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Abstract

The feckless response of the world community to the mounting threat of climate 
change has led to a growing interest in climate geoengineering research. In early 2015, 
the us National Academy of Sciences released two major reports on the topic. While it 
is notable that both reports recommended some form of public participation to inform 
research, this article argues that the vagueness of these recommendations could mean 
that their implementation might not comport with optimal approaches for public 
deliberation. We outline some options for public deliberation on climate geoengineer-
ing and important design considerations.
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…
Open discussion and active contention over alternative directions for 
innovation are actually a celebration of the true importance and excite-
ment of technology. The implications are profound: where technology 
choice is seen as a ‘winner takes all’ race along pre-determined pathways, 
then ‘politics’ reduces simply to detailed performance in an otherwise 
inevitable future. In reality, however, the stakes are far higher: encom-
passing the natures of the contending possible futures themselves.1

∵

1 Overview

On 10 February 2015, the ad hoc Committee on Geoengineering Climate of the 
us National Academy of Sciences’ (nas) National Research Council released a 
two-volume report on climate geoengineering.2 It presents a suite of potential 
technological options designed to effectuate large-scale manipulation of the 
planet’s environment to address climate change. Given the abiding contro-
versy associated with climate geoengineering proposals,3 and the important 
role that the nas plays in guiding scientific research and associated policy-
making, this report is worthy of close consideration.

This article focuses on one aspect of the study that the authors deem particu-
larly important: the role of public participation in any potential effort to engage 
in research or deployment of geoengineering options. In this pursuit, we will, 
first, discuss the exigencies driving the increasing national and international 

1 Andy Stirling, ‘Deliberate Futures: Precaution and Progress in Social Choice of Sustainable 
Technology’, 15(5) Sustainable Development 286, 290 (2007).

2 Committee on Geoengineering Climate: Technical Evaluation and Discussion of Impacts; 
Board on Atmospheric Sciences and Climate; Ocean Studies Board; Division on Earth and 
Life Studies; National Research Council, ‘Climate Intervention: Reflecting Sunlight to Cool 
Earth’ (2015); Committee on Geoengineering Climate: Technical Evaluation and Discussion 
of Impacts; Board on Atmospheric Sciences and Climate; Ocean Studies Board; Division on 
Earth and Life Studies; National Research Council, ‘Climate Intervention: Carbon Dioxide 
Removal and Reliable Sequestration’ (2015).

3 The Economist, ‘Stopping a Scorcher’, The Economist, 23 November 2013; Amy Schaefer, 
‘Controversial Plan of “Geoengineering” to Stop Global Warming Could be in the Works’, 
Inquisitor, 10 February 2015.
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discussion of climate geoengineering approaches, and some of the primary geo-
engineering options, with a focus on their potential benefits and risks; second, 
introduce the nas geoengineering study and its discussion of the role of public 
participation; third, outline a rationale for a much more robust role of the public 
in scrutinizing climate geoengineering; and fourth, suggest specific objectives in 
formulating mechanisms for public deliberation.

2 Overview of Climate Geoengineering

The concept of climate geoengineering, defined by the uk’s Royal Society as 
‘the deliberate large-scale manipulation of the planetary environment to coun-
teract anthropogenic climate change’,4 has a heritage that dates back to the 
1830s. At the time, American meteorologist J. P. Espy suggested that lighting 
huge fires could stimulate convective updrafts and alter the intensity and fre-
quency of precipitation.5 While there were additional flirtations with climate 
and weather manipulation over the next two centuries,6 up until the last 
decade geoengineering was viewed as an extremely marginal option, or as 
David Victor has put it less charitably, ‘a freak show in otherwise serious discus-
sions of climate science and policy’.7

The steadily growing focus on climate geoengineering options in the past 
decade is largely a function of despair felt by those who view the global com-
munity’s response to climate change as feckless. At the Copenhagen cop, the 
unfccc parties agreed that temperatures should be held below 2°C from pre-
industrial levels to avoid dangerous anthropogenic interference with the cli-
mate system.8 This affirms the scientific consensus that temperature increases 

4 The Royal Society, Geoengineering the Climate: Science, Governance and Uncertainty (2009),  
at 11, <https://royalsociety.org/topics-policy/publications/2009/geoengineering-climate/>.

5 Philip J. Rasch et al., ‘An Overview of Geoengineering of Climate Using Stratospheric Sulphate 
Aerosols’, 366 Philosophical Transactions of the Royal Society 4007, 4008 (2008).

6 For a thorough historical treatment of weather and climate modification initiatives, see 
James Rodger Fleming, ‘The Pathological History of Weather and Climate Modification: 
Three Cycles of Promise and Hype’, 37(1) Historical Studies Physical Sciences 3–25 (2006), 
<www.colby.edu/sts/06_fleming_pathological.pdf>.

7 David Victor, ‘On the Regulation of Geoengineering’, 24(2) Oxford Review of Economic Policy 
323 (2008).

8 unfccc Secretariat, ‘Copenhagen Accord’, fccc/cp/2009/l.7 (2009), at para. 1. The world’s 
major economies also adopted this target in 2009 at the G8 Summit. Michel Den Elzen and 
Niklas Höhne, ‘Sharing the Reduction Effort to Limit Global Warming to 2°C’, 10 Climate 
Policy 247, 248 (2010). At both the 15th and 16th unfccc cop, states also agreed to review the 

https://royalsociety.org/topics-policy/publications/2009/geoengineering-climate/
https://royalsociety.org/topics-policy/publications/2009/geoengineering-climate/
http://www.colby.edu/sts/06_fleming_pathological.pdf
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of 1.5–2°C above pre-industrial levels will visit serious harm on natural systems 
and human institutions.9

Unfortunately, there is a substantial gap between the emission reductions 
necessary to avoid passing these temperature thresholds and the current emis-
sion-reduction pledges of unfccc parties embodied in their indcs.10 Indeed, 
the most recent analysis of these national pledges reveals that, even if they are 
all faithfully implemented, the world is still on track for temperature increases 
of 2.6 to 3.1°C by 2100,11 and 3.5°C after 2100.12 Moreover, currently imple-
mented policies are not sufficient to effectuate current state pledges,13 and 
many studies project potentially much higher temperature increases.14

 long-term global temperature goal, with a view to perhaps ultimately agreeing to a goal of 
limiting temperature increases to 1.5°C above pre-industrial levels. Copenhagen Accord, 
supra at para. 12; unfccc Secretariat, ‘Outcome of the Work of the Ad Hoc Working Group 
on Long-Term Cooperative Action under the Convention’, Draft Decision -/cp.16, at para. 
139(a) (2015). This reflects the belief of many scientists that even temperature increases of 
1.5°C above pre-industrial levels will have serious negative impacts for some of the world’s 
most vulnerable regions; see Jeff Tollefson, ‘Global-Warming Limit of 2°C Hangs in the 
Balance’, 520 Nature 14–15 (2015); Katherine Richardson et al., ‘Climate Change: Global Risks, 
Challenges and Decisions’, Copenhagen 2009, 10–12 March, Synthesis Report (2009), at 13.

9 ipcc, Summary for Policymakers, Climate Change 2014: Impacts, Adaptation, and 
Vulnerability 12–15 (2014), Contribution of Working Group ii to the Fifth Assessment Report 
of the Intergovernmental Panel on Climate Change, at 12–15.

