012 (Honoré, 2014). In 2012, 35 countries in Europe consumed 539 Bcm of natural gas, representing about 15.6% of the world consumption (Honoré, 2014). 
However, in recent years Europe has become the only geographical region with negative gas consumption figures (Kulagin, 2015). After 2010 when the gas consumption achieved its peak position, it started to decline gradually and in 2015 fell to the consumption levels of 1995, so the consumption dropped by 23% over the period 2010-2015. This negative dynamics has determined the decline in demand for natural gas in Europe (Kulagin & Mitrova, 2015). 
The negative gas consumption trend could be caused by pursuing the goals of active energy saving and energy efficiency. In 2010 the EU has adopted the package called “EU 20-20-20”, where one of the main goals was to increase the energy efficiency by 20% by 2020 by decreasing primary energy consumption by 20% (Kulagin & Mitrova, 2015). The consumption decline could be observed in European electricity power generation, where active energy saving takes place. 
Other reasons for the negative gas consumption trend could be vulnerable economic situation in Europe and in the world, and the competition between different energy sources, e.g. intefuel competition. The main energy “competitors” of natural gas in the European market are coal and renewable energy sources (Kulagin, 2015). In spite the fact that the European Union has claimed the “low-carbon” energy policy in the region under which it is supposed to supplement the use of coal by natural gas, coal consumption decline is considerably lower (from 29% to 26%) in comparison with gas consumption decline (from 21% to 16%). At the same time the renewable energy level has risen from dramatically (Bros, 2017). The Figure 4 below shows the changes in each fuel’s consumption.
[image: ]
Figure 4 Fuel consumption in Europe by types
Source: International Renewable Energy Agency, 2017
The renewable energy has become a priority of the European energy. According to the official website of the European Commission, it is possible for the EU to lower its energy dependency on imported fossil fuels.[footnoteRef:7]Moreover, the use of renewable energy is considered by the European Commission as a key element of the current energy strategy since it will facilitate the decoupling of energy prices from oil ones.[footnoteRef:8] In some European states the costs of renewable energy production is almost equal nowadays to gas price in the market because of constantly developing technologies and well organized government support and diversified subsidy (Kulagin, et al., 2016). The EU is active in addressing climate changes. Thus, the substitution of carbon-intensive energy by renewable energy sources is an important reason for the increase in renewable energy share in Europe (Report of European Environment Agency, 2017).Finally, the renewable energy strategy is also linked to the issue of energy efficiency and energy savings. According to the report of the European Environment Agency (2017), the increase in the RES share since 2005 has resulted in a 2% EU-wide reduction in primary energy consumption in 2015. [7: https://ec.europa.eu/energy/en/topics/renewable-energy]  [8: http://ec.europa.eu/eurostat/statistics-explained/index.php/Energy_statistics_introduced] 

However, in 2015-2016 the gas consumption and gas demand in Europe started to recover slightly, but the figure is still quite low in comparison with pre-2010 level (Bros, 2017). According to the official website of Eurostat, in 2016 consumption of natural gas in the EU increased by 7.0% in comparison with 2015.[footnoteRef:9] The recovery of the European gas consumption continues in 2017. It was forecasted by the European Association of Natural Gas Industries that the gas demand of 28 EU state members has grown by 5.9% in comparison with previous year.[footnoteRef:10]Eurogas reckons that the increase in 2017 gas consumption level stems from lower temperatures in a number of EU countries, stable economic growth, the replacement of coal-fired large-scale plants with modern gas-fired plants and the increased gas usage in transportation sector.[footnoteRef:11] Furthermore, it is supposed that the positive trend for gas consumption in Europe over three consecutive years (2015-2017) facilitates the CO2 emission reduction that is one of the main goal of the EU.  [9: http://ec.europa.eu/eurostat/statistics-explained/index.php/Natural_gas_consumption_statistics]  [10: http://pr.euractiv.com/pr/higher-gas-demand-2017-helps-lower-emissions-160216]  [11: http://www.snam.it/en/Media/energy-morning/20171107_2.html] 

At the same time, the situation is accompanied by negative gas production trend in Europe. In 2004 the gas production in Europe began to decrease gradually. On the Figure 5 it is shown that the overall gas consumption and production in Europe was being declined over 2008-2016, but starting from 2015 these two figures have decoupled. 
[image: ]
Figure 5 Gas consumption and production levels in Europe 2008-2016
Source: International Monetary Fund, 2017
In these market conditions there is still gas import dependency in Europe. Thus, the liberalization process aimed at achieving energy security by import dependency mitigation and competition reinforcement is closely linked with gas consumption and production trends. The increased gas consumption accompanied by decreased production complicates the achieving of energy security since import dependence issue is still relevant. 
In conclusion, the European gas market has changed over recent years. The changes occurred in the market have impact on main gas exporters to Europe, where Gazprom takes the leading position.

[bookmark: _Toc514529691][bookmark: _Toc514756558][bookmark: _Toc514955787]1.2. Gazprom export strategy in the Russian market framework
According to the EIA official website, Russia held the world’s larges natural gas reserves.[footnoteRef:12] Currently Russia’s reserves account for about one quarter of the world’s total proved gas reserves. Most of these reserves are located in large natural gas fields in West Siberia. This fact enables Russia to rely on its revenues come from energy industry and to be one of leaders in global energy sector.  [12: https://www.eia.gov/beta/international/analysis.cfm?iso=RUS] 

Russian economic growth is mainly driven by gas exports primarily to Europe. Russia and Europe are interdependent in terms of energy. Europe is dependent on Russian gas deliveries: more than 70% of imported gas to Europe came from the Russian Federation in 2016.[footnoteRef:13] Russia in its turn is dependent on Europe since this is the major target market for Russian gas exports (Gazprom Export Global Newsletter, 2017).  [13: https://www.eia.gov/beta/international/analysis.cfm?iso=RUS] 

Gazprom is a Russian transnational gas company and the main exporter in the European gas market. Moreover, the principle of unified export channel preservation that has its legal acceptance in the law “About natural gas export” established in 2006 provides the company with the legal guarantee for the unique right to export Russian gas.[footnoteRef:14] Thus, Gazprom is the main exporter of the gas and the increase of gas volumes delivered to Europe could be related to the effective company’s strategy (Figure 6). [14: http://www.gazprom.ru/about/strategy/implementation/] 
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Figure 6 Deliveries by Europe’s major exporters in 2016 and 2017
Source: Gazprom Export, 2017
There is 7.2% increase in export volumes in comparison with 2016 figures. It should be mentioned that there was a decline in gas export amount in 2010. However, beginning from 2015 there is a positive dynamics in gas export volumes by Gazprom to Europe (Table 1).
Table 1 Natural gas export volumes by Gazprom to Europe
	Year
	1973
	1975
	1980
	1985
	1990
	1995
	2000
	2005
	2010
	2015
	2016
	2017

	Total
	6.8
	19.3
	54.8
	69.4
	110.0
	117.4
	130.3
	154.3
	138.6
	158.6
	178.3
	192.2



According to the offcial website of Gazprom Export, the Western Europe consumes the largest part of gas supplied to Europe. In the Figure 7 the main gas consumers (including Turkey) are presented. The most important target buyer is Germany.[footnoteRef:15]in this sub-region Gazprom have sold 155.9 billion cubic meters of gas in 2017.  [15: http://www.gazpromexport.ru/en/statistics/] 
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Figure 7 Western Europe gas consumers supplied by Gazprom in 2017
Source: Gazprom Export, 2017
Despite the fact that the Easetrn and Central Europe consumes smaller amount of gas , this regions if of hogh importance for Gazprom because of its territorial proximity to the Russian Federation. In 2017, Gazprom has sold 36.3 billion cubic meters of gas in this sub-region (Figure 8).
Moreover, Gazprom gas deliveries continues to grow even after the end of the winter heating season and has risen by 6.3% since the sart of 2018.[footnoteRef:16]The largest increase was particularly demonstrated by the main importer of the russian gas – Germnay. The last-years growth in Russian gas supplies was driven by the following factors: weather conditions, gas production decline in Europe and competitive prices for Russian gas (Gazprom Annual Report, 2016).  [16: http://www.gazpromexport.ru/en/presscenter/news/2134/] 
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Figure 8 Eastern Europe gas consumers supplied by Gazprom in 2017
Source: Gazprom Export, 2017
The basis of the Gazprom export pricing strategy is the system of long-term contracts with the “take-or-pay” principle and oil indexation of gas prices (e.g. where gas prices are pegged to the petrolium product prices, in particular oil prices) that are calculated on the base of a special pricing formula.[footnoteRef:17] The central strategy with oil indexation in long-term contracts for gas delivery enables the company to receive stable revenues from export sales and to guarantee secure gas supply for consumers.  [17: http://www.gazprom.com/about/strategy/implementation/] 

Moreover, in 2015 and 2016 the company performed three gas Auctions.[footnoteRef:18] The acution mechanism of export gas sales complementns the existing company’s strategy of long-term constracts sonce gas auction corresponds to challenges of the evolving energy market. The first gas acution tested the possibility of gas sales through the Nord Stream pipeline in 2015. The second gas auction happened in 2016 through which Baltic States were supplied with russian export gas. The third auction has resuted in signing long-term contracts with 11 European countries for gas delivery during the winter season 2016/2017.  [18: http://www.gazpromexport.ru/en/strategy/gas_auction/] 

Furthermore, the company proceeds with proactive dialogue with clients in order to make mutually effective and beneficial decisions in the conditions of constantly changing market. The company expands its business activities in liberalized deregulated markets and is currently active in spot and short-term trading of natural gas. [footnoteRef:19] [19: http://www.gazprom.com/about/strategy/implementation/] 

However, despite the fact that Gazprom develops its gas export strategy in terms of new trading forms (spot and short-term trading), it ismainly based on long-term contracts wit oil indexation. The abolishment of such long-term contracts will undermine gas supply security in the Euroepan gas market and will mean a sharp decrease in Gazprom export revenues since the majority of gas volumes is currently traded under LTCs (Henderson, 2015). However, a conservative export strategy with merely no adaptation to market changes can lead Gazprom to loosing market share. Thus, the company is pushed for further export strategy development. Several actions have been already undertaken by the coampny in 2009 to make the pricing srategy more flexible so that it quickly react to exteranl market changes. The company has introduced discount systems for short-terms trading (estimated at 7 to 10%), the reduced gas volume for obligatory purchases by customers and, as it has been mentioned eralier in the paragraph, the selling of gas in spot market (approximately 15% of gas is traded in spot market) (Boussena & Locatelli, 2017). Furthermore, the company has revised its pricing formula by two ways: either by reducing the base price, or by changing the relative weight of the different petroleum products in price formation and pricign formula for long-term contracts. Finally, the “spot” component was added to the pricign formula that is resulted in realigning Gazprom’s contract-based prices with oil indexation with hub-based prices formed at the European gas hub prices (Boussena & Locatelli, 2017). In addition the company has changed central clauses in order to make the pricing formula more flexible. As a result periods of time governing prices reviews processes have become shrter (Boussena & Locatelli, 2017).
Furthermore, Gazprom is currently developing its LNG sales in new markets, mainly in Asia-Pacific region, supplying gas to both traditional consumption markets (Japan, South Korea, Taiwan), as well as to the dynamically-developing markets of India, China and Southeast Asia.[footnoteRef:20] [20: http://www.gazpromexport.ru/en/strategy/markets/] 

As it was mentioned earlier, Gazprom is the main exporter of the Russian gas. This fact reflects the main characteristic of the whole gas industry in Russia - the high level of monopolization(Aune, Golombek, Moe, Rosendahl, & Le Tissier, 2015). The natural gas sector has remained centralized under Gazprom that is the main reason for low competition level in the Russian gas market. The company has had a monopoly on the main gas market segment including transmission system. However, this monopolized system has been questioned since nowadays the Russian gas industry is in the transition phase that could be characterized as modest decentralization (Ozdemir & Karbuz, 2015). The changes have been triggered by development in the domestic gas market and in the European gas market that has been discussed in the previous paragraph (Locatelli, 2013). Currently Russia is funding a way how to deal with the aim of the EU to create a competitive, integrated and transparent gas market with increased competition and diversified gas suppliers that was reflected in the Third Energy Package in 2009. 
In this regard in recent years Gazprom has faced increased competition, mainly in domestic market. Currently the gas sector is being transformed into a four-player structure: Gazprom that remains the leader in the industry, Novatek and Rosneft that are considered as main Gazprom competitors, and other independent gas companies (Lukoil and other small companies) (Belyi, 2013). 
Novatek is Russia’s second largest gas company, and it is also ranked in the top five quoted companies in the world on the base of proved gas reserves amount (Henderson, 2015). The company’s plan is to double its gas extraction by 2020 (Novatek (2011).Rosneft appears also to have significant gas reserves and the marketing ability to increase its sales in the domestic market (Henderson, 2015). 
Thus, competitive market place is emerging in the industry that hinders the monopolistic position of Gazprom (Aune et al. 2015). Another factor that challenges the position of Gazprom is the decrease in volumes of gas extraction in Russia (Boguslavska, 2015). The share of Gazprom in the domestic gas production has been roughly to two thirds of the overall production (Lunden et. al., 2013). However, according to the Bloomberg official website, the domestic production of gas in Russia has risen by 7.9% in 2017 that was mainly driven by Gazprom sales to Europe and rising domestic demand.[footnoteRef:21] Moreover, the domestic production of gas has achieved its highest level for the whole history of the Russian gas industry.  [21: https://www.bloomberg.com/news/articles/2018-01-02/russia-posts-highest-ever-natural-gas-output-in-expansion-drive] 

Thus, the decrease in gas production volumes (except the last year figures) and intensified competition from independent producers challenge the monopolistic position of Gazprom. In 2016 the Gazprom production share equaled 64% while in 2009 the share was 85% (Simola & Solanko, 2017). The decrease is significant and could be considered as a proof to intensified competition in the domestic market.
In conclusion, Gazprom is currently influenced by changing domestic and European gas markets. In Russian market the increased competition stimulates the company to further develop its strategy in order not to lose its unique right for Russian gas export. Furthermore, the decreased gas extraction levels in domestic market andchanges in European gas market regarding liberalization process and increased role of gas hubs stimulate Gazprom to find more flexible export pricing strategy so that Gazprom prices for exported gas could be compatible with hub-based prices in Europe. The export strategy adaptation to new market realities enables the company to keep leading position in Europe and extract high profits. 

