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“The acceptability of  
geoengineering will be 

determined as much by 
social, legal, and political 

issues as by scientific 
and technical factors”1 



Preventing dangerous  
Climate Change
	 Anthropogenic	 climate	 change	 is	
now	 a	 global	 political	 priority,	 and	
governments	 across	 the	world	 are	 de-
vising	 policies	 aimed	 at	 mitigating	
greenhouse	gas	emissions	from	human	
activities.	This	upsurge	in	political	ac-
tivity	 reflects	 the	 increasing	 scientific	
consensus	 that	 the	 effect	 of	 unmiti-
gated	 climate	 change	 for	 human	 and	
non-human	 systems	 will	 be	 over-
whelmingly	 negative.2	 The	 effects	 of	
accelerated	climatic	change	are	already	
being	 observed	 at	 the	 polar	 ice	 caps.3	
With	 the	 United	 Nations	 negotiations	
in	 December	 2009	 in	 Copenhagen	 a	
focal	 point	 for	 policymakers	 every-
where,	discussion	no	longer	centers	on	
whether	 climate	 change	 should	 be	
tackled,	but	how.	
	 Typically,	policies	are	aimed	at	pre-
venting	what	the	1992	United	Nations	
Framework	 Convention	 on	 Climate	
Change	(UNFCCC)	referred	to	as	dan-
gerous	anthropogenic	interference	with	
the	climate	system.	Although	there	are	
significant	difficulties	in	defining	what	
constitutes	 “dangerous”	 climate	
change,4	a	strong	international	consen-
sus	has	emerged	that	says	that	prevent-
ing	 a	 rise	 in	 global	 temperatures	 of	
more	 than	 two	 degrees	Celsius	 above	
pre-industrial	revolution	levels	is	criti-
cal	(corresponding	to	a	level	of	carbon	
dioxide	 in	 the	atmosphere	of	approxi-
mately	450	parts	per	million).	Beyond	
this	level,	feedback	loops	in	the	climate	
system	 become	 increasingly	 likely—
and	 the	 threat	 of	 relatively	 rapid	 and	
catastrophic	 changes	 becomes	 signifi-
cantly	greater.	
	 Unfortunately,	 the	 increasing	 atten-
tion	 paid	 to	mitigating	 dangerous	 cli-
mate	change	has	not	prevented	a	con-
tinuing	 rise	 in	 global	 greenhouse	 gas	
emissions.	 In	 fact,	 emissions	 are	 in-
creasing	 more	 rapidly	 than	 even	 the	
worst	 case	 scenario	 modeled	 by	 the	
Intergovernmental	 Panel	 on	 Climate	
Change	(IPCC),	and	predictions	about	
the	 likely	effects	of	 anthropogenic	 in-
fluence	 on	 the	 climate	 have	 become	
increasingly	severe.5	The	global	popu-
lation	continues	to	rise	(particularly	in	
emerging	economies	such	as	China	and	
India),	along	with	the	per-capita	emis-
sions	of	many	millions	of	people.

	 It	remains	to	be	seen	whether	global	
temperatures	 will	 exceed	 the	 two-de-
grees	 limit.	 But	 some	 anthropogenic	
climate	 change	 has	 already	 occurred	
(global	 temperatures	 have	 risen	 by	
around	0.74	degrees	Celsius	in	the	last	
100	years)	and	because	of	the	inertia	in	
the	climate	system,	a	further	warming	
of	approximately	0.6	degrees	Celsius	is	
inevitable.6	 Thus,	 the	 window	 for	 ef-
fectively	mitigating	 against	 a	 two-de-
gree	rise	 in	global	 temperatures	 is	ex-
tremely	 narrow,	 and	 many	 prominent	
members	 of	 the	 climate	 science	 com-
munity	have	begun	to	question	whether	
preventing	 a	 rise	 in	 global	 tempera-
tures	 of	 this	 magnitude	 (or	 even	
greater)	is	possible	using	existing	miti-
gation	approaches.7	Scientists	and	poli-
cymakers	are	increasingly	asking	what	
will	happen	if	the	two-degrees	“guard-
rail”	 is	 breached,	 particularly	 if	 tem-
perature	increases	in	excess	of	two	de-
grees	 lead	 to	 positive	 feedback	 loops	
and	 further	accelerate	climate	change.	
Are	existing	mitigation	and	adaptation	
policies	enough	to	prevent	catastrophic	
changes	in	the	climate	from	occurring?	
In	 this	 context,	 geoengineering	 the	
earth’s	climate	has	started	to	be	consid-
ered	 as	 a	 serious	 candidate	 for	 both	
mitigating	against	and	adapting	to	dan-
gerous	climate	change.	

geoengineering
Geoengineering	refers	to	the	intentional	
manipulation	 of	 the	 earth’s	 climate	 to	
counteract	 anthropogenic	 climate	
change	or	its	warming	effects.8	Most	of	
the	 technology	 implicated	 in	 geoengi-
neering	proposals	has	yet	 to	be	devel-
oped,	let	alone	field	tested.	Some	geo-
engineering	proposals	may	yet	turn	out	
to	 be	 little	more	 than	 imaginative	 sci-
ence	 fiction—for	now,	geoengineering	
is	 at	 a	 pre-research	 and	 development	
phase,	 with	 no	 major	 research	 initia-
tives	yet	undertaken.	But	geoengineer-
ing	 is	 beginning	 to	 be	 taken	 seriously	
by	scientists	around	the	world,	 includ-
ing	the	American	Meteorological	Soci-
ety	and	the	UK’s	Royal	Society.9	
	 In	 the	most	 comprehensive	 review	
of	geoengineering	science	to	date,	the	
Royal	 Society	 identified	 two	 distinct	
approaches:	 carbon	 dioxide	 removal	
(CDR)	techniques,	which	remove	CO2	
from	the	atmosphere,	and	solar	radia-