10 Under the rubric of the Ad Hoc Working Group on the Durban Platform for Enhanced Action, 
the unfccc parties are working to develop ‘a protocol, another legal instrument or an agreed 
outcome with legal force under the Convention applicable to all Parties in the context of deci-
sion’ to accelerate efforts to reduce greenhouse gas emissions; unfccc, ‘Report of the 
Conference of the Parties on its 17th Session’, fccc/cp/2011/9/Add.1 (2011); Decision 1/cp.17, 
Establishment of an Ad Hoc Working Group on the Durban Platform for Enhanced Action. At 
cop 19 in Warsaw, the parties were encouraged to ‘initiate or intensify’ pledges to reduce 
emissions, denominated as ‘intended nationally determined contributions’, or indcs; 
unfccc, ‘Report of the Conference of the Parties on its 19th Session’, fccc/cp/2013/10/Add.1; 
Decision 1/cp.19, Further Advancing the Durban Platform (2013), at para. 2(b).

11 Climate Action Tracker, ‘Effect of Current Pledges and Policies on Global Temperature’, 
<http://climateactiontracker.org/global.html> (projected increases in temperature asso-
ciated with indcs of 2.9–3.1°C by 2100); International Energy Agency, Energy and Climate 
Change: World Energy Outlook Special Report 2015 (2015), at 12, <www.iea.org/publications/ 
freepublications/publication/>. (indc commitments could lead to a 2.6°C temperature 
increase by 2100).

12 International Energy Agency, supra note 11, at 12.
13 Climate Action Tracker, supra note 11.
14 mit Joint Program on the Science and Policy of Global Change, Energy and Climate 

Outlook 2014 (2014), at 11 (global mean temperatures may increase by 3.3–5.6°C above 

http://climateactiontracker.org/global.html
http://www.iea.org/publications/freepublications/publication/
http://www.iea.org/publications/freepublications/publication/
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Temperature increases even in the range of 2–3°C could have devastating 
consequences, including threats to critical ecosystems15 and species,16 massive 
rises in sea levels,17 and substantial declines in agricultural productivity.18 
Proponents of climate geoengineering approaches argue that technological 
interventions could help the world community avert a ‘climate emergency’,19 
such as rapid melting of the Greenland and West Antarctic ice sheets,20 or 

1901–1950 levels by 2100) <http://globalchange.mit.edu/research/publications/other/
special/2014Outlook>; World Bank Group, ‘Turn Down the Heat: Confronting the  
New Climate Normal’ (2014) (temperatures could increase by 4°C by 2100), <https:// 
openknowledge.worldbank.org/handle/10986/20595>.

15 K. Frieler et al., ‘Limiting Global Warming to 2°C is Unlikely to Save Most Coral Reefs’, 3 
Nature Climate Change 165, 168 (2013) (long-term degradation of coral-reef ecosystems in 
all present coral-reef cells at 2°C global mean temperature rise); Richard Alleyne, ‘Amazon 
Rainforest at Risk of Ecological “catastrophe”’, Telegraph.com, 12 March 2009 (3°C increase 
in temperatures could destroy 75% of the world’s rainforests by 2150), <www.telegraph 
.co.uk/news/earth/environment/climatechange/4976275/Amazon-rainforest-at-risk-of  
-ecological-catastrophe.html>.

16 Carolyn Kousky, Responding to Threats of Climate Change Megacatastrophes, World Bank, 
Policy Research Working Paper 5127 (2009), at 5 (temperature increases of beyond 3°C 
could threaten existence of 20–50% of species by 2100) <http://elibrary.worldbank.org/
doi/abs/10.1596/1813-9450-5127>.

17 John A. Church et al., ‘Sea Level Change’, in Climate Change 2013: The Physical Science Basis,  
Contribution of Working Group I to the Fifth Assessment Report of the ipcc (2013) (likely 
rise in sea level by 2100 between a quarter and more than three-quarters of a foot). However, 
a number of more recent reports project potentially far greater rises; see A. Dutton et al., 
‘Sea-Level Rise Due to Polar Ice-Sheet Mass Loss During Past Warm Periods’, 349 Science 
4019-1-19 (2015) (sea level could ultimately rise six meters even if temperatures only rise 2°C 
above pre-industrial levels); J. Hansen et al., ‘Ice Melt, Sea Level Rise and Superstorms: 
Evidence from Paleoclimate Data, Climate Modeling, and Modern Observations that 2°C 
Global Warming is Highly Dangerous’, 15 Atmospheric Chemistry and Physics Discussions 
20059–20179 (2015) (sea levels could rise more than three meters in the next 50 years), 
<www.atmos-chem-phys-discuss.net/15/20059/2015/acpd-15-20059-2015.html>.

18 unfccc, Physical and Socio-Economic Trends in Climate-Related Risks and Extreme 
Events, and Their Implications for Sustainable Development, fccc/tp/2008/3 (2008), at 
23; Global Leadership for Climate Action, Facilitating an International Agreement on 
Climate Change: Adaptation to Climate Change 18 (2009).

19 Ken Caldeira and David W. Keith, ‘The Need for Climate Engineering Research’, xviii (1) 
Issues in Science and Technology 57, 57 (2010), <http://issues.org/27-1/caldeira/>.

20 Jason J. Blackstock et al., Climate Engineering Responses to Climate Emergencies, Novim 
(2009), at 1–2. A complete melting of the Greenland ice sheet could occur with tempera-
ture increases of 2–3°C. Stephen Schneider, ‘The Worst-Case Scenario’, 458 Nature 1104, 
1104 (2009). This could raise global sea level by approximately seven meters and trigger a 

http://globalchange.mit.edu/research/publications/other/special/2014Outlook
http://globalchange.mit.edu/research/publications/other/special/2014Outlook
https://openknowledge.worldbank.org/handle/10986/20595
https://openknowledge.worldbank.org/handle/10986/20595
http://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-5127
http://elibrary.worldbank.org/doi/abs/10.1596/1813-9450-5127
http://issues.org/27-1/caldeira/
http://www.telegraph.co.uk/news/earth/environment/climatechange/4976275/Amazon-rainforest-at-risk-of-ecological-catastrophe.html
http://www.telegraph.co.uk/news/earth/environment/climatechange/4976275/Amazon-rainforest-at-risk-of-ecological-catastrophe.html
http://www.telegraph.co.uk/news/earth/environment/climatechange/4976275/Amazon-rainforest-at-risk-of-ecological-catastrophe.html
http://www.atmos-chem-phys-discuss.net/15/20059/2015/acpd-15-20059-2015.html
http://issues.org/27-1/caldeira/
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serve as a stopgap measure to help the world avoid exceedance of critical tem-
perature thresholds.21

Climate geoengineering options are usually divided into two broad catego-
ries: solar radiation management (srm) and carbon-dioxide removal (cdr). 
srm approaches focus on reducing the amount of solar radiation absorbed by 
Earth by an amount sufficient to offset the increased trapping of infrared radi-
ation by rising levels of greenhouse gases.22 Examples of this approach include: 
dispersion of sulfur dioxide into the stratosphere to produce reflective aerosols 
to enhance planetary albedo (surface reflectivity of the sun’s radiation);23 dis-
persion of seawater (NaCl) droplets approximately one micrometer in size in 
marine stratiform clouds to ‘brighten’ them, thus reflecting more sunlight back 
to space;24 and space-based systems to reflect incoming solar radiation back 
into space, such as placement of thousands of mirrors in random orbits, or the 
creation of a ring of dust particles guided by satellites at altitudes of approxi-
mately 1,200–2,400 miles.25

cdr geoengineering options seek to reduce co2 levels in the atmosphere, 
facilitating the escape of more outgoing long-wave solar radiation, thus, exerting 

slowdown or collapse of the ocean thermohaline circulation, which could result in signifi-
cant cooling over much of the northern hemisphere. Jason A. Lowe et al., ‘The Role of 
Sea-Level Rise and the Greenland Ice Sheet in Dangerous Climate Change: Implications 
for the Stabilisation of Climate’, in Avoiding Dangerous Climate Change, edited by Hans 
Joachim Schellnhuber (Cambridge University Press, 2006) 29–37.