[bookmark: _Toc514529694][bookmark: _Toc514756559][bookmark: _Toc514955788]1.3. The notion of liquidity and its value for natural gas market
The liquidity level is considered in the scientific literature as an important and benchmark figure for literally every market. A sufficient and adequate liquidity level is a crucial for decisions whether to participate in the market or not.
The majority of attention has been paid to liquidity in the shares, bonds and money markets. In all these markets, liquidity is seen as desirable. However, there is little attention in the literature for the measuring of liquidity specifically for the gas market or energy markets as a whole[footnoteRef:22]. In reality energy markets also require an optimal level of liquidity for an adequate operation and obtaining a reliable commodity price benchmark. Furthermore, the liquidity level allows to roughly identify the market development stage, market success and market efficiency (Heather, 2015). [22: https://www.gasterra.nl/en/news/what-is-liquidity-and-how-do-you-measure-that] 

According to the Energy Procurement Consultancy Company Magnus Commodities, liquidity could be defined as the degree to which a product can be quickly bought or/and sold without affecting its price and without incurring in significant transaction costs.[footnoteRef:23] Furthermore, liquidity market is defined in the Nasdaq official website as a market where there is a possibility to buy or sell a large quantities of an asset at any time and at low transactions costs.[footnoteRef:24] The Office of Gas and Electricity Markets (OFGEM) definition of the liquidity highlights the same features of this notion. It defines the liquidity as anability to quickly buy or sell products or services without a significant change in its price and without incurring significant transaction costs.[footnoteRef:25] [23: https://www.magnuscmd.com/liquidity-and-its-impact-on-energy-markets/]  [24: https://www.nasdaq.com/investing/glossary/l/liquid-market]  [25: https://www.ofgem.gov.uk/electricity/wholesale-market/liquidity] 

It could be observed, that all mentioned liquidity definitions emphasize the same features. Firstly, the transaction intensity is quite high in markets with high liquidity that is related to the issue of huge traded volumes that will be discussed later. A high number of transactions within a particular time period could be assign of high liquidity level since any transaction, roughly speaking, could be fulfilled at any time in this case[footnoteRef:26]. Secondly, liquidity implies low transaction costs. In this regard, bid-ask spread should be analyzed, which is the difference between the maximum price at which market participants want to buy (ask) and the minimum price at which market participants want to sell (bid).[footnoteRef:27] A narrow spread provides market players with low transaction costs and at the same time with a certainty in price level to be achieved. Thus, the lower the spread, the higher the liquidity level. Furthermore, trading costs also is an indicator for market liquidity since lower trading costs (e.g. costs for brokers or taxes) stimulates a number of transactions and by this leads to higher liquidity.  [26: https://www.gasterra.nl/en/news/what-is-liquidity-and-how-do-you-measure-that]  [27: https://www.magnuscmd.com/liquidity-and-its-impact-on-energy-markets/] 

Another important factor that is an indicator for a high liquidity level in the market is price volatility. According to the official website of GasTerra, there is no consensus found in the scientific literature regarding this indicator. However, it is generally accepted that lower price volatility provides market participants with a confidence that a price reflects the product’s real value. A lower price volatility generally results in a higher liquidity.[footnoteRef:28] [28: https://www.gasterra.nl/en/news/what-is-liquidity-and-how-do-you-measure-that] 

Patrick Heather (2015) distinguishes a number of important elements that identify the market development stage and hubs’ development stage in particular. The first element to consider is market participants, especially market participant diversity. The number of companies trading at a gas hub is an important indicator driving the development of that market since it not only shows the willingness of traders to ‘get involved’ in the market deals but also reflects how easy it is to participate within a particular market or gas hub. Furthermore, the more participants there are, the less chance in generalof one company dominancein the market. Finally, another important criterion is the number of participants that are currently active within the market: the more companiesthat regularly trade, the more liquidity there will be (Heather, 2015). However, it is quite complicated to define “an active” market participant as it is quite a subjective decision since no precise benchmark exists. For instance, “an active” player could be defined as that who traded once per week/per day/per month etc. Thus, since this metric regarding identifying active participant is quite ambiguous and vague the whole number of market/hub participants is preferred when identifying market/hub efficiency. 
The second element that is an indicator of an efficient market or a gas hub is products available for trade. P. Heather (2015) considers this metric as an important one since if there is a variety of products available in the market/hub, there are risk management opportunities for players. The author reckons that risk management opportunities are a signal of a mature efficient market/hub, and only a risk management hub could provide a benchmark prices for products traded. P. Heather (2015) highlights that liquidity attracts liquidity which in turn leads to a market success and in the future to the ‘mature’ market withreliable prices.
The third element is Tradability Index (Heather, 2015). The concept of Tradability Index is a natural benchmark for products or services tradability, e.g. how much they are actually traded (Bykova & Stöllinger, 2017). This index serves as a measure of how narrow bid-ask spread is, indicating a high level of liquidity as it has been menti9oned earlier in this chapter. It is not sufficient metric by itself to define the market/hub development stage, but if analyzing with other factors Tradability Index makes the picture of the market/hub status-quo more detailed (Heather, 2015). 
The fourth element mentioned is traded volumes. As it has been mentioned earlier, transaction density is strongly linked to traded volumes – a metric that is considered to be one of the most important factor for liquidity level assessment since they are a component of the churn rate formula that will be considered next (Heather, 2015). This metric shows how intense the market activity is. In a nutshell, market/hubs with high traded volumes show high churn rates, that usually means a diverse variety of participants and the absence of price manipulation. 
The last and the most important element in assessing market/hub efficiency and success is churn rate (Heather, 2015).The churn rate is defined as a portion of traded volume to actual physical output.[footnoteRef:29] To makes the definition clearer, it could be said that churn rate is a measure of the number of times a ‘parcel’ of gas is traded and re-traded between its initial sale by a producer and the final purchase by a consumer. P. Heather (2015) claims that all other metrics considered earlier are reflected in this one last element: if there are many participants in the market/hub who traded a variety of products in huge volumes, churn rate will be also high that indicates high liquidity level. There is no consensus on the churn rate threshold value: some market participant won’t trade in a market/hub where churn rate is below 10, others will take a value of 12 or 15 as a benchmark for decision making (Heather, 2015; Konoplianyk, 2009). Thus, churn rate is considered to be the most important and vastly used metrics for liquidity level assessment in most commodity and also financial market.  [29: https://www.magnuscmd.com/liquidity-and-its-impact-on-energy-markets/] 

To summarize factors that help to assess liquidity level, the Figure 9 is created. All metrics are grouped into three parameters: cost, time and volume. To assess the liquidity level more precisely, the systematic analysis should be carried out where all factors are considered. 
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Figure 9 Liquidity level determinants
Thus, the high liquidity level is an evidence of a strong developed market (or of a hub in a particular case) where transaction costs are at minimum levels, products flow is free, where prices reflect the real value of a product or services since they reflect changes in supply and demand quite effectively. This fact is highly important for market participants since decisions regarding trading and investment activities (product capacity, transportation capacity, storage, etc.) will be efficient.[footnoteRef:30]Thus, it is quite important to analyze liquidity as this is an effective tool of market analysis.  [30: https://www.magnuscmd.com/liquidity-and-its-impact-on-energy-markets/] 


[bookmark: _Toc514529695][bookmark: _Toc514756560][bookmark: _Toc514955789]1.4. Gas pricing: oil indexation and hub-based prices
Generally, there are two main types of gas pricing mechanisms: oil-indexed contract prices and hub-based prices for gas. There are different points of view among scientists what pricing mechanism is dominant nowadays in the market, and what prices are appropriate signals of actual supply and demand and, thus, represent an actual value for gas. In order to better understand the gas market status-quo, we propose to analyze each pricing mechanism, in particular its development process, variables that influence this or that pricing paradigm, dependence of each prices from global oil prices etc. 
According to the article “Evolution of Gas Pricing in Continental Europe: Modernization of Indexation Formulas Versus Gas to Gas Competition” written by A. Konoplyanik (2010), the initial stage of gas pricing formation process was cost-plus pricing concept that implies a gas price based on production and delivery costs incurred by a producer/supplier. Thus, it is logical that cost-plus pricing depends on a producer’s behavior. Cost-plus prices are not often exposed to fluctuations as they are based on projects’ economy, e.g. within any development project needed for gas production quite stable, predictable costs for a long period of time could be calculated that determines monotonous and constant fluctuations of such costs. Thus, the cost-plus prices based on aforementioned production costs are also not so volatile and have quite constant fluctuation character. 
However, historically the dominant gas pricing paradigm has been based on the determination of gas price basing on its replacement value with other energies in the end-user sector (Konoplyanik, 2010). The use of the replacement value implies linking gas prices through a particular formula represented in long-term contracts (LTCs) to the other energies competing with gas. The main energies competing with gas in the final energy consumption have been residual fuel oil or heavy fuel oil (HFO) and gasoil/diesel or light fuel oil (LFO). In contrast to cost-plus pricing, the residual value-based pricing depends on consumer’s behavior and are more volatile since such prices are linked to prices at commodity markets where volatility dynamics is quite high. Komlev (2016) highlights that gas is the only commodity which prices rely on the replacement value pricing principle. This replacement value concept was the centre of the Groningen model that was developed in 1962. 
The intent to implement a new pricing concept – Groningen-type long-term contracts concept – was to maximize the revenue for gas producing countries/companies and to mitigate risk appeared from hug investments required for gas production (Komlev, 2016). Groningen-type contracts may be characterized by several key features. Firstly, the switching from cost-plus pricing approach to replacement value pricing approach happened with the implementation of Groningen model that has been a milestone in the gas pricing historic development. 
Secondly, it is long-term contracts between a gas producer/supplier and a customer that play a role of compromise for conflicting interest of both parties (Asche et al., 2013). On one hand, the buyer would like to have some volumetric flexibility to have an ability to adjust imported gas volumes to demand fluctuations since the storage of das glut in periods of low demand is quite expensive for buyers/importers. Furthermore, buyers would prefer gas prices be responsive to gas substitutes prices since this gives customers an opportunity to resell gas, and for this gas price should be compatible to other energies in the market. On the other hand, the gas producer/supplier would like to be assured that there will be an opportunity to sell a particular amount of gas over some period of time that ensures stable and long-lusting demand for gas. Such a sustainable demand could mitigate non-commercial risk because such production stages as extraction, processing and transportation are quite expensive in terms of investments. In other words, the producer would prefer to deliver a constant gas stream at maximum utilization capacity. Moreover, the producer would like to receive a fix minimum price as a guarantee for stable and to some degree predictable cash flows for the entire delivery period. Long-term contracts provide both parties with a trade-off. 
This trade-off could be partially found in “take-or-pay” provisions that are included in LTCs (Vazquez & Hallack, 2016). Under “take-or-pay” provisions buyers take volumetric risk since they are obliged to pay a predefined for a minimum amount of gas. In case a buyer is able to resell acquired gas in short run, the LTCs play a role of a hedge mechanism against short-term market volatility. Thus, “take-or-pay” provisions define a minimum amount of gas that should be delivered by a gas producer/supplier, and the corresponding minimum unit price for gas purchases. The risks related to gas delivery and gas purchase is thereby shared between two mutually linked parties – producers and buyers. Thus, both parties of long-term contracts are interested in providing supplied/purchased gas at a marketable price that can compete with other marketable energies. 
Thirdly, under Groningen model the market price for gas is calculated in accordance with special formula which is an integral part of LTCs. Since LTCs rely on replacement value concept, there should be alternative fuels integrated in this formula so that gas price could compete with other energies. As it was mentioned earlier, there are basically two gas alternatives that are included in the formula: gasoil/diesel fuel or light fuel oil (LFO) which competes with gas in household sector and residual fuel oil or heavy fuel oil (HFO) which competes with gas in industrial electricity and heat generation sectors (Konoplyaanik, 2010). Historically, LFO has the weight of 60% in the formula, whereas HFO has 40% (Konoplyanik, 2010). 
Fourthly, there is a special clause on regular price review in every LTC since price environment as well as market conditions are constantly changing over time. The price review may take plays with a particular long-term contract pricing formula as well as within the general formula itself. The regular price review within a long-term contract is required because of two reasons. Firstly, gas prices based on the replacement value are more volatile and dynamic in comparison with cost-plus prices and, thus, are needed regular corrections and adaptations. Secondly, gas pricing formula and the gas price itself should adapt to and reflect price fluctuations of gas substitutes so that gas price remains compatible with other energies in the market (Komoplyanik, 2010).
Usually the formula adaptation lies in the changing of existing gas substitutes’ shares (as usual LFO and HFO) and/or introduction of new gas fuel substitutes in the existing formula that depicts a new energy market reality. According to A. Konoplyanik (2010), other elements that are incorporated in the gas pricing formula are coal, crude oil, electricity, inflation etc. Currently, there are more than 10 elements in European gas pricing formula. It should be mentioned that the complexity of gas pricing formula is linked to the competition level: the higher the competition in the market (e.g. the more diversified are gas suppliers/producers), the higher the gas pricing formula complexity level due to the bigger number of replacing alternatives (Konoplyanik, 2010). Furthermore, there is a reduction of all time intervals occurred as another adaptation formula stage. For instance, price reviews take place more frequently, the reference period duration and the time leg between the date of revision and the reference period is becoming shorter and shorter that results in more relevant pricing formula. 
Thus, the LTC pricing formula will continue to adapt to a new energy market reality by a broader range of gas substitutes and by reduction of all time periods that are taken into account in the formula. This results in more complex pricing formula and at the same time in more up-to-date and relevant representation of gas value in the market. Finally, formula adaptation process is a basement for secure gas supply that is quite important for gas producers, customers and end-users (Konoplyanik, 2010).
Fifthly, there are special destination clauses in every long-term contract. A situation can occur when gas is delivered through the same point and then is destined to different export markets. This could lead to the existence of different prices for gas delivered by the same producer and, thus, to arbitrage opportunities, e.g. a possibility to export cheaper gas purchased by a customer at one price and then to resell this gas at a higher price in the other market. Destination clauses that in essence are gas resale restrictions are aimed at protecting gas producers’ interests, e.g. to extract the maximum possible revenue by preventing a buyer to use possibly existed arbitrage opportunities. 
Finally, there is net back pricing principle under Groningen-type long-term contracts. The net back pricing is the gas replacement value minus transportation costs incurred by a supplier to deliver gas from the net back point to a buyer (Raszewski, 2017). According to the Energy Charter Secretariat (2005), the point here is that different transportation costs to different destinations are incurred and this implies different net back values earned by a supplier even if gas replacement values are equal in all these destinations. Thus, net back pricing principle secures competitiveness of gas delivered to various export markets.
Thus, Groningen-type long-term contract prices are oil-indexed that is represented in pricing formula. This pricing model with its unique characteristics guarantees secure and stable international gas supply that is the base for such a model to have been dominant pricing paradigm.
However, the gas market is constantly developing. More and more short-term structures have appeared in addition to already existing long-term contracts. Furthermore, the duration of LTCs in European gas market has diminished substantially (Komoplyanik, 2010).The transition from gas supplies with a limited number of players to a system with highly liquid market places (e.g. gas hubs) with multiple players has occurred in the recent years (Asche et al., 2013). Moreover, new pricing mechanisms and new players appear. There is a current transition undergone by European gas pricing from traditional oil-indexed pricing mechanism of LTC that have been discussed earlier to an new pricing paradigm. This is hub-based prices that could be determined as prices reflecting changing supply and demand in the market instead of relying on oil price (Stern & Rogers, 2011). 
The hub-based pricing model was borrowed from the USA, where Henry Hub – the physical highly liquid market of spot gas trading – is situated.[footnoteRef:31] The establishing of the hub called the National Balancing Point (NBP) by the United Kingdom could be considered as something considerably different as in this case there the UK has created virtual, not physical gas spot market. The creation of NBP was a trigger for other European hubs creation in Belgium, the Netherlands, France, Germany etc. Among the main reasons for pricing paradigm shift from oil-indexed long-term contract prices to hub-based prices are European gas market liberalization, the opening of Interconnector in continental Europe, the deregulation process, and the increase in competition level (Ache et al., 2013; Stern & Rogers, 2013).  [31: http://energypost.eu/hub-based-pricing-reshaping-eu-gas-market-even-spain/] 

