Game Theory Modeling Test #2

Cooperation Between Unequal Partners

You have been hired as a game theory consultant to devise the “Dispute Settlement Understanding” clauses of an environmental agreement between the neighboring states of Megasmog and Ecologia. The two states wish to cooperate on an agreement that will relieve pollution on the Blue River along their border. All previous attempts have failed. Game Theory Inc. (GTI), a previous consultant has identified the deep causes of failure: Megasmog borders mostly the upper part of the river. It therefore enjoys a clean water supply while its industry pollutes the lower part of the river that flows into Ecologia. Megasmog’s pollution is therefore more harmful to Ecologia than Ecologia’s is to Megasmog. In fact, if Ecologia pollutes, Megasmog is better off allowing its industry a free hand in order to at least reap the economic benefits. GTI has quantified the situation in terms of the payoff matrix of Figure 1 below. “coop” for each side means cooperating with the terms of the environmental agreement while “dfct” stands for defecting. According to GTI, “coop” by Ecologia and “dfct” by Megasmog is a Nash equilibrium of that game and there is nothing they can do about it. Their recommendation is for Ecologia to import bottled water from Megasmog’s Upriver Bottle Company.
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Figure 1: The Pollution Game

Your job is to first devise a repeated game model (with discounting d=0.9) that distinguishes three states of the game: “no-guilt”, “E-guilty”, and “M-guilty”.

“E-guilty” is reached with certainty from the state of “no-guilt” after E-dfct/M-coop. Ecologia there will be punished by a few turns of E-coop/M-dfct. An independent panel will judge whether the punishment has indeed taken place and will then decide (with some probability p) whether mutual cooperation can be resumed by returning to the state of “no-guilt”. Failure to punish should not allow the resumption of cooperation.

“M-guilty” is reached with certainty from the state of “no-guilt” after E-coop/M-dfct. Megasmog there will be punished by a few turns of E-dfct/M-coop. An independent panel will judge whether the punishment has indeed taken place and will then decide (with same probability p) whether mutual cooperation can be resumed by returning to the state of “no-guilt”. Failure to punish should not allow the resumption of cooperation.

By adjusting the probability p that the panels will rule on the effectiveness of punishment, first obtain a pure perfect equilibrium of the repeated game that supports mutual cooperation in the “no-guit” state.

By adjusting further the probability p obtain a pure-perfect-cooperation-supporting equilibrium that ensures the fastest return to cooperation after any betrayal. Hint: you consulted behind the scenes with your old game theory professor who said “Just edit the game of fig442.gp.”

