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Overview
About 70 percent of all CO2 emissions in the world originate in six large countries, the EU being defined as one country. Nevertheless, most of the literature dealing with climate treaties assumes that all countries are of equal size. This raises the question of whether size matters for climate treaties. This paper attempts to answer that question. First we consider a stylized model where some countries are large and others small. It is found that size matters; a climate treaty will lead to more abatement when countries are unequal in size. Then we consider a model with the six largest (in terms of CO2 emissions ) countries of the world. Three cases are investigated: (i) Individual countries’ benefits are proportional to their emission levels. Here it is found that all six countries might eventually join a climate coalition if the abatement cost is high enough, in the following order: the US, China, the EU, Russia, India and Japan. (ii) Individual countries’ benefits are proportional to their GDP. In this case three countries might eventually join the coalition: the EU, the US, and Japan, in that order, while the rest would not. (iii) Individual benefits are proportional to population level. Here China and India would join, but no one else. This lends some support to the hypothesis that evaluation of environmental benefits is related to how rich countries are.
Methods
First we consider a stylized model with two sets of countries; large and small. Within each set, all countries are identical. Two approaches are taken:

(i) Two-stage participation game

(ii) dynamic game

The participation game approach was pioneered by Scott Barrett: In the first atage, countries decide whether or not to belong to a climate coalition, and in the second stage whether or not to abate. Abatement is an either-or choice, as the abatement cost function is assumed to be linear. Only the countries which decide to join the climate coalition will abate, and the size of the coalition is determined by the last country that joins and makes the coalition worthwhile. Many more countries may join a coalition in this game than in the case of non-linear cost functions, but the less there is to be gained from cooperation the more countries will join.
Two dynamic games are considered. First there is the grim strategy where a coalition breaks apart for good if one member defects; the emphasis here is on the discount factor critical to maintain the coalition. The second looks at the penance strategy where a defector is punished by other coalition members playing defect for just one period. This strategy leads to the same result as the two-stage participation game.

We then look at the six large real world countries, treating the remaining ones as a large number of identical countries. The approach taken is the participation game. Abatement costs are assumed to be equal while benefits are not. Three cases are investigated:

(i) Individual countries’ benefits are proportional to their emission levels.

(ii) Individual countries’ benefits are proportional to their GDP.

(iii) Individual benefits are proportional to population level.
Results
In a world of countries of different size, there is likely to be substantially more emission reduction in the participation game than in the case of identical countries. In the real world case, looking explicitly at the six largest emitters, the result depends critically on the benefits of emission reduction. If benefits are proportional to emissions, all six countries might eventually join a climate coalition if the abatement cost is high enough, in the following order: the US, China, the EU, Russia, India and Japan. If benefits are proportional to GDP, three countries might eventually join the coalition: the EU, the US, and Japan, in that order, while the rest would not join. If benefits are proportional to population, China and India would join, but no one else. This lends some support to the hypothesis that evaluation of environmental benefits is related to how rich countries are.
Conclusions
Country size matters; in the real world of heterogeneous countries, reduction ns of CO2 emissions could be considerably greater than models with identical countries would lead us to believe. But much depends on what determines individual countries’ benefits from emission reductions; the largest reduction will occur if benefits are related to CO2 emission levels, and the smallest if they are related to population size.

































