


ÅThe Forum for Climate Engineering Assessment (FCEA) is a research and 

public policy initiative based at American University, Washington, D.C. 

 

ÅEstablished in 2013 to build a more robust and inclusive climate engineering 

conversation 

 

ÅMajor work:  

ü International governance 

ü Public and civil society deliberation and participation 

ü Human rights and other dimensions of international law 

 

 

 

info@ceassessment.org  

mailto:info@ceassessment.org


Notes & Major Objectives for the Webinar  

ÅBriefing on the state of scientific understanding and current 

thinking on governance 

 

ÅSolar Radiation Management (SRM) in the context of climate 

action agenda 

 

ÅThe 1.5C target 

 

ÅFurther resources and continuing the conversation 



Douglas MacMartin  

Professor of Mechanical and Aerospace Engineering, Cornell 

University and Professor of Computing  and Mathematical 

Sciences, California Institute of Technology 

ÅCould solar geoengineering be considered to avoid peak 

warming in an overshoot scenario? 

ÅWhat do we know about SRM from climate model 

projections?  

ÅWhat do we not know that we would need to; what research 

is needed? 



Thomas Ackerman  

Director, Joint Institute for the Study of 

the Atmosphere and Ocean, 

University of Washington   

ÅHow would we use solar climate engineering in a realistic 

scenario? 

ÅIs there an optimal climate associated with climate 

engineering and who gets to pick that optimal climate? 

ÅHow long will it take to detect an applied solar climate 

engineering forcing and are we willing to wait that long? 

ÅHow long will it take us to do the research required to 

understand solar climate engineering? 



Pablo Suarez  is Associate Director for 

Research and Innovation at the Red 

Cross Red Crescent Climate Centre 

ÅWhat are the humanitarian dimensions of solar geoengineering? 

ÅHow can we improve linkages between science, policy and 

humanitarian practice when thinking about solar geoengineering 

as a possible tool? 

ÅHow might we ensure that the interests of the most vulnerable 

are considered and addressed when considering these 

technologies? 



Douglas MacMartin 
Mechanical and Aerospace Engineering, Cornell University 

Computing + Mathematical Sciences, California Institute of Technology 

 

Geoengineering: 
What is it? 

What role might it play? 
What do we know? 
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Role for geoengineering?  

8 

Time 

C
lim

a
te

 I
m

p
a

ct
s 

Business as 
usual 

CO2 removal 
όά/5wέύ 

Cut emissions 
aggressively 

Solar geoengineering 
BECCS 
Direct air capture 
Afforestation 
Soil mgmtΧ 

Stratospheric aerosols 
Marine cloud brightening 



Solar geoengineering is not a substitute 
for mitigation  
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Solar geoengineering as a substitute for mitigation requires high forcing and a 
practically indefinite commitment.  
 



A specific scenarioé 
Å Climate 

response 
estimated from 
simple model 

 

Å ά/5wέ ƭŜǾŜƭ ƛǎ 
chosen to 
reduce CO2 at 
1ppm per year 

ï Of order 15 
Gt per year 

 

Å Temperature 
overshoots are 
measured in 
centuries 
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Not all variables respond the same way  

Å Solar geoengineering 
would overcompensate 
global mean precipitation 

 

Å Other variables like ocean 
pH would hardly be 
affected 

5/22/2017 D. MacMartin 11 
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Median over 
12 models: 
 
Å Temperature 

is reduced 
everywhere 
 

Å Precipitation 
changes are 
reduced in 
most places 
 

Å Median hides 
model 
uncertainty! 
 

Å Solar 
reduction; 
not same as 
stratospheric 
aerosols 



Options  

CO2-removal 
Å BECCS (bio-energy with carbon 

capture and sequestration) 

Å Direct air capture (DAC) 

Å Afforestation/reforestation 

Å Carbon-smart soil management 

Å Enhanced mineral weathering 

Å Ocean iron fertilization?? 

 

Å Typically some combination of 
slow, expensive, hard to scale 

Å Low climate risk but could be 
significant other issues if deployed 
at scale 

 

Solar geoengineering 
Å Stratospheric aerosols 

ïDǳŀǊŀƴǘŜŜŘ ǘƻ άǿƻǊƪέΣ ǊŜƭŀǘƛǾŜƭȅ 
straightforward to implement 

Å Marine cloud brightening 

ï Cloud aerosol interactions 

Å Cirrus cloud thinning?? 