21 Martin Bunzl, ‘Research Geoengineering: Should Not or Could Not?’, 4 Environmental 
Research Letters 045104 (2009), <http://iopscience.iop.org/1748-9326/4/4/045104/fulltext>. 
Christopher Mims, ‘“Albedo Yachts” and Marine Clouds: A Cure for Climate Change?’, 
Scientific American, 21 October 2009, at 3.

22 Michael C. MacCracken, ‘Beyond Mitigation: Potential Options for Counter-Balancing the 
Climatic and Environmental Consequences of the Rising Concentrations of Greenhouse 
Gases’ (Policy Research Working Paper 4938, World Bank, Development Economics, May 
2009), at 15.

23 U. Niemeier, H. Schmidt, K. Alterskjaer, and J. E. Kristjansson, ‘Solar Irradiance Reduction 
via Climate Engineering: Impact of Different Techniques on the Energy Balance and the 
Hydrological Cycle’, 118(11) Journal of Geophysical Research: Atmospheres, 905, 907 (2013); 
Ben Kravitz, Alan Robock, Luke Oman, Gregiy Stenchikov, and Allison B. Marquardt, 
‘Sulfuric Acid Deposition from Stratospheric Geoengineering with Sulfate Aerosols’, 114 
(D14) Journal of Geophysical Research (2009), at 2.

24 John Latham et al., ‘Global Temperature Stabilization via Controlled Albedo Enhancement 
of Low-Level Maritime Clouds’, 366 Philosophical Transactions of the Royal Society 3969, 
3970 (2008).

25 Royal Society, supra note 4, at 2.

http://iopscience.iop.org/1748-9326/4/4/045104/fulltext
http://iopscience.iop.org/1748-9326/4/4/045104/fulltext
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a cooling effect.26 cdr options include ocean iron fertilization, which seeks to 
stimulate the production of co2-sequestering phytoplankton through the addi-
tion of iron to ocean bodies,27 bioenergy and carbon capture and sequestration 
(beccs),28 and direct air capture (dac), a technology to capture co2 from ambi-
ent air in a closed-loop industrial process.29

While research in this field, with the exception of ocean iron fertilization, 
has not even moved to the phase of field research, proponents contend that 
many of these approaches could help us to address climate change, or that 
research is necessary to better understand the potential effectiveness, risks, 
and consequences associated with these approaches. For example, researchers 
have concluded that an annual placement of 5–16 teragrams of sulfur emis-
sions into the stratosphere could compensate for projected warming by 2050,30 

26 Ibid. at 11.
27 Randall S. Abate, ‘Sowing Seeds Uncertain: Ocean Iron Fertilization, Climate Change, and 

the International Environmental Law Framework’, 27(2) Pace Environmental Law Review 
555, 561–66 (2010).

28 beccs involves use of bioenergy crops or other sources of biomass, e.g. residues from 
agriculture or forestry, to produce energy and sequester carbon dioxide. Biomass feed-
stocks take up carbon dioxide from the atmosphere in the photosynthetic process. The 
carbon emissions that are produced when the bioenergy crop is combusted for energy are 
captured and stored; Andrew Wiltshire and T. Davies-Barnard, Planetary Limits to beccs 
Negative Emissions, avoid 2 Programme, 1104872 / avoid 2 wpd.2a Report 1, at 5, <www 
.avoid.uk.net/2015/07/planetary-limits-to-beccs-negative-emissions-d2a/>. This can 
result in ‘negative emissions’ by coupling purportedly carbon-neutral bioenergy produc-
tion (sequestering commensurate amounts of carbon dioxide at a steady state in biomass 
feedstock as is released during the production of energy) with carbon-dioxide capture 
and geological or ocean storage; Sabine Fuss et al., ‘Betting on Negative Emissions’, 4 
Nature Climate Change 850, 850 (2014).

29 Geoffrey Holmes and David Keith, ‘An Air-Liquid Contactor for Large-Scale Capture of 
co2 from Air’, 370 Philosophical Transactions of the Royal Society 4380, 4380 (2012); C. 
Pritchard, ‘Thermodynamics, Economics and Systemsthinking: What Role for Air Capture 
of co2?’, 94 Process Safety and Environmental Protection 188–95 (2015). ‘Air capture mim-
ics, in the widest sense, the chemical reactions of natural weathering by using either liq-
uid or solid sorption agents’; Gernot Klepper and Wilfried Rickels, ‘Climate Engineering: 
Economic Considerations’, 8(2) Review of Environmental Economics 270, 271 (2014).

30 A. V. Eliseev, I. I. Mokhov and A. A. Karpenko, ‘Global Warming Mitigation by Means of 
Controlled Aerosol Emissions into the Stratosphere: Global and Regional Peculiarities of 
Temperature Response as Estimated in iap ras cm Simulations’, 22(4) Atmospheric and 
Oceanic Optics 388, 390 (2009). See also Simone Tilmes, Rolf Müller, and Ross Salawitch, 
‘The Sensitivity of Polar Ozone Depletion to Proposed Geoengineering Schemes’, 320 
Science 1201, 1202 (2008).

http://www.avoid.uk.net/2015/07/planetary-limits-to-beccs-negative-emissions-d2a/
http://www.avoid.uk.net/2015/07/planetary-limits-to-beccs-negative-emissions-d2a/
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at a nominal cost.31 Similar research conclusions have been drawn in terms of 
marine-cloud brightening.32 On the cdr side of the equation, researchers have 
concluded that ocean iron fertilization could substantially reduce atmospheric 
concentrations of co2 over the course of the century.33 Studies have also indi-
cated that beccs could help prevent overshoot of critical temperature 
thresholds,34 and that dac has the theoretical capability to substantially 
reduce atmospheric concentrations of co2.35

Unfortunately, as one could imagine, climatic intervention, like climate 
change itself, could also impose serious risks to humans and ecosystems.  
For example, large-scale injections of sulfur dioxide into the stratosphere 
could substantially weaken Asian and African monsoons by substantially 
reducing evaporation,36 ‘threatening the food and water supplies of billions 

31 Scott Barrett, ‘The Incredible Economics of Geoengineering’, 39 Environmental Resource 
Economics 45, 45 (2008); Alan Robock et al., ‘Benefits, Risks and Costs of Stratospheric 
Geoengineering’, 36 Geophysical Research Letters L19703 (2009), at 1–9.

32 T. M. Lenton and N. E. Vaughan, ‘The Radiative Forcing Potential of Different Climate 
Geoengineering Options’, 9 Atmospheric Chemistry and Physics 5539, 5548 (2009).

