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Notes & Major Objectives for the Webinar

ABriefing on the state of scientific understandamgl current
thinking on governance

ASolar Radiation Management (SRM) in the context of climate
action agenda

AThe 1.5C target

AFurther resources and continuing the conversation
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Douglas MacMartin

Professor of Mechanical and Aerospace Engineering, Cornell
University and Professor of Computing and Mathematical
Sciences, California Institute of Technology

ACould solar geoengineering be considered to avoid peak
warming in an overshoot scenario?

AWhat do we know about SRM from climate model
projections?

AWhat do we not know that we would need to; what research
IS needed?
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Thomas Ackerman
Director, Joint Institute for the Study of
the Atmosphere and Ocean,

University of Washington

AHow would we use solar climate engineering in a realistic
scenario?

Als there an optimal climate associated with climate
engineering and who gets to pick that optimal climate?

AHow long will it take to detect an applied solar climate
engineering forcing and are we willing to wait that long?

AHow long will it take us to do the research required to
understand solar climate engineering?
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. 'l Pabio Suarez is Associate Director for

Research and Innovation at the Red
Cross Red Crescent Climate Centre

AWhat are the humanitarian dimensions of solar geoengineering?

AHow can we improve linkages between science, policy and
humanitarian practice when thinking about solar geoengineering
as a possible tool?

AHow might we ensure that the interests of the most vulnerable
are considered and addressed when considering these
technologies?
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Geoengineering:
What Is It?
What role might it play?
What do we know?

Douglas MacMartin

Mechanical and Aerospace Engineering, Cornell University
Computing + Mathematical Sciences, California Institute of Technology



Role for geoengineering?
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Solar geoengineering Is not a substitute
for mitigation

Business as i
usual . ;
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Solar geoengineering as a substitute for mitigation requires high forcing and a
practically indefinite commitment.



A Climate
response
estimated from
simple model

A a/ 5wé f
chosen to
reduce COat
1ppm per year

I Of order 15
Gt per year

A Temperature
overshoots are
measured In
centuries
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A Solar geoengineering
would overcompensate

global mean precipitatiorp |
-

A Other variables like oceag 1}

pH would hardly be
affected
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Median over
12 models:

A Temperature
IS reduced
everywhere

A Precipitation
changes are
reduced In
most places

A Median hides
model
uncertainty!

A Solar
reduction:;
not same as
stratospheric
aerosols

No geo, 2081-2100 (T = 2.6) No geo 2081-2100 (P = 0.1)

2.6°C, no geo

geo 1.6°C, nogeo

2.6°CA 1.5°C
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Options

CQO-removal

BECCS (bienergy with carbon A
capture and seqguestration)

Direct air capture (DAC)
Afforestation/reforestation A
Carbonsmart soil management
Enhanced mineral weathering
Ocean Iron fertilization??

Do I

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

Low climate risk but could be
significant other issues if deployedA
at scale
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Solar geoengineering

Stratospheric aerosols
i Ddz N YGSSR (2
straightforward to implement
Marine cloud brightening

I Cloud aerosol interactions
Cirrus cloud thinning??
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Cools quickly
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Novel risks, both climate and
sociapolitical
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Stratospheric Aerosol Geoengineering:

Wh at donot W e

A What size distribution of aerosol particles are created?
A Effect on stratospheric dynamics and heating, atmospheric chemist

J
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A What is the effect on cirrus clouds? (A positive or negative feedbagkﬁ

A Regional precipitation response remains uncertain (ditto fo5) CO

nonlinearity, and variability?
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A What are the limits to how well we can know the system?

A Societal response:
I Would people emit more CQ
I Would people blame everything on the deployment?

J

Y

I How might this be governed, how would amount be adjusted over time’

~
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Summary

Context:

A IPCC scenarios that me€QCtarget require
I Aggressive reductions in emissions, combined with
I Negative emissions (or G@moval), typically as BECCS

A 1.5°C is much harder tharf@
A Current INDC commitments are more likely to lead 16 3

A strategic approach for managing climate change

A Developing capability for G@&moval is essential

A 1t is plausible that an additional, limited deployment of solar geoengineerin
could reduce aggregate climate risks
I Not enough is known today to make informed decisions
I Raises challenging issues In ethics, governance, etc.