Å hŎŜŀƴ ŀƭōŜŘƻΣ ƭŀƴŘ ŀƭōŜŘƻΣΧ 

 

Å Cools quickly 

Å 5ƻŜǎƴΩǘ ŀŦŦŜŎǘ ǘƘŜ ŎƭƛƳŀǘŜ ǘƘŜ 
same way as increased CO2 

Å Novel risks, both climate and 
socio-political 
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Stratospheric Aerosol Geoengineering:  
What donõt we know? 

Å What size distribution of aerosol particles are created? 

Å Effect on stratospheric dynamics and heating, atmospheric chemistry 

Å What is the effect on cirrus clouds?  (A positive or negative feedback?) 

Å Regional precipitation response remains uncertain (ditto for CO2) 

Å Effect on ecosystems?  Impacts? 

Å The answers to all of these depend on how it was implemented:  

ï How much, for how long, and to meet what goals?   

Å How well can we design the system given uncertainty,  
nonlinearity, and variability? 

Å What are the limits to how well we can know the system? 

Å Societal response:  

ïWould people emit more CO2?  

ïWould people blame everything on the deployment? 

ï How might this be governed, how would amount be adjusted over time? 

5/22/2017 D. MacMartin 14 
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Summary 
Context: 
Å IPCC scenarios that meet 2°C target require 

ï Aggressive reductions in emissions, combined with 

ï Negative emissions (or CO2 removal), typically as BECCS 

Å 1.5°C is much harder than 2°C 

Å Current INDC commitments are more likely to lead to 3°C 

 

A strategic approach for managing climate change 
Å Developing capability for CO2 removal is essential 

Å It is plausible that an additional, limited deployment of solar geoengineering 
could reduce aggregate climate risks 

ï Not enough is known today to make informed decisions 

ï Raises challenging issues in ethics, governance, etc. 
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A Strategy for the Use of 
Solar Climate Engineering  

Tom Ackerman 

Professor, Department of Atmospheric Sciences 

Director, Joint Institute for the Study of the Atmosphere and Ocean 

University of Washington 

  



Solar climate engineering 

ÅDeliberate modification of climate system to prevent global warming 

ÅHow would we do it (current ideas)? 
ÅStratospheric aerosol injection 

ÅMarine cloud brightening 



Solar Climate Engineering: Rule #1 

ÅIf you start SCE without any program to stabilize CO2 
concentrations, you are committing to use SCE forever (or have a 
climate disaster) 
ÅNo stabilization means you have to increase SCE each year to offset 

increase in CO2 

ÅIf you stop doing SCE, the climate will warm rapidly => about a decade to 
warm to value with no SCE 

ÅEthically wrong to commit succeeding generations to a process that they 
cannot stop 



Testing a strategy for the use of SCE: a climate 
model study following the outline of MacMartin 

ÅAssume a scenario of  
ÅIncreasing CO2 with time, then stabilizing at a high concentration 

ÅIncreasing CO2, then stabilization, then removal 

ÅCombine the second scenario with solar dimming (as a surrogate for 
solar climate engineering) 

ÅChoose a combination of the two forcings to maintain  
ÅA roughly constant global forcing (and roughly constant global average 

temperature) 

ÅAn intermediate temperature between no warming and large warming 



Forcing scenarios 

Max. CO2 concentration = 
778 ppm 
 
Max. solar reduction = 
2.5% (Strong case) 
 
Max. solar reduction = 
1.0% (Weak case) 
 



Global mean temperature  

 Tsfc as anomaly relative to 1970-99 mean   



Global mean precipitation 

ÅPrecipitation increases with increased 
CO2 => warmer atmosphere 

ÅSCE slows the hydrologic cycle for 
simulations with the same Tsfc  

ÅReduced solar heating reduces 
evaporation  

 



Detection of solar climate engineering 
Temperature anomaly time series 
ÅModel years 2025 to 2044   
ÅPlotted relative to the average of 

the first five years of each series 
ÅDotted lines are a linear best fit 

to the data   

How many years will it take 
to detect a clear signal in 

surface temperature? 
 

