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Overview

Since the end of the Cold War, the Arctic has been characterized by peace and cooperation among the coastal countries, which are the so-called Arctic Five (USA, Canada, Denmark, Norway and Russia). Nevertheless, a certain antagonism between Russia and the rest of the Arctic Five in the sense of Russia vs. the West or Russia vs. NATO cannot be neglected (Tamnes and Offerdal 2014).
With the Arctic ice melting, potential oil and gas resources could become accessible. Estimates suggest that 13 percent of undiscovered oil and 30 percent of undiscovered natural gas are located in the Arctic (Gautier 2009). For now, those estimates on the resource potential rely mainly on broad geological surveys leaving it highly uncertain (Claes and Moe 2014). In the future, when onshore fields will be exhausted and possible supply shortages become an issue, Arctic offshore resources will play a role. Hence, the Arctic Five have an incentive to clarify whether oil and gas resources exist in the Arctic Ocean. So when it comes to energy security in the future, will the Arctic Five cooperate on exploring the resource potential in the Arctic to secure their energy supply jointly? Cooperation is beneficial as exploratory measures are costly and difficult. Countries can therefore share costs, expertise and infrastructure and collaborate on attracting private sector investments. 
Obstacles to cooperation in the Arctic lie in the overlapping claims by Russia, Canada and Denmark regarding maritime boundaries. There are overlapping claims with respect to the determination of the outer limits of countries' shelves. The coastal states can ensure exploitation and use of resources that may be located beyond their Exclusive Economic Zones if they prove that the respective area is an extension of their continental shelf (Hoel 2014). For now, according to the United Nations Convention on the Law of the Sea, those resources are the “common heritage of mankind” (United Nations 2013). Property rights are therefore not well defined. By settling the border disputes, countries can cooperate to define property rights of the Arctic Sea and its resources. The settled dispute between Russia and Norway in the Barent's Sea in 2011 emphasizes the relevance for energy supply. Right after the two countries had agreed on the maritime border (dividing the disputed area in two equal shares), Norway started exploratory drilling in the formerly disputed area (Claes and Moe 2014).

We develop a theoretical model to explore whether two players (Russia vs. NATO) cooperate to stabilize energy supply in the Arctic considering that the resource potential is uncertain. By cooperating, especially by settling the overlapping border claims, the Arctic Five can clarify the resource potential in the region. This stabilizes energy supply because energy flows from the Arctic become known today, as opposed to verifying the potential in the future, which leaves Arctic flows uncertain. We identify two necessary conditions for cooperation. First, there should be positive correlation across players’ random energy supplies. Second, we must have an even balance of power so that no player owns more than half of total resources, which is linked to the size of Arctic territory that each country owns.
Methods

In our theoretical model, two players are endowed with initial stocks of energy. The stock of each player is augmented by a random flow, which represents the uncertainty of supply. While the energy flows are unknown, their joint distribution is common knowledge. We assume that the two players are risk averse and that there are negative externalities between them as they are in potential conflict. Given this, we inquire whether the players are likely to cooperate to jointly stabilize their energy supplies. This means each to obtain a flow equal to the expected value of the distribution. Note that, by risk aversion, each player always prefers its own supply to be stable. However, it is not clear whether it is desirable for a player that both supplies are stable.
Results

First, we show that there cannot be any cooperation if the sum of payoffs is fixed, which is a standard assumption in the literature capturing the idea that payoffs represent shares of some fixed resources. See Skaperdas and Vaidya (2013) for a review of this literature. We slightly relax this restriction by assuming that there is always a positive residual of untapped resources. Moreover, we require that the payoff of a player normalized by this residual is independent of the energy stock of the opponent. In this, we follow an axiom in Blavatskyy (2010), which is broadly in line with the well-known axiom of independence of irrelevant alternatives introduced in Luce (1959). Given this, we show that there is cooperation between players when their initial energy stocks are symmetric and the joint distribution of the energy flows is perfectly positively correlated, i.e., if the final energy stocks are always symmetric.

To carry on the analysis further we require that the residual is independent of how stocks are distributed between players. Given this, we show that there is never cooperation if the joint distribution of the energy flows is perfectly negatively correlated, i.e., if the sum of the energy flows is deterministic. This result suggests that some positive correlation of the energy flows is a necessary condition for cooperation. We then restrict our attention to the class of joint distributions of energy flows such that the energy flow of a player can take only two values and all pairs of energy flows have equal probability. Under these assumptions, we show that there is cooperation if and only if no player is hegemonic, which means that no player owns more than half of total resources. Then, a relatively even balance of power seems to be necessary for cooperation.

Conclusions
We have identified two necessary conditions for cooperation to take place: some positive correlation of energy flows and an even balance of power. It is rather unclear whether these conditions are sufficient for cooperation, as we had to impose restrictions through the analysis. Our analysis does not give much hope for cooperation. Most discovered resources in the Arctic belong to Russia, which owns the largest share of Arctic territory. Moreover, Russia claims the largest share of the Arctic Ocean with its request for delimitation of the continental shelf. Russia is therefore hegemonic in terms of owned resources in the Arctic. Furthermore, if Russia succeeds in its claim of the largest part of the Arctic Sea it will most likely receive larger energy flows than the other Arctic Five jointly. These issues constitute substantial obstacles to cooperation.
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