
Author’s Accepted Manuscript

Solar Geoengineering, Uncertainty, and the Price of
Carbon

Garth Heutel, Juan Moreno-Cruz, Soheil Shayegh

PII: S0095-0696(17)30771-4
DOI: https://doi.org/10.1016/j.jeem.2017.11.002
Reference: YJEEM2083

To appear in: Journal of Environmental Economics and Management

Received date: 18 May 2016
Revised date: 31 October 2017
Accepted date: 7 November 2017

Cite this article as: Garth Heutel, Juan Moreno-Cruz and Soheil Shayegh, Solar
Geoengineering, Uncertainty, and the Price of Carbon, Journal of Environmental
Economics and Management, https://doi.org/10.1016/j.jeem.2017.11.002

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/jeem

http://www.elsevier.com/locate/jeem
https://doi.org/10.1016/j.jeem.2017.11.002
https://doi.org/10.1016/j.jeem.2017.11.002


1 
 

Solar Geoengineering, Uncertainty, and the Price of Carbon 

Garth Heutela, Juan Moreno-Cruzb, Soheil Shayeghc 
aDepartment of Economics, Georgia State University, and NBER  
bSchool of Economics, Georgia Institute of Technology 
cFondazione Eni Enrico Mattei 

gheutel@gsu.edu 

morenocruz@gatech.edu 

soheil.shayegh@feem.it  

 

Abstract 

We consider the socially optimal use of solar geoengineering to manage climate change and its 

implications for carbon emissions abatement policy. We show that solar geoengineering is a substitute 

for emissions abatement; optimal policy includes less abatement, by up to eight percentage points, and 

has a lower carbon price, by up to fifteen percent, than recommended by models that ignore solar 

geoengineering. However, it is an imperfect substitute, since it reduces temperature without reducing 

atmospheric or ocean carbon concentrations.  Carbon concentrations are higher but temperature is 

lower when allowing for solar geoengineering.  Ignoring geoengineering in climate models can lead to 

welfare losses of up to 4 percent of GDP. Uncertainty over climate sensitivity leads to more abatement 

and solar geoengineering, while uncertainty over solar geoengineering damages leads to less 

geoengineering.   
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I. Introduction 

 Greenhouse gases (GHGs) like carbon dioxide contribute to climate change and thus create 

negative externalities. The standard Pigouvian solution to the market failure caused by negative 

externalities is to price the externality at marginal external damages. Solar geoengineering (SGE) is an 

alternative way to reduce the damages from GHGs: instead of reducing the quantity of GHGs, SGE can, 

at least in part, reduce the damages that they inflict by directly reducing incoming solar radiation. SGE 

does not, however, reduce atmospheric or ocean carbon concentrations.  Furthermore, there is 

tremendous uncertainty over the risks of SGE. If SGE is part of the optimal policy portfolio, then its 

inclusion will affect the optimal amount of emissions reductions (abatement) and the optimal Pigouvian 
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