tion	 management	 (SRM)	 techniques,	
which	 reflect	 a	 small	 percentage	 of	
the	 sun’s	 light	 and	 heat	 back	 into	
space.10	CDR	techniques	include	pro-
posals	 to	 imitate	 trees’	 sequestration	
of	 carbon	 dioxide	 from	 the	 atmo-
sphere	by	using	giant	 chemical	vents	
to	“scrub”	the	atmosphere	(analogous	
to	 the	 carbon	 capture	 and	 storage	
techniques	currently	being	developed	
for	 use	 on	 coal-fired	 power	 stations)	
and	 plans	 to	 “fertilize”	 the	 oceans	 by	
using	particles	of	iron	sulphate	to	stim-
ulate	algal	blooms	 (which	absorb	car-
bon	dioxide).	Although	not	 strictly	 an	
engineering	intervention,	major	global	
reforestation	could	also	be	viewed	as	a	
long-term	 method	 for	 CDR.	 By	 con-
trast,	SRM	techniques	include	sugges-
tions	 for	 the	 placement	 of	 trillions	 of	
tiny	 “sunshades”	 in	 orbit	 around	 the	
earth	 to	 deflect	 a	 percentage	 of	 solar	
radiation,	and	the	enhancement	of	ma-
rine	cloud	albedo	using	particles	of	sea	
salt	 to	 deflect	 sunlight.	 (See	 Sidebar,	
“Proposed	 Approaches	 to	 Geoengi-
neering”	for	further	technical	detail	on	
geoengineering	proposals.)
	 The	Royal	Society	report	included	a	
preliminary	assessment	of	the	technical	
feasibility	and	safety	of	specific	geoen-
gineering	proposals.	The	uncertainties	
are	 considerable,	 and	 the	 potential	
risks	vary	enormously	across	different	
proposals—from	 concerns	 that	 SRM	
techniques	 would	 do	 nothing	 to	 pre-
vent	 ocean	 acidification	 to	 fears	 that	
ocean	 fertilization	 techniques	 would	
have	 unpredictable	 (and	 undesirable)	
ecological	side	effects.	More	generally,	
there	are	significant	concerns	about	the	
masking	effects	of	 some	geoengineer-
ing	 approaches.	 In	 particular,	 SRM	
techniques	do	not	address	the	underly-
ing	causes	of	climate	change	(i.e.,	 the	
build	 up	 of	 greenhouse	 gases),	 and	
were	 such	 a	 program	 to	 unexpectedly	
fail,	 a	 rapid	 acceleration	 of	 warming	
might	then	ensue.	Figure	1	(reproduced	
from	 the	Royal	 Society	 report)	 repre-
sents	 an	 initial	 attempt	 to	 evaluate	 a	
number	of	geoengineering	 techniques.	
According	to	 the	Society’s	analysis,	 it	
is	 clear	 that	 there	 is	 substantial	 varia-
tion	in	the	estimates	of	the	cost,	effec-
tiveness,	 timeliness,	 and	 risk	 of	 puta-
tive	geoengineering	approaches.	A	key	
consideration	is	that	many	of	the	risks	
of	geoengineering	are	at	present	highly	
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uncertain	 (effectively	 “unknown	 un-
knowns”),	 making	 them	 particularly	
difficult	 to	 analyze	 through	 conven-
tional	risk	assessment	techniques.	
	 The	Royal	Society	emphasized	that	
none	of	the	current	proposals	for	geo-
engineering	 should	 currently	 be	 con-
sidered	as	acceptable	policy	responses	
to	 climate	 change.	 However,	 despite	
distancing	 itself	 from	 the	 application	
of	 geoengineering	 techniques,	 the	
Royal	Society	recommended	that	£10	
million	 be	 invested	 annually	 into	 re-
search	 on	 their	 technical	 feasibility	
and	 safety	over	 the	next	10	years	 (in	
the	UK).	As	a	result,	the	UK	Research	
Councils	plan	 to	spend	£3	million	on	
some	 preliminary	 research	 from	 late	
2010	onward.	Thus,	despite	the	obvi-
ous	wariness	with	which	geoengineer-
ing	 proposals	 are	 treated	 by	 some	
members	 of	 the	 scientific	 commu-
nity,11	 research	 into	 the	 technical	fea-
sibility	and	physical	risks	of	geoengi-
neering	is	poised	to	begin.	
	 The	 considerable	 uncertainty	 sur-
rounding	geoengineering	 is	of	course	
not	confined	to	questions	of	technical	
risk	 and	 feasibility.	 The	 prospect	 of	
coordinated	 and	 large-scale	 attempts	
to	engineer	the	climate	raises	a	host	of	
challenging	 legal,	 ethical,	 and	 social	
questions.	One	of	the	key	recommen-
dations	 in	 the	 Royal	 Society	 report	
was	 that	 a	 process	 of	 dialogue	 and	
engagement	 to	 explore	 public	 and	
civil	 society	 attitudes,	 concerns,	 and	
uncertainties	 about	 geoengineering	
should	begin	 immediately.	 In	 the	fol-
lowing	 section,	 we	 identify	 some	 of	
the	 social	 and	 ethical	 questions	 that	
geoengineering	 proposals	 may	 raise.	
We	 then	 identify	 some	 methods	 by	
which	public	responses	to	these	ques-
tions	 might	 be	 elicited.	 Finally,	 and	
echoing	 the	 Royal	 Society’s	 senti-
ments,	 we	 suggest	 that	 beginning	 a	
process	of	legitimate	and	participative	
public	 engagement	 is	 essential	 for	
policymakers	 who	 are	 considering	
proposals	 for	 geoengineering	 the	 cli-
mate.	As	an	issue	potentially	affecting	
citizens	 of	 countries	 around	 the	
globe—both	 rich	and	poor—dialogue	
about	 the	prospect	of	engineering	the	
earth’s	climate	should	not	be	confined	
to	technical	or	political	elites,	nor	for	
that	 matter	 solely	 to	 the	 citizens	 of	
industrialized	Western	nations.

The Royal Society has identified two broad types of 
geo-engineering proposals. Carbon dioxide removal 
(CDR) techniques remove CO2 from the atmosphere, 
while solar radiation management (SRM) techniques 
reflect a small percentage of the sun’s light and heat 
back into space. 

CDR TeChniques

Chemical air capture and carbon sequestration: there are a number of 
proposals to imitate trees’ sequestration of carbon dioxide from the atmo-
sphere by using giant chemical vents to “scrub” the atmosphere. more 
conventional carbon capture and storage (CCS) techniques are currently 
being developed for use on coal-fired power stations.
 ocean fertilization: plans to “fertilize” the oceans by using particles of 
iron to stimulate algal blooms (which absorb carbon dioxide) have already 
attracted interest from commercial investors, but small scale experiments 
have thus far been unsuccessful. 
 Biomass/biochar/biomass with carbon sequestration (BeCS): the use 
of biofuels as a substitute for fossil fuels might not seem to qualify as 
geoengineering, but the mass harvesting and sequestration of biomass 
would constitute a major climatic intervention.
 enhanced weathering: adding silicate materials to soil would enhance 
weathering processes which naturally sequester Co2, while increasing the 
levels of alkalinity in the ocean would have a similar effect. 
 afforestation: large-scale ecosystem management at a local and global 
level could provide significant increases in carbon sinks such as forests. 
While few undesirable side effects would be expected, carbon stored in 
vegetation is not securely sequestered in the long term. 

sRM TeChniques

Space-based reflectors: the placement of a fleet of artificial “sunshades” 
in orbit around the earth would deflect solar radiation. one suggestion is 
that a swarm of around 10 trillion extremely thin discs could be launched 
into space in stacks of a million, once every minute, for about 30 years.
 Stratospheric aerosols: Sulphate particles blasted into the strato-
sphere would deflect sunlight. Based on the model of a volcano, rapid 
reductions could be achieved in earth-bound solar radiation, but there 
are serious concerns over unintended effects on the stratospheric 
ozone.
 enhanced surface albedo: human settlements could be made more 
reflective by painting them white, more reflective crop varieties and grass-
land could be planted, and deserts could be covered with highly reflective 
materials.
 enhanced cloud albedo: the whitening of oceanic clouds could be 
achieved by spraying salt-rich sea water into the sky—sometimes referred 
to as “cloud seeding.”

