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Overview
The idea of introducing “markets in licenses” to the environmental quality control policy was first given a rigorous economic foundation by Montgomery (1972). This well-known, classical paper considered regional environmental problems: There exist m industrial sources of pollution, each of which is fixed in location and owned by an independent, profit-maximizing firm; each source emits a single pollutant, which causes pollutant concentrations at several (n) locations, affecting environmental quality of these locations; and the standard of the environmental quality is chosen as a goal by a resource management agency. The relationship between emissions from the source locations and pollution levels at the regulation locations is represented as a matrix of unit diffusion coefficients. To develop decentralized systems for achieving environmental goals at the multiple locations, Montgomery addressed two types of markets in licenses. One is the market in licenses to pollute, and the other is the market in emission licenses. 


Montgomery’s study greatly contributed to the academic literature in that it offered a theoretical basis for emissions trading debates thereafter. On the other hand, however, the problem he considered was regional, area-wide environmental problems, and thus his model setting seems too general when it is addressed for climate change: As a global warming phenomenon, it is enough for us to  consider a single pollution location (i.e. n = 1). With this setting, working on two different types of markets in licenses does not seem to be an intellectually interesting exercise.


 However, when we step back to look at our challenges of climate change in more general perspectives, we may realize that Montgomery’s model is widely applicable to the issue. For example, let us consider T years to be under regulation. Let annual GHG emissions correspond to “emission locations” in the Montgomery model. Then, annual levels of GHG net accumulation (or concentration) in the air can be represented as “regulation locations” in the Montgomery model.


Similarly, several ways of application of his model are also possible in a static framework. One possibility is that we can consider “regulation locations” in the Montgomery model as indexes for impacts, adaptation and vulnerability. The scientific relations between emissions and impacts, adaptation and vulnerability are among important topics in the IPCC Working Group 2.


In any cases, any emissions trading regimes under the current debates—either EU-ETS or the Kyoto mechanisms—correspond to the market in emission licenses in the Montgomery’s model.

What was our true goal in the climate change debate? —The fundamental cause of the greenhouse effect is GHG concentration in the air. The reason that the effect is problematic is that it has great impacts on the nature, and thus we need to seek for adaptation. Having reflected in this way, we may ask ourselves: Is the market in emission licenses truly effective as a climate change mitigation policy? To answer to this question, it is beneficial for us to reconsider the Montgomery’s model.
Methods
The purpose of this study is to reconsider the relations between two markets in licenses in the same framework with Montgomery. The emphasis is upon whether these two markets are compatible, and if so, in what conditions, which has never been answered by Montgomery’s original work. More specifically, the paper analyzes necessary and sufficient conditions that the market in emission licenses can achieve any environmental goals at the multiple locations.
Results
The paper proposes a fundamental theorem in the same setting with Montgomery first. Applying the result to GHG concentration control policy, we obtain two additional theorems. One states that the market in emission licenses is not always able to replicate optimal control policies of annual GHG concentrations. The other states that to provide the market in emission licenses with the capability to achieve any annual control policy of GHG concentration, technology policies that help accelerate the reduction rate of GHG concentration in the air is necessary.
Conclusions
Although the main result obtained here seems abstract, it actually offers important implications to the post-Kyoto debates. It indicates that current emissions market regimes such as EU-ETS and the Kyoto mechanisms may not be sufficient for the purpose of climate change mitigation, and that some additional technology policies are needed. In particular, technologies such as CO2 capture and storage (CCS) may be of a great importance.
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