There is no consensus found between those who consider Groningen model and oil-indexed prices as a leading and dominant paradigm in the current gas market and those who believes hub-based prices should be seen as an independent mature pricing mechanism that should wholly substitute “outdated” oil-indexed pricing approach in the nearest future. For the completed debates “picture” both position are to be analyzed. 
The first and the most discussed question is whether hub-based prices are independent from oil and oil product prices (e.g. there is no correlation between hub-based prices and oil prices) or they follow the oil price volatility dynamics. There are mixed results in the literature regarding the existence of long-term relationship between gas and oil prices (Bunn, Chevallier, Le Pen, Sevi, 2017). 
Villar and Joutz (2006) revealed shared trends among U.S. Henry Hub gas prices and oil prices thus claiming the existence of stable relationship between oil and gas prices. Brown and Yucel (2008) have received similar results: the scientists found out that movements of crude oil prices play a decisive role in shaping gas prices in the U.S. Henry Hub. Asche et al. (2013) demonstrates that the oil price may be considered as a “leader” one since oil prices determine both all long-term contract and spot prices for natural gas. The author names the high level of European gas market integration as a reason for such influence of oil prices since natural gas and oil have a common price determination process. Earlier the author (2006) reckons the gas prices follow oil prices within the European energy market. According to Sergey Komlev (2016), Oil-indexed prices have a strong influence on spot gas prices. Thus, in this case oil-indexed gas prices play a role of “anchor” prices for hub-based prices, e.g. hub-based prices follow the contract gas prices dynamics. Furthermore, it is stated in the ACER/CEER Annual Report on the Results of Monitoring the Internal Electricity and Natural Gas Markets in 2014 (2015) that although hub prices are in theory supposed to be decoupled from oil and be responsive only to market supply and demand changes, their trajectory in practice is primarily determined by the oil-indexed gas prices movement dynamics. These empirical evidences give proponents of long-term contracts and oil-indexation a ground to claim that hub-prices are derivatives in relation to contract prices, that oil-indexed gas prices are first movers, whereas hub-prices are second movers and follow oil-index ones (Komlev, 2016). 
In contrast, Serletis and Rangel-Ruuiz (2004) revealed that Henry Hub in U.S. and WTI (West Texas Intermediate oil blend, that quoted at the New York Mercantile Exchange) had no common price cycles. Later Hulshof et al. (2015) found out that oil has an insignificant impact on hub-based gas prices in Europe. The authors claim that the concept of linking gas prices to oil prices despite being the leading pricing formation approach in XX century and at the beginning of XXI century has lost its importance nowadays and could be considered as outdated pricing mechanism. It is claimed that gas-to-gas competition has become the dominant pricing paradigm for gas. There are a number of reasons why oil and gas prices should have different price dynamics. Firstly, these two energies have different transportation costs. Secondly, there is a difference in the production, processing, and storage costs for these fuels. Finally, oil and gas prices should be analyzed in different geographical markets. Oil prices, whether it is WTI or Brent prices, usually correlate with each other. In contrast, natural gas prices especially at hubs are more exposed to supply and demand changes in a particular region. Despite the fact that there is a high level of integration within the European gas market (Asche et al., 2013) and regional gas markets are not independent from each other (Stern, Rogers, 2014), prices in several regional markets might have quite different dynamics and directions (Hulshof et al., 2015). Thus, oil prices should be considered in global context, whereas gas prices vary from one regional market to the other one. Furthermore, Hulshof et. al. (2015) highlights that such variables as weather conditions and storage capacity have much more impact to hub-based prices than oil prices do. Nick and Thoenes(2014) have received similar results and conclude that temperature, storage and supply shocks cause relatively short effect on gas prices whereas oil prices have small impact on spot prices. Stern and Rogers (2013) claim that hub-based pricing is an independent gas pricingmechanism that has almost replaced oil-indexation principle nowadays. The authors reckon that oil-indexed pricing approach pursues clearly commercial purposes as it is believed oil-indexed to bring higher return in comparison with hub-based prices. 
The fuel substitution between oil and gas are the second issue discussed by a number of scientists. Stern and Rogers (2014) suppose that oil-indexation has become outdated pricing mechanism as there is now a limited level of substitution between oil and gas. In the past petroleum products were widely used in Europe for power generation by large-scale plants, and it was reasonable to use oil-indexation principle in gas price formation as there was a real substitution between these fuels. However, the global market system has changed and oil is currently out of power generation sector that puts a considerable limit in oil-to-gas substitution framework (Stern & Rogers, 2014). 
Komlev (2016) agrees with the Stren and Rogers’s opinion that in power generation sector there is almost no substitution between oil and gas in physical terms since oil has been successfully replaced by gas. However, the author makes an emphasis on the fact that there is no need to focus only on power generation sector since a minor part of gas consumption in Europe (only 20%) belongs to this sector. S. Komlev claims there are other industries where the substitution between oil and gas is still strong. For instance, in residential, commercial and transportation sector gas consumption is much higher. Furthermore, the author highlights, that the International Energy Agency (IEA) claims that gas and oil will remain competitive fuels in industry, commercial and residential sector in the nearest future. As a final argument in favor of high substitution level Sergey Komlev states that this intefuel competition has a good chance to become stronger in the years ahead due to the broader use of natural gas in transportation sector. Based on these arguments the following conclusion might be made: since there is a competition between oil and gas in a number of sectors, there is a logic to hold oil-indexed gas pricing approach (Komlev, 2016). The fact that oil could be considered as a relevant substitute for natural gas is highlighted by Hulshof et al. (2015).
It is highly important to shed light upon the issue of to what degree hub-based prices are stable and to what extent spot pricing could be a representative market segment. Andrey Konoplyanik (2010) states that spot market segment in Europe is unstable and still underdeveloped. If the shift from oil indexation to gas-to-gas competition appears, gas prices will be pegged to quite unstable market segment that will bring higher risks both for gas producers and customers. Thus, the European spot gas market is not ready to such a shift (Konoplyanik, 2010). 
Based on the fact that hub-based prices are supposed to reflect changes in market supply and demand, they are considered by a number of scientists as more fair representation of actual gas value in comparison with oil-indexed contract prices for gas. However, Sergey Komlev (2016) claims that prices even on the most liquid European hubs do not still represent a total demand and supply of the market. They reflect only a residual market segment since the majority of the gas demand and supply is met by long-term contracts with oil-indexed pricing mechanism. Thus, S. Komlev (2016) supposes that hub prices do not represent the real market equilibrium as they are supposed to do in theory, but instead such prices reflect only a small portion of the whole market. Thus, hub-based prices cannot be considered as a more fair representation of real gas value as a commodity. Moreover, the author highlights that based on the fact that hub-based prices represent a small market segment such prices may overreact to even minor imbalances and fluctuations in the market. Thus, they are considered to be unstable and highly volatile. 
Low liquidity in the majority of European hubs is considered as a valuable reason by several scientists to claim that hub-based pricing paradigm cannot take the dominant position and replace oil indexation. As it was mentioned earlier, liquidity is considered as an important metric for competition level in the market. Andrey Konoplyanik (2010) reckons that the low liquidity level on European hubs is a prove that gas-to-gas competition and spot prices cannot replace oil indexation as hub-based pricing segment In Europe is still underdeveloped. Sebastian Nick (2016) highlights six years later that the liquidity level on European hubs is constantly growing, but remains still quite low. S. Komlev (2016) also emphasizes that European hubs are lack in liquidity and, thus, cannot guarantee secure gas supply in comparison with long-term contracts. In contrast, Stern and Rogers (2013) claims that churn rates on European hubs and, thus, the liquidity are high enough. It is suggested that the market has matured and now hub prices reflect more clearly the real supply and demand dynamics in the gas market.
S. Komlev (2016), D. Hulshof et. al. (2015), S. Nick (2016) make an emphasis on the existence of arbitrage opportunities since there is a coexistence of oil-indexed pricing and hub-based pricing paradigms. According to S. Komlev (2016), there are two reasons for arbitrage opportunities and to exist. Firstly, oil prices set a ceiling for gas prices so that gas prices cannot be set higher than oil ones since in this case consumers will start to buy oil as a cheaper alternative to gas. Secondly, the market structure development has led to the appearance of a new market participant - commodity traders and financial institutions. Now there is a four-tied market structure, where gas producers, customers, end-users and financial institutions and traders communicate with each other. The appearance of the fourth market player has led, according to S. Komlev, to over-contracting and paper gas glut in the market. In the current market structure customers has received an opportunity to shift volume risk from long-term contacts to the traders and financial institutions by transforming acquired gas deliveries into forward contracts. In this case a consumerhas the right to buyback a particular quantity of gas that is needed now by end-users in accordance with actual demand for gas. However, an amount of gas sold as a forward contract and an amount of gas bought back to meet the actual demand may not coincide. Thus, this difference could lead to a gap between paper and physical gas amount. As a result of this over-contracting there is paper gas glut in the market. S. Komlev (2016) claims that this glut pushes market prices below contracted prices for gas, thus, creating arbitrage opportunities. 
In the Table 2 below the research analysis of the articles reported previously.
Table 2 Research analysis of the scientific literature 
	Researchers
	Time 
period
	Method
	Variables
	Outcomes

	Asche et al. 
2013
	1999-2010
	Cointegration analysis
	LTC prices; 
Spot prices
	-TTF highly correlates with oil prices and with contract prices;
-NBP also does the same, but the correlation degree is lower
-Oil prices determine both spot and contract prices
-Oil prices lead spot prices
-European has market is highly integrated one

	Hulshof et al. 
2015
	2011-2014
	Regression analysis
	Heating degree days;
TTF prices;
Brent prices;
coal prices (Europe);
CO2 prices (price of carbon credits);
Gas storage;
HHI;
Wind electricity;
Global discoveries (dummy);
Fukusima disaster (dummy);
Cold spell (dummy)
	-Supply and demand are important for short-term prices
-prices to a large extent determined by gas-to-gas competition
-there is a positive butsmalleffect of oil prices
-changes in price of coal have insignificant effect
-temperature is important for gas prices fluctuations in short-run
-wind generation had positive and significant effect
-no effect of HHI on spot prices

	S. Nick
2016
	2007-2012
	Causality tests
	Spot prices;
Futures prices (one month-ahead, two month-ahead, three-month ahead)
	-information is not processed simultaneously in spot and futures markets
-future markets are dominant in terms of price discovery and information efficiency
-spot markets follow futures markets changes
-so, information superiority of future markets 
-European hubs can be considered as informationally efficient in the long run

	Bunn et al.,
2017
	1993-2010
	Factor methodology


Regression 
	Oil prices WTI;
Gas futures (Henry Hub)

Number of financial contracts (oil)
Number of financial contracts (gas)
	-gas has a linkage with oil (due to common and economic drivers)
- the central role of financial activities in shaping the link between oil and gas prices

	H. Li et al., 
2016
	1997-2016
	Factor analysis;
Linear regression
	Supply;
Consumption;
GDP;
Oil consumption;
Economic indexes
20 variables (in the table)
	-economic conditions, gas demand, US dollar exchange rate, gas consumption and alternative energy are the major factors that influence Henry Hub gas prices
-interest rate has little influence

	X. Mu,
2006
	1995-2005
	Linear regression
	Gas futures returns (every day in accordance with week day)
Crude oil returns 
	-how weather shocks impact gas future markets
-significant weather effect 
-market fundamentals are important in this case

	S. Komlev,
2016
	2007-2016
	Regression analysis

	-TTF day-ahead prices
-Brent oil prices


	-strong correlation between Brent oil and TTF spot prices
-the importance of physical arbitrage between oil-indexed contracts and hub prices
-oil-indexed prices construct “a price ceiling” for hub prices
-hub prices are derivatives of oil-indexed prices

	V. Nemov ,
2013
	2008-2013
	Regression analysis
	-TTF prices
-NBP prices
-Brent oil prices
	-hub prices are mainly driven by oil-indexed prices, not by oil prices itself
-“secondary” nature of hub prices in relation to oil-indexed gas prices

	S. Nick, S. Thoenes
2013
	2009, 2011, 2012
	VAR
	-heating degree days
-supply shortfalls
-Brent price
-storage
-LNG imports
-storage
-gas price
	-German natural gas market
-gas price is affected by temperature, storage and supply shortfalls in the short term
-gas price is affected by crude oil and coal prices in long term
- the aim is to determine the impact of gas supply disrupt on the gas price



Table 2 (continued). Research analysis of the scientific literature
As it might be seen, there is no consensus about what pricing paradigm is dominant nowadays in the gas market, whether hub-based prices follow oil and oil-index prices or they fluctuate independently in accordance to supply and demand changes. The results of analysis regarding this topic are quite heterogeneous, and further research is needed.

[bookmark: _Toc514529696][bookmark: _Toc514756561][bookmark: _Toc514955790]1.5. Main European hubs overview
As it has been mentioned earlier, the European gas market is undergoing a transformation. While oil indexation approach is still considered as the dominant pricing mechanism, it is supposed that hub-based pricing paradigm is becoming more and more important in the European gas market. In the light of this new pricing paradigm development and, moreover, a constant European hubs development, it is relevant for the research to overview the main European hubs’ status quo.
Gas hubs are considered as a marketplace where buyers and sellers can transact in an effective and transparent way based on non-discrimination and price transparency (Report of Eclipse Energy Group: 2013). Today, there are 9 natural gas hubs operating in Europe: NBP (National Balance Point in the UK), ZEE (Zeebrugge in Belgium), TTF (Title Transfer Facility in the Netherlands), PSV (in Italy), PEG and TIGF (in France), NCG, GPL (NetConnect and Gaspool in Germany correspondingly), and CEGH (Central European Gas Hub in Austria). NBP and TTF are considered to be the most liquid, matured and developed European hubs nowadays (Heather, 2015). 
According to the hub classification offered by the Institute of Energy for South-Fast Europe, gas hubs could be classified as physical or virtual ones (IENE, 2014). A hub could be a physical point, at which a number of gas pipelines cross together.
[image: ]
Figure 10 The historical process of European gas hubs formation
Source: IENE, 2014
In other words, a physical hub is a real transit location where pipeline cross and gas is traded. Such hubs could serve as a transit points for the gas transportation and storage (IENE, 2014). For instance, the gas hub Zeebrugge is a physical one. A hub could be also a virtual (balancing) point inside a whole gas pipeline system like NBP in the UK or TTF in the Netherlands are. A virtual hub is a trading platform for various financial transactions where a large number of market participants could make gas transactions (IENE, 2014). To say it in a different way, a trading platform could be considered as a trans-regional zone in comparison with a physical gas hub which location is highly linked to the specific region/point/zone where gas must be transported to. In case of virtual hubs gas could be injected into any point of national trans-regional grid. Thus, a virtual hub has an advantage over a physical one: all gas which has been paid for could be traded that gives a certain flexibility, while at a physical hub only an amount of gas that has passed at the precise point/location can be traded that implies high risks (IENE, 2014). 
There is another gas hubs classification proposed by Patrick Heather from the Oxford Institute for Energy Studies (2015). According to the approach based on gas hubs’ market development, hubs may be distinguished into trading, transit and transition ones. Trading gas hubs are mature hubs and allow market participants to manage their gas portfolio. According to the OIES report (2015) there are only two trading mature hubs in Europe– NBP and TTF. Transit hubs are physical transit point where gas is physically traded. The main role of transit hubs is the facilitation of gas transportation. CEGH and ZEE are considered to be transit hubs (IENE, 2014). Transition hubs are virtual hubs which are quite immature, but have set prices benchmark for gas in their national markets. GPL, NCG, PEG, and PSV may be put in this hub category (OIES, 2015). 
On the Figure 11 European hubs with regard of their maturity and liquidity level are presented. 
[image: ]
Figure 11 European gas hubs classifications by maturity and liquidity level
Source: The Oxford Institute for Energy Studies, 2017
With their rapid current development, European gas hubs might represent a second source of gas provision accompanied by long-term contracts in the region. The liquidity levels, one the most important figures for the gas hubs development stage analysis, are constantly growing. Gas hub establishment is of a crucial role for the EU since it facilitates the integrated gas market creation. However, it should be mentioned that European hubs are quite young and less developed in comparison with the US gas hubs (IENE, 2014).

[bookmark: _Toc514529697][bookmark: _Toc514756562][bookmark: _Toc514955791]1.5.1. NBP – National Balancing Point in the UK
National Balance Point is the oldest European gas hub that started its operations in 1996 and now is one of the most liquid hubs in Europe (IENE: 2014). Although Dutch TTF has already overtaken the leading position (that would be shown later in the Chapter), NBP has been the leading gas hub in terms of liquidity, traded volumes, churn ratio and number of market participants (Dickx, Miriello, & Polo, 2014). It is a virtual hub and is operated by the National Grid, the transmission system operator in the UK. Currently the NBP gas price is a benchmark for European wholesale market (alongside the TTF gas prices). Moreover, the NBP also serves as an indicator for the European spot LNG market with its four LNG terminals and developed market (IENE, 2014). 
NBP has grown substantially over the last 10 year and continues to do so nowadays because of the close correlation with global oil prices and its attractive virtual organization that was an innovation at that time. Its range of participants include gas producers, LNG suppliers, retailers, power generators, industrial users and trading houses. As it was mentioned in the Chapter on Liquidity figure, the number of market participants is of a high importance for market liquidity level analysis and, thus, for market development stage assessment (Heather, 2015). For instance, in 2014 there were circa 200 companies involved in gas trade at NBP. This number is gradually rising every year (Heather, 2015). Trading activity at NBP made up 62% of all European gas trading in 2012. Trading volumes, one of the most important figure for hub assessing and a component of a churn rate formula, has been constantly growing over the recent years. Churn rate, the most important sign of hub/market liquidity, is also constantly growing. The Figure 12 represents gross and net churn rates for NBP over 2011-2013.
[image: ]Figure 12 NBP churn rates 2011-2013
Source: IEFE, 2014
However, nowadays NBP shows relative decline especially in comparison with constantly developing TTF. It could be proved by reducing number of daily transaction at NBP. This NBP decline could be explained partially by the declined demand, but the main reasons for such a situation is the effect of the increasing relevance acquired by the competitor TTF, which is becoming the new reference for natural gas transactions in Continental Europe (IENE, 2014). 