Proposed Approaches to Geoengineering



The Social and ethical  
implications of  
geoengineering

intentional Manipulation of the
Global Climate
	 Perhaps	 the	most	 fundamental	 ques-
tion	 that	 geoengineering	 raises	 is	
whether	the	intentional	manipulation	of	
the	 global	 climate	 is	 ethically	 accept-
able.	On	 the	one	hand,	 few	would	dis-
agree	 that	 a	 global	 temperature	 rise	 of	
three	 or	 four	 degrees	 (or	 even	 higher)	
will	have	catastrophic	consequences	for	
both	people	and	ecosystems,	providing	
an	 ethical	 imperative	 for	 action	 if	 all	
other	options	are	likely	to	fail.	There	is	
also	 a	 long	 history	 of	 anthropogenic	
manipulation	 or	 modification	 of	 many	
of	 the	 Earth’s	 systems	 (not	 just	 the	
global	climate).12	It	is	clear	that	humans	
have	 the	 capacity	 to	 geoengineer	 and	
have	 done	 so	 intentionally	 on	 a	 small	
scale	 and	 unintentionally	 on	 a	 large	
scale	on	many	previous	occasions:	An-

thropogenic	 interference	 in	 the	 global	
climate	 is	 precisely	 the	 problem	 that	
geoengineering	is	designed	to	solve.	
	 But	 the	 intentional	 large	 scale	 ma-
nipulation	of	the	climate	has	not	previ-
ously	 been	 attempted.	 Thus,	 it	 is	 the	
intentionality	 of	 geoengineering	 pro-
posals	that	demarcates	them	from	pre-
vious	anthropogenic	interference	in	the	
global	 climate.	 This	 asymmetry	 be-
tween	intended	and	unintended	acts	is	
clearly	 observed	 in	 law	 (most	 legal	
systems	distinguish	crimes	on	the	basis	
of	 intentionality),	medical	ethics	(pas-
sive	vs.	active	euthanasia),	and	military	
conduct	(the	intentional	killing	of	civil-
ians	vs.	“collateral	damage”	of	war).13	
	 Some	 commentators	 have	 argued	
that	the	fact	that	humans	have	already	
caused	climatic	change	is	precisely	the	
reason	 why	 an	 intentional	 effort	 to	
undo	 it	 should	 not	 be	 initiated.14	 On	
this	view,	the	unintended	consequences	
of	 current	 human	 interference	 in	 the	
climate	 system	are	 a	powerful	 indica-

tion	 that	 “meddling”	 with	 the	 global	
climate	 is	 inadvisable.	 Proponents	 of	
geoengineering	counter	that	even	non-
geoengineering	 attempts	 at	 mitigation	
constitute	 intentional	 interference	 in	
the	 climate—as	 efforts	 to	 reduce	 the	
greenhouse	 gas	 emissions	 of	 human	
activity	 are	 aimed	 at	 slowing	 down	
(and	 ultimately	 reversing)	 global	
warming.15	But	 as	 several	 decades	 of	
risk	research	have	established,	people’s	
perceptions	of	the	risks	associated	with	
science	 and	 technology	 are	 filtered	
through	 social	 and	 cultural	 lenses.16	
This	means	that	 the	prospect	of	 large-
scale	technological	manipulation	of	the	
atmosphere	 is	 likely	 to	 produce	 radi-
cally	different	responses	from	different	
members	of	the	public.	People	with	op-
posing	 cultural	 worldviews	 tend	 to	
perceive	risks	and	benefits	very	differ-
ently.17	While	some	may	find	the	pros-
pect	of	large-scale	engineering	projects	
worrisome,	others	will	view	programs	
aimed	 at	 changing	 their	 consumption	
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Figure reproduced with full permission from the royal Society. Geoengineering the Climate: Science, Governance and Uncertainty 
(Science policy Centre report 10/09, 2009, p. 49). each of the geoengineering techniques is described in the Sidebar, “proposed 
approaches to Geoengineering.”

an additional dimension on which geoengineering techniques vary is reversibility. While increasing urban surface albedo could quickly 
be undone, reversing ocean fertilization programs would be more difficult. the degree to which any particular geoengineeing tech-
nique could be halted and reversed might be a critical determinant of how people perceive them.

Figure 1. a preliminary evaluation of geoengineering techniques reviewed by  
the royal Society (2009)
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Some scientists have proposed carbon dioxide removal systems to address pollutants 
emitted by refineries such as this one.

morally	 unacceptable.	 While	 mitiga-
tion	 through	 behavior	 change—for	
some	closer	to	an	idea	of	“social	engi-
neering”—and	 geoengineering	 may	
both	 technically	 constitute	 intentional	
interference	 with	 the	 climate,	 people	
are	unlikely	to	see	the	commonality.18	

Consent	
If	 agreement	were	 to	be	 reached	 that	
climate	 modification	 was	 a	 techni-
cally	viable	and	politically	acceptable	
option,	 whose	 agreement	 would	 be	
sought?	 In	 the	 industrialized	 nations,	
the	democratization	 (or	otherwise)	of	
science	 and	 technology	 is	 a	 topic	 of	
continuing	 interest.	As	 the	 large	 aca-
demic	 literature	 on	 how	 to	 engage	
people	 with	 science	 demonstrates,	
how and why	to	involve	the	public	in	
decisions	about	the	appropriateness	or	
acceptability	 of	 novel	 scientific	 and	
technological	developments	continues	
to	 generate	 debate.19	 The	 U.S.	 Na-
tional	 Research	 Council	 (in	 common	
with	many	others)	has	argued	that	it	is	
beneficial	for	experts	and	policymak-
ers	 to	 involve	 citizens	 in	 discussion	
about	the	societal	aspects	of	emerging	
areas	 of	 science,	 technology,	 and	 the	
environment	 using	 appropriate	 ana-
lytic-deliberative	processes	at	the	ear-
liest	possible	stage.20	The	prospect	of	
controlling	 the	 global	 thermostat	 is	
something	 that	 all	 citizens	could	 rea-
sonably	 claim	 to	 have	 a	 legitimate	
stake	in.	How	will	 the	public’s	views	
be	adequately	represented?
	 The	 issue	 of	 consent	 arguably	 has	
more	 profound	 implications	 interna-
tionally.	 It	 is	 well	 documented	 that	
some	of	the	poorest	parts	of	the	world	
(e.g.,	Bangladesh,	sub-Saharan	Africa,	
and	 the	 Pacific	 Island	 states)	 will	 be	
disproportionally	 affected	 by	 climate	
change—both	 because	 of	 their	 re-
source-limited	 capacity	 to	 cope	 with	
the	 changing	 climate,	 and	 because	 of	
their	low-lying	or	drought-prone	geog-
raphy.	 Just	 as	 the	citizens	of	develop-
ing	countries	did	little	to	contribute	to	
the	 adverse	 effects	 of	 the	 climate	
change	 that	 they	 now	 face,	 it	 seems	
unlikely	that	 the	poorest	people	in	the	
poorest	 countries	 will	 be	 adequately	
represented	 in	 decisions	 about	 geoen-
gineering.21	Yet	perversely,	any	adverse	
consequences	 of	 geoengineering	 are	

likely	to	be	more	difficult	to	address	in	
nations	 with	 limited	 financial	 re-
sources.	Recognizing	this	concern,	the	
Royal	 Society	 recommended	 that	 it	
would	be	inadvisable	to	pursue	geoen-
gineering	methods	that	would	have	ef-
fects	extending	beyond	national	bound-
aries	(e.g.,	the	deployment	of	sulphate	
aerosols)	 before	 appropriate	 gover-
nance	mechanisms	were	 in	place.	The	
history	of	international	climate	negoti-
ations	 is	 of	 course	 fraught	with	 diffi-
culties,	 suggesting	 that	 in	 practice,	
geo-governance	 mechanisms	 will	 be	
difficult	to	design	and	implement.
	 A	 more	 mundane	 issue	 of	 consent	
arises	from	the	literature	on	public	at-
titudes	 towards	nuclear	power.	Recent	
studies	 in	 the	 UK	 have	 asked	 people	
about	their	views	on	nuclear	power,	in	
light	 of	 the	 threat	 posed	 by	 climate	
change.	 While	 outright	 support	 and	
strong	opposition	to	nuclear	power	was	

evident,	 a	 significant	 proportion	 of	
participants	offered	a	“reluctant	accep-
tance”—that	 is,	 they	 agreed	 that	 nu-
clear	 power	 (as	 a	 potential	 source	 of	
low-carbon	 energy)	 could	be	 a	 neces-
sary	 evil	 in	 the	 fight	 against	 climate	
change.22	A	 key	 conclusion	 of	 the	 re-
search	was	that	this	was	a	conditional,	
unstable	attitude	position	with	consid-
erable	ambivalence	associated	with	the	
apparent	 support.	 In	 addition,	 partici-
pants	 in	 qualitative	 discussion	 groups	
expressed	resistance	to	the	pre-framing	
of	 ‘nuclear	 vs.	 climate	 change’	 rather	
than	 ‘nuclear	vs.	other	energy	options	
that	might	fight	climate	change’.	Geo-
engineering	is	being	advocated	in	pre-
cisely	 this	 way—as	 the	 lesser	 of	 two	
evils.	 If	 a	 narrative	 of	 inevitability	 is	
used	 to	 frame	geoengineering	without	
fully	evaluating	its	merits	against	other	
policy	 options	 first,	 what	 effect	 will	
this	have	on	public	acceptance	of	it?23	