33 A. Oschlies, W. Koeve, W. Rickels, and K. Rehdanz, ‘Side Effects and Accounting Aspects of 
Hypothetical Large-Scale Southern Ocean Iron Fertilization’, 7 Biogeosciences 4017, 4031 
(2010); O. Aumont and L. Bopp, ‘Globalizing Results from Ocean In Situ Iron Fertilization 
Studies’, 20 Global Biogeochemical Cycles 1, 1 (2006).

34 C. Gough and N. Vaughan, Synthesising Existing Knowledge on the Feasibility of beccs, 
avoid 2 Programme (2015), at 5, <www.avoid.uk.net/2015/07/synthesising-existing 
-knowledge-on-the-feasibility-of-beccs/>; Christian Azar, Daniel J. A. Johansson, and 
Niclas Mattson, ‘Meeting Global Temperature Targets: The Role of Bioenergy with Carbon 
Capture and Storage’, 8 Environmental Research Letters 034004 (2013), at 3.

35 See Klaus Lackner, Air Capture and Mineral Sequestration, Hearings, House Science/
Technology Subcommittee, 4 February 2010, at 3 (direct air capture could reduce carbon 
dioxide levels back to pre-industrial levels); Nicola Jones, ‘Sucking It Up’, 458 Nature 1094, 
1094, 1096 (2009) (in conjunction with mitigation efforts, direct air capture could reduce 
atmospheric concentrations of carbon dioxide to 380 ppm). However, the cost of direct 
air capture could be staggering, perhaps as much as $20 trillion per 50 ppm of carbon 
dioxide captured. David Biello, ‘Pulling co2 from the Air: Promising Idea, Big Price Tag’, 
environment360, 8 October 2009, <http://e360.yale.edu/feature/pulling_co2_from_the_
air_promising_idea_big_price_tag/2197>. Proponents contend that further technological 
innovation and economies of scale could ultimately reduce the cost to $30 per metric ton 
of sequestered carbon dioxide; Klaus Lackner et al., ‘The Urgency of the Development of 
co2 Capture from Ambient Air’, 109(33) Proceedings of the National Academy of Sciences 
13156, 13158 (2012).

36 Victor Brovkin et al., ‘Geoengineering Climate by Stratospheric Sulfur Injections: Earth 
System Vulnerability to Technological Failure’, 92 Climatic Change 243, 252 (2009).

http://e360.yale.edu/feature/pulling_co2_from_the_air_promising_idea_big_price_tag/2197
http://e360.yale.edu/feature/pulling_co2_from_the_air_promising_idea_big_price_tag/2197
http://www.avoid.uk.net/2015/07/synthesising-existing-knowledge-on-the-feasibility-of-beccs/
http://www.avoid.uk.net/2015/07/synthesising-existing-knowledge-on-the-feasibility-of-beccs/
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of people’.37 Sulfur injection could also imperil recovery of the ozone layer by 
catalyzing chemical reactions that deplete ozone.38 If sulfur injection were 
conducted for many decades, sudden cessation could result in extremely 
rapid warming,39 a phenomenon known as the ‘termination effect’. As a con-
sequence, temperatures could increase 6–10°C in the winter in the Arctic 
region within 30 years of termination of the use of srm technology, with 
northern landmasses seeing increases of 6°C in summer.40 Moreover, tem-
peratures could jump 7°C in the tropics in 30 years.41 Projected temperature 
increases after termination would occur more rapidly than during one of the 
most extreme and abrupt global warming events in history, the Paleocene-
Eocene Thermal Maximum.42 It is beyond contention that climatic changes 
of this magnitude ‘could trigger unimaginable ecological effects’.43

37 Alan Robock, Luke Oman, and Georgiy L. Stenichov, ‘Regional Climate Responses to 
Geoengineering with Tropical and Arctic so2 Injections’, 113 Journal of Geophysical 
Research D16101 (2008), at 13. See also Jim M. Haywood et al., ‘Asymmetric Forcing from 
Stratospheric Aerosols Impacts Sahelian Rainfall’, 3 Nature Climate Change (2013), at 664. 
Sulfur-dioxide injection could result in approximately a 10% decline in global precipita-
tion relative to the mean value for 2000–2010, with the greatest declines in the tropics and 
Southern Hemisphere storm tracks. Eliseev et al., supra note 30, at 78. Precipitation 
declines in the Amazon and Congo valleys associated with sulfur injection could result in 
a dieback of tropical forests, decreasing carbon uptake from the atmosphere, triggering 
additional warming that would place additional stress on ecosystems in these regions. 
Ibid. at 79.

38 Cold liquid sulfate aerosols in the stratosphere provide surfaces that facilitate efficient 
chlorine activation from anthropogenic halogens, the cause of severe ozone loss in the 
Arctic and Antarctic; Simone Tilmes, Rolf Müller and Ross Salawitch, ‘The Sensitivity of 
Polar Ozone Depletion to Proposed Geoengineering Schemes’, 320 Science 1201, 1201 
(2008). Additionally, cooling of the surface and troposphere associated with aerosol load-
ing would result in warmer temperatures in the tropic lower stratosphere, resulting in an 
increase in the temperature gradient between the tropics and polar regions. This would 
strengthen the polar vortex and make it colder, accelerating polar ozone depletion; Philip 
J. Rasch et al., ‘An Overview of Geoengineering of Climate Using Stratospheric Sulphate 
Aerosols’, 366 Philosophical Transactions of the Royal Society 4007, 4027 (2008).

39 Lynn M. Russell et al., ‘Ecosystem Impacts of Geoengineering: A Review for Developing a 
Science Plan’, 41 Ambio 350, 362.

40 Victor Brovkin et al., ‘Geoengineering Climate by Stratospheric Sulfur Injections: Earth 
System Vulnerability to Technological Failure’, 92 Climatic Change 243, 254 (2009).

41 Eli Kintisch, ‘Scientists Say Continued Warming Warrants Closer Look at Drastic Fixes’, 
318 Science 1054, 1055 (2007).

42 Ibid.
43 Ibid. See also Andrew Ross and H. Damon Matthews, ‘Climate Engineering and the Risk 

of Rapid Climate Change, 4 Environmental Research Letters 045103 (Oct.-Dec. 2009), 
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Marine-cloud brightening could also have ‘significant terrestrial ecosystem 
impacts’, including by substantially reducing regional precipitation.44 
Moreover, it could pose the same threat of the termination effect as sulfur-
injection srm approaches.

cdr approaches could also have serious societal implications. For example, 
beccs could entail appropriation of huge amounts of arable land,45 resulting 
in elevated food prices and potentially undermining food security for vulner-
able populations.46 Moreover, beccs could result in soil degradation,47 poten-
tial groundwater pollution from leakage of stored co2 (a threat also posed by 
dac),48 or ‘land grabs’ from those who rely on land for their livelihoods in 
developing countries.49 Ocean iron fertilization could potentially wreak havoc 
with ocean ecosystems by reducing surface nutrient inventories, imperiling 
productivity of downstream plankton communities.50 This approach could 
also induce hypoxia, or oxygen deprivation, which could imperil marine spe-
cies51 and create changes in the composition of phytoplankton communities 
that could adversely affect the populations of larger predators, including cope-
pods, kill, salps, jellyfish, and other fish species.52

<http://iopscience.iop.org/1748-9326/4/4/045103> (‘It seems likely that two decades of 
very high rates of warming would be sufficient to severely stress the adaptive capacity of 
many species and ecosystems, especially if preceded by some period of engineered cli-
mate stability’).

