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Under	
  HDGC	
  we…	
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…we	
  took	
  a	
  look	
  at	
  albedo	
  modifica2on.	
  	
  	
  

EOS,	
  1992	
  

But	
  then,	
  with	
  the	
  
excep2on	
  of	
  a	
  
followup	
  review	
  
paper,	
  decided	
  to	
  
devote	
  our	
  efforts	
  to	
  
IA	
  and	
  	
  mi2ga2on.	
  	
  

An	
  Rev,	
  2000	
  

And	
  then,	
  
because	
  it	
  
appeared	
  to	
  
be	
  so	
  cheap,	
  
imperfect,	
  and	
  
temp2ng,	
  we	
  
decided	
  to	
  
focus	
  our	
  work	
  
on	
  abatement	
  
&	
  adapta2on	
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But	
  as	
  2me	
  went	
  on..	
  
…and nobody was getting serious about 
abatement, we grew concerned that the 
diplomatic community was almost 
completely unaware of SRM.  In 2008 we 
organized a workshop at the Council on 
Foreign Relations in Washington, DC.  

Source: Council on Foreign Relations 

The workshop led to a paper that appeared in the 2009 March/April issue 
of Foreign Affairs.  

 
Participants in the 2008 workshop were 
all from North America. 

To extend the conversation to a more 
international group, we ran a second 
workshop in April 2009 in Lisbon, 
Portugal. 
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The	
  Lisbon	
  Workshop…	
  
…was hosted by the Ministry of Science, 
Technology and Higher Education of 
the Government of Portugal.  The two-day workshop 
was held at the facilities of the Gulbenkian 
Foundation.  
 

Co-sponsors included: IRGC, CMU-CDMC, U Calgary. Participants came 
from N. America, EU, China, Russia, and India. 

 

Sources:  
Gulbenkian & Qian Yi 



March 2010: The 
discussion of  
risk governance  
at the Asilomar 
conference on 
geoengineering 
 

August 2010: First multi-
university summer study 
program for graduate 
students on geoengineering 
held at Heidelberg.  

Sept. 2009: The 
governance section 
of the Royal 
Society’s report on 
Geoengineering 
 

June 2009: U.S. 
NRC workshop on 
geoengineering 
 

March 2010: 
Testimony to a joint 
session of the U.S. 
House Science 
Committee and the 
Science Committee 
of the UK 
Parliament 

March 2010: 
Evening briefing 
to CFR 
 

Jan 2010 Jan 2011 

Some	
  subsequent	
  events…	
  

Nov 2010:IRGC 
opinion piece on 
governance 

Rickey et al 
2010	
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SRM…(Cont.)	
  

August 2011: 
Second multi-
university summer 
study program for 
graduate students 
and other young 
investigators held 
at Banff 
 

Jan 2011 

January 2011: La Jolla 
IGBP workshop  
on ecosystem  
impacts of 
geoengineering 
 
Paper now in press  
at AMBIO 

June 2011: Lima IPCC expert 
meeting on geoengineering 

October 2011: 
BPC report on 
U.S. research  March 2011: 

SRMGI Kavli Center 

Jan 2012 

SRMGI 

April 2012: CMU 
workshop on managing 
knowledge 

May 2012: 
DC CIT event 

Ricky et al. 
2011 
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SRM…(Cont.)	
  

Jan 2013 Jan 2015 Jan 2014 

March 2014: Harvard 
workshop on research 

Mar/Apr 2014: EDF/CMU  
workshop on research  
governance 

EDF meeting to 
brief foundations 
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…a great deal of 
uncertainty about 
stratospheric SRM, in 
2010 David Keith, Ted 
Parson and I argued in 
Nature that three things 
are pretty certain:

While	
  there	
  is…	
  

9	
  



Cheap,	
  fast	
  and	
  imperfect	
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Cheap:	
   	
  0.0002%	
  to	
  0.2%	
  of	
  world	
  GDP/year	
  
versus	
  0.4%	
  to	
  5.5%	
  of	
  world	
  GDP/year	
  

	
  
Fast:	
   	
  A	
  few	
  months.	
  
	
  

Source:  Novim report, 2009, p. 14 

Imperfect:	
  	
  A	
  long	
  list	
  (spelled	
  out	
  in	
  back-­‐up	
  slides).	
  
	
  



Some	
  bobom	
  lines:	
  
•  Given	
  the	
  slow	
  pace	
  at	
  which	
  the	
  world	
  is	
  making	
  progress	
  
on	
  reducing	
  emissions	
  we	
  need	
  to	
  start	
  serious	
  research	
  
now	
  on	
  strategies	
  for	
  stratospheric	
  albedo	
  modifica2on,	
  
this	
  because.	
  

•  Someone	
  might	
  engage	
  unilaterally	
  and	
  we	
  need	
  to	
  
know	
  the	
  risks	
  

•  In	
  an	
  emergency	
  the	
  world	
  might	
  need	
  to	
  do	
  a	
  bit.	
  
•  Research	
  will	
  have	
  to	
  include	
  some	
  small	
  scale	
  atmospheric	
  
studies	
  that	
  have	
  negligible	
  impact.	
  

•  U.S.	
  federal	
  agencies	
  should	
  take	
  the	
  lead	
  on	
  developing	
  a	
  
model	
  “code	
  of	
  research	
  governance	
  best	
  prac2ce.”	
  	
  The	
  
U.S.	
  should	
  then	
  	
  press	
  other	
  na2ons	
  to	
  adopt	
  similar	
  rules.	
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We	
  spelled	
  out	
  	
  
these	
  arguments…	
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…in	
  a	
  paper	
  in	
  Issues	
  in	
  
Science	
  and	
  Technology.	
  



