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Outline of Talk 
!! Framing the discussion: Two core questions for 

geoeng governance 

!! Governance of what? (focus on the science) 

!! Governance by whom? (focus on the geopolitical and 
socio-political) 

!!How will geoengineering governance “emergence”? 

!! Potential “uses” for geoengineering 

!! Two scenarios 

!! A fast emergency 

!! Long term development 

!! In between, with uncertainty… 



Governance of what? 
!!Two axes to consider: 

1.! From research to long-term use 

2.! Type of “geoengineering” technology 



Core Components 
1.! Summary of current 

science on stratospheric 
aerosols 

2.! Decade-long scientific 
research agenda to 
“develop” stratospheric 

aerosols as an 
“emergency response” 

Available at: 
http://arxiv.org/pdf/0907.5140 



Phases of RD&D… M&D 

The pharmaceutical analogy  

!! Preclinical trials (lab 
work and modelling) 

!! Clinical testing (field 
tests, low-level global 
experiments) 

!! Clinical use ramped and 
monitored deployment 

!! Disengagement strategy 

From Novim Report on 
Climate Engineering 



Phases of Geoengineering Research 

Phase I 
Non-Intervention Research 

Phase II 
Field Experiments 

Phase III 
Monitored Deployment 
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Governance of what? 
!!Two axes to consider: 

1.! From research to long-term use (when?) 
a)! Lab/Computer Research ! Already happening  

b)! Field-testing ! Some happening, more called for 

c)! Deployment “Trigger” ! ???years to decades??? 

d)! Management & Tuning ! ??? 

e)! Disengagement ! ??? 

2.! Type of “geoengineering” technology 



Governance of what? 
!!Two axes to consider: 

1.! From research to long-term use (issues?) 

a)! Lab/Computer Research ! Transparency, Accessibility 

b)! Field-testing ! Required Scale & Impact, Vulnerability, Risks 

c)! Deployment “Trigger” ! Moral Hazard, Defining “Emergency” 

d)! Management & Tuning ! Defining the “ideal” climate 

e)! Disengagement 

2.! Type of “geoengineering” technology 



The Global Energy Balance and 

Types of Geoengineering 

Three ways to 
change the 
climate: 

To warm the Earth add 
CO2 and other GHGs.  

OR 
Increase albedo just 
a little bit (fast). 

To cool the earth either: 
Remove CO2 and other 
GHGs (slow). 

Short-wave 
Geoeng 

Long-wave 
Geoeng 

Unintended 

Modification 



The Global Energy Balance and 

Types of Geoengineering 

Increase albedo just 
a little bit (fast). 

Remove CO2 and other 
GHGs (slow). 

Short-wave 
Geoeng 

Long-wave 
Geoeng 

“Solar Radiation Management” 

•! Stratospheric aerosols 

•! Cloud Whitening 

•! Surface brightening 

Potentially “Practical” Technologies 

“Carbon Management” 

•! Ocean Fertilization 

•! “Direct Carbon Capture” 



Comparing the Options 
!! Focus on three critical parameters: 

1. ! Ability to “counteract” GHG-induced climate change 

2. ! Technical Feasibility and Costs 

3. ! Timescale (and total potential magnitude) of Impact 



Comparing the Options 

Maximum impact by 2100 



Comparing the Options 
!! Focus on three critical parameters: 

1. ! Ability to “counteract” GHG-induced climate change 

2. ! Technical Feasibility and Costs 

3. ! Timescale (and total potential magnitude) of Impact 

Parameter (1) Counteract 

GHG Climate 
Change 

(2) Technical 

Costs & Feasibility 

(3) Timescale of 

Reasonable 
Climatic Impact 

Long-Wave 

Geoeng 

GOOD UNCERTAIN LONG 

(Decades) 

Short-Wave 

Geoeng 

NOT PERFECT 

(details 
uncertain) 

Appears FEASIBLE 

with LOW COST 
(for Stratospheric 

Aerosols) 

SHORT 

(~1yr from 
deployment) 



Governance of what? 
!!Two axes to consider: 

1.! From research to long-term use (impact of type) 

a)! Lab/Computer Research 

b)! Field-testing ! Very different scales of testing 

c)! Deployment “Trigger” ! Time scale of impact matters 

d)! Management & Tuning ! “Sensitivity” of system to tuning 

e)! Disengagement ! Different danger of “rebound” 

2.! Type of “geoengineering” technology 

a)! Carbon Management 

b)! Solar Radiation Management  



Governance of what? 
!!Two axes to consider: 

1.! From research to long-term use 

2.! Type of “geoengineering” technology 

!!Key points: 

!! Governance discussions of near-term research are 
necessary… and (mostly) not yet happening 

!! Understanding the needed scientific research agenda is 

critical for clarifying the governance questions 



A Comprehensive Stratospheric 

Aerosol Research Agenda 
!! Engineering Stream — How to do it. 