44 Russell, supra note 39, at 361.
45 One recent study estimated that a large-scale beccs program might require as much as 

one third of the world’s crop lands; Azar et al., supra note 34, at 5.
46 ipcc, 5th Assessment Report, Working Group iii, Ch. 6, Assessing Transformation 

Pathways 91 (2014).
47 Helmut Haberl, ‘Global Bioenergy Potentials from Agricultural Land in 2050: Sensitivity 

to Climate Change, Diets and Yields’, 35 Biomass and Energy 4753, 4764 (2011).
48 Kelsi Bracmort and Richard K. Lattanzio, Geoengineering: Governance and Technology 

Policy, Congressional Research Service, 7–500 (2013), at 12.
49 Rachel Smolker and Almuth Ernsting, ‘beccs (Bioenergy with Carbon Capture and 

Storage): Climate Saviour or Dangerous Hype?’, Biofuelwatch, October 2012, at 5, <www 
.biofuelwatch.org.uk/2012/beccs_report/>.

50 John J. Cullen and Philip W. Boyd, ‘Predicting and Verifying the Intended and Unintended 
Consequences of Large-Scale Ocean Iron Fertilization’, 364 Marine Ecology Progress Series 
295, 300 (2008).

51 Rosemary Rayfuse, Mark G. Lawrence, and Kristina M. Gjerde, ‘Ocean Fertilisation and 
Climate Change: The Need to Regulate Emerging High Seas Uses’, 23 International Journal 
of Marine and Coastal Law 297, 306 (2008).

52 Randall S. Abate and Andrew B. Greenlee, ‘International Climate Change Mitigation  
and Adaptation Post-Copenhagen’, 27 Pace Environmental Law Review 555, 567 (2010);  

http://iopscience.iop.org/1748-9326/4/4/045103
http://www.biofuelwatch.org.uk/2012/beccs_report/
http://www.biofuelwatch.org.uk/2012/beccs_report/
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In the next section, we describe the nas’s efforts to assess climate geoengi-
neering options, including the contemplated role of the public.

3 The nas Report on Climate Geoengineering

3.1 Overview
The genesis of the nas climate geoengineering report was a request by the us 
government, including several of its science agencies, for the Academy to pro-
vide advice on the topic. In 2013, the nas, through its operating arm, the 
National Research Council, announced the launching of a 21-month study of 
geoengineering, under the aegis of an appointed Committee on Geoengineering 
Climate: Technical Evaluation and Discussion of Impacts. The Committee was 
tasked with producing a study on the current state of knowledge about the sci-
ence of selected geoengineering techniques, requisite resources to implement 
geoengineering programs, and the potential environmental, economic, and 
national-security impacts that deployment of such approaches might pose.53

The work of the Committee culminated in the release of two volumes on the 
topic of ‘climate intervention’. The authors opted for this term on the premise 
that ‘geoengineering’ ‘implies a greater level of precision and control than 
might be possible’ and has other meanings in the context of geological engi-
neering.54 One volume of the Committee’s work focused on what were termed 
albedo-modification approaches (usually referred to as srm) while the other 
addressed cdr strategies.

The reports were laudable in their thoroughness in setting forth the exigen-
cies driving an increasing focus on climate geoengineering as a climate policy-
making option, as well as assessing the potential benefits and hazards that 
deployment of such technologies might pose. While emphasizing the need 
to maintain a focus on mitigation of greenhouse gases to combat climate 
change, the Committee concluded that there will be a need to deploy some 
forms of cdr to avoid some of the most serious impacts of climate change. The 

J. M. Rose et al., ‘Synergistic Effects of Iron and Temperature on Antarctic Phytoplankton 
and Microzooplankton Assemblages’, 6 Biogeosciences 3131, 3136 (2009).

53 us National Academy of Sciences, Geoengineering Climate: Technical Evaluation of 
Selected Approaches (2015) <https://nas-sites.org/americasclimatechoices/studies-in 
-progress/geoengineering-technical-evaluation-of-selected-approaches/>.

54 Climate Intervention: Carbon Dioxide Removal and Reliable Sequestration, supra note 2,  
at 1. Given the far more pervasive use of the term ‘climate geoengineering’ to discuss these 
approaches in the literature, as well as in popular discussions, we will use this term 
throughout my discussion in this piece.

https://nas-sites.org/americasclimatechoices/studies-in-progress/geoengineering-technical-evaluation-of-selected-approaches/
https://nas-sites.org/americasclimatechoices/studies-in-progress/geoengineering-technical-evaluation-of-selected-approaches/
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Committee thus called for a cdr research program, including a role for federal 
agencies.55 In terms of srm approaches, the Committee was far more cautious, 
emphasizing that these options pose ‘poorly understood … environmental, 
ethical, social, political, economic, and legal risks associated with intended 
and unintended consequences’.56 Nonetheless, the Committee also advocated 
for a research program, ‘to improve understanding of the range of climate and 
other environmental effects of albedo modification, as well as understanding 
of unintended impacts’.57

3.2 The Contemplated Role of Public Participation
As Simon Dalby concludes, the question of how to effectuate public participa-
tion in the context of climate geoengineering ‘is one of the challenges of global 
governance’.58 While it was not expressly within its remit, in the ‘Way Forward’ 
section of the Albedo Modification report, the Committee addresses this issue, 
calling for ‘open conversations about the governance of such research’ to 
‘encourage civil society engagement in the process of deciding the appropri-
ateness of any research efforts undertaken.’59 Additionally, it emphasized that 
civil-society involvement in decision-making was critical, and should be facili-
tated by a ‘transparent and open process’.60 The Committee also indicated that 
research on albedo-modification options should help ‘to inform civil society 
decision making’.61

Moreover, in the context of albedo-modification research, the Committee 
proffered the following Recommendation in both volumes of its report:

Recommendation 6: The Committee recommends the initiation of a seri-
ous deliberative process to examine: (a) what types of research governance, 

55 Ibid. at 6.
56 Climate Intervention: Reflecting Sunlight to Cool Earth, supra note 2, at 6.
57 Ibid. at 11.
58 Simon Dalby, ‘Geoengineering: The Next Era of Geopolitics?’, 9(4) Geography Compass 1, 8 

(2015).
59 Climate Intervention: Reflecting Sunlight to Cool Earth, supra note 2, at 153.
60 Ibid.
61 Climate Intervention: Carbon Dioxide Removal and Reliable Sequestration, supra note 2,  

at 4. Notably, the Committee did not propose a similar deliberative process for carbon-
dioxide-removal options. The Committee did not proffer a rationale for seemingly using a 
different standard for scrutinizing cdr options. However, it may have been premised on the 
Committee’s (highly debatable) conclusion that ‘Environmental risks [of cdr approaches] 
are generally much lower than the risks associated with albedo modification approaches.’ 
Ibid. at 5. As discussed in Section 2 of this article, that is assuredly not always the case.
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beyond those that already exist, may be needed for albedo modification 
research, and (b) the types of research that would require such governance, 
potentially based on the magnitude of their expected impact on radiative 
forcing, their potential for detrimental direct and indirect effects, and other 
considerations. If a new governance structure is determined to be needed 
based on deliberations among governance experts and civil society repre-
sentatives, the development of the governance structure should consider 
the importance of being transparent and having input from a broad set of 
stakeholders to ensure trust among the stakeholders and appropriate con-
sideration of all dimensions.62

It is certainly salutary that the nas Committee contemplated a role for civil 
society in the process of vetting climate geoengineering options, even if this 
role is vaguely defined. However, it should be emphasized that ‘civil society’, at 
least as generally conceived, does not strictly translate into ‘public’ input into 
a process. Attending to the kinds of publics likely to be constituted and engaged 
in a process of deliberation is critical to enhance both democratic contempla-
tion and legitimacy in the realm of climate geoengineering research.