[bookmark: _Toc514529698][bookmark: _Toc514756563][bookmark: _Toc514955792]1.5.2. TTF- Title Transfer Facility in the Netherlands
The Title Transfer Facility (TTF) is a virtual gas hub established in 2003 in the Netherlands in order to facilitate trading in the Dutch natural gas market and to increase the liquidity of the whole European gas market (IENE, 2014). Thus, at the TTF market participants transfer gas that is already available in the pipeline system. 
TTF has significantly expanded over the last few years and now is considered as the biggest and highly developed gas in Europe. Liquidity levels based on churn rate analysis and traded volumes figures are evident proves for such statements. As we can see from the Figure 13, churn rates has and traded volumes have been rising steadily over 2011-2014 and now still continue to grow (IEFE, 2014). 
[image: ]
Figure 13 TTF traded volumes and churn rates 2011-2014
Source: IEFE, 2014
Number of market players has been also constantly growing over the last years (Figure 14). As a result of constantly growing liquidity levels at TTF, bid-ask spread and transaction costs have become lower over the last years. As it could be observed, beginning from 2013, all spreads have fallen under 1% (Baringa report, 2015).
[image: ]
Figure 14 TTF active players figures
	Source: Baringa, 2015


As it has been already mentioned, there is a strong competition between NBP and TTF gas hubs. According to the traded volumes figures, TTF overtook NBP in 2013 that happened for the first time since the gas hubs establishment in Europe. In 2015 TTF solidified its dominant position in the European gas market since TTF traded volumes exceeded NBP traded volumes every consequent year that could be considered as a solid trend (not an accidental result) (Figure 15).
[image: ]
Figure 15 NBP and TTF traded volumes 2015-2016
Source: Platts, 2016
According to the S&P Global Platts, in 2015 TTF became the most liquid European hub overtaking the UK's National Balancing Point hub for the second time.[footnoteRef:32]In July 2015, TTF trade of 1,385 TWh beats NBP's 1,353 TWh. Churn rate figures for both hubs represented in the Table 3 also prove the dominance of TTF in the European gas market (Heather, 2015). [32: https://www.platts.ru/latest-news/natural-gas/london/ttf-natural-gas-traded-volume-overtakes-nbp-for-26181334] 

	Table 3 NBP and TTF Churn rates 2004-2015 (Heather, 2015)

	Hub
	Churn rates

	
	2004
	2008
	2011
	2013
	2014
	2015

	NBP
	7
	14.4
	19.8
	18.7
	26.2
	22.0

	TTF
	0.2
	3.3
	13.9
	19.3
	36.0
	57.0


Thus, TTF is considered now as the most liquid and highly developed European hub since the Dutch hub has overtaken NBP, the oldest European hub, in terms of traded volumes, liquidity levels and churn rates. These two gas hubs are the most relevant ones for the research since prices on these gas hubs have a potential to represent supply and demand fundamentals changes for natural gas. Other European gas hubs are not enough liquid since their traded volumes and churn rates are quite low especially in comparison with NBP and TTF figures. 
[bookmark: _Toc514529699][bookmark: _Toc514756564]
[bookmark: _Toc514955793]1.6. Hypotheses statement
The developing of the European gas market in terms of increasing liquidity levels, hub-based trading proliferation and the liberalization process aimed at energy security defines the market conditions nowadays. The decreased gas production within the market is accompanied by slightly increasing demand and quite stable middle-volume gas consumption. Furthermore, there is a graduate shift towards renewable energy resources since they are considered as the cleanest energy that fits environmentally friendly policy of the EU.
In 2015 the liquidity levels at TTF and NBP were already quite high. However, approximately at the end of 2015 TTF overtook NBP in terms of gas volume traded and number of players that were active in gas trading. Thus, the liquidity levels have been extremely high and continue to do so now. This signals that hub-based prices at TTF and NBP as liquid hubs should in theory reflect market changes in terms of demand and supply fluctuations and act as independent pricing mechanism in the European gas market (Stern & Rogers, 2013). 
However, despite the facts discussed above, there is still no united opinion on whether hub-based prices represent independent pricing mechanism that forces out “outdated” oil-indexed pricing approach used in long-term contracts for gas delivery and reflect genuine supply and demand changes in the market or these prices follow oil prices dynamics and play a role of “secondary” pricing signals in relation to LTC prices that are drivers for hub-based prices and create “a ceiling” that cannot be exceeded by hub-based prices due to arbitrage opportunities. Thus, no integral and unified opinion on the essence of hub-based prices exists nowadays. These two polar opinions on hub-based prices nature are constantly in conflict.
Thus, the aim of this research is to examine the existence of correlation between hub-based prices, Brent oil and LTC BAFA prices. To achieve this goal it is aimed to answer the following research questions: what correlation exists between hub-based prices, Brent oil and BAFA LTC prices? If the correlation exists, what is the trend in correlation changes between hub-based prices and Brent oil prices? If the correlation exists, what is the trend in correlation changes between hub-based prices and BAFA LTC prices?
On the basis of the research gap and research questions formulated above the hypotheses could be formulated: 


H1: TTF gas spot prices are positively affected by Brent oil prices
Since it is aimed to find out whether spot prices represent a separate gas pricing mechanism or they follow oil prices dynamics, the hypothesis has been formulated. Furthermore, it is supposed that there should be positive correlation between oil prices and gas spot prices at TTF since spot prices are considered to be guided by oil prices and play a role of “followers” in this case: the higher oil prices, the higher spot prices at TTF since they follow oil prices dynamics. 
H2: NBP gas spot prices are positively affected by Brent oil prices
There is the same rational behind this hypothesis as in the H1: there is a positive correlation between spot prices at NBP hub and oil prices. Thus, it is supposed that the higher oil prices are, the higher gas spot prices at NBP are.
H3: The correlation between TTF gas spot prices and Brent prices is weakening over the time period 2008-2018
According to the scientific literature, markets with high liquidity level are able to depict market equilibrium (e.g. supply and demand dynamics and fluctuations). As a consequence, prices in such markets also respond to supply and demand fluctuations and are considered to be independent prices. TTF gas hub has been constantly developing over the recent years in terms of liquidity levels. Thus, it is logically to assume that as the time passes and the liquidity level at this European hub rises, the correlation between gas spot prices and oil prices should weaken over time since hub prices at liquid TTF reflect supply and demand fluctuations more and more clearly, while oil prices influence is less and less obvious. 
H4: The correlation between NBP gas spot prices and Brent prices is weakening over the time period 2008-2018
The logic for this hypothesis is the same as for previous one: the rising of NBP liquidity level over time should enables spot prices at NBP reflect supply and demand dynamics more clearly, while the influence of oil prices dynamics should weaken. 
H5: TTF gas spot prices are positively affected by BAFA gas contract prices
According to the S. Komlev (2016), gas spot prices are considered to be derivative and secondary pricing mechanism appeared in Europe. Thus, gas spot prices follow long term contract gas prices that play a role of principal and superior gas pricing paradigm. Furthermore, as it was reported in the previous chapter, there is an oil indexation component in the pricing formula for long term contracts for gas. Thus, if spot prices are positively affected by oil prices, the same relationship should exist between spot prices at TTF and BAFA gas long term contract prices. 
H6: NBP gas spot prices are positively affected by BAFA gas contract prices
The similar rational states behind this hypothesis. Since spot prices are considered to be the secondary ones in relation to long term contract gas prices and there is an oil indexation component in every long term contract for gas delivery, NBP gas spot prices are positively affected by BAFA gas long term contract prices
H7: The correlation between TTF gas spot prices and BAFA prices is increasing over the timeperiod 2008-2018
BAFA prices is a monthly average price of natural gas on the German border that is formed in accordance with a formula including long-term contracts linked to the oil prices and spot gas prices. Thus, there is “a spot” component in the pricing formula for BAFA that initially gives a hint about the existence of the correlation between spot prices and BAFA long-term contract prices for gas delivery. However, it was previously mentioned in the scientific literature that the percentage of this spot component in the pricing formula for BAFA prices is constantly increasing due to spot trading development in the European gas market (Konoplyanik, 2010). It is aimed BAFA prices reflect up-to-date market condition and development process. Since the spot component in the pricing formula for BAFA is increasing after each session of formula review, it is logically to suppose that the correlation between spot prices at TTF gas hub and BAFA long-term contract prices for gas delivery is increasing over time 
H8: The correlation between NBP gas spot prices and BAFA prices is weakening over the timeperiod 2008-2018
There is the same rational behind this hypothesis as it was explained for the H7 except for gas hub. It is aimed to examine whether the correlation between spot prices at NBP gas hub and BAFA long-term contract prices for gas delivery is increasing. 
The stated hypotheses will be tested in the Chapter 3. 

[bookmark: _Toc514955794]1.7. Summary
	High pace of the European gas market development in terms of gas high liquidity levels at gas hubs, hub-based trading enhancement, and liberalization process define current market conditions. Main exporters should adapt export strategies to be competitive in the market. Gazprom has taken several measures in this regard, but there is a need to further develop its export pricing strategy. 
There is a conflict between oil-indexed pricing paradigm and new hub-based pricing mechanism that formed hybrid pricing systems in Europe (Komlev, 2016). Furthermore, there is no unified opinion on hub-based prices essence in the scientific literature. A number of scientists (Stern & Rogers, 2013; Hulshof et al., 2015) consider hub-based prices as independent pricing approach that is able to reflect demand and supply fluctuations since the liquidity levels at hubs are high. In contrast, others (Komlev, 2016; Nemov, 2013; Nick, 2016) claim that hub-based prices cannot be considered as independent pricing mechanism since they are affected by oil and long-term contract prices. 
Thus, it is aimed to examine the existence of the correlation between hub-based prices, oil Brent and BAFA LTC prices. In this regard eight hypotheses have been formulated. 


[bookmark: _Toc514529700][bookmark: _Toc514756565][bookmark: _Toc514757275][bookmark: _Toc514529711][bookmark: _Toc514756576][bookmark: _Toc514955795]2. RESEARCH  DESIGN
In accordance with the research gap of the research paper exploratory research design is supposed to be used since the main goal is to explore the phenomenon of gas spot pricing mechanism in the European gas market. The main goal is to get new insights of spot pricing concept itself in order to provide more precise investigation and understanding of this rapidly developing gas pricing approach. 
A quantitative research approach is supposed to be used in the research paper since the hypotheses formulated earlier in the Chapter 1 are to be tested with the use of a particular statistical procedure. Moreover, another rational for the quantitative research approach use is the fact that the correlation between such numbered data as gas spot TTF prices, oil Brent prices, BAFA contract gas prices with the use of the regression analysis will be investigated. Thus, hypotheses testing using the regression analysis statistical procedure based on the numbered data sample has an explanatory power to stick to quantitative research approach.  
In the following paragraphs time interval choice, data sample as well as data sources, model type and in this regard dependent and independent variables would be explained and described in more details. 

[bookmark: _Toc514529701][bookmark: _Toc514756566][bookmark: _Toc514757276][bookmark: _Toc514955796]2.1. Time interval choice definition and justification
It was decided to analyze data over the period 31.12.2008 – 31.03.2018 for several reasons. Firstly, global financial crisis of 2008-2009 badly influenced energy market as a whole since oil market that has always had an influence on gas, coal and other energy markets fully reversed and this change could be still notices nowadays. According to the Oil&Gas Financial Journal article “Financial crisis impacts energy market” (2009), prices dropped by over two-thirds since their peak in 2008.[footnoteRef:33] As a result, gas market also changed in response to oil market collapse. Secondly, spot gas trading at the main European hubs such as NBP and TTF has started to develop rapidly in 2008-2009 and continues to do so nowadays. Gas traded volumes and churn ratios as well as the number of active players at these hubs has been constantly growing since 2008 that could be considered as an indicator of spot gas market development.  At the same time the portion of gas traded through long-term contracts is decreasing in the European gas market. In 2008 about 40% of all gas consumed in Europe was traded under long-term contracts (R. Zajdler, 2012). Thirdly, the fierce competition between TTF and NBP has started approximately in 2013. In 2013 TTF overtook NBP in the first time in terms of traded volumes. It happened once again in 2015 and from that time point TTF holds its leading position in the European gas spot market. Finally, the availability of TTF gas spot prices started from 2008 is also one of the reasons for the chosen time period for the analysis. In the light of aforementioned facts it is quite interesting to analyze data over this time period (31.12.2008 – 31.03.2018) since the analysis will reflect the main changes in the energy market and the gas market in particular.  [33: http://www.ogfj.com/articles/print/volume-6/issue-1/capital-perspectives/financial-crisis-impacts-energy-industry.html] 


[bookmark: _Toc514529702][bookmark: _Toc514756567][bookmark: _Toc514757277][bookmark: _Toc514955797]2.2. Data and sample specification
For the analysis data for oil Brent price, BAFA gas price and data for TTF gas spot price and NBP gas spot price for the time period 31.12.2008 – 31.03.2018 were collected. Initially there is inconsistency in the sample in terms of time frequency of extracted data since there is daily data for NBP and TTF prices and monthly data for Brent oil and BAFA contract gas prices. In order to make the sample homogeneous in terms of data frequency representation it was decided to take an average value from daily TTF and NBP prices for every month to extract monthly TTF and NBP prices since there is no daily data for BAFA gas contract prices (e.g. these long-term prices exist only in the form of monthly prices for long-term gas contracts). Monthly data but not the annual data were collected since it is supposed that monthly data imply a higher potential for the reflecting price dynamics over a time period in comparison with annual prices which is quite an important factor in the volatile energy market.
The aforementioned variables have been chosen for the analysis in accordance with the research gap, research questions and formulated hypotheses. Since it is aimed to find out whether there is a correlation between spot gas prices formed at European gas hubs and oil prices and long-term contract gas prices and to find out whether spot gas prices are driven by oil prices and long term gas contract prices (e.g. spot prices do not in reality reflect demand and supply market equilibrium and thus are not independent gas market pricing mechanism), it is logically to choose spot prices at European hubs, Brent prices and long-term gas prices to carry out the analysis. 
NBP and TTF gas spot prices have been chosen because NBP and TTF are currently the most liquid hubs in Europe. Since it is stated in the scientific literature (Komlev, 2016, Stern & Rogers, 2013) that high liquidity signals that the market is mature and developed enough and that in such a developed market with a high liquidity level prices reflect the market equilibrium, e.g. the crossing of market supply and demand, it is supposed that prices in the two hubs – NBP and TTF – should in theory respond to market supply and demand changes but not to oil prices dynamics. Thus, choosing spot prices at NBP and TTF with high liquidity level gives an opportunity to test stated hypotheses – whether spot gas prices in markets with high liquidity level reflect market equilibrium and could serve as an independent pricing mechanism. Thus, the most liquid European hubs – TTF and NBP – are taken for the analysis; gas hubs with low liquidity are excluded from the analysis. Furthermore, it was decided to choose both hubs (both TTF and NBP prices) because of several reasons. Firstly, NBP prices represent the UK gas market that has its own development history and trends, while TTF prices reflect the gas market conditions in continental Europe that has its unique traits and peculiarities. Secondly, as it was reported in the previous chapter TTF has overtaken NBP in 2015 and holds its superior position in the European gas market in terms of hub participants and liquidity level. Thus, it is important for the current research to find out whether there is a difference in correlations of these two European hubs with Brent oil prices and BAFA long term contract gas prices. It is supposed that the aforementioned reasons will enable the researcher to get in the end the whole picture of the sport gas trading in Europe and to analyze spot gas trading phenomenon in more details.
Brent oil prices were selected for the analysis in accordance with the stated research gap, the research questions and the hypotheses. Since the objective of the research is to identify whether there is a correlation between spot gas prices and oil prices, e.g. whether spot prices are driven by oil prices and cannot represent an independent pricing paradigm reflecting gas market equilibrium. Furthermore, the Brent oil prices have been selected since Brent prices are listed at the London Stock Exchange (in contrast to WTI oil prices that are listed at the New York Merchantile Exchange) that correspond to the selected target market – the European gas market. In previous research Brent prices were selected when the analysis was focused on the European market (Komlev, Hulshof, Nick), while WTI oil prices were chosen when the research was carried out specifically for the USA market (Bunn, 2017). Another reason for choosing Brent prices is that nowadays Brent oil price is considered to be a global benchmark and has been selected for the analysis by a number of scientists in previous research (Komlev, Hulshof). Thus, following previous research experience and logic and the hypotheses formulated in the current research Brent oil prices have been selected for the analysis. 
It should be highlighted that 6-month-moving-average was taken for each monthly Brent price. S. Komlev (2016) in the research applied the same approach by choosing 9-month rolling average for Brent oil prices when investigating the existence of correlation between oil and hub-based prices. There is a rational behind the decision: when monthly oil prices are taken for the analysis, the comparison of three different separate products – oil, hub-based gas, and gas traded under LTC condition - takes place. However, the aim of the current research paper is to focus on prices and investigating the correlation and its strength between them, but not on products themselves. When the moving average is calculated to extract monthly prices for oil, so-called ”oil contract” is constructed. Furthermore, for calculating the LTC price for gas delivery not pure oil prices are taken, but the 9- or 6- month moving average is calculated. In this research paper it was decided to choose 9-month moving average. 
BAFA prices have been selected since these prices are considered to be a benchmark for long-term gas contract prices in Europe. BAFA prices are monthly average prices for natural gas on the German border that are formed in accordance with pricing formula for long-term contracts for gas delivery. Furthermore, BAFA prices was used in a number of researches previously in order to carry out the analysis to find out whether there is a correlation between spot gas prices and long-term gas prices (Komlev, 2016, Asche, 2013). What is also brings a value for the current research is the fact that BAFA long-term contract gas formula has been changing and developing over time. As it was mentioned in the previous chapter, gas pricing formula has an adaptive ability since there is a special clause on regular price review in every long term gas contract that reflect constantly changing market conditions (Konoplyanik, 2010). Usually the formula adaptation lies in the changing of existing gas substitutes’ shares (as usual LFO and HFO) and/or introduction of new gas fuel substitutes in the existing formula that depicts a new energy market reality. Thus, the selection of BAFA gas contract prices will bring additional value to the research since the BAFA formula has been changing over time and especially over recent years in accord with the spot gas trading development. In this case it is valuable from the scientific point of view to track changes in correlation between spot prices at TTF and NBP and BAFA prices over time. Thus, the BAFA long term gas contract prices corresponds not only to the chosen market for the research – the European gas market, but also the selection of BAFA prices gives an opportunity to take into account long term gas pricing formula development and its connection with the whole European market changes. 
The main source of TTF and NBP gas spot prices and BAFA gas prices is the financial analysis database Thomson Reuters Eikon. Brent prices were downloaded from the official website of the U.S. Energy Information Administration EIA (https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=pet&s=rbrte&f=m). 
Thus, for the analysis quantitative continuous time series data have been taken. Overall 448 observations are taken for the analysis (Table 4).
Table 4 Variables chosen for the analysis
	