(best case scenario ς smooth 
forcing functions) 



How do we get to deployment (if desirable)? 
ÅProcess studies ς investigating 
aŀŎaŀǊǘƛƴΩǎ questions 
(Years 1 ς 10) 

ÅAlbedo response ς can we 
increase solar reflectivity? 
(Years 6 ς 15) 

ÅClimate response ς can we 
change T or P? 
(Years 11 ς 20) 

Responsible deployment is 
20 years away at best 

Lenferna et al., 2017: Relevant Climate Response Tests for Stratospheric Aerosol Injection: A Combined Ethical and Scientific Analysis. 9ŀǊǘƘΩǎ CǳǘǳǊŜ  



Lessons learned  

ÅSCE can be used to reduce climate warming while waiting for CO2 
removal to take place => there may be a role for SCE 

ÅSCE impacts both the hydrologic cycle and global surface 
temperature  

Å²Ƙƻ ƎŜǘǎ ǘƻ ǇƛŎƪ ǘƘŜ άǊƛƎƘǘέ ŎƭƛƳŀǘŜΚ ²Ƙŀǘ ŀōƻǳǘ ǊŜƎƛƻƴŀƭ ǾŀǊƛŀōƛƭƛǘȅΚ 

ÅDetection of early signal is problematic 

ÅIt will take us at least a decade to know if we are actually cooling 
climate 

ÅWe need 15 to 20 years of research to know if SCE is doable 



Exciting, Terrifying Times ... 

by Pablo Suarez, Ph.D.  
Associate director for research and innovation 







2010:  Two Geoengineering Questions from Red Cross  

1. How will the most vulnerable help make geoengineering decisions?  

2. Who will pay for humanitarian work in a geoengineered world?  



2017: RCCC perspective  



ñThe potential for [geoengineering] 

has major implications in terms of 

impacts on the most vulnerableò 

ñNo one likes to be a rat  

in someone elseôs laboratoryò 

ñPotentially delusional 

assumptions of rationalityò 

ñPredatory Geoengineeringò 



2003 2004 2009 

1 km 2 km 0 

Doun Baba Dièye 



Flood Warning Level: 120cm 

Change in flood patterns since the intervention 



D O U N   B A B A   D I E Y E  ,  S E N E G A 

L   

 

2016 

2003 2009 

2013 



Arriving Doun Baba Dièye, 2009  



(Caldeira & Wood 2008) 

 Climate Change + SRM 

 Climate Change, No SRM 





More Geoengineering Questions  

ñLandscapesò vs. ñCloudscapesò ? 

Whose Hand on the Thermostat ? 

What if unilateral deployment becomes 

imminently likely ? 

What role for IFRC & humanitarians ? 





ÅOverview 

ÅResearch questions  

ÅMethods (and methodological challenges) 

ÅKey findings 

ÅFuture needs 

Empirical social science research on 

solar geoengineering ï A brief review 



~30 empirical studies (2009 ï present) 

ÅAbout half large-n studies 

ïSurveys, experimental studies 
ïGermany, US, Canada, UK, New Zealandé 

ÅRecently, 6-country comparison by Visschers et al 
(2017), including China 

 

 

ÅAbout half deliberative, small-n studies 

ïFocus groups, public engagement workshops 
ïUK, Sweden, Japan 

 

 



Legacy of the 2009 Royal 

Society report: 

 

Various and comparable options 



Examples of research questions: 

large-n surveys and experimental studies 

Å How widespread is public knowledge of solar geoengineering?   

 

Å How does the public perceive solar geoengineering? (Mercer et al, 2011)  

 

Å What factors drive public perceptions of solar geoengineering? (Merk et al, 2015)  

 

Å How do personal characteristics influence perception of the measures, and can they 
explain differences in acceptance between uninformed and knowledgable 
respondents?  (Braun et al, 2017) 

 

Å How convincing is the moral hazard argument?  Does it interfere with willingness to 
mitigate?(Merk et al, 2016) 

 

Å Does considering geoengineering galvanize support for existing climate policies rather 
than reduce it? (Corner and Pidgeon, 2014) 

 

Å Does hearing about SRM affects peopleôs support for higher energy taxes, or their trust 
in climate science?  (Fairbrother, 2016) 

 

Å Do framings of geoengineering as ñnaturalò affect support for it? (Corner and Pidgeon, 
2015) 

 
 
 
 
 
 
 





Methodological challenges 

ÅUnfamiliarity 

 

ÅExpert 

framing 

 

ÅConstructed 

publics 

 

 

 

 



Findings 
Å Remarkably similar concerns cited across developed world ï especially about 

controllability; nuanced views with high ambiguity.  Controllability concerns are about 
both ecological and social controllability. 

