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Source: Global Carbon Project + umpteen climate-econ model runs







IPCC AR6 WGIII “Technical Summary” vs “Summary for Policymakers”, ipcc.ch/report/ar6/wg3

http://ipcc.ch/report/ar6/wg3


IPCC AR6 WGIII, ipcc.ch/report/ar6/wg3

http://ipcc.ch/report/ar6/wg3


Plan A
Cut CO2, methane et al.

Adapt

Carbon removal
 “net-zero” emissions



Clark et al (2009), Stanford Energy Modeling Forum 22



450 ppm CO2e “unachievable” (circa 2009) 
“Full” participation scenario assumes maximum global $1,000/ton CO2 tax starting 2012; delay assumes only Annex I

Clark et al (2009), Stanford Energy Modeling Forum 22

No 450 ppm/2°C with mitigation alone,
without massive negative emissions



Wagner et al., Nature (2015)



Source: Hausfather & Peters, Nature (2020)



Plan A
Cut CO2, methane et al.

Adapt

Carbon removal
 “net-zero” emissions

Suffer



There is no Plan B



Plan A+
Cut CO2, methane et al.

Adapt

Carbon removal
 “net-zero” emissions

Solar Geoengineering(?)
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Source: John Shepherd’s “napkin diagram” at 2010 Asilomar conference; this version: SGRP 



Mitigation v SG
(i) Hard tradeoffs
(ii) “Moral hazard”



less carbon absorbed by ocean
more carbon released from permafrost

carbon
emissions 

more carbon
in atmosphere

warmer

Carbon cycle feedbacks

Source: Keith, Wagner & Zabel, Nature Climate Change (September 2017)

Solar geoengineering might 
reduce CO2 burden in 2100 by 
5-25% at a cost of  <0.5 $/tCO2



Mitigation v SG
(i) Hard tradeoffs
(ii) “Moral hazard”



“Moral hazard” theoretically well-founded
Long history of the idea

Wagner & Weitzman, Climate Shock (2015)

• There are tradeoffs

• Long history in economics, introduced to solar 
geoengineering by Keith, “History and Prospect” (2000)

• Actually a misnomer, it’s “lack of self-control”

• Some “moral hazard”—tradeoff, really—is rational



What do people think when they think about solar geoengineering?
A review of 30+ prior solar geoengineering surveys

Burns, Flegal, Keith, Mahajan, Tingley, Wagner, Earth’s Future Crutzen+10 (2016)

Public unfamiliar with SRM

• ~20-30% have heard of “geoengineering,” ~2-3% can define it

• 45% can define “climate engineering” (Mercer, Keith, Sharp 2011) 
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“Nuanced views” of research versus deployment

Risk and uncertainty are important

4 “Moral hazard” versus “Inverse Moral Hazard”

• Most surveys show moral hazard, but…



“Inverse moral hazard”
Germans (n=658) increase voluntary offset purchases when told about stratospheric aerosol injection (SAI)

Merk, Pönitzsch & Rehdanz, Environ. Res. Lett. (2016)



Acquiescence bias may dominate any “moral hazard” finding
n=1,000, part of 36,000-subject 2016 Cooperative Congressional Election Study of US electorate, Oct-Nov 2016

Ask whether solar geoengineering “will motivate society to cut emissions less”, get (weak) agreement.
Ask whether it will cut emissions “more,” get (weak) agreement.

Mahajan, Tingley, Wagner, “Fast, cheap, and imperfect? U.S. public opinion about solar geoengineering” (2018)



Tingley & Wagner (2017)



Chemtrails conspiracy dominates social media geoengineering discourse
Analysis of totality of Twitter, (public) Facebook, YouTube, and other social media feeds

Tingley & Wagner (2017)





Sources: Wagner (Bloomberg, 2021), Wagner & Zizzamia (Ethics, Policy & Environment 2021), Wagner Geoengineering: the Gamble (2021)

https://gwagner.com/risky-climate-moral-hazard/
https://gwagner.com/greenmh/
http://www.gwagner.com/GtG


Sources: Wagner (Bloomberg, 2021), Wagner & Zizzamia (Ethics, Policy & Environment 2021), Wagner Geoengineering: the Gamble (2021)

https://gwagner.com/risky-climate-moral-hazard/
https://gwagner.com/greenmh/
http://www.gwagner.com/GtG
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