	Time frequency
	Time period
	Observations quantity

	TTF spot prices
	Monthly data (average of daily data)
	31.12.2008 -31.03.2018
	112

	NBP spot prices
	Monthly data (average of daily data)
	31.12.2008 -31.03.2018
	112

	Brent prices
	Monthly data
(9-month-moving-average)
	31.12.2008 -31.03.2018
	112

	BAFA prices
	Monthly data
	31.12.2008 -31.03.2018
	112


[bookmark: _Toc514529703][bookmark: _Toc514756568][bookmark: _Toc514757278][bookmark: _Toc514955798]2.3. Justification of the regression analysis selection for the research
 As it was mentioned earlier in this chapter, the regression analysis has been chosen in order to test the hypotheses. 
The regression analysis is a method of predictive modeling approach that investigates the relationship between a dependent and independent variables(s)/predictor(s). The regression analysis enables the researcher to find out the significant relationships between dependent and independent variable(s). Moreover, this type of modeling indicates the strength of impact of several predictors on an independent variable. For the current research multiple linear regression has been chosen since this type of regression analysis serves as the best fit for the stated hypotheses testing and for variables selected. Since it is aimed to find out what relationships are between spot prices at TTF and NBP and Brent prices and BAFA prices and whether spot prices are affected by oil prices and long-term gas contract prices where there is oil indexation in the formula or not, it is logical to select the linear regression analysis for the research. The regression is a multiple one since there are two independent variables/predictors included in the model. Another reason for choosing the regression analysis as a research method is the fact that a number of researchers who carried out similar analysis with similar aims and hypotheses used regression analysis. S. Komlev (2016), Hulshof (2015), Bun (2017), Hong Li (2016) used the regression analysis in order to examine the relationship between spot prices, oil prices, temperature, storage capacity etc. and how spot prices are affected by aforementioned variables. In this research the same logic in regard of research method is followed. 
The linear regression equation is as following:

where Y is the outcome/dependent variable,  is a constant, is the coefficient of the first predictor ,  is the coefficient for the second predictor ,  is the coefficient for the  predictor , and  is the error for the participant. 
Now it is necessary to define a dependent variable and independent variables/predictors that would be fit in the regression model. Since the aim of the research is to define is there any correlation between spot prices and Brent oil prices and BAFA long term gas contract prices and how spot prices are affected by these two prices, the dependent variables of the model are TTF and NBP gas spot prices, while Brent prices and BAFA prices will be independent variables in the model. 


Table 5 Variables by type in the regression model
	Name of the variable
	Variable name in SPSS
	Dependent/independent

	TTF monthly gas prices
	TTFmon
	Dependent

	NBP monthly gas prices
	NBPmon
	Dependent

	Brent oil monthly prices
	Brentmon
	Independent

	BAFA monthly gas contract prices
	BAFAmon
	Independent



It is supposed to run 8 regressions that are presented in the Table 6.
Table 6 Regressions with variables and time period specification
	№
	Variables
	Time period
	Equation

	1
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	31.12.2008 – 31.03.2018
	


	2
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	31.12.2008 – 31.03.2018
	


	3
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	31.12.2008 – 31.12.2011
	


	4
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	31.12.2008 – 31.12.2011
	


	5
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	01.01.2012 – 31.12.2014
	


	6
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	01.01.2012 – 31.12.2014
	


	7
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	01.01.2015 – 31.03.2018
	


	8
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	01.01.2015 – 31.03.2018
	




The first two regressions will be run for two dependent variables – TTF and NBP spot prices – for the whole time period 31.12.2008 – 31.03.2018. The aim of this carrying out the regressions for the whole period of the analysis is to find out in general terms whether spot gas prices at the two most liquid European hubs – TTF and NBP – are affected by Brent oil prices and BAFA long term prices. This step is supposed to give a general insight about the relationship between spot prices and oil and long term gas prices. 
In the next stage it is supposed to divide the whole time period taken for the analysis into three time sub-periods relatively equal in their length as it is shown in the Table 5. The next 6 regressions are supposed to be run for a specific time period defined earlier. The rational for this step is to test the second and the third hypotheses formulated earlier – whether the strength of Brent prices and BAFA prices influence on gas spot prices at TTF and NBP is weakening over time or not. Thus, there are generally speaking 8 stages of the research.

[bookmark: _Toc514529704][bookmark: _Toc514756569][bookmark: _Toc514757279][bookmark: _Toc514955799]2.4. Preliminary plan of the research
As it was highlighted earlier in the Chapter, the research will be carried out in multiple stages. Firstly, after the research gap and research questions have been formulated the hypotheses for testing are supposed to be set. Secondly, the necessary data will be collected for a time period 31.12.2008 – 31.03.2018. Thirdly, the regression models will be specified in accordance with the stated hypotheses. It is important to mention that before every regression the dataset will be checked for a list of assumptions that are needed to be met in order to run the regression. The dataset will be tested for linearity, autocorrelation (independent relationship between residuals), normal distribution and multicollinearity. Fourthly, the regression analysis in the form of aforementioned 8 stages will be carried out with the use of SPSS software. Finally, received results in the form of tables produced by SPSS will be analyzed. In the end, general conclusions and managerial implications will be formulated on the basis of the results extracted from SPSS analysis and scenario analysis regarding Gazprom export strategy.


[bookmark: _Toc514529705][bookmark: _Toc514756570][bookmark: _Toc514757280][bookmark: _Toc514955800]3. REGRESSION  ANALYSIS  RESULTS
[bookmark: _Toc514529706][bookmark: _Toc514756571][bookmark: _Toc514757281][bookmark: _Toc514955801]3.1. Analysis of the time period 31.12.2008 – 31.03.2018
After the hypotheses stating and data collection it is supposed to run multiple linear regression. However, before doing this it is necessary to check the data sample for a list of assumption that are necessary to be met to run regression. The assumptions to check are linearity, normal distribution, autocorrelation (independence of residuals) and multicollinearity. 
In order to check the first two assumptions of linearity and normal distribution, e.g. whether the relationship between independent and dependent variables are linear whether the data are normally distributed, it is required to build P-P plots. It could be done in SPSS software: after downloading data sample from an Excel file, it is necessary to choose Regression option, then to choose data for dependent and independent variable, and then to choose Plots function where it is required to select and Normal distribution plots. After this, Durbin-Watson test function and Collinearity diagnostics have been chosen in order to check autocorrelation and multicollinearity assumptions correspondingly. The output provided by SPSS software is presented further.
As it could be observed from the charts presented in the Appendix B, the distribution of the data sample is normal (although there is some slight deviation from the straight line in both cases). 
Table 7 Durbin-Watson test and VIF results for regressions 
	№
	Time period
	Variables
	Durbin-Watson test
	VIF

	1
	31.12.2008 – 31.03.2018
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	.956
	1.907

	2
	31.12.2008 – 31.03.2018
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	.902
	1.907

	3
	31.12.2008 – 31.12.2011
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	.870
	1.001

	4
	31.12.2008 – 31.12.2011
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	.840
	1.001

	5
	01.01.2012 – 31.12.2014
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	.888
	1.255

	6
	01.01.2012 – 31.12.2014
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	.847
	1.255

	7
	01.01.2015 – 31.03.2018
	Dependent: TTF prices
Independent: Brent prices, BAFA prices
	1.19
	1.438

	8
	01.01.2015 – 31.03.2018
	Dependent: NBP prices
Independent: Brent prices, BAFA prices
	.918
	1.438



Table 7 shows the results of Durbin-Watson tests and Collinearity diagnostics for all 8 regressions. As it could be observed, there is some level of autocorrelation (e.g. dependency between errors so that errors are correlated with each other) since Durbin-Watson tests results should be more than 1 and less than 3 points (e.g. 1<test statistics<3). If the test value is out of this number interval, there is some slight level of autocorrelation that is not critical for running the regression. Variance Inflation Factor or VIF quantifies how much the variance is inflated and thus is a measure used to detect multicollinearity between predictors. The VIF parameter should be in the interval 1<VIF value<10. As it is observed from the table below, VIF values for all eight regressions are in this interval. Thus, the assumption is not violated. 
Thus, all necessary assumptions for the regression analysis are not violated according to the plots and tests’ results provided by SPSS software that allows running regressions.
The first two regressions are run on the data sample for the time period 31.12.2008 - 31.03.2018 in order to test the hypotheses H1, H2, H5, H6. The results of these two regressions are presented in the Table 8.
Table 8 Regression analysis results for time period 31.12.2008 – 31.03.2018 
	Time
period
	Variables
	Number of observations
	
	Sig.

	31.12.2008-31.03.2018
	Dependent: TTF monthly prices
Independent: Brent prices, BAFA prices
	336
	.544
	.000

	31.12.2008-31.03.2018
	Dependent: NBP monthly prices
Independent: Brent prices, BAFA prices
	336
	.541
	.000



Table 9 B-coefficients for time period 31.12.2008-31.03.2018. Dependent variable: TTF prices
	
	B
	Std. Error
	Sig.

	Constant
	7.223
	1.141
	.000

	Brent prices
	.067
	.017
	.000

	BAFA prices
	.816
	.164
	.000



Table 10 Coefficients for time period 31.12.2008-31.03.2018. Dependent variable: NBP prices
	
	B
	Std. Error
	Sig.

	Constant
	16.634
	2.895
	.000

	Brent Prices
	.183
	.042
	.000

	BAFA prices
	1.913
	.415
	.000



According to the regression results (Table 8, Table 9 and Table 10), the quality of the model is quite high. The measure of the model quality is  known as correlation of determination since it measures the amount of variability in one variable (dependent one) that is shared by another variable (predictors). Thus, in the first case TTF prices correlate with Brent and BAFA prices quite strongly since Brent and BAFA prices share 54.4% of the variability in TTF prices ( equals .544). The same situation is with the second regression run for NBP prices as the dependent variable: 54.1% of NBP prices are shared by Brent and BAFA prices, that is a sign of a good model quality. Furthermore, the correlation is significant at the .05 level (Sig. .000). According to the correlation matrix (Appendix C and Appendix D), where correlation coefficient r is presented for each of the regression variables, it could be concluded that there is positive correlation between all variables (since r>0 for each variable) and the strength of the relationship is quite high (since r is approaching to 1). Thus, hypotheses H1, H2, H5, H6 are not rejected. It could be reported that there is a correlation between TTF and NBP prices and Brent and BAFA prices. To be more precise, NBP and TTF process are affected by Brent oil prices a little bit more in comparison with BAFA prices influence since correlation coefficient is higher for these variables (Appendices C and D). 

[bookmark: _Toc514529707][bookmark: _Toc514756572][bookmark: _Toc514757282][bookmark: _Toc514955802]3.2. Analysis of the first sub-period 31.12.2008 – 31.12.2011
In order to test hypotheses H3, H4, H7, H8, anther 6 regressions for three time sub-periods and two dependent variables (TTF and NBP spot prices) have been carried out. The results provided by SPSS software are presented in the Table 11.

Table 11 Regression results for three sub-periods 
	Time
period
	Variables
	Number of observations
	
	Sig.

	31.12.2008-31.12.2011
	Dependent: TTF monthly prices
Independent: Brent prices, BAFA prices
	111
	.767
	.000

	31.12.2008-31.12.2011
	Dependent: NBP monthly prices
Independent: Brent prices, BAFA prices
	111
	.784
	.000

	01.01.2012-31.12.2014
	Dependent: TTF monthly prices
Independent: Brent prices, BAFA prices
	108
	.226
	.015

	01.01.2012-31.12.2014
	Dependent: NBP monthly prices
Independent: Brent prices, BAFA prices
	108
	.177
	.04

	01.01.2015-31.03.2018
	Dependent: TTF monthly prices
Independent: Brent prices, BAFA prices
	117
	.802
	.000

	01.01.2015-31.03.2018
	Dependent: NBP monthly prices
Independent: Brent prices, BAFA prices
	117
	.705
	.000





Table 12 Coefficients for three time sib-periods. Dependent variables: TTF prices, NBP prices
	Time period 
	Dependent Variable
	
	B
	Std. Error
	Sig.

	31.12.2008-31.12.2011
	TTF prices
	Constant 
	-6.863
	2.349
	.006

	
	
	Brent prices
	.137
	.019
	.000

	
	
	BAFA prices 
	1.391
	.176
	.000

	
	NBP prices
	Constant 
	-17.809
	5.623
	.003

	
	
	Brent prices
	.334
	.045
	.000

	
	
	BAFA prices
	3.575
	.421
	.000

	
	
	
	
	
	

	01.01.2012-31.12.2014
	TTF prices
	Constant
	.164
	7.916
	.984

	
	
	Brent prices
	.005
	.051
	.992

	
	
	BAFA prices
	2.111
	.775
	.010

	
	NBP prices
	Constant
	-4.427
	23.996
	.855

	
	
	Brent prices
	.070
	.154
	.454

	
	
	BAFA prices
	5.025
	2.35
	.04

	
	
	
	
	
	

	01.01.2015-31.03.2018
	TTF prices
	Constant
	2.085
	1.429
	.053

	
	
	Brent prices
	.141
	.033
	.000

	
	
	BAFA prices
	1.368
	.195
	.000

	
	NBP prices
	Constant
	3.138
	4.245
	.465

	
	
	Brent prices
	.57
	.097
	.000

	
	
	BAFA prices
	1.566
	.58
	.01



As it is observed from the Table 11 and the Table 12, TTF and NBP prices were strongly affected by Brent and BAFA prices in the first time sub-period 31.12.2008-31.12.2011 (= .767 for TTF prices as the dependent variable and = .784 for NBP as the dependent variable). Furthermore, the correlation is significant at .05 level (Sig. = .000 in both cases). Furthermore, b-coefficients for both dependent variables are significantly different from 0 (since Sig .= .000 in most cases) that means that changed in a dependent variable (both TTF and NBP) are strongly associated with a unit change in predictors (both Brent and BAFA prices). Finally, according to the correlation matrix for this time sub-period, there is positive correlation between NBP and TTF spot prices and Brent and BAFA prices and the value of correlation coefficient r is approaching to 1 (that proves strong positive relationship between variables) (Appendices C and D). It should be highlighted that the strength of the correlation between hub-based prices at TTF and oil Brent prices and hub-based prices at NBP and Brent prices is quite the same (r = .847 and r=853 correspondingly) (Appendices C and D). The correlation strength between hub-based prices at both hubs and BAFA prices is less than between hub-based prices and oil prices. However, it is still quite strong and positive (r > .6 for both cases). Thus, there is a strong positive correlation between hub-based prices, Brent oil prices and BAFA prices in the first sub-period 31.12.2008 - 31.12.2011. 