 

Å Conditions of support include scientific robustness, ability to anticipate side-effects, 
research efficacy, effective governance, and democracy (Macnaghten and 
Szerszynski, 2013)* 

 

Å Differing findings on whether how much information people have on SRM affects their 
acceptance of it ðMercer et al. (2011) found that it has no substantial effect; other 
studies indicate that more information reduces acceptance information lowers 
acceptance for SRM (Macnaghten & Szerszynski, 2013; S¿tterlin and Siegrist, 2016)* 

 

Å Kahan et al (2015) found that subjects given information about geoengineering took 
climate change more seriously* 

 

Å Perception of the seriousness of climate change increases acceptance of SRM 
(Mercer et al., 2011; Merk et al., 2015; Pidgeon et al., 2012)* 

 

Å Visschers et al (2017) indicated that ñpeople from countries that are less prepared to 
mitigate and adapt to climate change seem to be more supportive of SRMò* 

 

Å See also Burns et al (2016), ñWhat do people think when they think about solar 
geoengineering? A review of empirical social science literature, and prospects 
for future research.ò 

 

* More research needed! 
 
 
 
 



How useful is the existing work? 

Å Most of these questions would deserve more studies to answer them 
conclusively 

 

Å Many compare SRM to other CE technologies  

 

Å Only capture a point in time ï not how attitudes change over time 

 

Å No deliberative studies in the US, where climate skepticism plays a 
larger role 

 

Å Fast-moving context ï question of dataôs shelf-life 

 

Å Very limited cultural context 



The general public Í the vocal public 

In this media ecology, what the majority thinks or 

ñacceptsò is not the only relevant thing to study 

 

Chemtrails: 

evolution into 

anti-solar 

geoengineering 

movement 

 



Why donôt we know more? 

ÅSocial science research can be expensive.  

 

ÅItôs tough to build international collaborations on social 
science on geoengineering, because people are 
focusing limited resources on present pressing 
challenges. 

 

ÅMany social scientists would rather focus on mitigation 
or adaptation.  

 

ÅThere are more insights from non-peer reviewed work, 
i.e. SRMGI discussions  

 



Future research needs: 

international, mixed-method, and 

comprehensive 

ÅHow citizens seek, find, and interpret information about 
climate engineering 

 

ÅWorldwide understandings about climate engineering, 
in order to incorporate peopleôs visions, preferences, 
concerns, or goals into the research process ð 
particularly beyond the global north, with research 
designed by social scientists in the global south 
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A PLEA FOR CONTEXT 

Ethical concerns about solar 

geoengineering should be 

seen in the context of future 

climate change, not in relation 

to the present climate. 
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1. Justice 

2. Precaution 

3. Nature 
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Distributive Justice. Solar geoengineering 

creates risks and potential benefits. Deployment 

could distribute those more or less fairly. 

JUSTICE 

Procedural Justice. Institutions for governing 

solar geoengineering should allow for fair 

decision-making processes. 

Intergenerational Justice. Solar geoengineering 

could either help or hinder us in fulfilling our 

responsibilities to future generations. 
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The Precautionary Principle admits of many 

interpretations, yielding contradictory advice 

about solar geoengineering. 

PRECAUTION 

The Precautionary Principle generally counsels 

against taking grave risks, such as deploying 

solar geoengineering. 

But precaution also requires minimizing global 

warming, and solar geoengineering could help 

with that. 
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Version 1: By deploying solar geoengineering, 

humans would be intensifying their interference 

with Nature when they should be reducing it. 

NATURE 

Version 2: By deploying solar geoengineering, 

humanity transgresses some boundary and 

violates its proper relationship with Nature. 

Version 3: By deploying solar geoengineering, 

humanity invites disaster by trying to control 

things that are beyond its powers. 
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ETHICS OF 

RESEARCH 

Research raises many 

of the same ethical 

issues as deployment, 

plus concerns about 

research with human 

subjects. 

 

This is why governance 

of research is closely 

related to governance of 

deployment. 



Time for geoengineering 

governance? 

Dr Arunabha Ghosh 

CEO 

Council on Energy, Environment and Water 

 

 

FCEA-C2G2 Webinar Briefing on Solar Geongineering 

16 May 2017 

 
© Council on Energy, Environment and Water, 2017 

 

STRICTLY NOT FOR CIRCULATION 



CEEW: among the worldôs 20 best climate think-tanks 
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Energy Access Renewables Low-Carbon Pathways 

Technology, Trade & Finance Greenhouse Gases and 

Monitoring, Reporting, Verification 

Risks and Adaptation 



CEEW research on climate engineering governance 
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