!! What aerosols?  What lofting and dispersion? What spatial, 
temporal, altitudinal distribution? 

!! Climate Science Stream — Understanding it. 

!! Could proposed interventions produce desirable outcomes 
across all regions and timescales?  

!! How much of GHG-induced climatic change could they offset?  

!! What unintended climatic impacts could they produce?  

!! Climate Monitoring Stream — Tracking our understanding. 

!! What climate variables do we need to monitor before/during 
intervention? 

From Novim Report on 
Climate Engineering 



A nominal research agenda 
for stratospheric aerosols 

From Novim Report on 
Climate Engineering 



Governance of what? 
!!Two axes to consider: 

1.! From research to long-term use 

2.! Type of “geoengineering” technology 

!!Key points: 

!! Governance discussions of near-term research are 
necessary… and (mostly) not yet happening 

!! Understanding the needed scientific research agenda is 

critical for clarifying the governance questions 

!! Two “types of geoengineering” have some similarities… but 

also a lot of differences 



Governance by whom? 
!!Different “Lenses” through which to consider the 

“governance of what” questions above: 

1.! Unitary Rational Actor 

2.! “Black Box” Nation States (realism) 

3.! New International Actors (IGOs, NGOs, corporate) 

4.! Civil Societies 

Stages of RD&D: 
(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

Geoeng Types: 

Carbon Management versus Solar Radiation Management  



Governance by whom? 
!! Unitary Rational Actor 

!! The “should” questions 

!! Decision in the face of very 

large scientific uncertainty 

!! Questions about humanity’s 

relationship with nature 

(ethical and religious) 

Plato: The Philosopher King 

Stages of RD&D: 
(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

Geoeng Types: 

Carbon Management versus Solar Radiation Management  



Governance by whom? 
!! Nation States 

!! The “interests” questions 

!! How can/will interests be 

defined in the face of 
scientific uncertainty? 

!! Raises issues of control, equity, 

responsibility, liability 

!! The “spoiler” problem (not tragedy of the commons) 

Stages of RD&D: 
(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

Geoeng Types: 

Carbon Management versus Solar Radiation Management  



Governance by whom? 
!! One new International Actor: 

The Scientific Community 

!! Can the scientific community 

self-regulate research? 

!! Raises issues of accessibility 

and accountability 

Stages of RD&D: 
(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

Geoeng Types: 

Carbon Management versus Solar Radiation Management  



Governance by whom? 
!! The perspectives: 

1.! Unitary Rational Actor 

2.! “Black Box” Nation States (realism) 

3.! New International Actors (IGOs, NGOs, corporate, scientific community) 

4.! Civil Societies 

!! Complexity increases at each level… 

!! At what “level” should decisions be made? 

!! Time scale of “democracy” versus “technocracy” 

!! What role can/should international organizations and/or 

agreements/treaties play in facilitating governance? 

Stages of RD&D: 
(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

Geoeng Types: 

Carbon Management versus Solar Radiation Management  



How will governance emerge? 
!!The potential “uses” of geoengineering 

!! What the various actors could care about… 

!!Two scenarios 

!! A fast emergency 

!! Long term development 

!! In between, with uncertainty… 



Different “uses” for geoengingeering 

!! Four very basic categories of “uses” (or objectives) for 
geoengeering: 

!! (1) Response to a “climate emergency” 

!! (2) Buy time for mitigation 

!! Objective: Keep global average temperature rise below X˚C (say 
X=2˚C)—or an equivalent measure for precipitation changes (or other 
variable) 

!! (3) Buy time for adaptation 

!! Objective: Keep the rate of temperature rise (or precipitation change, 
or storm intensity/frequency increase) slow enough to allow “smooth” 
adaptation of human and ecological systems 

!! (4) Climate Control 

What interests would drive various actors to various “goals”/”uses”? 

(1)! Rational actor (2) Nation States (3) New Int’l Actors (4) Civil Society 



How will governance emerge? 
!!The potential “uses” of geoengineering 

!!Two scenarios 

!! A fast emergency 

!! Long term development 

!! In between, with uncertainty… 



Climate “Emergencies” 

Feedbacks & Tipping Points 

We  cannot rule out the possibility that the planet is so 
“twitchy” that small increases in CO2 concentration 
produce havoc, via myriad feedbacks. Moreover, the 
probability distribution of adverse impacts has a “fat 
tail.” – R. Socolow 

!! Disappearance of the Artic ice (ice-albedo feedback) 

!! Methane outgassing of the permafrost 

!! Accelerated melting of ice sheets  

!! Shifting patterns of storms, floods, drought, heat 



Rapid and undesirable changes are possible… 

and potentially irreversible 

Lenton et al. (2008, PNAS) 



Near-term? Climate Feedbacks & Tipping Points 

Recent Sea-ice Loss… and Implications??? 