[bookmark: _Toc514529708][bookmark: _Toc514756573][bookmark: _Toc514757283][bookmark: _Toc514955803]3.3. Analysis of the second sub-period 01.01.2012 – 31.12.2014
However, the situation is completely different in the second time sub-period. The value of  is quite low in both regressions (.226 and .177) that is an evidence of the low quality of the model. To be more precise, this means that only 26% of TTF prices variance is shared by Brent and BAFA prices while other 74% of variance is explained by some other factors (omitted values in the model in this case). The same situation is observed with NBP spot prices: only 17.7% of NBP prices variance is shared by Brent and BAFA prices and the majority of the variance (82.3%) is explained by other variables that were not included in the model. While examining significance levels for Brent and BAFA prices presented in the Table 11, it could be concluded that only b-coefficients of BAFA prices are different from 0 in both regressions of the second sub-period (Sig. = 0.01 for TTF prices as the dependent variable, Sig = 0.04 for NBP prices as the dependent variable that is < .05 significance level). B-coefficients for Brent prices in both regressions of this sub-period is highly probable equal to 0 and thus the change in NBP and TTF prices as dependent variables are almost not associated with changes in Brent prices as the predictor. According to the correlation matrix for the time period 01.01.2012 - 31.12.2014, the values of the correlation coefficient r for TTF, NBP and Brent prices are approaching to 0 (Appendixes C and D) that is a signal that Brent prices had a very slight influence on TTF and NBP hub-based prices. At the same time the values of r for NBP, TTF and BAFA prices fluctuate around the value of .45 that indicates a moderate influence of BAFA gas long term contract prices on TTF and NBP spot prices. Thus, it may be concluded that in the second time sub-period Brent prices had very slight influence on NBP and TTF prices, while the strength of relationship between BAFA prices and NBP and TTF hub-based prices was on the moderate level (although it has still decreased in comparison with the first sub-period). The correlation strength in the second sub-period between hub-based prices and BAFA long-term prices is considerably higher than the relationship strength between hub-based prices and oil prices. 
After the proficient analysis carried out it is supposed that a reason for such prices decoupling and a decrease in influence of Brent oil prices on NBP and TTF gas spot prices is skyrocketed prices for oil at the beginning of 2011 (Figure 16). 
[image: ]
Figure 16 The dynamics of Brent oil prices over the period 2008 – 2018
Source: Bloomberg Finance, 2018
This trend of quite high oil prices was not short-term one; it was rather long-term period of skyrocketed prices for oil, especially for Brent oil that lasted from the beginning of 2011 till the middle of 2014. As it was mentioned before while reviewing scientific literature, normally spot gas prices followed oil prices and their dynamics particularly in 2011-2013 when spot markets were not developed enough and had low liquidity levels. However, it is logically to make an assumption that if oil prices are too high and this trend is long-term one, it is inefficient and roughly speaking expensive for gas spot prices to follow this “mad” oil prices dynamics. Thus, it is supposed that high prices for Brent oil might be a reason for prices decoupling.
[bookmark: _Toc514529709][bookmark: _Toc514756574][bookmark: _Toc514757284]Since the correlation strength between hub-based prices and BAFA prices has also dropped (but not so much as the correlation strength between hub-based prices and Brent oil prices did) it could be concluded that skyrocketed oil prices with long-term trend influence the relationship between hub-based prices and BAFA prices in the same manner. 
For the further analysis it was decided to neglect the second sub-period since the model quality is quite low. Furthermore, as it has been mentioned earlier in the Chapter more than a half of the variance of both dependent variables are explained by other variables that are not included in the analysis in accordance with the research gap and the research questions. Thus, it is logical to neglect this sub-period when analyzing the changes in correlation strength over the sub-periods.
[bookmark: _Toc514955804]3.4. Analysis of the third sub-period 01.01.2015 – 31.03.2018
The third sub-period has relatively similar characteristics as the first sub-period does. The value of  is quite high that signals about a high quality of the model. Moreover, the high value of  for both regressions in this sub-period indicates that the majority of the variance of both dependent variables - TTF and NBP prices – is shared by Brent and BAFA prices. It should be highlighted that TTF are affected by Brent and BAFA prices to higher extent in comparison with NBP prices since the value of  is higher in the model with TTF prices as the dependent variable. The significance level is .000 in both regressions of this sub-period. Moreover, b-coefficients in both regressions for Brent and BAFA prices do not equal to 0 since the Sig. = .000 that is > .05 critical value. This means that changes in TTF and NBP prices (dependent variables) are strongly associated with changes in Brent and BAFA prices (predictors). To make more detailed conclusions about the relationship between TTF and NBP prices and Brent and BAFA prices at the third sub-period the correlation matrix should be analyzed (Appendices and D). It should be highlighted that both hub-based prices at TTF and NBP have stronger positive correlation with BAFA prices rather than with Brent prices (for TTF prices: the value of r = .836 for BAFA prices against the value of r = .690 for Brent prices; for NBP prices: the value of r = .647 for BAFA prices against the value of r = .417 for Brent prices). However, as it could be observed from the correlation matrix, the correlation strength between NBP prices and Brent oil prices is less than .5 (for these prices r = .417) that indicates quite moderate but not strong positive correlation between prices, while the correlation strength between TTF and Brent oil prices is quite strong even nowadays (r = .690). Thus, it could be concluded that NBP prices are affected by oil prices to the less extent in comparison with TTF prices. The general conclusion regarding correlation matrix of the third sub-period is that there is strong positive relationship between TTF and NBP prices and Brent and BAFA prices. 

[bookmark: _Toc514529710][bookmark: _Toc514756575][bookmark: _Toc514757285][bookmark: _Toc514955805]3.5. Results summary
According to the analysis results there is quite strong correlation between spot prices at TTF and NBP, Brent oil prices and BAFA long-term contract gas prices for the time period 31.12.2008 – 31.03.2018. Thus, the hypotheses H1, H2, H5 and H6 are not rejected.
As it was mentioned earlier in the Chapter, in order to assess the trend regarding the correlation strength between the dependent and the independent variables it has been decided to neglect the second-sub-period for the analysis since according to the regression results and especially value and significance values of predictors described earlier it was concluded that other variables excluded from the research (since they do not correspond to the research gap and the research questions formulated) affected hub-based prices for gas at the second sub-period. Thus, this sub-period is excluded from the analysis since it is aimed to analyze the correlation between hub-based prices, oil prices and BAFA prices and how the correlation strength have changed over time. Other variables that affect hub-based prices are not of the interest of this research paper. 
Thus, after analyzing two regression results in the first sub-periods and two regression results in the third sub-period, it could be concluded that the correlation strength between both NBP and TTF hub-based prices and Brent oil prices has weakened over time (Table 13). 
As it is observed from the Table 13, TTF prices are affected nowadays to the less extant in comparison with the first sub-period. The same conclusion could be made for NBP prices. Thus, the hypotheses H3 and H4 are not rejected. 
Table 13 R-coefficients for the first and the second sub-periods
	
	Correlation strength between TTF and Brent prices 
(r coefficient)
	Correlation strength between NBP and Brent prices 
(r coefficient)
	Correlation strength between TTF and BAFA prices 
(r coefficient)
	Correlation strength between NBP and BAFA prices 
(r coefficient)

	31.12.2008-31.12.2011
	.847
	.853
	.634
	.656

	01.01.2015-31.03.2018
	.690
	.417
	.836
	.647



Table 14 Hypotheses results summary
	
	Rejected
	Is not rejected

	H1
	
	✔

	H2
	
	✔

	H3
	
	✔

	H4
	
	✔

	H5
	
	✔

	H6
	
	✔

	H7
	
	✔

	H8
	✔
	



Analyzing r-coefficients between hub-based prices and BAFA prices, it could be concluded that the correlation strength between TTF hub-based prices and BAFA prices has increased since 2008. However, there is no increase of the correlation strength in case of NBP prices and BAFA prices: the r-coefficient has slightly decreased since 2008 (however, the decrease is not significant). Thus, it could be concluded that the hypothesis H7 is not rejected, while the hypothesis H8 is rejected. 
Thus, after the regression analysis it is concluded that there is still a correlation between hub-based prices, Brent prices and BAFA prices and the strength of the correlation is quite high even nowadays. Finally, it was discovered that the correlation strength has weakened since 2008 that indicates graduate price decoupling and European hub market development. One of the reasons of price decoupling is a sharp increase in oil prices that has a long-term trend that was observed in the second sub-period. In such situations hub-based gas prices do not correlate with Brent oil prices, but they still follow BAFA prices (correlation coefficients r in correlation matrix for the second sub-periods for TTF, NBP hub-based prices and BAFA prices are around .4 that indicates moderate correlation strength). 
Despite the fact that the correlation between hub-based prices at two main European hubs – TTF and NBP – is weakening over time, nowadays hub-based prices are still affected by Brent oil prices and BAFA prices. 
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The regression models for the first time period is discussed firstly. According to the results, hypotheses H1, H2, H5 and H6 are not rejected. This gives the ground to claim that, firstly, hub-based prices at two highly liquid European hubs – TTF and NBP – correlates with Brent oil prices. The correlation is positive and the strength of the relationship between spot prices at TTF and NBP and Brent oil prices is a little bit high of the middle level magnitude (see Appendix A). Thus, the higher the Brent prices, the higher prices at TTF and NBP since hub-based prices follow the oil price dynamics
The correlation of hub-based prices with oil prices were previously discovered in researches carried out by Gazprom Export and particularly by S. Komlev (2016), by Brown and Yucel (2008), by Asche et. al. (2013), Bunn et al. (2017) etc. Particularly, the analysis carried out by S. Komlev (2016) has shown quite similar results with those got from the current analysis in terms of correlation coefficient measure that shows the strength of relationship between two variables. According to the results of correlation matrix for the time period 31.12.2008 – 31.03.2018 and hub-based prices as the dependent variables and Brent prices as the independent variable for both regression models, the correlation coefficient equals .758 for TTF prices and Brent prices and .724 for NBP prices and Brent prices (Appendix A). The coefficient got by S. Komlev after the analysis equals .67 and .64 correspondingly. Thus, the results received from the current analysis prove conclusions of the previous research about the quite strong correlation between hub-based prices and oil prices.
	Secondly, according to the regression analysis results, hub-based prices at TTF and NBP also correlate with BAFA long-term contract prices for gas delivery. The correlation has positive direction and the strength of the relationship between the variables is quite high (Appendix A). Thus, the higher BAFA prices for gas delivery are, the higher spot prices at TTF and NBP are. 
In this regard it should be emphasized that the findings in the current research proves the argument reported by S. Komlev (2016) in his research: it was stated that hub-based prices in the European gas market play “a secondary” role in relation to long-term contract prices for gas delivery that guide hub-based prices and create “a price ceiling” for them (BAFA prices in the current research has been chosen as a benchmark for LTC prices for gas). The figures of correlation coefficient shown in the research carried out by S. Komlev (2016) and of the current research paper are around the same level that also highlights the fact of the “secondary” nature of spot prices that follow LTC gas prices by their essence. Furthermore, according to the reports provided by ACER/CEER (2016), hub-based pricing formation depends on a number of factors, but long-term contract gas prices are the main parameter that should be considered and that have considerably high impact on spot prices dynamics. 
Thus, the statements in previous research on the existence of correlation between spot prices at TTF and NBP gas hub, Brent oil prices and long-term contract gas prices (BAFA prices in this particular case) have been proven in the current research and the results are quite the same.
In regard of the sub-period regression analysis the hypotheses H3, H4, H7 are not rejected. There was logical rational that the correlation between hub-based prices and oil prices should weaken over a particular time period due to increasing liquidity of European hubs (Hulshof, 2015). As it was mentioned earlier, the markets with high liquidity level (in terms of high number of participant and large gas volume traded) are able to produce prices that are genuine signals of market changes, particularly demand and supply fluctuations (Stern & Rogers, 2014). In this regard it was supposed that the increase in the liquidity level of the two main European gas hubs – TTF and NBP – the correlation should weaken, so hub-based prices at highly liquid gas hubs should become an independent pricing mechanism and reflect real market changes. The assumption was proved by the results of the regression analysis.
As it was mentioned in the previous Chapter when the analysis results have been discussed, the correlation between hub-based prices at TTF and NBP, Brent oil prices and BAFA long-term contract prices was quite strong in the first sub-period 31.12.2008 – 31.03.2011. It is quite logical since in that time gas hubs in Europe were not developed enough interms of number of participant, traded volumes and the liquidity levels so that gas prices formed at gas hubs could act as independent pricing approach and have no impact from the side of oil and LTC prices. In that time the churn ratio that acts as a measure of the liquidity level in a market for both hubs were below 10 points that is a minimum figure for a market to be named as liquid one. Thus, there should be some some factors on the basis of which hub-based prices could be formed. These facts were oil prices and LTC prices for gas delivery. As it was mentioned in the Chapter 1, oil prices determine the gas prices formation from the very beginning of the gas market creation since prices for contracts for gas delivery (Groningen pricing mechanism with oil indexation) use pricing formula where oil indexation is used (Konoplyanik, 2010). For a new pricing paradigm – hub-based pricing – oil prices also play similar role: oil prices at the beginning of hub market development in Europe strongly determined hub-based prices. The majority of trade and gas delivery were under long-term contract conditions that has been without any doubt the dominant pricing approach that also affected hub-based prices (Konoplyanik, 2010; Komlev, 2016). Thus, in the first sub-period 31.12.2008 – 31.12.2011 the strong positive correlation between hub-based prices at TTF and NBP, Brent oil prices and BAFA long-term contract gas prices may be logically explained by low liquidity levels at European hubs that made European gas hub-based prices dependent on oil prices and LTC prices. In that sub-period hub-based prices could not act as independent pricing mechanism. 
This conclusion is proved by the scientific literature overviewed in the previous Chapter. Brown and Yucel (2008) in the research highlight that spot prices strongly correlate with oil prices. Two years before Asche et. al. (2006) reported quite the same results: there was strong positive correlation observed between spot prices and oil prices. One of the reasons for such situation was as was explained earlier: low liquidity levels at European gas hubs did not allow spot price act as independent pricing paradigm since the spot trading in that time only started to evolve and the majority of gas trading was carried out under long-term contracts. The lack of market participants (in this particular case at spot trading platforms) and little traded volumes led to low market liquidity at hubs that has been denoted as a reason for such a strong correlation between prices (Heather, 2015). 
According to the results received from the regression analysis, there was very slight correlation between hub-based prices at TTF and NBP gas hubs and oil prices in the second sub-period 01.01.2012 – 31.12.2014. As it was discussed earlier in the Chapter 3, it has been decided to neglect the second sub-period in the analysis. The quality of the model was quite low that indicated that there are other variables that affect hub-based prices in the second sub-period. However, these omitted variables are not included in the model since they do not correspond to the formulated research goal and research questions. In the current research paper different factors that have an influence on hub-based prices are not analyzed. The aim of the research paper is to investigate the existence of the correlation between hub-based prices, oil prices and LTC prices for gas delivery. Thus, only these variables have been chosen for the analysis. Thus, since in the second sub-periods hub-based prices dynamics could be explained by some other variables, this sub-period is excluded from the analysis of the trend regarding correlation strength between hub-based prices, oil and BAFA prices. 
After the proficient analysis carried out it is supposed that a reason for such prices decoupling and a decrease in influence of Brent oil prices on NBP and TTF gas spot prices is skyrocketed prices for oil at the beginning of 2011.This trend of quite high oil prices was not short-term one; it was rather long-term period of skyrocketed prices for oil, especially for Brent oil that lasted from the beginning of 2011 till the middle of 2014. As it was mentioned before while reviewing scientific literature, normally spot gas prices followed oil prices and their dynamics particularly in 2011-2013 when spot markets were not developed enough and had low liquidity levels. However, it is logically to make an assumption that if oil prices are too high and this trend is long-term one, it is inefficient and roughly speaking expensive for gas spot prices to follow this “mad” oil prices dynamics. Thus, it is supposed that high prices for Brent oil might be a reason for prices decoupling.
Hulshof et al. (2015) reckons that the correlation between hub-based prices at TTF and oil prices is very slight and insignificant. In contrast, the scientist claims that supply and demand define spot prices. It is notably that the research was carried out by Hulshof et. al. using the regression analysis of data for the years 2011-2014 that covered the data analyzed in the second sub-period of the current research. Thus, the insignificant correlation between hub-based prices and oil prices in this time period was observed not only in the current research, but also by other scientists that might be a prove for results received for the second sub-period. 
It should be mentioned that the correlation between hub-based prices at TTF and NBP and BAFA long-term contract prices for gas delivery still continued to exist in the second sub-period when oil prices were at the very high level in long-term perspective. This observations could also be considered as a prove for the S. Komlev’s argument that hub-based prices play a role of “followers” of LTC prices and are secondary pricing signals in relation to LTC prices. 
In the third sub-period the results of the regression analysis show that the correlation between hub-based prices, oil and LTC prices is high. There is a strong positive correlation between hub-based prices at TTF and NBP, oil prices and BAFA long-term contract prices. It should be highlighted that both TTF and NBP prices have stronger positive correlation with BAFA prices rather than with Brent prices. However, TTF prices are affected by both Brent oil and BAFA prices to higher degree in comparison with NBP prices. The general conclusion regarding correlation matrix of the third sub-period is that there is strong positive relationship between TTF and NBP prices and Brent and BAFA prices. 
Thus, in the third sub-period the correlation between hub-based prices, Brent oil and BAFA prices still exists despite the fact of high liquidity levels at two main European hubs – TTF and NBP – in terms of traded volumes, market participants and churn ratios. However, for NBP prices the correlation with Brent prices is <.5 (to be precise r=.417) that indicates quite moderate but not strong correlation. 
After comparison of the r-coefficients for the first and the third sub-period it could be concluded that the correlation strength between both NBP and TTF hub-based prices and Brent oil prices has weakened over time (Table 13). This could serve as an indicator of the graduate European hub-based gas market development since prices formed at hubs are becoming more and more independent in relation to oil prices. Thus, the European hub gas market is becoming mature and high liquidity levels at hubs in terms of market (hubs) participants, traded volumes (at hubs) and churn ratios facilitate this process.
However, currently NBP prices are affected by Brent oil prices to considerably less extent in comparison with TTF prices. The results in this case could be quite unexpected since nowadays TTF gas hub is more liquid in terms of churn ratio and number of hub (market) participant that according to the theoretical literature (Hulshof et al., 2015) indicate the high maturity degree of a market and high degree of price independence formed in this market. Following this logic, the correlation strength for TTF prices with Brent oil prices should be smaller in comparison with NBP prices which liquidity levels are nowadays lower than TTF ones. However, the results of the regression analysis are opposite: TTF prices are positively affected by Brent oil prices to higher degree than NBP prices are. One explanation could be that NBP gas hub has a longer process of historical development since it is the first gas hub in Europe that gave a start for hub-based gas trading in the continental Europe after the construction of Interconnector (Dickx et al., 2014). Nevertheless, the correlation strength between hub-based prices at TTF and NBP and Brent oil prices has decreased over the last ten years that is a signal of the European hub gas market and trading development. Thus, the hypotheses H3 and H4 are not rejected.
On the basis of the r-coefficients analysis for hub-based prices at both hubs and BAFA prices in the first and the third sub-periods the following conclusion could be made: the correlation between TTF prices and BAFA prices has increased over the last ten years. As it was mentioned earlier in the Chapter 1, BAFA pricing formula has a special “spot” component in line with “oil” component. Since every long-term contract for gas delivery has revision sessions when pricing formula is changed in order to be representative reflection of current market changes, this “spot” component in BAFA pricing formula is increasing after each revising sessions since hub gas market in Europe is gradually developing (Konoplyanik, 2010). Thus, the increase in correlation between TTF and BAFA prices is logically explained and the hypothesis H7 is not rejected. However, there is no increase in correlation between NBP and BAFA prices. Furthermore, there is very slight decrease in the correlation but overall could be considered as insignificant one (Table 13).One explanation could be that NBP has a longer development historical process since this is the first gas hub in Europe where hub-based trading take the beginning in the European market (Dickx et al., 2014). Thus, NBP prices could be considered as more independent even from BAFA prices, where “spot” component is presented. The hypothesis H8 is rejected. 
It could be concluded that nowadays there is a strong positive correlation between TTF and Brent oil prices and a positive moderate correlation between NBP and Brent oil prices. Hub-based prices are still affected by oil prices and follow their dynamics. This fact could be an obstacle to make a statement that currently hub-based prices represent independent pricing mechanism in the European gas market. Furthermore, prices at both TTF and NBP gas hubs are positively affected by BAFA prices that supports the argument made by S. Komlev (2016) that hub-based prices play “a secondary” role in relation to LTC prices for gas delivery. Since hub-based prices follow the dynamics of Brent oil and BAFA long-term contract prices, they cannot purely represent independent pricing mechanism. 
However, the correlation of hub-based prices with oil prices is weakening over time in line with the European hub trading development in terms of liquidity levels that nowadays are quite high at both TTF and NBP gas hubs. Thus, this decreasing trend is a signal that exporters should adapt their export strategy regarding LTCs and price formation in accordance with the European gas market development. Finally, the development of BAFA pricing formula and increased correlation between hub-based prices and BAFA prices proves the aforementioned argument that hub-based trading in Europe is constantly developing and influences price formation for LTCs also. 