While the Committee did not define the term ‘civil society’, it is generally 
recognized to connote institutions that fall outside the realm of either the mar-
ket or the state,63 encompassing ngos, as well as grassroots organizations, 
community-based groups, religious groups and civic associations.64 Given the 
current state of the debate about climate geoengineering, it is highly likely that 
civil-society input into the process will be driven by large national or interna-
tional ngos, which are already generally recognized as the most important 
civil-society actors in many realms of governance.65 This is consistent with the 
history of public-consultation exercises, especially by us federal agencies on 

62 Climate Intervention: Reflecting Sunlight to Cool Earth, supra note 54, at 156; Climate 
Intervention: Carbon Dioxide Removal and Reliable Sequestration, supra note 61, at 10.

63 Aisha Ghaus-Pasha, Role of Civil Society Organizations in Governance, 6th Global Forum 
on Reinventing Government Towards Participatory and Transparent Governance, 24–27 
May 2005, Seoul, Republic of Korea (2004).

64 Manuel Castells, ‘Public Sphere: Global Civil Society, Communication Networks, and 
Global Governance’, 616 Annals of the American Academy of Political and Social Science 78, 
83 (2008).

65 Hildy Teegen, Jonathan P. Doh, and Sushil Vachani, ‘The Importance of Nongovernmental 
Organizations (ngos) in Global governance and Value Creation: An International 
Business Research Agenda’, 35 Journal of International Business Studies 463, 463 (2004); 
Barbara Gemmill and Abimbola Bamidele-Izu, ‘The Role of ngos and Civil Society in 
Global Environmental Governance’, in Global Environmental Governance, 3rd edition, 
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proposed regulations and other decisions in the United States. In most cases, 
us agencies have not sought to involve lay citizens in the process, with consul-
tations ‘dominated by already organized groups with an interest and stake in 
the issue’.66

As Merk et al. observe, public awareness of climate geoengineering is cur-
rently very low, with only somewhere between 10 and 35 per cent of people 
surveyed over the past few years in North America and Europe indicating that 
they had heard of ‘climate engineering’ or ‘geoengineering’.67 Thus, it is highly 
unlikely that government agencies or academics who reach out to ‘civil society’ 
in the context of climate geoengineering will receive substantial input from 
grassroots organizations or community-based organizations, because this issue 
is assuredly not on the radar of such groups. Rather, the primary players would 
likely be large national and international ngos, such as the Environmental 
Defense Fund,68 Natural Resources Defense Council,69 Sierra Club, and 
Greenpeace, as well as perhaps the etc Group, an organization highly critical 

edited by Daniel C. Esty and Maria H. Invanova (Yale School of Forestry and Environmental 
Studies: 2002).

66 John S. Dryzek and Aviezer Tucker, ‘Deliberative Innovation to Different Effect: Consensus 
Conferences in Denmark, France, and the United States’, 68(5) Public Administration 
Review 864, 870 (2008).

67 Christine Merk et al., ‘Exploring Public Perceptions of Stratospheric Sulfate Injection’, 130 
Climatic Change 299, 300 (2015). A survey in the United States, Canada, and the United 
Kingdom by Mercer et al. found an even lower figure of 8%; A. Mercer, D. Keith, and J. 
Sharp, ‘Public Understanding of Solar Radiation Management’, 6(4) Environmental 
Research Letters 1, 2 (2011). However, even these abysmal numbers may be overstating the 
case for actual public knowledge of what these technologies entail. In a recent focus 
group on climate geoengineering held in Sweden, while 13% of participants indicated 
that they had heard of geoengineering, it was subsequently revealed that none of the 
participants who answered in the affirmative could describe geoengineering technologies 
or suggest technologies not recognized as within the scope of the term; Victoria Wibeck, 
Anders Hansson, and Jonas Anshelm, ‘Questioning the Technological Fix to Climate 
Change: Law Sense-Making of Geoengineering in Sweden’, 7 Energy Research and Social 
Science 23, 23 (2015).

68 The Environmental Defense Fund (edf), in partnership with the Royal Society and the 
World Academy of Sciences, established the Solar Radiation Management Governance 
Initiative in 2010 to ‘promote the good governance of srm’; Solar Radiation Management 
Governance Initiative, About <www.srmgi.org/about-srmgi/what-is-the-srmgi/>. edf 
also recently set forth its position on climate geoengineering on its website, one of the 
few organizations to do so to date; Environmental Defense Fund, ‘Our Position on 
Geoengineering’ (2015) <www.edf.org/climate/our-position-geoengineering>.

69 In a press release responding to the release of the nas-nrc report, the President of the 
nrdc declared that ‘it’s prudent to do research into geoengineering’; Natural Resources 

http://www.srmgi.org/about-srmgi/what-is-the-srmgi/
http://www.edf.org/climate/our-position-geoengineering
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of climate geoengineering,70 and Hands Off Mother Earth (home), an associa-
tion of organizations dedicated to opposing geoengineering.71

ngos assuredly have an important role to play in the debate about geoen-
gineering, given their scientific expertise, as well as their ability to monitor 
 government implementation of programs, educate the public, and advance 
particular issues and initiatives through the policy process.72 However, as many 
commentators have noted, large ngos tend not to be representative of society 
as a whole, but rather often represent partisan or privileged/elite subsections of 
it.73 Moreover, there is a concern that large ngos may be coopted by propo-
nents of climate geoengineering, much as they were in the context of climate-
mitigation policies, embracing neoliberal solutions that have barely moved the 
needle from business-as-usual scenarios.74 Additionally, Western ngos often 
distort or misinterpret preferences and interests of citizens in other countries.75 
Thus, there is a very real danger that a stakeholder process driven by such actors 
will fail to represent the interests of many in the South who might be most pro-
foundly impacted by the deployment of geoengineering technologies.

A truly representative process should rather seek large-scale citizen input 
into the governance decision-making process to enhance the prospects of deci-
sion-making that represents the reasoned opinion of citizens. Perhaps the 
most compelling reason to seek active participation by the general public on 
the issue of climate geoengineering is the momentousness of any decision to 
move  forward. As Oldham et al. state, ‘governance questions raised by scientific 

Defense Council, ‘Geoengineering: Research is Prudent, But No Substitute for Carbon 
Pollution Cuts’, <www.nrdc.org/media/2015/150210.asp>.

70 etc Group, <http://www.etcgroup.org>.
71 The status of home is unclear, however, as its website, <http://www.handsoffmothere-

arth.org/>, appears to no longer be operational.
72 Sheila Jasanoff, ‘ngos and the Environment: From Knowledge to Action’, 18(3) Third 

World Quarterly 579–594 (1997).
73 Shantayanan Devarajan, Stuti Khemani, and Michael Walton, ‘Civil Society, Public Action 

and Accountability in Africa’, World Bank Policy Research Paper 5733 (July 2011), at 15, 
<http://elibrary.worldbank.org/doi/pdf/10.1596/1813-9450-5733>. See also George Holmes, 
‘Conservation’s Friends in High Places: Neoliberalism, Networks, and the Transnational 
Conservation Elite’, 11(4) Global Environmental Politics 1–20 (2011); Carol Stephenson, 
‘Nongovernmental Organizations, Beyond Intractability’, <www.beyondintractability.org/
essay/role-ngo>.