Significant decrease in the summer sea-ice 

coverage observed in 2007 and 2008 

Sea-Ice Albedo Feedback 

Atmospheric/
Oceanic Warming 

Melting Sea-ice 

Lower Reflectivity 

Greater Solar Energy 
Absorption by Ocean 

 Coupled feedbacks that could be triggered… 



Fast “Emergency Poll” 
!!When would you “pull the trigger”??? 

!! 2012: Permafrost outgassing during summer/fall months 

increases CO2e concentrations by ~0.5ppm 

!! 2013: Outgassing increases CO2e by 1ppm 

!! 2014: Outgassing increases CO2e by <2ppm 

What interests would drive the actors in this scenarios? 

(1)! Rational actor (2) Nation States (3) New Int’l Actors (4) Civil Society 

At which Stages of Research: 

(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

For which types of geoengineering: 

Carbon Management versus Solar Radiation Management  



Far from the only emergency scenario… 

but geoeng might not be useful for most!!! 

Lenton et al. (2008, PNAS) 



How will governance emerge? 
!!The potential “uses” of geoengineering 

!!Two scenarios 

!! A fast emergency 

!! Long term development 

!! In between, with uncertainty… 



Committed Climate Change 

and Rapid Mitigation 
!! Currently around 170ppm CO2-equivalent and ~0.7°C above 

preindustrial… 

!! But how much of the “committed warming” have we seen? 



Committed Climate Change 

and Rapid Mitigation 

Aerosols 
Direct 

Indirect 



Committed Climate Change 

and Rapid Mitigation 
!! Currently around 170ppm CO2-equivalent and ~0.7°C above 

preindustrial… 

!! But how much of the “committed warming” have we seen? 

!! Potentially NOT MUCH of the committed warming… 

!! The Case of Rapid Mitigation: 

!! Would remove aerosols much faster than CO2… 

!! Would reveal our “committed change” and thereby our “real” 

climate sensitivity… 

!! But if we are on the “high” end of the uncertainty (high aerosol 
forcing, and therefore high climate sensitivity)… 

!! Fast mitigation could accelerate the 

near-term rate of warming!!! 



Committed Climate Change 

and Rapid Mitigation 
!! Currently around 170ppm CO2-equivalent and ~0.7°C above 

preindustrial… 

!! But how much of the “committed warming” have we seen? 

!! Potentially NOT MUCH of the committed warming… 

!! The Case of Rapid Mitigation: 

!! Would remove aerosols much faster than CO2… 

!! Would reveal our “committed change” and thereby our “real” 

climate sensitivity… 

!! But if we are on the “high” end of the uncertainty (high aerosol 
forcing, and therefore high climate sensitivity)… 

!! Fast mitigation could accelerate the 

near-term rate of warming!!! 

If we shut off emissions TODAY… 

Raddatz and Tanaka (submitted) 



Long term Development Poll 
!!What stages of research should be undertaken when 

to provide “insurance” against uncertainty in 

committed climate change? 

!! Laboratory and computational research? 

!! Field-testing this decade? 

!! Gradual deployment this decade? 

What interests would drive the actors in this scenario? 

(1)! Rational actor (2) Nation States (3) New Int’l Actors (4) Civil Society 

At which Stages of Research: 

(1) lab (2) field-testing (3) deployment (4) management (5) disengagement 

For which types of geoengineering: 

Carbon Management versus Solar Radiation Management  



How will governance emerge? 
!!The potential “uses” of geoengineering 

!!Two scenarios 

!! A fast emergency 

!! Long term development 

!! In between, with uncertainty… 

!! High uncertainty about even probability of future 
scenarios 

!! “Multi-use” potential of geoeng technologies 

!! Multi-actors with varied motivations 

This is the environment in which governance must be 
developed. 



Review 
!! Framing the discussion: Two core questions for 

geoeng governance 

!! Governance of what? (focus on the science) 

!! Governance by whom? (focus on the geopolitical and 
socio-political) 

!!How will geoengineering governance “emergence”? 

!! Potential “uses” of geoengineering 

!! Two scenarios 

!! A fast emergency 

!! Long term development 

!! In between, with uncertainty… 



Thank you 

Questions/Comments/

Discussion 