[bookmark: _Toc514529713][bookmark: _Toc514756578][bookmark: _Toc514955808]4.2. Scenario analysis
On the basis of the empirical findings made in the Chapter 3, it is possible to carry out scenario analysis in order to get deep insights of risks for Gazprom in the current market situation and potential strategy paths how to adjust the company’s export strategy to volatile new market reality. 
Below there is a 2x2 scenario matrix that describes four possible scenarios for Gazprom at the European gas market. On the y-axis Brent prices were put, while for the x-axis gas market supply was chosen. Such a selection allows to track the behavior of spot prices since there is a correlation between spot prices and Brent prices that was proven during the empirical analysis. Furthermore, the market supply reflects the amount of gas available at the market that also influences gas prices. BAFA prices cannot be chosen for the scenario analysis since there is oil indexation in every long-term contract for gas delivery that means that Brent and BAFA prices correlate that is a deterrent for carrying out a scenario analysis. 
The scenario “No worries” implies low Brent prices and low market supply (e.g. there is scarcity of gas in the market, so demand exceeds gas supply). As it was discovered during the analysis in the Chapter 3, hub-based prices do not correlate with Brent prices in a situation when Brent prices are extremely high and this trend is long-term. In other situations Brent prices influence hub-based prices at TTF and NBP quite strongly. Moreover, as it was mentioned earlier, BAFA contracts and all long-term contracts for gas delivery contain oil indexation in their pricing formula. Thus, Brent prices and BAFA prices also correlate to some degree. In this regard, BAFA prices will be low following oil prices dynamics in this scenario. In the situation of low market supply one could think that hub-based prices may increase since the demand for gas will be high while there is a scarcity in gas supplied in the market. However, according to the scientific literature (Komlev, 2016), long-term contract prices for gas create “a ceiling” for spot prices. That means that hub-based prices cannot not go higher than LTC prices because of arbitrage opportunities. Thus, hub-based prices will also be at low level following oil and LTC prices dynamics. In such a scenario gas buyers will not stick only to one type of prices for gas (either hub-based prices at TTF and NBP or LTC prices): if they start to buy gas only at hub, this will lead to increase in spot prices, while LTC prices will stay the same. At some point it will be more costly to buy gas at hub-based prices and more profitable to buy gas at LTC prices. Thus, buyers in this scenario will balance their buying decisions between spot and LTC prices. Following this rational, for Gazprom it is not vitally necessary to adapt the strategy to market changes since buyers will buy gas at both spot and LTC prices. 
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Figure 17 Scenario Matrix
In the Scenario “Lucky one” the Brent oil prices are high while gas supply in the market is low. Hub-based prices will decouple from oil prices since the analysis has shown that if oil prices are high spot prices do not follow their dynamics. BAFA prices will adapt to high oil prices since there is an oil indexation in the LTC pricing formula and will be also relatively high. One may think that in this situation it is more profitable to buy gas at hub-based prices since they do not follow oil prices level and are under BAFA prices level. However, there is low gas supply at the market. This factor drives hub-based prices up making them approaching BAFA prices. Moreover, there is quite strong correlation between spot and BAFA prices. Thus, spot and BAFA prices will be at the same level. This scenario is a better situation for Gazprom since as in the Scenario “No worries” buyers will not stick to only one type of gas prices for the same reasons explained above. Moreover, as LTC prices will be higher for the same gas amount delivery, it is a more profitable scenario for Gazprom; there is no dire need for the company to adapt its export strategy. 
In the Scenario “Time for changes” high oil prices are accompanied by high gas supply (e.g. there is an abundant amount of gas supplied in the market). In such a situation hub-based prices do not correlate with high oil prices. In contrast, there is positive relationship between Brent oil prices and BAFA prices that makes BAFA prices approach to oil prices. Thus, BAFA prices with their oil indexation in their pricing formula are also relatively high in this scenario. It may be logical to suppose that spot prices will approach to the BAFA prices level. However, due to abundant amount of gas supplied to the market spot prices will be dumped in accordance with the economic law of supply and demand. In this situation it will be more profitable for buyers to acquire gas at hub-based prices since they are supposed to be lower than high expensive BAFA prices that have to follow oil dynamics and are not adapt to the market supply conditions quickly. Thus, in this scenario it is highly important and vital for Gazprom to adapt its export strategy to new market reality where it is more profitable to trade at spot markets. For instance, the company may increase the “spot component” in the LTC pricing formula so that LTC prices can be more flexible and responsive to market supply changes. Without such an adaptation there is a high risk for the company to lose a part of its market share in the European gas market and as a consequence to lose a considerable part of its export profit.
In the Scenario “Bad fortune” oil prices are at the low level while the gas supply in the market is high. In this situation spot prices will follow oil prices dynamics and will be at lower level in comparison with BAFA prices. Thus, all prices – hub-based prices, Brent and BAFA prices – will be at the low level. Taking in the account the abundant amount of gas supplied in the market, one may claim that spot prices will to same degree react to such high gas supply and will be dump even lower. Thus, hub-based prices in this scenario will become the lowest and the cheapest prices for gas. As a logical consequence buyers will in most cases prefer to buy gas at hub-based prices rather than at BAFA or other LTC prices since this will be the most profitable and the cheapest decision for them. In this scenario Gazprom will lose a crucial part of its market share since LTC prices are not compatible with spot prices even if there is currently “a spot component” in the pricing formula of Gazprom’s LTCs. Thus, Gazprom should in this case adapt its export strategy by, for instance, further adaptation of its LTC pricing formula.
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In the research it has been proven that there is still a positive correlation between hub-based prices at TTF and NBP and Brent oil and BAFA prices. The existence of this correlation to some degree plays in favor of Gazprom current export strategy since it is possible to predict hub-based prices to some degree in this case. However, as it has been discovered during the analysis in a situation when oil prices are high in the long run spot prices does not follow their dynamics. At the same time hub-based prices strongly correlate with LTC prices and the correlation does not disappear even if there are skyrocketed oil prices. Furthermore, hub-based prices are always under LTC prices level due to arbitrage opportunities existing in the market.
According to the scenario analysis carried out earlier, there are two scenarios where there is no extreme need for Gazprom to somehow develop its strategy by elaborating new LTC pricing formula. In these two situations the company could extract high profit and does not have high risk of losing its market share in the European gas market if any other factors are held constant. However, in scenarios “Time for changes” and “Bad fortune” difficulties for Gazprom and its export strategy arise. 
Due to the high volatility of the global oil market and European gas market supply (that depends on various external factors such as temperature, storage capacities, political and economical disrupts etc.) it is highly difficult to predict with the highest value of certainty what scenario out of four will happen even in the nearest future. What is also highly important is the fact that according to the results of the current research paper the correlation between hub-based prices and oil prices is gradually decreasing, while the correlation with BAFA prices represents another signal of constant European hub trading development. Thus, it is necessary for Gazprom to further adapt its LTC pricing formula by extending the weight of “a spot” component in the formula in order to make LTC price be more reflexive to market changes (particularly supply changes) by gradually reducing oil pegging in prices (now gas prices is pegged by 60% to oil prices that is quite high number). However, the company should not absolutely reject trading gas under LTC conditions. Firstly, it may lead to supply disrupt in the European market since the majority of exported gas especially in conditions of decline in gas production is delivered by Gazprom. Secondly, the sharp change in the company’s export strategy may result in decline in profit since such a significant change requires some adaptation in terms of time. Thus, the export strategy adjustment and development should be carried out at moderate pace.A more flexible export strategy will enable the company to extract higher profit, to cut risks in volatile energy market and no to lose its market share at the most profitable foreign export market. Furthermore, the company should increase gas traded volumes in spot market segment since spot market is gradually becoming the centre of gas trading in Europe.
The same recommendations could be addressed to every company that export its gas to the European gas market. An exporter should take into account the existence of positive correlation between spot prices, oil prices and LTC prices. Furthermore, in case of high oil prices spot prices will correlate only with LTC prices that create a “price ceiling” for spot prices. Gas supply at the market is one of the important factors while deciding for a company’s export strategy. The four scenarios explained earlier give an overall insight about different paths of future market development and include several uncertainty factors that helps companies to adapt their strategy correspondingly.
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The research method of the regression analysis has been broadly used in recent years in order to find out the correlation between hub-based prices, oil and long-term contract prices. 
Normally the existence of the correlation between aforementioned prices was tested for the whole period (10 years, for instance). In the current research the approach has been further developed.Besides the regression for the whole period a number of regressionsfor sub-periods were carried out in order to examine how the correlation between hub-based prices, oil and LTC prices changes in time perspective. This approach allows researches not only to check for the existence of correlation, but also to examine whether there are some trends in correlation changes over a period of time (weakening of correlation, strengthening of correlation, fluctuations triggered by some externalities etc.). Finally, carrying out several regressions for sub-periods provides researches with opportunities to define potential factors that influence prices decoupling and prove development process in the market. 
Moreover, by applying this approach not only the European gas market could be analyzed, but also Asian market, where development pace is quite high. 
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	Thus, the aim of the current research paper is to identify whether and how hub-based prices are affected by oil and long-term contract prices and whether and how the correlation between hub-based prices, oil and LTC prices is changing over time. The results of the regression analysis show that nowadays there is quite strong positive correlation between prices formed at hubs, Brent oil prices and BAFA long-term contract prices. Thus, even in the condition of quite high liquidity levels at the main European hubs – NBP and TTF – hub-based prices cannot be considered as absolutely independent prices mechanism. 
However, the correlation between aforementioned prices is changing over time. According to the results of the regression analysis performed for three sub-period it is concluded that the strength of the correlation between prices at TTF and NBP and oil Brent prices is decreasing over a particular period of time. This is the indicator that hub-based prices are becoming more and more independent since the spot European gas market is constantly developing in terms of gas traded volumes, market (hub) participants and churn ratios. The results correspond to the finding from the scientific literature that in mature markets with high liquidity levels prices is independent and reflect market conditions in terms of demand and supply changes. As it was mentioned earlier, hub-based prices in the European gas market cannot be considered as absolutely independent pricing mechanism, but such prices have high potential to be representative of market demand and supply fluctuations in the future since hub-based prices are affected by Brent oil prices to smaller degree nowadays and this trend of diminishing correlation strength between prices will continue to be present further. Thus, the decreasing correlation between prices is an indicator of developing process in the European gas market towards integrated market place with the focus mainly on the hub-based pricing mechanism. 
Another proof of such a constant development is the increased correlation between hub-based prices and BAFA prices. As it was mentioned earlier, the pricing formula of BAFA prices is constantly changing as any other formula of long-term contract for gas delivery. The “spot” component in BAFA formula is increasing over time in order BAFA prices reflect changes occurred in the European gas market related to the development and the proliferation of gas trading at hubs. Thus, the increase in the correlation between hub-based prices and BAFA prices appeared in the results of the regression analysis and correlation matrixes is logically explained and represent another proof that the European gas market is developing towards integrated market with eroded state boundaries and increased gas trading at liquid hubs.
The majority of gas export to Europe is provided by Gazprom under long-term contracts for gas delivery. Despite the fact that the company also expands its business activities in liberalized deregulated markets and is currently active in spot and short-term trading of natural gas, the corestone of the company’s export strategy is gas trading under LTC conditions with “take-or-pay” principle.[footnoteRef:34] The results of the regression analysis allow carrying out the scenario analysis regarding the Gazprom export strategy. While there are two scenarios that are quite positive for the company and do not require significant development in the company’s export strategy, the two another ones are signals that there is a need for the company to further develop its export strategy in order it correspond to European gas market conditionsand not to lose its market share on the target market for gas export. In particular, it is suggested to further change pricing formula and to increase “spot” component by decreasing oil indexation (that has now 60% of weight) so prices for gas proposed by Gazprom can be competitive with constantly developing hub-based prices. Another suggestion is to increase gas traded volumes that are sold in spot market since hubs are constantly development and are becoming the centre of the gas trading in Europe.  [34: http://gasforum.ru/obzory-i-issledovaniya/583/] 