74 Elah Matt and Chukwumerije Okereke, ‘A Neo-Gramscian Account of Carbon Markets’, in 
The Politics of Carbon Markets, edited by Benjamin Stephan and Richard Lane (Routledge, 
2015).

75 Hans Holmén and Magnus Jirström, ‘Look Who’s Talking! Second Thoughts about ngos 
as Representing Civil Society’, 44 Journal of Asian and African Studies 429, 436 (2009).

http://www.etcgroup.org
http://www.handsoffmotherearth.org
http://www.handsoffmotherearth.org
http://elibrary.worldbank.org/doi/pdf/10.1596/1813-9450-5733
http://www.nrdc.org/media/2015/150210.asp
http://www.etcgroup.org
http://elibrary.worldbank.org/doi/pdf/10.1596/1813-9450-5733
http://www.beyondintractability.org/essay/role-ngo
http://www.beyondintractability.org/essay/role-ngo
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research and technological developments [of geoengineering options] are 
profound’.76 The nas report starkly outlines the potentially huge social, envi-
ronmental, and economic ramifications of taking the path of climate geoengi-
neering, many of which were outlined above. Thus, climate engineering is 
undoubtedly a keystone instance of the need for robust democratic opportuni-
ties in the context of technological development. As Andersen and Jæger 
conclude:

Basically, democracy is a question of the possibilities available to citizens 
to influence the circumstances of their lives. As technology becomes 
more and more integrated, influencing more circumstances in life, citi-
zens should have a democratic right to influence its development.77

Moreover, there are a number of salutary reasons to advocate going beyond 
merely soliciting public opinion on geoengineering issues, usually character-
ized as public communication or public consultation,78 to the establishment 
of large-scale public deliberative processes. As Gutmann and Thompson con-
clude, deliberative democratic mechanisms seek to ensure that citizens are not 
treated merely ‘as passive subjects to be ruled, but as autonomous agents who 
take part in the governance of their own society’.79 Proponents of deliberative 
democracy emphasize that the process is not intended to be an alternative to 
representative democracy, but rather that ‘the crisscrossing debates’ of citizens 
in the public sphere ‘are ultimately funneled into representative institutions 
that coordinate our shared life’.80

76 P. Oldham et al., ‘Mapping the Landscape of Climate Engineering’, 372 Philosophical 
Transactions of the Royal Society 1, 2 (2014).

77 Ida-Elisabeth Andersen and Birgit Jæger, ‘Scenario Workshops and Consensus 
Conferences: Towards More Democratic Decision-Making’, 26(5) Science and Public Policy 
331, 333 (1999).

78 Gene Rowe and Lynn J. Frewer, ‘A Typology of Public Engagement Mechanisms’, 30(2) 
Science, Technology and Human Values (2005): ‘In public communication, information is 
conveyed from the sponsors of the initiative to the public … In public consultation, infor-
mation is conveyed from members of the public to the sponsors of the initiative, follow-
ing a process initiated by the sponsor. Significantly, no formal dialogue exists between 
individual members of the public and sponsors. The information elicited from the public 
is believed to represent currently help opinions on the topic in question’; at 254–55.

79 Amy Gutmann and Dennis Thompson, Why Deliberative Democracy? 3rd ed. (Princeton 
University Press, 2004).

80 Simone Chambers, ‘Deliberative Democratic Theory’, 6 Annual Review of Political Science 
307, 315 (2003).
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Public deliberative processes, in their optimal form, are characterized by 
collaboration and co-management, which is strongly preferable to mere infor-
mation-sharing or placation, or, as Parkhill has termed most past modes of 
engagement with the public, ‘dead’ (Decide, Educate, Announce, and Defend). 
Public deliberative processes seek to afford citizens, or a representative subset 
thereof, the opportunity to discuss, exchange arguments, and deliberate on 
critical issues,81 as well as to seek to persuade one another of the judiciousness 
of their solutions.82 Public deliberative processes emphasize the role of debate 
and discussion to facilitate the formulation of well-informed opinion and a 
reflexive process whereby participants are open to revision of their opinions 
based upon their interaction with others.83 As such ‘deliberation is not so 
much a form of discourse or argumentation as a joint, cooperative activity’.84 
The format of deliberative exercises can facilitate critical scrutiny of pre-ana-
lytic assumptions underpinning our framing of data and other sources of 
knowledge and can foster self-awareness and reflection by key actors, includ-
ing science and policy institutions.85 Ultimately, this may lead to ‘better’ deci-
sions than adversarial democratic processes where factions joust to win, 
because the focus is on searching for the common or public good.86

The ‘deliberative turn’ in democratic theory reflects a criticism of more epi-
sodic forms of democratic participation as affording citizens extremely limited 
input into the decision-making process, constituting no more than voting and 

81 Paul Anderson, ‘Which Direction for International Environmental Law?’, 6(1) Journal of 
Human Rights and Environment 98, 121 (2015).

82 J. Dryzek, ‘Ecology and Discursive Democracy’, in Is Capitalism Sustainable? Political 
Economy and the Politics of Ecology, edited by M. O’Connor (Guilford Press, 1994) at 176; 
Anderson, supra note 81, at 121.

83 S. Chambers, Reasonable Democracy: Jürgen Habermas and the Politics of Discourse 
(Cornell University Press, 2003) at 309. See also National Research Council, Understanding 
Risk, edited by Paul C. Stern and Harvey V. Fineberg (1996) at 4, <www.nap.edu/openbook 
.php?isbn=030905396X>.

84 James Bohman, Public Deliberation: Pluralism, Complexity, and Democracy (Massachusetts 
Institute of Technology, 2000), at 27.

85 Jason Chilvers, ‘Reflexive Engagement? Actors, Learning, and Reflexivity in Public 
Dialogue on Science and Technology’, 35(3) Science Communication 283, 287 (2012);  
P. Macnaghten et al., ‘Responsible Innovation Across Borders: Tensions, Paradoxes and 
Possibilities’, 1(2) Journal of Responsible Innovation 191, 194 (2014); Bronislaw Szerszynski 
and Maialen Galarraga, ‘Geoengineering Knowledge: Interdisciplinarity and the Shaping 
of Climate Engineering Research’, 45 Environment and Planning A 2817, 2819 (2013).

86 Jacquelin Burgess et al., ‘Deliberative Mapping: A Novel Analytic-Deliberative 
Methodology to Support Contested Science-Policy Decisions’, 16 Public Understanding of 
Science 299, 301 (2007).

http://www.nap.edu/openbook.php?isbn=030905396X
http://www.nap.edu/openbook.php?isbn=030905396X
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public discussion limited to ‘sound bites and popularity contests’.87 Public 
deliberation, by contrast, facilitates a movement away from what Jasanoff 
characterizes as ‘technologies of hubris’, to ‘technologies of humility’,88 marked 
by ‘plural viewpoints and collective learning’.89

Public deliberative processes, in turn, can help decision-makers generate 
and ascertain public opinion on issues of technical and social complexity.90 
For example, studies of citizen risk-assessment reveal that the public’s percep-
tion of certain qualitative attributes of risk, including unfamiliarity, untrust-
worthiness of institutions, and the saliency of non-voluntary risks, differ from 
purely technocratic assessments.91 All of these attributes might be pertinent to 
a meaningful assessment of public acceptance of climate geoengineering 
options. In a democratic society, ultimately only its citizenry can adjudicate 
upon the acceptability of such risks,92 and mechanisms for public deliberation 
could help facilitate this.93 By contrast, expert assessments of the risks of pre-
viously emergent technologies, including nuclear power, bovine spongiform 
encephalopathy, and genetically modified organisms, were subsequently dis-
covered to have ignored public concerns related to values, core objectives, and 
the role of vested interests.94

87 John R. Parkins and Ross E. Mitchell, ‘Public Participation as Public Debate: A Deliberative 
Turn in Natural Resource Management’, 18(6) Society and Natural Resources: An 
International Journal 529, 530 (2005).

