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Overview

Determining society’s best response to global climate change is challenging due to the scientific and economic uncertainties about future forecasts. Forecasting carbon dioxide emissions has significant implications for climate modeling, setting goals for international mitigation agreements, and setting caps for emissions trading schemes. Current emissions forecasting models do not factor in the business cycle and instead assume constant average long run GDP growth rates. This paper considers how the business cycle affects carbon dioxide emissions forecasts and questions the implicit assumption that the elasticity of emissions is constant with respect to GDP by allowing emissions to be asymmetrically affected by the business cycle.
The paper is organized as follows: After an introduction and an overview of emissions forecasting, the third section motivates the empirical model by discussing possible causes for an asymmetric response of emissions to the business cycle. In the fourth section I set up a flexible reduced-form econometric forecasting that accounts for the business cycle and allows for asymmetries. The fifth section discusses data and estimation results. In the following section I use simulations to compare emissions forecasts for the United States when the business cycle is factored in to emissions forecasts when the business cycle is not factored in. The final section discusses the implications of the findings on climate change uncertainty and on international treaties and negotiations. 
Methods

Time series econometrics/forecasting and a Markov regime-switching model.
Results

The results indicate that emissions fall more sharply per unit change in GDP during a contraction than they rise during an expansion. Such an asymmetry is observed across time and in the majority of the top carbon-dioxide emitting countries. 
I find evidence that both energy intensity and emissions intensity change over the business cycle. Electricity consumption and primary energy use by the industrial sector fall more per decrease in GDP than they rise per unit increase in GDP. This may be due to lower use or retirement of older, less energy-efficient capital during recessions and greater use of and investment in newer, more energy-efficient capital during expansions. Emissions intensity may also change over the business cycle if fuel mix changes differentially. I find empirical evidence from the power sector to support both of these hypotheses. 
A simulation shows that, accounting for the business cycle, expected future emissions are on average somewhat lower, but the uncertainty surrounding predicted emissions increases substantially. Holding growth constant, uncertainty from the business cycle is as large as major physical science uncertainties, resulting in an additional .7°C uncertainty in cumulative temperature change by 2100.
Conclusions

Long-term carbon dioxide emissions forecasts rely on the assumption that the economic growth rate is constant over long time horizons and exclude the business cycle, thereby ignoring a fundamental component of the macro economy. This paper considers how the business cycle affects emissions forecasts and shows the implicit assumption in current forecasts, that the elasticity of emissions is constant with respect to GDP, is wrong. For most countries, including the United States, emissions fall more sharply during a contraction than they rise during an expansion. A simulation shows that, accounting for the business cycle, expected future emissions are on average somewhat lower, but the uncertainty surrounding predicted emissions increases substantially. Holding growth constant, uncertainty from the business cycle is as large as major physical science uncertainties, resulting in an additional .7°C uncertainty in cumulative temperature change by the end of the century.