Global security & Law
Research	 on	 geoengineering	 has	 its	
roots	 in	 military	 strategies	 developed	
for	 weather	 modification.24	 Both	 the	
United	 States	 and	 Russia	 expressed	
significant	 interest	 (and	 invested	 sig-
nificant	 funds)	 in	 researching	weather	
modification	 for	 the	purposes	of	mili-
tary	 conflict.	 However,	 concern	 over	
this	type	of	research	led	to	the	Environ-
mental	 Modification	 Convention	
(passed	by	the	United	Nations	in	1977),	
banning	 the	 use	 of	weather	modifica-
tion	 for	 military	 or	 other	 hostile	 use.	
Some	 commentators	 have	 suggested	
that	 geoengineering	 proposals	 might	
violate	the	terms	of	this	treaty.25	
	 While	geoengineering’s	military	his-
tory	does	not	preclude	benevolent	uses,	
it	 is	 clear	 that	 climate	 modification	
schemes	 come	 with	 a	 potential	 for	
global	 conflict	 that	 should	 be	 taken	
seriously	 by	 policymakers.	 Conflict	
might	arise	if	the	world	views	a	nation	
pursuing	 a	 climate	 modification	 pro-
gram	as	placing	its	own	interests	above	
those	of	other	nations.	 It	 is	 even	con-
ceivable	 that	 a	 wealthy	 individual	 or	
private	company	might	develop	geoen-
gineering	 technologies.	 But	 even	 if	
multilateral	 agreement	 could	 be	
reached,	 the	 potential	 for	 conflict	
would	remain.	What	 if,	 in	 the	process	
of	 improving	 the	 climate	 of	 its	 own	
country,	 a	 government	 inadvertently	
affected	 the	 climate	of	 another?	What	
if	one	nation	attributed	a	change	in	its	
climate	to	the	geoengineering	program	

of	 another,	 or	 even	 instigated	 a	 coun-
ter-program	 (to	 add	 greenhouse	 gases	
to	the	atmosphere)	if	the	geoengineer-
ing	program	of	another	nation	was	felt	
to	inadvertently	affect	it?26	
	 Picking	 apart	 the	 climatic	 effects	
that	 could	 be	 attributed	 to	 a	 rival	 na-
tion’s	 geoengineering	 from	 those	
which	 would	 have	 occurred	 naturally	
would	 be	 extremely	 difficult.	 The	
scope	for	conflict—even	in	the	absence	
of	 intentional	 provocation—would	 be	
significant.	 While	 similar	 disputes	
might	 be	 envisioned	 over	 the	 uneven	
distribution	 of	 climatic	 changes	 from	
unabated	 greenhouse	 gas	 emissions,	
the	 act	 of	 geoengineering	 might	 well	
be	 considered	 more	 problematic	 than	
doing	nothing.	Finally,	even	if	conflict	
could	 be	 avoided	 in	 the	 initiation	 of	
geoengineering	 proposals,	 significant	
questions	 remain	 about	 whether	 the	
world’s	nations	could	create	and	main-
tain	 the	 centuries	 of	 global	 political	
stability	that	would	be	required	to	man-
age	such	industrial	projects	on	a	global	
scale.	As	the	climate	scientist	Stephen	
Schneider	 succinctly	 puts	 it,	 “Just	
imagine	 if	we	needed	 to	do	all	 this	 in	
1900	and	then	the	rest	of	the	20th	cen-
tury	unfolded	as	it	actually	did!”27	

Distraction from Mitigation and 
the Lure of “Techno-Fixes”
The	 commercial	 potential	 of	 geoengi-
neering	 has	 already	 attracted	 interest	
from	private	 investors,28	but	 initial	 re-
search	into	geoengineering	will	almost	

certainly	 be	 initiated	 by	 government-
funded	 research	 councils.	 Geoengi-
neering	 proposals	 will	 compete	 with	
other	mitigation	and	adaptation	strate-
gies	 for	 research	 investment,	 which	
will	 raise	 questions	 about	 the	 alloca-
tion	of	sparse	government	resources.29	
In	fact,	some	pressure	groups	that	have	
previously	 been	 vocal	 opponents	 of	
stringent	 political	 action	 to	 reduce	
greenhouse	 gases	 (such	 as	 the	 Cato	
Institute	in	the	United	States)	have	in-
dicated	 their	 support	 for	 geoengineer-
ing	 as	 a	 “cost	 effective”	 method	 of	
tackling	 climate	 change.30	 Advocates	
argue	that	the	cost	of	geoengineering—
in	terms	of	gross	domestic	product—is	
substantially	less	than	other	mitigation	
options	 (although	 the	ETC	Group	has	
dubbed	geoengineering	the	“Big	Mac”	
of	climate	change	responses—fast,	un-
healthy,	 and	 deceptively	 cheap	 in	 the	
short	 term).31	 This	 suggests	 that	 as	
awareness	 of	 geoengineering’s	 poten-
tial	 grows,	 some	 powerful	 economic	
and	 ideological	 interests	 will	 lobby	
strongly	 for	 it.	 At	 a	 political	 level,	
therefore,	 geoengineering	 might	 be	
considered	 a	 dangerous	 distraction	
(with	momentum	of	its	own)	from	the	
task	of	mitigation	 through	more	 tradi-
tional	 methods	 of	 emissions	 reduc-
tions.	The	Royal	Society	refers	to	this	
as	 a	 “moral	 hazard”	 argument—the	
phenomenon	whereby	people	who	feel	
“insured”	 against	 a	 risk	 may	 take	
greater	 risks	 (i.e.,	 mitigate	 less)	 than	
they	 would	 otherwise	 be	 prepared	 to	
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Tree seedlings being grown for a reforestation project in Africa.
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take.32	 Of	 course,	 whether	 geoengi-
neering	 will	 suppress	 individual	 and	
group	incentives	for	action	(or	alterna-
tively	galvanize	some	sections	of	soci-
ety)	 is	 an	 empirical	 issue,	 pointing	 to	
the	need	for	quite	subtle	social	research	
on	 geoengineering’s	 impact	 on	 atti-
tudes	to	climate	change,	as	well	as	be-
havioral	intentions	and	responses.	
	 Geoengineering	also	does	nothing	to	
challenge	 the	 systems	 of	 production	
and	consumption	that	might	be	consid-
ered	 unsustainable	 for	 reasons	 other	
than	the	greenhouse	gas	emissions	as-
sociated	 with	 them.	 For	 example,	 the	
UK	 Energy	 Research	 Center	 recently	
warned	 that	 conventional	 oil	 supplies	
could	 peak	 by	 2020	 if	 current	 con-
sumption	trends	continue.33	While	pro-
posals	 for	 capturing	 carbon	 dioxide	
and	storing	it	underground	can	mitigate	
levels	 of	 CO2	 in	 the	 atmosphere,	 oil	
reserves	 will	 continue	 to	 be	 depleted	
for	as	long	as	fossil	fuels	continue	to	be	
burned.	 Similarly,	 increasing	 numbers	
of	commentators	and	economists	have	
questioned	whether	the	globally	domi-
nant	economic	model	of	consumption-
based	 growth	 can	 deliver	 a	 truly	 sus-
tainable	 society,	 given	 that	 the	
decoupling	 of	 economic	 growth	 and	
energy	 use	 is	 typically	 relative,	 not	
absolute.34	 To	 what	 extent	 will	 the	
promise	 of	 geoengineering	 detract	 at-
tention	from	the	critical	need	to	estab-
lish	more	sustainable	consumption	and	
production	patterns	across	the	globe?	
	 As	the	climate	scientist	Mike	Hulme	
has	 observed,	 questions	 such	 as	 these	
shed	 light	 on	 the	 deep	 ideological	 di-
vides	 that	 run	 through	 debates	 about	
climate	change	and	how	to	“solve”	it.35	
For	 groups	 and	 individuals	 who	 see	
climate	 change	 as	 the	 symptom	 of	 a	
social	and	economic	order	that	is	inher-
ently	 unsustainable,	 geoengineering	
represents	the	worst	kind	of	techno-fix.	
These	people	may	desire	social	change	
independent	 from	 concern	 about	 cli-
mate	 change—and	 are	 thus	 likely	 to	
view	proposals	that	do	not	address	ex-
isting	inequalities	between	nations	and	
peoples	 with	 suspicion.	 Conversely,	
those	 who	 place	 faith	 in	 the	 human	
capacity	for	finding	technological	solu-
tions	to	environmental	and	other	prob-
lems	might	well	see	geoengineering	as	
a	 genuine	 opportunity	 rather	 than	 a	