The managerial implication made for Gazporm company are applicable for any other exporter who operates in the European gas market since changes occurred now in the market influence all exporters. 
Thus, the current state on the European gas market with its developing gas hubs and graduate shift from gas trading under LTC conditions to hub-based trading defines the direction for companies’ export strategies. The lack of development in terms of gas export approach may lead to shrinking market share of an exporter and declined profit.
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Appendix A 
Correlation matrix for time period
31.12.2008 - 31.03.2018
	
	
	1
	2
	3
	4

	1
	TTF prices
	1
	
	
	

	2
	NBP prices
	.967
	1
	
	

	3
	Brent prices
	.758
	.724
	1
	

	4
	BAFA prices
	.691
	.680
	.845
	1



31.12.2008 – 31.12.2011
	
	
	1
	2
	3
	4

	1
	TTF prices
	1
	
	
	

	2
	NBP prices
	.984
	1
	
	

	3
	Brent prices
	.847
	.853
	1
	

	4
	BAFA prices
	.634
	.656
	.867
	1



01.01.2012 – 31.12.2014
	
	
	1
	2
	3
	4

	1
	TTF prices
	1
	
	
	

	2
	NBP prices
	.979
	1
	
	

	3
	Brent prices
	.150
	.081
	1
	

	4
	BAFA prices
	.475
	.415
	.855
	1



01.01.2015 – 31.02.2018
	
	
	1
	2
	3
	4

	1
	TTF prices
	1
	
	
	

	2
	NBP prices
	.841
	1
	
	

	3
	Brent prices
	.690
	.417
	1
	

	4
	BAFA prices
	.836
	.647
	.836
	1


Appendix B
Normal P-Plot of Regression Standardized Residual
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Appendix C
SPSS output: TTF as dependent variable.
Time period: 31.12.2008 – 31.03.2018
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Time period: 01.01.2012-31.12.2014
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Time period: 01.01.2015-31.03.2018
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SPSS output: NBP as dependent variable. 
Time period: 31.12.2008 – 31.03.2018
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Time period: 31.12.2008 – 31.12.2011
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Time period: 01.01.2012-31.12.2014
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Time period: 01.01.2015-31.03.2018
[image: ]
[image: ]

17
image3.png
Others
Gas-on- 7% 2005
gas
completition
15%

Oil-
indexation
78%

Others
2015 6%

Gas-on-
gas
completition

64%

Oil-
indexation
30%




image4.png
2006-2016 Evolution

Coal
oil
Nuc
Gas
Total
Hydro

Renewable

-30% 20% 70% 120% 170% 220% 270%




image5.png
becm

500

400

300

200

100

2008 2009 2010 2011 2012

s Netherlands production
I Other Europe production
= = TTF (€/MWh)

2013 2014 2015 2016

mmmmm UK production
= Europe consumption

25

-
w

[N
o

€/MWh




image6.png
200 194.4 Exporters
179.3

150 -

100 -

512 49
50

26,6
24,1 24,0 16,7

PJSC GAZPROM ALGERIA ~ QATAR  OTHER LNG
(INCL. LNG)




image7.png
Austria
Denmark
Finland
France
Germany
Greece
Ttaly
Netherlands
Switzerland
Turkey
United Kingdom

I © 14

w175

236

I 12.26
I 53 .44
. 2093

I 23 .81
I 465

033
I 29.03
I (6.26




image8.png
Bosnia and Herzegovina 1 0.24

Bulgaria H 333

Czech Republic I 53

Hungary [ _____JRRY
Macedonia 1 0.06

Poland N 10.47
Romania o 119

Serbia 212

Slovakia I 459

Slovenia | 06




image9.emf
 

Costs  


image10.png
= = =
NBP ZeeHub TTF PEG CEGH CG
PSV TIGF Gaspoo





image11.png
Mature, liquid hub with price transparency

Future hub
Active exchange trading
Strong price link

Weaker or expected future price link





image12.png
Montly Churn Ratios

— Tendency (Gross Churn)

mmm Gross Churn Ratio

B Net Churn Ratio




image13.png
800
700

500
400
300
200

100

2011
I Traded Volumes

2012
mmmPhysical Deliveries

2013
Churn Ratio

19

18.5

18

17.5

17

16.5

16




image14.png
140

120

100

8

e

Source: GTS

ST-dy
y-das
v1-q24
€T4Nf
71-%2a
Tr-he
11490
TT-eN
ot-8ny
ot-uer
60-unf
80-AON
80-1dv
L0-das
£0-994
90-Inr
50-%20
so-Ae
0120
vO-1ewW
€0-8ny
€0-uer




image15.png
AL TRADED VOLUMES AT THE NBP AND TTF

TRADED VOLUME (TWh)
2,500

W NP W TF

o

Jun Jul Oct Nov Dec  Jan  Feb  Mar A
201t 2015 2015 a%ft 1.0?5 2015 2015 2015 2016 2016 2016 !0’1" 2'0~’lﬁ
SOURCE: ICIS, ICE, PEGAS





image16.png
140.56

129.43

1183
107.17
96.04
84.91
73.78
62.65
51.52

40.39

|eaieg 4od siejiod SN

29.26

810Z-4eW

£10Z-eW

910Z-4elW

S10Z-4el

T0Z-eW

£10Z-4eW

Z10Z-4eW

T10Z-1eW

010Z-4el

600Z-4eIW

800Z-4eW




image17.png
Charts

Normal P-P Plot of Regression Standardized Residual

Expected Cum Prob

10

08

08

04

02

00

Dependent Variable: NBPmon

00

02 04 06 08 10

Observed Cum Prob




image18.png
Normal P-P Plot of Regression Standardized Residual

Dependent Variable: TTFmon

Expected Cum Prob

10

08

08

04

02

00 02 04 06 08 10

Observed Cum Prob




image19.png
Model Summary”

AdustedR St Emorof | Durbin-
Model R RSguars  Square  theEstmate  Watson
1 738% 544 536 3,528534605 956
a. Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: TTFmon
ANOVA®
Sum of
Mods! Squares o Weansquae  F sig.
1 Regression 1620,133 2 810,066 65,063 000"
Residual 1357111 108 12,451
Total 2077243 1

a.Dependent Variable: TTFmon
b. Predictors: (Constant), BAFAmon, Brentmon




image1.jpeg




image20.png
Coefficients®

Standardized

Unstandardized Cosficients  Coefficients Collinsarity Statistics
Wodel 8 Std. Error Beta t sig.  Tolerance  VIF
1 (Constant) 7223 1141 6,320 000
Brentmon 067 017 356 3987 000 24 1907
BAFAMON 818 164 446 4990 000 524 1907

a.Dependent Variable: TTFmon




image21.png
Coefficients®

Standardized

Unstandardized Cosficients  Coefficients Collinsarity Statistics
Wodel 8 Std. Error Beta t sig.  Tolerance  VIF
1 (Constant) 6,883 2349 2,022 008
Brentmon REG 018 604 7201 000 898 1001
BAFAMON 1,391 A6 656 7915 000 999 1001

a.Dependent Variable: TTFmon

Collinearity Diagnostics®

Variance Proportions

Condition
Model _Dimension _Eigenvalue Index (Constant) _ Brentmon _ BAFAmon
i 1 2,907 1,000 00 o o
2 o7 6417 00 54 43
3 022 11382 1,00 45 57

a.Dependent Variable: TTFmon




image22.png
Variables EnterediRemoved”

Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

a.Dependent Variable: TTFmon
b All requested variables entersd

Model Summary”

Adusted R Std. Error of Durbin-
Model R RSquae  Square the Estimate Watson
1 8767 767 753 2629259836 870

a.Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: TTFmon

ANOVA®
Sum of
Mods! Squares o Weansquae  F sig.
1 Regression 772,766 2 386,383 55,802 000"
Residual 235,02 3 6913
Total 1007808 3

a.Dependent Variable: TTFmon
b. Predictors: (Constant), BAFAmon, Brentmon




image23.png
Variables EnterediRemoved”

Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

a.Dependent Variable: TTFmon
b All requested variables entersd

Model Summary”

AdustedR St Emorof | Durbin-
Model R RSguars  Square  theEstmate  Watson
1 475% 226 179 3,032279217 888
a. Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: TTFmon
ANOVA®
Sum of
Mods! Squares o weansguae sig
1 Regression 88,434 2 4417 4,809 015"
Residual 303,428 B 9,185
Total 391,860 s

a.Dependent Variable: TTFmon
b. Predictors: (Constant), BAFAmon, Brentman




image24.png
Coefficients®

Standardized
Unstandardized Cosficients  Coefficients

Collinsarity Statistics

Wodel 8 Std. Error Beta t sig.  Tolerance  VIF

1 (Constant) 164 7918 021 984,
Brentmon 008 081 017 098 022 797 1288
BAFAMON 2111 778 487 272 010 797 1255

a.Dependent Variable: TTFmon

Collinearity Diagnostics®

Variance Proportions

Condition
Model _Dimension _Eigenvalue Index (Constant) _ Brentmon _ BAFAmon
i 1 2,992 1,000 00 00 00
2 006 2238 a7 4 05
3 002 38,320 k] 06 95

a.Dependent Variable: TTFmon




image25.png
Variables EnterediRemoved”

Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

a.Dependent Variable: TTFmon
b All requested variables entersd

Model Summary”

AdustedR St Emorof | Durbin-
Model R RSguars  Square  theEstmate  Watson
1 ,896° 802 791 1,498703847 1,190
a. Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: TTFmon
ANOVA®
Sum of
Mods! Squares o weansguae sig
1 Regression 328,025 2 164,012 73,020 000"
Residual 80,860 3 2248
Total 408,885 3

a.Dependent Variable: TTFmon
b. Predictors: (Constant), BAFAmon, Brentman




image26.png
Coefficients®

Standardized
Unstandardized Cosficients  Coefficients

Collinsarity Statistics

Wodel 8 Std. Error Beta t sig.  Tolerance  VIF

1 (Constant) 2,085 1,429 1,459 183
Brentmon A4 033 88 4343 000 695 1438
BAFAMON 1,368 RES 623 7,008 000 695 1438

a.Dependent Variable: TTFmon

Collinearity Diagnostics®

Variance Proportions

Condition
Model _Dimension _Eigenvalue Index (Constant) _ Brentmon _ BAFAmon
i 1 2956 1,000 00 00 00
2 03t 9746 E) 02 8
3 03 15,079 57 98 18

S AEERRERR A aHREIR TTE R




image27.png
Variables EnterediRemoved”

Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

aDependsnt Variable: NBPmon
b All requested variables entersd

Model Summary”

Adusted R Std. Error of Durbin-
Model R RSquae  Square the Estimate Watson
1 736 541 533 8049495258 902

a.Predictors: (Constant), BAFAmon, Brentmon
b. Dependsnt Variable: NBPmon

ANOVA®
Sum of
Mods! Squares o weansguae sig
1 Regression 10292,553 2 5146277 64,253 000"
Residual 8730188 108 80,093
Total 19022,741 1

a.Dependsnt Variable: NBPmon
b. Predictors: (Constant), BAFAmon, Brentmon




image28.png
Coefficients®

Standardized

Unstandardized Cosficients  Coefficients Collinsarity Statistics
Wodel 8 Std. Error Beta t sig.  Tolerance  VIF
1 (Constant) 16,634 2895 5748 000
Brentmon 183 042 387 4319 000 24 1907
BAFAMON 1,013 418 M3 412 000 24 1907

aDependsnt Variable: NBPmon

Coefficient Correlations®

Model BAFAMON _ Brentmon
1 Conelations_BAFAmOon 1,000 -690
Brentmon 690 1000

Covariances _BAFAmOn 472 012
Brentmon 012 002

a.Dependsnt Variable: NBPmon

Collinearity Diagnostics®

Variance Proportions

Condition
Model _Dimension _Eigenvalue Index (Constan) _ Brentmon _ BAFAmon
1 1 2910 1,000 01 01 01

2 089 7,032 95 24 07

3 031 9,729 04 75 92





image29.png
Coefficients®

Standardized
Unstandardized Coefficients ~ Coefficients Collinearity Statistics
Model B Std. Error Beta t Sig. Tolerance VIF
1 (Constant) -17,808 5,623 -3,167 ,003
Brentmon 334 045 595 7456 ,000 999 1,001
BAFAmon 3575 421 678 8,497 ,000 999 1,001

a. Dependent Variable: NBPmon




image2.png
W Turkey
W Algeria
NG
W Libya
M Netherlands
W Norway
Other

M Russia

0.14% | 0.6bcm
-0.05bcm YoY
7.91% | 32.3bcm
-0.84bcm YoY
11.61% | 47.4bcm
5.51bcm YoY
1.08% | 4.4bcm
-0.18bcm YoY
10.18% | 41.6bcm
-10.25bcm YoY
27.28% | 111.5bcm
8.91bcm YoY
1.49% | 6.1bcm
3.56bcm YoY

40.32% | 164.8bcm
14.81bcm YoY




image30.png
Variables EnterediRemoved”

Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

aDependsnt Variable: NBPmon
b All requested variables entersd

Model Summary”

AdustedR St Emorof | Durbin-
Model R RSguars  Square  theEstmate  Watson
1 885° 784 a7 6,293632475 840
a. Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: NBPmon
ANOVA®
Sum of
Mods! Squares o Weansquae  F sig.
1 Regression 4886,785 2 2443392 61,687 000"
Residual 1346734 3 38510
Total 0233518 3

a.Dependsnt Variable: NBPmon
b. Predictors: (Constant), BAFAmon, Brentmon
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Variables EnterediRemoved”

Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

aDependsnt Variable: NBPmon
b All requested variables entersd

Model Summary”

AdustedR St Emorof | Durbin-
Model R RSguars  Square  theEstmate  Watson
1 4217 77 127 9192508506 847
a. Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: NBPmon
ANOVA®
Sum of
Mods! Squares o Weansquae  F sig.
1 Regression 599,567 2 299,784 3548 040"
Residual 2788574 B 84,502
Total 3388141 s

a.Dependsnt Variable: NBPmon
b. Predictors: (Constant), BAFAmon, Brentmon
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Coefficients®

Standardizzd
Unstandardized Cosficients | Coeficiens Gollingarty Statstics
Model B sta. Error Beta t Sig. Tolerance  VIF
1 (Constant) -4,427 23,996 -184 855
Brenimon 070 154 080 a5 653 797 125
BAFAmon 5005 2350 a1 21 0w 797 125
a. Dependent Variable: NBPmon
Collinearity Diagnostics®
Condiion Variance Proportions
Model Dimension _Eigenvalue Index  (Constany) _ Bremtmon _BAFAmon
i i 2092 1,000 00 00 00
2 008 2,348 a7 94 05
3 002 38,320 3 05 95

a.Dependsnt Variable: NBPmon
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Variables Variables

Model  Entered Removed  Method

1 BAFAmon, Enter
Brentmon

aDependsnt Variable: NBPmon
b All requested variables entersd

Model Summary”

AdustedR St Emorof | Durbin-
Model R RSguars  Square  theEstmate  Watson
1 840° 705 688 4,451945613 918
a. Predictors: (Constant), BAFAmon, Brentmon
b. Dependent Variable: NBPmon
ANOVA®
Sum of
Mods! Squares o Weansquae  F sig.
1 Regression 1703,954 2 851,977 42,986 000"
Residual 713514 3 18,820
Total 2017467 3

a.Dependsnt Variable: NBPmon
b. Predictors: (Constant), BAFAmon, Brentmon
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Coefficients®

Standardized

Unstandardized Cosficients  Coefficients Collinsarity Statistics
Wodel 8 Std. Error Beta t sig.  Tolerance  VIF
1 (Constant) 3138 4245 739 485
Brentmon 570 097 41 5908 000 695 1438
BAFAMON 1,888 580 203 2700 010 695 1438

aDependsnt Variable: NBPmon

Collinearity Diagnostics®

Condiion Variance Proportions
Model _Dimension_Eigenvalus ndex (Constant) _ Brentmon _ BAFAMOn
1 1 2958 1,000 00 00 00
2 031 9748 32 02 81
3 013 15078 57 98 18

a.Dependsnt Variable: NBPmon




