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Overview

With the increase in oil and gas prices over the last decade, the role of LNG in natural gas markets has become more prominent. According to the BP Statistical Review of World Energy (2003-2008), the total world LNG trade has increased by more than 40% over the last five years, with an average growth rate about 7%. Imports of North America have risen by about 50%from 2002 to 2007. This dynamics attracts growing attention to the LNG markets.

     Historically, LNG contracts have been signed for 20-25 years and had destination clauses. Over the last decade the structure of the LNG markets has transformed. Most of the new contracts have a much shortened duration of 10-12 year. Destination clauses have not been completely remove, but relaxed allowing buyers to redirect their ships to extract a higher rent, which is to be shared with the seller. As the world market was growing a spot markets emerged. Now exporters sell LNG without contracts competing on spot markets directly (more about the contracts transformation read in Weems (2006)).

     The purpose of the paper is to shed light on the recent developments in the LNG markets and based on a comprehensive analytical model of the LNG market to answer, among others, the following questions:

· How will LNG trade develop: will the LNG market continue to grow?

· Will the relation between markets get stronger and prices converge? If so, could it lead to decoupling of NG prices in general and LNG in particular, from crude oil/oil product prices?

· Will the arbitrage continue to exist? If yes, in what scale?

Methods

     We use for our analysis with a two-stage analytical model, which reflects the main features of the LNG long-term and spot trade. In the first stage LNG importers and exporters negotiate their long-term contracts. They decide on trade volumes and prices, which are indexed on particular fuel prices in the regional market. Besides, contract parties decide whether to include “flexibility option”, which would give a buyer a right to resell or divert LNG cargos in favor of a higher price market. The option is valuable for a buyer under the demand and price uncertainty and a seller may ask some fee (in addition to the contracted price) for it. At the first stage, before the uncertainty of demand is resolved, the players also choose investment levels, which will define the available capacities in the long-run. We model the first stage bargaining as a cooperative characteristic function form game. To solve this game we apply the Shapley value (Shapley (1953)). It allows to take into account a non-linear nature of the long-term contracts, the efficiency of the bargaining in the long-run, and “bilateral oligopoly” essence of the trade.
    In the second stage production/receiving capacities are fixed, actual of demand is observed and importers and exporters are involved in the interregional spot trade. We assume demand in each region is independent, e.g. due to the weather conditions, and index prices in different regions are different. The spot trade is organized as a double auction, resembling a commodity exchange. In spot market sellers sell uncovered by long-term contracts volumes of LNG, buyers may sell spare LNG which they have due to the low demand or because the prices in other regions are more attractive than in their own market. To solve the auction game and find the pricing strategy for each market for each seller we use the mechanism developed in Friedman (1991) and Spulberg (1996). It is based on the standard principles of efficiency, incentive compatibility, and participation constraint. A novelty of our auction model is the capacity constraints of sellers.
    Summing the resulting expected profits from each stage, a player derives a total profit, which he maximized with respect to capacities. In other words, investment at the first stage are chosen so as to maximize the returns from both long-term and spot trades. Here, we may distinguish the capacities used for long-term quantities and spot trade finding an optimal combination of long-term and spot trade volumes. The combined profit formula is further used to determine whether “flexibility option” is worth (paying for) for buyers and (selling) for sellers.  
Results   
   We calibrate our model using the market data and solve for the market equilibrium under various assumptions numerically. We examine the results to understand whether our simplified model can provide intuition and explain the major changes in the market. From theoretical model we derive that higher uncertainty in demand will make buyer more opt to buy “flexibility option”. The price of this option will depend on uncertainty of demand of other buyers and on valuation of these buyers. Thus, low valueation buyers with little demand uncertainties may buy long-term contracts only, as the demand uncertainty increases these buyers are more interested to buy “flexibility option”. High willingness to pay buyers with low uncertainty will also buy long-term contracts and get advance-purchase discounts. As the uncertainty in demand of high willingness to pay buyers increases they are more attracted to “flexiility”. In ultimate case, high value buyers will switch to spot market. The fact that they are high value buyer with comparison to other buyer will increase their probability to buy LNG from other regions and hence, makes them less vulnerable to demand uncertainty. Moreover we determine the equilibrium spot price as a shadow price of investment which determines whether sellers/buyers invest more.
    At present the LNG markets are still comparatively small, less than 15% of the world natural gas trade. The number of pivotal players is also small. To calibrate our model we use the data on estimated past demands in the regions, supply costs, on the LNG price, delivered volumes, re-exported (diverted) cargoes. We make some approximation and consider only the larger players of the interregional trade. We consider African LNG producers, Algeria, Qatar, Nigeria, and Trinidad & Tobago. As the buyers we consider the regions of  USA, UK, Spain, France. We obstruct from other LNG market players deriving residual demand and supply functions for corresponding players. Our empirical study supports the idea that to which extent the market is covered by the long-term contract and how much by spot deals is determined by the uncertainty of the demand and production and investment costs.  For example, as the last decade the costs decrease we observe increase in the spot market size. In addition, as the uncertainty in prices in all the LNG buying regions increases the more buyer enter contracts with “flexibility option”. 

The intuition of the second stage trade is the following: the smaller the demand and the more capacities available are in the market, the higher surplus the buyer gains and the lower profit the seller earns. The preliminary results also show that long-term contracts can be beneficial if capacities in the spot market are scares and that the spot market grows if demand and prices are high. 
Conclusions

Our study helped to identify some factors important in the choice of the contract form, investment level, and trade-off between spot and long-term trade. These are production and capacity costs, demand/price uncertainty, relative valuation (willingness-to-pay) of a buyer. We have found the theoretical grounds for “flexibility option” and were able to provide the principles for its pricing. We have also provided the rational for some advance-purchase discounts, volume discounts and dispercion of spot prices. However, the predictability power of our model is week, because we have to look at the global market interactions and developments.
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