threat.	Here,	deeply	held	and	culturally	
ingrained	 narratives	 regarding	 human	
dominance	 over	 (or	 conversely	 inter-
connectedness	 with)	 nature	 are	 likely	
to	play	a	role.	
	 As	 knowledge	 of	 geoengineering	
proposals	 proliferates,	 the	 metaphors	
that	 emerge	 in	 the	 public	 discourse	
(and	how	they	relate	to	different	under-
lying	 political	 and	 environmental	 ide-
ologies)	 will	 be	 telling.	 The	 recently	
completed	 European	 nanotechnology	
project	 DEEPEN36	 found	 that	 among	
discussion	groups	in	the	UK	and	Portu-
gal,	 five	 key	 narratives	 characterized	
participants’	responses	to	nanotechnol-
ogy:	1)	“be	careful	what	you	wish	for”;	
2)	“opening	Pandora’s	box”;	3)	“mess-
ing	with	nature”;	4)	“kept	in	the	dark”;	
and	5)	“the	rich	get	richer	and	the	poor	
get	 poorer.”	 Interestingly,	 the	 techno-
scientific	vision	of	technology	as	driv-

ing	 inexorably	 forward	 and	 bringing	
inevitable	 social	benefits	 tended	 to	be	
rejected.	 These	 narratives	 resonate	
with	 the	 sorts	of	 responses	 that	might	
be	 expected	 towards	 geoengineering,	
and	 suggest	 that	 there	are	 clear	paral-
lels	between	these	two	emerging	areas	
of	 science	 and	 technology	 (a	 theme	
that	 we	 develop	 in	 more	 detail	 be-
low).36	

unintended Consequences
	 Concerns	 about	 whether	 scientists	
and	 engineers	 have	 the	 capacity	 to	
safely	mitigate	 the	 unintended	 techni-
cal	and	environmental	consequences	of	
geoengineering	will	play	a	central	role	
in	 the	 debate.	 But	 the	 issue	 of	 unin-
tended	 consequences	 also	 has	 a	 num-
ber	of	social	dimensions.	For	example,	
history	shows	us	 that	complex	 techni-
cal	 and	 environmental	 systems	 often	
fail	 because	 of	 unanticipated	 interac-

tions	 between	 their	 component	 parts,	
while	 the	 processes	 of	 societal	 over-
sight	typically	are	insufficiently	sensi-
tive	to	emerging	warning	signs.37	In	an	
analysis	that	broadly	supports	pursuing	
geoengineering	research,	James	Love-
lock	questioned	whether	human	societ-
ies	are	 sufficiently	 talented	 to	 take	on	
the	role	of	permanently	 regulating	 the	
global	 thermostat:	 “Consider	 what	
might	 happen	 if	 we	 start	 by	 using	 a	
stratospheric	 aerosol	 to	 ameliorate	
global	 heating;	 even	 if	 it	 succeeds,	 it	
would	not	be	 long	before	we	 face	 the	
additional	problem	of	ocean	acidifica-
tion.	 This	 would	 need	 another	 medi-
cine,	 and	 so	 on.	 We	 could	 find	 our-
selves	 in	 a	 Kafka-like	 world	 from	
which	there	is	no	escape.”38	
	 Lovelock’s	 “Kafka-like	 world”	 is	
purposefully	 dramatic.	 But	 the	 notion	
that	embarking	on	a	course	of	geoengi-

neering	could	result	 in	perpetual	 tech-
nological	 “treatments”	 for	 the	 climate	
system	is	one	that	should	be	taken	seri-
ously.	Aside	from	the	moral	questions	
it	raises	about	what	this	sort	of	society	
and	global	environment	would	be	like,	
an	increasingly	technologically	sophis-
ticated	 future	 may	 not	 be	 something	
that	 can	 be	 taken	 for	 granted.	 Rapid	
technological	progress	since	the	indus-
trial	 revolution	 has	 been	 inextricably	
linked	to	the	availability	of	cheap	and	
plentiful	 fossil	 fuels.	Will	 a	 post-car-
bon	energy	future	be	similarly	catalytic	
in	driving	technological	innovation?
	 The	ethical	and	social	questions	we	
have	 identified	 are	not	 intended	 to	 be	
an	exhaustive	list,	and	neither	are	they	
predictions	 about	 the	 likely	 trajectory	
of	 public	 and	 ethical	 opinion	 towards	
geoengineering.	 Inevitably,	 in	 focus-
sing	on	 the	disputes	 that	geoengineer-
ing	might	raise,	we	have	not	discussed	

While proposals for capturing carbon dioxide 
and storing it underground can  

mitigate levels of Co2 in the atmosphere, 
oil reserves will continue to be depleted  

for as long as fossil fuels  
continue to be burned.



in	detail	the	benefits	that	proponents	of	
geoengineering	 research	 foresee.	 The	
worst	 effects	 of	 geoengineering	 may	
pale	in	comparison	to	the	threats	posed	
by	 insufficiently	 mitigated	 climate	
change.	And,	 if	 at	 some	 critical	 junc-
ture	 in	 the	 future	 the	 survival	 of	 the	
human	race	depended	on	our	ability	to	
geoengineer	a	climate	solution,	propo-
nents	of	geoengineering	research	argue	
that	 it	 would	 be	 better	 if	 we	 had	 al-
ready	done	the	fundamental	research.39	
	 The	promise	of	a	benignly	controlled	
climate	may	be	appealing	to	some,	al-
though	 most	 see	 geoengineering	 as	 a	
contingency	plan—a	backup	in	case	all	

else	fails.	But	even	proponents	of	geo-
engineering	 research	 urge	 caution	 in	
pursuing	such	a	radical	agenda	because	
the	social	and	ethical	issues	at	stake	are	
substantial.	In	the	next	section,	we	out-
line	some	possible	methods	for	begin-
ning	a	process	of	upstream	engagement	
with	members	of	the	public.	By	draw-
ing	on	relevant	public	engagement	re-
search	 on	 another	 emerging	 area	 of	
science—nanotechnology—we	seek	to	
identify	 ways	 to	 establish	 a	 dialogue	
with	 society	 at	 large	 that	 may,	 if	 ap-
proached	open-mindedly,	provide	a	le-
gitimate	method	for	addressing	broader	
questions	about	geoengineering.

