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Overview

The present paper focuses on the developments in the U.S. shale gas industry, which has essentially emerged in the past decade (Geman (2010), Cohen (2009), EIA (2011)). The production of shale gas has increased from only 1% of the total US production of natural gas in 2000 to over 15% in 2009.
 Shale gas is a continuous resource that can be produced at small as well as a large scale, in contrast to conventional natural gas which occurs in huge fields and is hard to find. The shale gas industry is almost completely represented by “new” firms, which have not been players in the natural gas industry before. For instance, Chesapeake Energy company, with the initial capital of only $50000, has been created to develop unconventional natural gas reservoirs and now is the second-largest producer of natural gas in the US. Interstingly, it is companies like Chesapeake that lead the shale gas industry and not giants like Shell, who has much more resources. 

Secondly, as the number of players in the industry has grown, high levels of shale gas production have increasingly contributed to continuing low natural gas prices. In our analysis we address the questions of why does the natural gas industry observes over-production; and why did not large established companies, like BP and Shell, prevent the entry, deter the increased competition in the shale gas industry, or develop shale gas themselves?  

To answer these questions we look at the history of the industry development as well as the current strategies of the shale gas industry players. First, we notice that to produce shale gas at competitive costs a new technology – vertical and then, horizontal drilling had to be developed. Shale gas has been known for decades but only recently there was a significant technology  took several decades to develop and prove the success. Second, although as such research investment was not very high, there was technological uncertainty. In other words, the date of success could not be determined beforehand with certainty as a function of the money invested. Finally, as the new branch of the natural gas industry has emerged, i.e. shale as industry, an uncertainty about regulation of the shale gas production has arisen. 

To sum up, we find that in order to understand how the industry evolved and where it can go in the future one should understand the role and relationship among the following three factors: technological progress, costs of new production, and uncertainty about the two. 
Methods

Formally speaking we analyze an expansion of an industry where upfront entry costs as well as costs of production for new players are extremely high. Yet, one can invest in technology to reduce both fixed and variable costs in order to be able to compete with the established players. A substantial body of literature explores various aspects of investments in production cost reduction, including classic works by Reinganum (1985) and Gilbert&Newbery (1985). The key variables are usually time or investment size, but not both. A limited number of works looks at the situation when technology advances allow to reduce entry costs rather than operation costs, e.g. Argenziano & Schmidt-Dengler (2006). Besides, there is a well established research on entry deterrence and preemptive games following the classical work by Fudenberg & Tirol (1985). We add to all that literature by looking at what are the incentives to invest in new technology to deter the entry and further overproduction and explore the effect of the ex post uncertainty about production costs.

We consider a Cournot oligopoly assuming that to expand their production, oligopolists must incur significant investment costs or invest to develop new technology, that would allow to reduce these costs. Further, we assume that there is a potential entrant who can also invest in technology in order to facilitate the entry, if he anticipates the entry will be profitable. Success in technology development is described by a distribution function depending on the level of investment. If entry occurs then, entrants may expect new regulation that with some probability may affect his operation costs. To describe the game we use a general framework for timing games of innovations developed by Hoope & Lehmann-Grube (2005). 

To solve the game the methods of dynamic programming are applied. We derive the reaction functions of the established oligopolists. Anticipating the entry with the probability depending on the success of the technology, oligopolists make their decision on whether to invest in capacity expansion in order to deter the entry. Entrants anticipates the decision of oligopolists and makes his decision on whether to enter given that his future profits are burdened with the uncertainty of regulation.

Results

The solution for the oligopolists vs. entrant strategies reveal the interplay of the several effects. First, there is a free-rider problem among oligopolists leading to underinvestment in entry deterrence. In a nutshell, each oligopolists would like the others to invest in entry deterrence. This underinvestment effect is strengthened by the technological uncertainty encountered by a potential entrant. Until the entrants succeeds to develop a new technology oligopolists may have not enough incentives to invest in a new technology themselves. Yet, after the technology is proven to be successful oligopolists may decide to go for it. However, here we find that uncertainty in regulation matters. If oligopolists anticipate regulation increasing the variable costs of the entrant, they may decide to wait till this uncertainty is resolved. While waiting oligopolists will suffer from overproduction. Hence, the parameters of the regulatory uncertainty determine the length of the overproduction period and the start of a preemption game. 

Conclusions

Hence, wemake an attempt to explain why in the shale gas industry until recently there have not been any evidence of entry deterrence and large incumbent companies have not invested in new technology to produce shale gas. On the other hand, we find a rational behind the observed trend when shale gas players – smaller companies – are eager to be acquired by the large incumbents. 
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� Different numbers are given for the U.S. shale gas production due some inconsistency in producers’ reporting. Thus, according to EIA AEO2011 Early Release Overview shale gas has accounted to 14% of the total U.S. production. CERA (2010)