5/22/2017 D. MacMartin 15



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

C
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Solar climate engineering

ADeliberate modification of climate system to prevent global warmin

AHow would we do it (current ideas)?
A Stratospheric aerosol injection
AMarine cloud brightening




Solar Climate Engineering: Rule #1

Alf you start SCE without any program to stabilizg CO
concentrations, you are committing to use SCE forever (or have a
climate disaster)

ANo stabilization means you have to increase SCE each year to offset
iIncrease in CO

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

A Ethically wrong to commit succeeding generations to a process that they
cannot stop



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

AAssume a scenario of
Alncreasing CO2 with time, then stabilizing at a high concentration
Alncreasing CO2, then stabilization, then removal

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

AChoose a combination of the tworcingsto maintain

A A roughly constant global forcing (and roughly constant global average
temperature)

AAn intermediate temperature between no warming and large warming



Forcing scenarios

Scenarios
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Global mean temperature

Global mean surface air temperature
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Global mean precipitation

APrecipitation increases with increase .30 Global mean precipitation (7 year running mean)
CQ => warmer atmosphere —  Com2075
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Detection of solar climate engineering

1.0

Temperature anomaly, C

~-CDR -—CDR+SCE(S) -—CDR+SCE(W)

Year
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20

emperature anomaly time series

A Model years 2025 to 2044

A Plotted relative to the average of
the first five years of each series

A Dotted lines are a linear best fit
to the data

/ How many years will it ta@
to detect a clear signal In
surface temperature?

(best case scenarmpsmooth
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How do we get to deployment (if desirable)?

A Process studiesinvestigating
al Oal MNliestignQ &

Centuries Sy (Years X 10)
A Albedo response can we
Decades . ..
CRT (Tor P) iIncrease solar reflectivity?
Time Years sk (Y_ears & 15)
Scale ore®™™ A Climate response can we
Months Noe change T or P?
Weeks Process (Years 1% 20)
>
Tens of Zonal Band Hemis- Global _ _
km pheric Responsibldeployment is

20 years awagt best

Spatial Scale

Lenferna et al., 2017: Relevant Climate Response Tests for Stratospheric Aerosol Injection: A Combined Ethical andinSlyisistdi¢ NI K Qa C d:



L essons learned

ASCE can be used to reduce climate warming while waiting for CO:
removal to take place =there may be a role for SCE

ASCE impactsoth the hydrologic cycle and global surface
temperature

A2 K2 3S0a 02 LIAO] UKS AGaNRIKOE Of
ADetection of early signal is problematic

Alt will take usat least a decadé know if we are actually cooling
climate

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



Exciting, Terrifying Times

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

Earth’s Future

RESEARCH ARTICLE
10.1002/2016EF000464

Special Section:
Crutzen +10: Reflecting upon

10 years of geoengineering
research

Key Points:

« Geoengineering decisions are a
humanitarian concern: the deliberate
manipulation of the global climate
can impact vulnerable people not
included in decisions

« The Paris Agreement aspiration to
keep global warming below 2°C did
not aim to endorse SEM, but rather
ambitious mitigation pathways

« If resources must be directed towards
exploring geoengineering options,
the needs and role of the most
vulnerable should be given full
consideration

« In the past 10 years, humanitarian
players have been largely absent
from discussions on geoengineering
research and governance; a more
proactive and anticipatory
engagement is warranted

Geoengineering: A humanitarian concern

Pablo Suarez'? and Maarten K. van Aalst’-%3*

1Red Cross Red Crescent Climate Centre, The Hague, The Netherlands, 2Frederic S. Pardee Center for the Study of the
Longer-Range Future, Boston University, Boston, Massachusetts, USA, 3Department of Science, Technology,
Engineering and Public Policy, University College London, London, UK, #International Research Institute for Climate and