involving Citizens early in  
debate: The Challenge of  
Upstream Public engagement
	 “Public	 engagement”	 is	 typically	
poorly	 specified.40	 From	 purely	 com-
municative	 projects	 aimed	 at	 improv-
ing	 lay	 knowledge	 in	 some	 way,	 to	
consultation	 processes	 that	 might	 be	
more	 accurately	 described	 as	 market	
research,	 to	 large-scale	 analytic-delib-
erative	 processes	 involving	 both	 lay	
and	expert	participants	–	the	concept	of	
public	engagement	is	broad	and	nego-
tiable.	Debate	over	the	best	way	to	in-
volve	members	 of	 the	 public	 in	 deci-
sions	related	to	science	and	technology	
has	 taken	 place	 for	 over	 a	 decade.41	
Early	 discussions	 centered	 around	 the	
deficit	 model	 of	 science	 communica-
tion,	 which	 assumed	 that	 the	 public	
had	a	deficit	of	knowledge	that	needed	
to	 be	 addressed	 through	 engagement.	
But	 the	 deficit	 hypothesis	 has	 been	
discredited	 by	 both	 theoretical	 ad-
vances	 and	 empirical	 data.	 From	 a	
theoretical	 perspective,	 assuming	 a	
deficit	of	knowledge	 is	not	conducive	
to	 establishing	 a	 genuinely	 participa-
tory	 interaction	 between	 scientists,	
communicators,	 and	 the	 broader	 pub-
lic.	And	from	an	empirical	perspective,	
studies	 have	 consistently	 shown	 that	
people’s	perception	and	acceptance	of	
science	and	technology	is	not	straight-
forwardly	attributable	 to	 their	 level	of	
knowledge	about	 it.42	The	 rejection	of	
the	deficit	model	of	 science	communi-
cation	has	been	accompanied	by	a	con-
certed	effort	 to	develop	more	delibera-
tive	 public	 engagement	 mechanisms,	
and	to	move	their	use	“upstream”	in	the	
research	 and	 development	 process.	 A	
technology	 is	 upstream	 if	 significant	
research	 and	 development	 has	 not	 yet	
begun,	 public	 controversy	 about	 the	
topic	 is	 not	 currently	 present,	 and	 en-
trenched	 attitudes	 or	 social	 representa-
tions	 have	 not	 yet	 been	 established	
(criteria	 that	 seem	 to	 fit	 geoengineer-
ing’s	 current	 position).	 Upstream	 en-
gagement	means	encouraging	the	public	
to	play	an	active	 role	 in	deliberating	a	
scientific	or	technological	issue	through-
out	 the	 entire	 process	 of	 scientific	 re-
search	 and	 development,	 and	 particu-
larly	 before	 significant	 commercial	
realization	has	taken	place.43	
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DiReCT PubLiC enGAGeMenT
Citizens’ juries, panels, focus groups, and deliberative workshops 
can allow significant ethical concerns to be identified and “desired 
futures” to be discussed. We argue that an international process of 
direct engagement with the public on geoengineering should be 
initiated immediately—ideally prior to the commencement of a 
physical research program.  

sCenARio AnALysis wiTh sTAkehoLDeRs
identifying different directions that a new technology might take can 
help to identify significant uncertainties. mapping out some possible 
trajectories for geoengineering might permit some of the ethical is-
sues we identify to come to the forefront.
 

DeCision AnALyTiC MeThoDs
decision analytic methods consist of working with stakeholders or 
the public to identify the frames and values that are ultimately neces-
sary for characterizing risks. Geoengineering is likely to be framed 
using an initial narrative of necessity or inevitability. What effect will 
this have on judgments? Can alternative decision structures be iden-
tified?

MuLTisTAGe MeThoDs
multistage methods combine different approaches to framing 
and risk assessment in a sequence of linked activities, often with 
different groups of stakeholders and the public, and at different 
times. it seems likely that multistage and multi-audience methods 
will be necessary to establish a legitimate process of interna-
tional engagement on geoengineering.

some Approaches to upstream  
engagement
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	 Successful	 upstream	 engagement	
requires	finding	new	ways	of	listening	
to	and	valuing	diverse	forms	of	public	
knowledge	 and	 social	 intelligence,	
and	involving	the	public	in	more	fun-
damental	questions	about	the	pace	and	
direction	 of	 science	 and	 technology	
(and	 the	 wider	 values	 that	 inform	
this).	Many	authors	have	 issued	calls	
for	 the	 social	 scientific	 (as	 well	 as	
technical)	aspects	of	new	technologies	
to	 be	 addressed	 early	 and	 simultane-
ously,	 rather	 than	 simply	 allocating	
the	 impacts	 or	 societal	 effects	 of	 a		
new	technology	to	the	social	sciences	
to	assess	post hoc.44	On	this	view,	so-
cial	and	ethical	assessments	of	a	new	
technology	must	occur	in	real	time	in	
order	to	address	deeper	social	and	po-
litical	 questions	 about	 purpose,	 own-
ership,	 control,	 and	 responsibility:	
What	is	a	development	for,	what	is	the	
need,	 who	 owns	 it,	 and	 who	will	 be	
responsible	if	things	go	wrong?	All	of	
these	questions	seem	especially	perti-
nent	 for	 any	 future	proposals	 to	geo-
engineer	the	climate.
	 Interest	 in	 upstream	 engagement	 in	
Europe	 can	be	partly	 attributed	 to	 the	
widely	held	perception	that	public	en-
gagement	 over	 genetically	 modified	
organisms	(GMOs)	came	too	late,	and	
resulted	 in	 something	 of	 a	 backlash.45	
The	lessons	learned	and	the	approaches	
used	in	projects	such	as	the	British	GM	
Nation	public	debate	in	2003	have	in-
formed	much	of	the	research	and	prac-
tice	 in	 Europe	 that	 has	 followed	 it.46	
But	most	of	the	discussion	over	meth-
ods	 of	 upstream	 engagement	 has	 re-
lated	 to	currently	upstream	topics	 (for	
example,	 nanotechnology,	 hydrogen	
energy	 technologies,	 and	 synthetic	bi-
ology).	 Tee	 Rogers-Hayden	 and	 Nick	
Pidgeon	have	referred	to	nanotechnol-
ogy—the	 manufacture	 of	 nanoscale	
structures	and	devices	that	have	novel	
chemical	and	electrical	properties—as	
the	test	case	for	upstream	engagement.	
A	 number	 of	 engagement	 mecha-
nisms,	and	their	potential	for	upstream	
engagement	 on	 geoengineering	 are	
outlined	 in	 the	 Sidebar,	 “Some	 Ap-
proaches	to	Upstream	Engagement.”47	
Several	methods	emerge	as	promising	
ways	to	develop	an	upstream	dialogue	
with	the	public,	and	we	focus	here	on	

