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Overview
The development of global and regional gas trade has been a story of rocketing growth, diversification and increased flexibility in infrastructure planning. Today, only the US and Canada are producing significant amount of shale gas  (EIA, 2013). A shale gas boom in other parts of the world remains unlikely in the middle to long term (Boersma, 2013). The gas outlook in the rest of the world, hence, depends largely on the gas supply and demand of major international players: the exporters (Russia and Qatar) and the importers (Asia-Pacific and Europe). 
The practice of transporting Russian pipeline natural gas (PNG) to Europe via transit countries has been plagued by recurring problems. In 2006 and 2009, Russian gas exporter, Gazprom, disrupted gas supply to Ukraine, and indirectly Europe. Similarly, in 2004, 2007 and 2010, the episodes of Russian-Belarusian gas disputes reiterate that gas supply security is a questionable notion (Kovacevic, 2009). As it becomes Europe’s interests to seek alternative gas supply sources (Ratner et al., 2013), potential suppliers such as Qatar can enter to gain a foothold in the European pipeline gas market. Facing with such a situation, Russia too increasingly embraces a strategic position by diversifying from PNG exports to liquefied natural gas (LNG) production on the Yamal Peninsula (Kardas, 2013), targeting the Asia-Pacific market. Global LNG trade is extrapolated to continue growing at a compound annual growth rate of 7.5% from 2011 to 2020 (Wood, 2012). The growth is largely attributed to rapidly developing Asia-Pacific economies vis-à-vis growing energy demand (Komiyama et al., 2005). General consensus agrees that the growing Asia-Pacific LNG facilitates the probable entry of Russia as a supply competitor to Qatar.
This paper explores various possibilities in the evolving global gas market. It estimates models involving the major players: Russia and Qatar exporting gas to Asia-Pacific and Europe. With a series of hypothetical scenarios (e.g., Russia expanding her involvement in the Asia-Pacific through LNG exports and Qatar catering to the European market as an alternative supplier through pipeline gas), it derives expected prices and volumes from numerical simulations. 
Methods








Russia for Asia-Pacific via LNG: Assume inverse demand for LNG in Asia is in the form of  in which  and  are the wholesale price and volume respectively. Let  and  be the unit cost of liquefaction and gas extraction in exporting country  and the marginal cost of exporting gas is  with 
Stage 1: Qatar is the leader in the Stackelberg game with Russia the follower.

Profit function of Russia: 
Stage 2: When Russia acquires a larger share of the Asia-Pacific LNG market, the Stackelberg game becomes the Cournot game where both Russia and Qatar choose volume simultaneously.
Stage 3: When Russia and Qatar collaborate, it is assumed that importers would unite to form a monopsony. Stages 1 and 2 change to a bilateral monopoly game.








Qatar for Europe via pipeline: Assume there are  transit countries. Denote  be the unit cost of transporting gas borne by Qatar,  be the transit fee by transit country ,  be the own gas production of transit country,  be the demand for Qatar's gas in Europe, be the gas demand function in transit country .
Case 1: Qatar transports the gas up to the border between the last transit country (Turkey) and Europe.

Profit function of Qatar is determined as: 
Case 2: Qatar sells all exported gas to Turkey. The preceding transit countries are ignored. Qatar plays the role of a leader in the Stackelberg game with this transit country. 
Case 3: Qatar delivers European gas to the Turkish border and applies discriminating pricing schemes to Europe and Turkey.
Results
In this simulation, demand curve for LNG imports in Asia-Pacific is constructed using 2 data points, one is the latest LNG price and volume into major importers, the other is projection in 2020 with benchmark from IEA (2011). Demand curve in Europe is built on conjectured cases in 2020 and 2025. Qatar is supposed to fill partially the gap between growing pipeline gas demand into Europe and the amount supplied by other pipeline exporters. Competition between pipeline gas and LNG is not included for simplicity.
[bookmark: _GoBack]With the assumptions that the conventional JCC-linked LNG imported to Asia-Pacific is delinked from oil in the medium term in an effort to reduce increasing natural gas price, the hypothetical scenarios feature ideal situations where the price of gas is dependent on demand and supply fundamentals (or gas-to-gas competition pricing). The optimal prices ($/mmBtu) and volumes (bcm) based on the above framework are calculated accordingly:
Table 1: Russia for Asia-Pacific via LNG results
	 
	Price 
	Russia’s volume 
	Qatar’s volume 
	Stage 3 price 
	Stage 3 volume 

	Stage 1
	9.46
	50.39
	137.99
	-
	-

	Stage 2
	10.02
	53.49
	123.97
	-
	-

	Stage 3
	-
	-
	-
	(4.67, 11.42)
	(150.52, 208.22)


Table 2: Qatar for Europe via pipeline results
	
	Turkey pays
	Europe pays
	Volume to Turkey
	Volume to Europe
	Transit fee

	Case 1
	10.25
	10.7
	5.58
	17.2
	1.8

	Case 2
	9.74
	13.06
	13.52
	7.77
	-

	Case 3
	13.8
	11.33
	4.4
	14.7
	3.78


Sensitivity analyses are then conducted against different demand growth rates for LNG import in Asia-Pacific and varying pipeline capacity from Qatar to Europe to gauge the changing patterns of various parameters derived.
Conclusions
This paper examines Russia and Qatar in future circumstances where they diversify their demand base, if the competitive landscape today persists or otherwise leading to collusive outcomes. The game theoretical approach adopted to investigate the hypothetical scenarios between the largest pipeline gas exporter, Russia, and the largest LNG exporter, Qatar, shows that the most preferred scenarios are highly dependent on various factors, but for simplicity, some assumptions are ruled out. 
In the first among the three stages of Russia supplies to the Asia-Pacific LNG market, it is estimated that Russia’s profit is much lower than that of Qatar’s, given that Russia is the follower of the Stackelberg game. This situation continues as the game enters into the second stage when Russia and Qatar are both players in the Cournot game, although Russia and Qatar have comparatively larger profits. It is found that Russia sets a 5.97% higher price for the Cournot stage than the Stackelberg stage, while the price for the last stage lies in the range of $4.67 and $11.42. On the other hand, when Qatar transports gas to the European border through transit countries, results show that the multi-pricing scheme yields Qatar of about $5,865 million and in this case, European buyers have to pay $11.33/mmBtu. 
The specifications of the described models allow for testing different situations that might realize in the years to come. Thus, this paper aims to provide a solid starting point for future research that explores wider market interactions between major natural gas players.
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