Society, Columbia University, New York, New York, USA

Abstract The humanitarian sector is active at the global frontline of climate impacts, and has a track
record in influencing the climate change policy agenda. Geoengineering is a humanitarian concern: the
potential for deliberate large-scale intervention in the Earth’s climate system has major implications in
terms of impacts on the most vulnerable. Yet, so far the humanitarian community has largely been absent
from geoengineering deliberations. Geoengineering may be perceived as too theoretical, too complex,
and not imminent enough to merit attention. However, early engagement by the sector is imperative

to ensure that humanitarian considerations are integrated into policy decisions. Those who can suffer
the worst outcomes need to be involved; especially given the plausibility of “predatory geoengineering”
where recklessly self-concerned actions may result in harmful consequences to others. This paper explores
the humanitarian dimensions of geoengineering, specifically relating to solar radiation management
(SRM). Drawing from the engagement of the Red Cross Red Crescent Climate Centre in SRM discussions,
we discuss how to improve linkages between science, policy and humanitarian practice. We further pro-
pose the creation of a geoengineering risk management framework to ensure that the interests of the
most vulnerable are considered and addressed - including the voices of all stakeholders.

1. Introduction

| ess than two decades ado. science beaan loudlv warnina about the potential for climate chanae to trans-
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Change In flood patterns since the intervention
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Arriving Doun Baba Dieye, 2009




Climate Change, No SRM

= ———
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precipitation change (m yr—1)

(Caldeira & Wood 2008)



» The Rise of Geoengineering &
its potential impacts for the Humanitarian Sector

The potential for deliberate large-scale intervention in the Earth’s climate system has major implications in
terms of impacts on the most vulnerable, Early engagement by the humantarian community is imperative to
ensure that humanitanan considerations are integrated into policy decisions. Those who can suffer the
worst outcomes need 1o be involved; especially given the plausibility of “predatory gecengineenng”™ where
recklessly self-concerned actions may result in harmful consequences to others,

Climate Our Speakers
. Who will explore what G ineering 1s and will di how to link
FUtUI‘ e s S en e s O Wil expiore t eoengineenng IS Wil QISCUSS to improve lin ages

between science, policy and humanitarian practice.
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More Geoengineering Questions

NLandscapeso VS.

Whose Hand on the Thermostat ?

What if unilateral deployment becomes
Imminently likely ?

What role for IFRC & humanitarians ?




'» "‘\' FORUM for

4 ) CLIMATE ENGINEERING
Q o ’ ASSESSMENT
-

CARNEGIE COUNCIL

The Voice for Ethics
in International Affairs

“A briefing and discussion on
solar geoengineering: science,
ethics and governance” to be
held on 16 May 2017 at 12:00
UTC/GMT (8:00 EDT New York,
13:00 BST London, 14:00 CEST
Geneva, 17:30 IST New Delhi)

Doug MacMartin Pablo Suarez Tom Ackerman




Empirical social science research on
solar geoengineering 1 A brief review

A Overview

A Research questions

A Methods (and methodological challenges)
A Key findings

A Future needs



~30 empirical studies (2009 T present)

A About half large-n studies

| Surveys, experimental studies

I Germany, US, Canada, UK, New Zealandé

ARecently, 6-country comparison by Visschers et al
(2017), Including China

A About half deliberative, small-n studies

I Focus groups, public engagement workshops
I UK, Sweden, Japan



Figure 5.1. Preliminary overall evaluation of the geoengineering techniques considered in Chapters 2 and 3

(Geoengineering
the climate

Science, governance and uncertainty
September 2009
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THE ROYAL SOCIETY

Legacy of the 2009 Royal
Soclety report:

Various and comparable options

the size of the symbols reflects their precision (but note
that the error bars are not really as large as they should be,
just to avoid confusing the diagram). This diagram is
tentative and approximate and should be treated as no
more than a preliminary and somewhat illustrative attempt
at visualising the results of the sort of multi-criterion
evaluation that Is needed. It may serve as a prototype for
future analyses when more and better information becomes
available. However, even this preliminary visual presentation
may already be useful, simply because an ideal method
would appear as a large green symbol in the top right-hand
quadrant of the figure, and no such symbol exists. The
nearest approximation is for stratospheric aerosols, which
Is coloured amber, because of uncertainties over its
side-effects, as discussed in Section 3.3.3.



