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Overview

We study a dynamic stochastic general equilibrium model where agents are concerned about model uncertainty regarding climate change. An externality from greenhouse gas emissions adversely affects the economy's capital stock. We assume that the mapping from climate change to damages is subject to uncertainty, and we adapt and use techniques from robust control theory in order to study efficiency and optimal policy. We obtain a sharp analytical solution for the implied environmental externality, and we characterize dynamic optimal taxation. A small increase in the concern about model uncertainty can cause a significant drop in optimal energy extraction. The optimal tax which restores the social optimal allocation is Pigouvian. Under more general assumptions, we develop a recursive method and solve the model computationally. We find that the introduction of uncertainty matters qualitatively and quantitatively. We study optimal output growth in the presence and in the absence of concerns about uncertainty and find that these can lead to substantially different conclusions.
Methods

Robust Optimal Control
Results

As is standard in the robust control literature, our paper postulates the problem of optimal fossil fuel extraction as a two-person zero-sum dynamic game: in each stage, a social planner (a representative household in the decentralized version) maximizes social welfare (lifetime utility) by choosing the level of energy extraction, consumption, labor and capital investment. Subsequently, a malevolent player chooses alternative distributions in order to minimize the respective payoff. Our work contributes to the existing literature of applications of robust control in economics in two ways. First, it explores a class of models under a non-quadratic objective and non-linear constraints. In that regard, we demonstrate that models of the type in GHKT (2013) can be restated in a robust control framework. We then derive some sharp analytical results, and compute the resulting model numerically. Second, we employ the exponential distribution as the approximating distribution. While existing studies usually employ the Linear-Quadratic model combined with Gaussian distributions in order to produce analytical solutions, our work shows that the approximating distribution for models with log-utility and full depreciation of capital can be drawn from either the normal or the exponential family.
Conclusions

We obtained a sharp analytical solution for the implied externality, and we characterized the optimal tax. We found that a small increase in the concern about model uncertainty can cause a significant drop in optimal energy extraction. The optimal tax which restores the social optimal allocation was shown to be Pigouvian. Under more general assumptions, we developed a recursive method that allowed us to solve the model computationally. We showed that the introduction of uncertainty matters in a number of ways, both qualitatively and quantitatively. This dependence relies heavily on specific assumptions about the magnitude of fossil fuel reserves.
