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Abstract

Europe’s industrial emissions fell by over 30% during the first 16 years of the EU
Emissions Trading System (EU ETS), despite limited evidence of job or output losses.
We investigate this decline using firm-level data and a flexible production model that
treats emissions as a costly input. Estimated substitution elasticities between emissions
and other inputs are low, suggesting limited abatement occurred via marginal input
adjustments. Instead, emissions intensity declined primarily through clean, factor-
augmenting technology—improving by over 50% from 2005 to 2021. Counterfactual
simulations show that, holding technology constant, carbon pricing reduces emissions
by shifting output toward cleaner firms but leads to lower overall output and employ-
ment in regulated sectors. Improvements in clean technology mitigate these e!ects by
lowering production costs, highlighting how clean technological progress can ease the
short-run economic burden of carbon pricing.

JEL: L11, L90, Q52

Keywords: carbon pricing, emissions, productivity, factor-biased technological change, elasticity

of substitution

∗Butters: Indiana University. Dorsey: University of Texas at Austin. Rudik: Cornell University and NBER. We
thank Tianzi Liu, Nate Hattersley, and Toni Marcheva for excellent research assistance.


	Introduction
	Institutional Setting and Data
	Firm-Level Financial Data
	Emissions Data
	Additional Data Sources

	Decomposing the EU’s Emissions Decline
	Decomposition: Scale, Technique, and Reallocation

	Model
	Supply: Production and Emissions Abatement
	CES Production Function

	Cost Minimization and First Order Conditions
	Demand
	Aggregate Elasticity of Substitution and Reallocation 

	Estimation
	Production Function Estimation
	Capital-Labor Elasticity of Substitution () 
	Emissions Elasticity of Substitution () and Clean Technical Change (B)
	Remaining Production Function Parameters

	Demand Estimation
	Heterogeneity Index

	PRELIMINARY: Model Estimates
	Elasticity of Substitution and Clean Technical Change
	Demand
	Heterogeneity Index and Aggregate Emissions Elasticity

	PRELIMINARY - Counterfactuals: Impacts of Carbon Prices and Clean Technology
	EXTENSION: Endogenous Technology

	Conclusion
	Appendix
	Appendix: Additional Tables and Figures
	Appendix: Derivation of CES Output Function with Emissions as an Input
	Aggregate Elasticity of Substitution and Reallocation
	Computing the Aggregate Elasticity of Substitution

	Long-Run Aggregate Elasticity of Substitution


