Should we control CO 2 emission for each area in a region?
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１．Introduction
　Global warming is one of the most serious issues in the world and we need to stand together globally to tackle the problem. In 2018, the Intergovernmental Panel on Climate Change (IPCC) reported the global average temperature is already more than 1-degree higher than the temperature in the pre-industrial era and 1.5-degree warming will be reached between 2030 and 2052. This study focused on dividing the burden of GHG reduction in a region. Although limits such as 2-degree and 1.5-degree are determined globally, it remains uncertain how each country should reduce its GHG emissions to avoid the limit being exceeded. Models such as the regional integrated climate-economy (RICE) model developed by Nordhaus can calculate the optimal emissions amount for several regions in the world however, these models are the tools for analyzing global impacts and effects. It is necessary to clarify how each country should respond to global warming with maintaining the integrity against these models' results. Moreover, economic conditions vary regionally within each country. It is therefore important to consider the strategy of each country to unite to tackle global warming.
２．Model
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This model is based on the RICE model. Our model aims to estimate the optimal economic activity by each area based on the RICE mo del. Fig.1 describes the relationship between the RICE model and the model of this study. The shaded area indicates the model focused on this study. Using the RICE model, we can analyze our best action for climate change, and estimate how many degrees the temperature will rise and how much we should regulate the CO 2 emission. This study attempts to analyze the optimal strategy in the subdivided areas using the result of the RICE model. If we can know how much we should suppress the CO 2 emission from a region at each time, the each areas in the region can decide the optimal allocation of CO 2 emission.

３．Results and discussions 
As a result, we found that the impact in the future will differ greatly due to the diﬀerence in the implemented scenarios; baseline, RCP8.5 and RCP3.0. The regulation in case of RCP8.5 will start in 2100 whereas the one in case of RCP3.0 claims that all of the areas have to quit CO 2 emission by 2035. On the other hand, the higher economic level area should implement stricter regulation in all scenarios whether it is serious or not. Here, focusing on the comparison between the case of different regulations for each area and the case of a unified regulation for all of the areas, we found that the different effects will result from the different regulation policy by each scenario (Fig.2). The different regulation policy influences the disparities of the areas and has the possibility of the total output decrease even if the total utilities rise. In the case of baseline, the total output is large compared to the unified regulation case while there is an increase or decrease by the year. Alternatively, the total output becomes lower compared to the unified regulation case in case of RCP3.0. In particular, each period output also becomes lower in this case. It means that setting optimal regulations for each area is not always increase the total output. In case that each period output becomes lower than the case of a unified regulation such as RCP3.0, we have, by choosing the general regulation, potential to gain higher utility by distributing the surplus of the output.
Figure 1: the RICE Model and this model





Figure 2: The gap of outputs between diﬀerent regulations and general regulation (Billion USD / year)
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