Code	
  of	
  research	
  governance	
  	
  
best	
  prac2ce	
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In	
  parallel	
  with,	
  or	
  even	
  before,	
  developing	
  a	
  full	
  research	
  
agenda,	
  there	
  is	
  a	
  pressing	
  need	
  to	
  develop	
  a	
  code	
  of	
  best	
  SRM	
  
research	
  prac2ces.	
  	
  
This	
  code	
  will	
  need	
  three	
  components.	
  	
  
1.  Guidelines	
  to	
  provide	
  open	
  access	
  to	
  SRM	
  knowledge	
  by	
  making	
  

research	
  results	
  available	
  to	
  decision	
  makers	
  and	
  the	
  public.	
  	
  
2.  Delinea2on	
  of	
  categories	
  of	
  field	
  experiments	
  that	
  are	
  unlikely	
  to	
  

have	
  adverse	
  impacts	
  on	
  health	
  safety,	
  or	
  the	
  environment	
  (that	
  
is,	
  experiments	
  conducted	
  within	
  an	
  agreed-­‐upon	
  “allowed	
  
zone”	
  of	
  experimental	
  parameters	
  and	
  expected	
  effects	
  on	
  the	
  
stratosphere.)	
  

3.  agreement	
  that	
  no	
  field	
  research	
  will	
  be	
  conducted	
  outside	
  the	
  
allowed	
  zone	
  before	
  a	
  clear	
  na2onal	
  and	
  interna2onal	
  
governance	
  framework	
  has	
  been	
  developed.	
  



Code	
  of	
  research	
  governance	
  	
  
best	
  prac2ce	
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Code	
  needs	
  to:	
  
•  define	
  what	
  counts	
  as	
  SRM	
  
and	
  what	
  cons2tutes	
  SRM	
  
research;	
  

•  Define	
  ac2vi2es	
  that	
  should	
  
be	
  subject	
  to	
  a	
  requirement	
  
of	
  prior	
  no2fica2on;	
  

•  Spell	
  out	
  what	
  is	
  covered	
  by	
  
open	
  access;	
  

•  Define	
  an	
  “allowed	
  zone.”	
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We need to be very careful…
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We need to be very careful…
…we've only got one planet.

Source: NASA 
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End	
  



Backup	
  slides	
  on	
  
cheap,	
  fast	
  and	
  imperfect	
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1. Cheap
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The cost of GHG abatement
Today, the world is emitting about 50x109 tonnes per year CO2-eq 

                                 (of which about 30x109 is CO2)
The IPCC 4th assessment says:

"Modelling studies show that global carbon prices rising to US$20-80/
tCO2-eq by 2030 are consistent with stabilisation at around 550ppm CO2-eq 
by 2100. For the same stabilisation level, induced technological change 
may lower these price ranges to US$5-65/tCO2-eq in 2030."

    (50x109 tCO2-eq)(5 to 65$/tCO2-eq) = 250 to 3300x109 $/year

The size of the global economy is of the order of $60x1012

0.25 to 3.3x1012 $/year
60x1012 $/year

0.4% to 5.5% of world GDP/year
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…a	
  few	
  million	
  tonnes	
  
per	
  year	
  would	
  be	
  
sufficient	
  [to	
  offset	
  
warming]…
an2cipated…over	
  the	
  
next	
  half	
  century…[this	
  
could	
  be	
  done]	
  for	
  less	
  
than	
  $8B	
  per	
  year.	
  

21	
  



The cost of geoengineering
 
A National Research Council 1992 report estimated the 
undiscounted annual costs for a 40-year project to be $100-billion.   
 
Teller, Wood and Hyde have suggested that well designed systems 
might reduce this cost to as little as a few hundred million dollars 
per year. 
 
If we take cost to be between $100-million and $100-billion per year

0.1-100 x109 $/year
50x1012 $/year

0.0002% to 0.2% of world GDP/year 
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Bottom line on cost

It is probably safe to assume that the direct 
monetary cost of geoengineering would be at 
least 100 times less than the cost of a full 
program of GHG abatement…

             …and perhaps even cheaper than that.
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2. Fast
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Experience with…
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…large volcanic explosions make it clear that 
cooling can be very rapid.

The Mt. Pinatubo explosion 
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Temperature effects of  doubled CO2 

ΔTemperature Statistical significance 

Caldeira and Wood, 2008 26	
  



Temperature effects of  doubled CO2 

ΔTemperature Statistical significance 

Caldeira and Wood, 2008 

with a uniform deflection of  1.84% of  sunlight 
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Precipitation effects of doubled CO2

Caldeira and Wood, 2008 28	
  



Temperature effects of doubled CO2

Caldeira and Wood, 2008 

with a uniform deflection of  1.84% of  sunlight 
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That handles ���
cheap and fast���

���
Now let's consider imperfect
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If we change albedo a little…
…to cool the planet, what else might happen?
Possibilities include:

•  Impacts will not be uniform. Some places will 
change more than others (but all probably closer to 
present climate than a very high CO2 world).

• Precipitation patterns will shift (of course, that is 
also happening under climate change).

• Changes in terrestrial ecosystems due to higher 
CO2, change in precipitation.

• Continued and growing impacts on the oceans as 
they take up more and more CO2.

• Particles in the stratosphere can provide reactive 
surfaces that might contribute to the destruction of 
the ozone layer.
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For more…
…on the policy and 
risk governance 
issues in SRM go to 
"publications" at:

www.IRGC.org

www.irgc.org/IMG/pdf/SRM_Opinion_Piece_web.pdf 