the	use	of	citizens’	juries	and	delibera-
tive	workshops.48	
	 Citizens’	juries	are	a	forum	for	pub-
lic	 debate	 and	 discussion,	 and	 are	
based	on	the	model	of	a	legal	jury	(and	
are	 related	 to	 the	 “consensus	 confer-
ence”	 models	 used	 in	 Australia	 and	
Scandinavian	 countries).49	 They	 are	
semi-structured	 and	 participatory	 ses-
sions,	where	a	representative	group	of	
the	public	is	asked	to	consider	a	series	
of	 questions	 relating	 to	 a	 particular	
topic.	 The	 jury	 has	 the	 opportunity	 to	
question	 “witnesses”	 (experts	 in	 the	
field)	and	are	asked	to	reach	a	“verdict.”	
In	this	way,	the	sessions	are	guided	by	
the	 concerns	 and	 interests	 of	 the	 par-
ticipants,	rather	than	solely	determined	
by	 the	 researcher.	 NanoJuryUK	 (held	
in	West	Yorkshire	 over	 five	weeks	 in	
the	 summer	 of	 2005)	 proved	 to	 be	 a	
useful	method	 to	 elicit	 public	 evalua-
tions	 of	 nanotechnology—something	
that	 is	scientifically	complex,	difficult	
to	 visualize,	 and	 difficult	 to	 represent	
psychologically.50	 Although	 partici-
pants	initially	struggled	with	the	topic,	
its	ultimate	success	suggests	that	it	is	a	
methodology	 that	 might	 conceivably	
lead	to	substantive	public	engagement	
with	 the	 social	 and	 ethical	 questions	
that	geoengineering	raises.	
	 In	 addition	 to	 citizens’	 juries,	 up-
stream	 deliberative	 workshops	 have	
been	 trialled	 using	 members	 of	 the	

British	and	American	public.	Using	the	
deliberative	 workshop	 format,	 quasi-
representative	 groups	 of	 the	 public	
from	 the	 United	 Kingdom	 and	 the	
United	States	were	convened	to	debate	
nanotechnology.51	 The	 groups	 dis-
cussed	the	risks	and	benefits	of	specific	
nanotechnology	 applications	 using	 a	
combination	of	World	Café	discussion	
sessions	and	written	materials	to	draw	
on.	 Interestingly,	 a	 firm	 conclusion	
(echoing	 the	findings	of	 the	DEEPEN	
project	 described	 earlier)	was	 that	 the	
social	 trumped	 the	 technical	 in	 peo-
ple’s	 discussion	 of	 risk—that	 is,	 dis-
cussions	focused	predominantly	on	the	
social	and	ethical	implications	of	nano-
technology,	 rather	 than	 questions	 of	
physical	risk	(despite	the	groups	being	
provided	with	information	about	physi-
cal	 risks).	A	 key	 question	 is	 whether	
such	deliberative	workshops	will	be	an	
effective	method	of	 upstream	engage-
ment	on	geoengineering	(where	social	
and	 ethical	 questions	 are	 likely	 to	 be	
pertinent).	They	seem	to	provide	a	fo-
rum	for	precisely	the	type	of	nontech-
nical	 concerns	 that	 traditional	 risk	 as-
sessment	 approaches	 to	 analysis	
struggle	to	capture.
	 Our	 argument	 is	 that	 the	 upstream	
public	 engagement	 tools	 that	 have	
been	 developed	 for	 studying	 nano-
technology	 may	 also	 be	 usefully	 ap-
plied	to	assess	people’s	perceptions	of	
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Reduced sea ice thickness is just one of the many signs of global climate change.



the	 social	 and	 ethical	 implications	of	
geoengineering.	It	will	not	be	an	easy	
challenge	 to	 meet.	 Relocating	 public	
debate	 about	 geoengineering	 to	 an	
earlier	 point	 in	 its	 development	 will	
not	address	 the	generic	difficulties	of	
public	engagement—who	should	par-
ticipate,	 the	 efficacy	 of	 different	 ap-
proaches,	the	clarification	of	aims	and	
the	 need	 to	 ensure	 the	 results	 of	 any	
engagement	 exercise	 are	 taken	 on	
board	by	decision-makers,	 as	well	 as	
the	means	for	locating	dialogue	within	
existing	 modes	 of	 democratic	 and	
public	 representation.	 Equally,	 up-
stream	engagement	brings	 a	 range	of	
unique	issues	relating	to	the	design	of	
participatory	exercises.	In	the	case	of	
nanotechnologies,	the	very	absence	of	
products	and	easy	everyday	analogies	
through	 which	 people	 can	 interpret	
the	science	means	they	often	struggle	
(initially	at	 least)	 to	get	a	grip	on	the	
topic.	In	turn,	this	means	that	engage-
ment	 mechanisms	 require	 at	 least	
some	 level	 of	 information	 provision	
about	the	issue,	raising	the	question	of	
how	 this	 information	 is	 framed	 and	
presented	by	the	dialogue	organizers.	
	 Many	 attempts	 at	 upstream	 public	
engagement	suffer	from	two	problems:	
a	 profound	 ambivalence	 on	 behalf	 of	
the	 public,	 and	 a	 general	 cynicism	
about	 whether	 the	 results	 of	 engage-
ment	 exercises	 are	 taken	 seriously	 by	
decision-makers	 and	 stakeholders.52	
Decision-makers	must	be	careful	not	to	
use	upstream	public	engagement	as	an	
opportunity	to	“get	in	early”	with	pro-
geoengineering	 public	 relations	 cam-
paigns,	but	even	more	importantly,	ev-
ery	effort	must	be	made	to	make	public	
engagement	 opportunities	 available	 to	
as	many	people	(and	as	many	different	
types	of	people)	as	possible.	
	 The	 recent	 World	 Wide	 Views	 on	
Global	Warming	project	 represents	 an	
attempt	 to	 pursue	 public	 engagement	
on	a	global	 scale.53	The	project	was	a	
global	 citizen	 consultation	 that	 took	
place	 on	 September	 26,	 2009	 in	 38	
countries,	 involving	 4,400	 citizens.	
Each	deliberation	included	around	100	
participants,	 who	 were	 selected	 to	 be	
demographically	representative	for	the	
region.	 Participants	 discussed	 and	 de-
bated	views	on	the	policy	goals	of	the	
United	Nations	Climate	Change	Nego-

tiations	 in	 Copenhagen.	 While	 4,400	
people	still	represent	a	tiny	minority	of	
the	worldwide	 population,	 the	 project	
suggests	that	public	participation	proj-
ects	 need	 not	 (and	 should	 not)	 be	 re-
stricted	to	the	citizens	of	industrialized,	
Western	nations.	

Conclusion
	 Research	into	the	technical	feasibil-
ity	 and	 safety	 of	 geoengineering	 is	
poised	 to	begin,	with	guarded	 interest	
from	 research	 funders,	 governments,	
and	 academic	 bodies	 in	 the	 United	
States	and	Europe.	We	have	argued	that	
it	 is	essential	 that	a	program	of	social	
research	 and	 reflection	 be	 initiated	 as	
well,	 prior	 to	 the	 physical	 program.	
The	 deliberative	 techniques	 that	 have	
been	 trialled	 in	 research	on	nanotech-