Examples of research questions:
large-n surveys and experimental studies

Do o Po  Po

How widespread is public knowledge of solar geoengineering?
How does the public perceive solar geoengineering? (Mercer et al, 2011)
What factors drive public perceptions of solar geoengineering? (Merk et al, 2015)

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)

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

Does considering geoengineering galvanize support for existing climate policies rather
than reduce 1t? (Corner and Pidgeon, 2014)

Does heari ng about SRM affects peopl eds
In climate science? (Fairbrother, 2016)

Do framings of geoengineeringas fAnat ur al o affect PRidgpom,o r t

2015)



Measuring Soliciting Public

Public Opinion Public Opinion Deliberation
rationale making sense of transparency, normative (right thing to do in
what risks are public oversight, a democracy)
socially acceptable information sharing, substantive (improves science)
science communication instrumental (makes effort

more likely to succeed)

examples large-n surveys focus groups deliberative workshops
experimental studies public hearings collaborative forums
Of methOdS citizen juries

Wil Burns & Jane Flegal (2015), Climate Geoengineering and the Role of Public Deliberation: A Comment on the US NAS Recommendations on Public Participation, Climate Law
W Carr, CJ Preston, L Yung, B Szerszynski, D Keith, A Mercer (2013) Public engagement on solar radiation management and why it needs to happen now, Climatic Change

D Fiorino (1990), Citizen participation and environmental risk: a survey of institutional mechanisms, Science, Technology and Human Values

Gene Rowe & Lynn J. Frewer (2005), A Typology of Public Engagement Mechanisms, Science, Technology and Human Values



Methodological challenges

Kim Kardashian West Retweeted
Kylie Jenner @ KylieJenner - May 25
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FIndings

Remarkably similar concerns cited across developed world 7 especially about
controllability; nuanced views with high ambiguity. Controllability concerns are about
both ecological and social controllability.

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

Differing findings on whether how much information people have on SRM affects their
acceptance of it 0 Mercer 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)*

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

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

cated t hat

Visschersetal (2017) 1| nd i N
adapt to cl i1 mat

peop
mitigate and e
See also Burns et al (2016) ,Whdt do people think when they think about solar

geoengineering? A review of empirical social science literature, and prospects
for future research. o



How useful Is the existing work?

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

A Many compare SRM to other CE technologies
A Only capture a point in time 7 not how attitudes change over time

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

A Fast-movingcontexti guesti on oflfedat ads shel

A Very limited cultural context



The gener al publ I c

In this media ecology, what the majority thinks or
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Why donot we Kno

A Social science research can be expensive.

Altds tough to build intern;
science on geoengineering, because people are
focusing limited resources on present pressing
challenges.

A Many social scientists would rather focus on mitigation
or adaptation.

A There are more insights from non-peer reviewed work,
l.e. SRMGI discussions



Future research needs:
International, mixed-method, and

comprehensive

A How citizens seek, find, and interpret information about
climate engineering

A Worldwide understandings about climate engineering,
l n order to I ncorporate pe:
concerns, or goals into the research process o
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.




ETHICS OF 1. Justice

DEPLOYMENT
2. Precaution

3. Nature




JUSTICE

.~ Distributive Justice. Solar geoengineering
creates risks and potential benefits. Deployment
could distribute those more or less fairly.

~ 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
responsibllities to future generations.



PRECAUTION

.~ The Precautionary Principle admits of many
Interpretations, yielding contradictory advice
about solar geoengineering.

~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.



NATURE

Version 1: By deploying solar geoengineering,
humans would be intensifying their interference
with Nature when they should be reducing It.

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.



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.

ETHICS OF
RESEARCH




Time for geoengineering
governance?

Dr Arunabha Ghosh

CEO
Council on Energy, Environment and Water

FCEA-C2G2 Webinar Briefing on Solar Geongineering
16 May 2017
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