nology	offer	potential	opportunities	for	
meaningful	public	engagement.54	Even	
under	 conditions	 of	 high	 uncertainty	
that	 characterize	 emerging	 technolo-
gies	 such	 as	 geoengineering	 (some-
thing	 the	 philosophers	 Jerry	 Ravetz	
and	 Silvio	 Funtowicz	 have	 termed	
post-normal science),55	 upstream	 de-
liberative	 methods	 can	 play	 a	 critical	
role	 in	 allowing	 a	 broader	 range	 of	
voices	to	be	heard	and	in	extending	the	
dialogue	between	experts	and	society.
	 But	while	it	is	relatively	straightfor-
ward	to	elicit	views	and	opinions	from	
members	 of	 the	 public,	 ensuring	 that	
these	 views	 are	 given	weight	 and	 le-
gitimacy	by	decision-makers	 is	a	ma-
jor	undertaking.	There	 is,	 therefore,	 a	
significant	 challenge	 for	 public	 en-
gagement	 researchers	 and	 policy-	
makers	to	develop	a	genuinely	partici-
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pative	 model	 of	 upstream	 public	
engagement	 around	 geoengineering	
that	does	more	than	simply	move	con-
sultation	processes	to	an	earlier	phase	
in	the	technology’s	development.	Pub-
lic	 engagement	 must	 be	 initiated	 be-
fore	 the	 scientific	 community	 begins	
to	investigate	the	potential	of	geoengi-
neering,	 precisely	 because	 the	 social	
and	ethical	questions	that	geoengineer-
ing	raises	will	be	much	more	difficult	
to	 address	 in	 a	 satisfactory	way	 once	
large-scale	 research	 is	 underway.	 If	
experiments	are	 to	be	conducted	with	
geoengineering	at	the	level	required	to	
adequately	assess	its	impacts—that	is,	
real-world	 experiments	 with	 the	
world’s	 climate—the	 opportunity	 to	
engage	 the	 public	 in	meaningful	 dia-
logue	 may	 have	 already	 passed.	 The	
need	for	upstream	engagement	on	geo-
engineering	is,	therefore,	pressing.
	 Encouragingly,	 the	 Royal	 Society	
report	included	a	preliminary	investi-
gation	 of	 public	 attitudes	 towards	
geoengineering.56	Focus	groups	com-
posed	 of	 participants	 with	 different	
environmental	 beliefs	 and	 behaviors	
discussed	possible	risks,	benefits,	and	
uncertainties	 of	 different	 geoengi-
neering	 technologies.	 Perceptions	 of	
geoengineering	were	generally	nega-
tive,	 with	 concern	 over	 vested	 com-
mercial	 interests,	 environmental	 im-
pact,	 and	 transparency	 of	 regulation	
(this	 can	 be	 contrasted	 with	 general	
views	 about	 nanotechnology,	 which	
have	tended	to	be	broadly	positive)57.	
However,	there	was	also	a	suggestion	
that	 geoengineering	 proposals	 might	
galvanize	 (rather	 than	 distract	 from)	
mitigation	strategies—several	partici-
pants	 who	 were	 generally	 sceptical	
towards	 climate	 change	 perceived	
government	 investment	 in	 geoengi-
neering	 research	 as	 a	 reason	 for	 in-
creased	personal	engagement.
	 Of	course,	upstream	engagement	on	
geoengineering	 is	not	 just	about	alert-
ing	the	public	to	risks	and	dangers	they	
might	 otherwise	 not	 be	 aware	 of;	 ad-
dressing	 the	 ethical	 and	 social	 ques-
tions	 that	 geoengineering	 raises	 may	
actually	 increase	 the	 likelihood	 of	 a	
technical	 program	 beginning.	 This	 is	
not	 because	 upstream	 engagement	 of-
fers	an	early	opportunity	to	allay	fears,	
but	 because	 previous	 experience	with	

biotechnology	 has	 suggested,	 for	 ex-
ample,	 that	 failing	 to	 effectively	 en-
gage	the	public	led	to	GM	food	becom-
ing	an	iconic	topic	for	broader	political	
debate	and	controversy.58	Engagement	
exercises	should	not	aim	to	stymie	re-
search	or	 limit	academic	freedom,	but	
to	enrich	societal	debate	and	the	deci-
sion-making	process.	A	good	example	
of	this	is	a	recent	British	dialogue	with	
members	of	the	public	about	the	use	of	
nanotechnologies	 in	 healthcare.	 As	
well	 as	 identifying	positive	 and	nega-
tive	 perceptions	 of	 the	 role	 of	 nano-
technologies	in	health,	the	process	pro-
vided	 valuable	 input	 that	 aided	 the	
development	of	the	research	program.59
	 Upstream	engagement	with	the	pub-
lic	may	also	simply	lead	to	neither	ac-
ceptance	 nor	 rejection.	 Some	 recent	
studies	of	public	attitudes	towards	nan-
otechnology	 have	 suggested	 that	 peo-
ple	with	opposing	views	of	science	and	
technology	 tend	 to	 polarize	 the	 more	
they	know	about	the	risks	and	benefits	
of	 nanotechnology.60	 Different	 ap-
proaches	 to	 geoengineering	 may	 also	
raise	 different	 social	 and	 ethical	 is-
sues—the	 question	 of	 international	
consent	 is	 arguably	 less	 pressing	 for	
localised	sequestration	methods	than	it	
is	 for	 the	 use	 of	 stratospheric	 aero-
sols.61	 But	 whatever	 the	 outcome	 of	
involving	 the	 public	 in	 a	 discourse	
about	 the	 questions	 that	 geoengineer-
ing	raises,	beginning	this	process	at	the	
earliest	possible	stage	seems	essential.	
Genuinely	 upstream	 research	 and	 en-
gagement	 asks	 not	 only	what	 the	 im-
pacts	 of	 a	 particular	 new	 program	 of	
technological	 innovation	 will	 be,	 but	
whether	 that	 program	 is	 desirable	 in	
the	first	place.
	 These	 concerns	make	 clear	 that	 up-
stream	engagement	 is	unlikely	 to	be	a	
panacea	 for	 deeply	 ingrained	 tensions	
between	science	and	broader	society.	In	
fact,	the	significant	practical	challenges	
of	implementing	an	ambitious	program	
of	global	upstream	engagement	on	geo-
engineering	highlight	the	issues	associ-
ated	 with	 global	 risk	 assessment,	 en-
gagement,	 and	 governance	 more	
generally.	As	demonstrated	by	analyses	
of	 the	 international	 risk	governance	of	
nanotechnology,	increasing	technologi-
cal	globalization	is	not	always	matched	
by	a	corresponding	convergence	of	risk	

assessment	and	governance.62	Geoengi-
neering	proposals	would	seem	to	speak	
directly	 to	 the	 environmental	 cam-
paigner	George	Monbiot’s	concern	that	
everything	 has	 been	 globalized—ex-
cept	our	consent.63	Any	legitimate	pro-
cess	of	public	engagement	on	geoengi-
neering	will	need	to	fight	hard	to	reach	
as	broad	a	group	of	citizens	as	possible	
(possibly	including	multistage	and	mul-
timethod	 approaches—see	 Sidebar,	
“Some	 Approaches	 to	 Upstream	 En-
gagement”).	 Initiating	 an	 international	
program	of	 social	 and	ethical	 research	
before	making	a	decision	about	whether	
to	 commence	 a	 technical	 program	 on	
geoegineering	is	one	way	to	ensure	that	
this	goal	is	achieved.	
	 In	 assessing	 the	 potential	 for	 up-
stream	 engagement	 in	 light	 of	 lessons	
learned	 from	 the	 debates	 over	 GM	
food,	Sheila	Jasanoff	has	suggested	that	
the	 “hidden	 normative	 presumptions”	
of	science	needed	to	be	revealed	in	or-
der	 for	 genuinely	 participatory	 public	
engagement	 to	ensue.64	By	being	will-
ing	to	subject	the	central	tenet	of	post-
Enlightenment	 science	 (a	 firm	convic-
tion	 in	 the	 positive	 value	 of	 scientific	
and	technological	progress)	to	an	open-
ended	 debate	 involving	 a	 broad	 range	
of	members	of	the	public,	Jasanoff	pro-
poses	that	upstream	engagement	could	
mitigate	against	a	division	between	sci-
ence	 and	 society.	 It	 is	 our	 hope	 that	 a	
comprehensive	 strategy	 of	 upstream	
public	 engagement	 on	 geoengineering	
can	achieve	a	similar	goal.
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