88 Sheila Jasanoff, ‘Technologies of Humility: Citizen Participation in Governing Science’,  
41 Minerva 223, 243 (2003).

89 Ibid. at 237.
90 Mike Anderson, ‘Geoengineering and the Arctic: Defining the Governance’, at 4, <www 

.umt.edu/ethics/ethicsgeoengineering/Workshop/articles1/anderson.pdf>.
91 Nick Pidgeon et al., ‘Exploring Early Public Responses to Geoengineering’, 370 Philosophical 

Transactions of the Royal Society A 4176, 4180 (2012); Brian Wynne, ‘Creating Public 
Alienation: Expert Cultures of Risk and Ethics of gmos’, 10(4) Science as Culture 445, 454 
(2001). Such differences in sensitivity to risk are often justified empirically. For example, 
technological disasters are often precipitated by mistakes made by institutions and indi-
viduals managing technologies. Pidgeon, ibid. at 4180.

92 Nick Pidgeon et al., ‘Deliberating Stratospheric Aerosols for Climate Geoengineering and 
the spice Project’, 3 Nature Climate Change 451, 451 (2013).

93 There is also empirical evidence that the public demonstrates superior capacity to accom-
modate uncertainty and correct errors over time; Daniel J. Fiorino, ‘Citizen Participation 
and Financial Risk: A Survey of Institutional Mechanisms’, 15(2) Science, Technology, and 
Human Values 226, 227 (1990).

94 Rob Bellamy et al., ‘A Review of Climate Geoengineering Appraisals’, 3 wires Climate 
Change 597, 611 (2012); Brian Wynne, ‘Public Participation in Science and Technology: 
Performing and Obscuring a Political-Conceptual Category Mistake’, 1 East Asian Science 

http://www.umt.edu/ethics/ethicsgeoengineering/Workshop/articles1/anderson.pdf
http://www.umt.edu/ethics/ethicsgeoengineering/Workshop/articles1/anderson.pdf
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Moreover, public deliberation can enhance the quality of the problem- 
solving and decision-making process for complex issues such as climate geo-
engineering. It can ensure that representatives of the public ‘contribute their 
situated knowledge of how various resource use options and techniques would 
affect the people whose lives they know best and the environment in which 
they live’.95 Public deliberation can also lead to creative and innovative per-
spectives that might not otherwise be introduced into the system.96 By improv-
ing the quality of reasoning brought to bear in policy formulation, such 
processes are likely to ultimately enhance the quality of policy outcomes.97

The ‘resonance of collective decisions’, reflected by the conflation of delib-
erative contestations and mainstream representative democratic processes, 
can also help to bolster the legitimacy of any decisions ultimately made by 
government in this context.98 This can, inter alia, increase the efficiency of 
political institutions by reducing the costs of enforcing compliance with laws 
and regulations.99 Citizens generally regard institutions that establish frame-
works for public deliberation as more legitimate, enhancing trust and sup-
port.100 As such, deliberative democratic practices are not a substitute for 
representative democracy, but rather can serve as a complementary process 
that strengthens democratic institutions.101

Technology and Society: An International Journal 99, 101 (2007); Alan Irwin, ‘Citizen 
Engagement in Science and Technology Policy: A Commentary on Recent uk Experience’, 
40 pla Notes 72, 72 (Feb. 2001), <http://pubs.iied.org/pdfs/G01295.pdf>.

95 Anderson, supra note 90, at 122.
96 Daniel Sarewitz, ‘Science Can’t Solve It’, 522 Nature 413, 414 (2015); Ciaran O’Farchellaigh, 

‘Public Participation and Environmental Impact Assessment: Purposes, Implications and 
Lessons for Public Policy Making’, 30 Environmental Impact Assessment Review 19, 21 (2010).

97 Bohman, supra note 84, at 27; Sarewitz, supra note 96, at 414.
98 Amandine Crespy, ‘Deliberative Democracy and the Legitimacy of the European Union:  

A Reappraisal of Conflict’, 62(S1) Political Studies 81, 95 (2013), <http://onlinelibrary.wiley 
.com/doi/10.1111/1467-9248.12058/epdf>. See also Pablo De Greiff, ‘Deliberative Democracy 
and Group Representation’, 26(3) Social Theory and Practice 397 (2000).

99 John Parkinson, ‘Legitimacy Problems in Deliberative Democracy’, 51 Political Studies 180, 
182 (2003).

100 Joshua Cohen, ‘Deliberation and Democratic Legitimacy’, in Debates in Contemporary 
Political Philosophy, edited by Derek Matravers and Jon Pike (Routledge, 2003), at 203; 
Javier Lezaun and Linda Soneryd, ‘Consulting Citizens: Technologies of Elicitation and 
the Mobility of Publics’, 16 Public Understanding of Science 379, 379 (2007); Patrick Sturgis, 
‘On the Limits of Public Engagement for the Governance of Emerging Technologies’, 23(1) 
Public Understanding of Science 38, 39 (2014).

101 Leonardo Avritzer, ‘Democracy Beyond Aggregation: The Participatory Dimension of 
Public Deliberation’, 8 Journal of Public Deliberation, Art. 10 (2012), at 2; Erik Oddvar 

http://pubs.iied.org/pdfs/G01295.pdf
http://onlinelibrary.wiley.com/doi/10.1111/1467-9248.12058/epdf
http://onlinelibrary.wiley.com/doi/10.1111/1467-9248.12058/epdf
http://pubs.iied.org/pdfs/G01295.pdf
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Finally, deliberative processes can strengthen the public’s role in decision-
making beyond the discrete issues at hand. Mirroring Rawls’s concept of reflec-
tive equilibrium, engagement in spirited dialogue about the controversial 
issues associated with geoengineering could help members of the community 
view counterpoised positions with respect, strengthening ‘bonds of civility that 
sustain it through rancorous issues’.102 Additionally, public deliberation can 
enhance what John Dewey terms ‘social intelligence’103 by increasing citizen 
capacity for public problem-solving and future engagement on public issues.104

In the next section of this article, we will outline some of the most pertinent 
deliberative mechanisms that could be utilized in the context of climate geoen-
gineering to effectuate the goal of robust public participation and deliberation.

4 Potential Deliberative Forums for Climate Geoengineering

There is a wide array of mechanisms for engaging the public in participation,105 a 
subset of which are focused on deliberation and can be considered ‘technologies 
of democracy’.106 It is worth noting that a number of efforts to engage publics on 
climate geoengineering have occurred, both in the North and South, including the 
Berkeley Workshop,107 the Solar Radiation Management Governance Initiative,108 

Eriksen and John Erik Fossum, ‘Representation Through Deliberation: The European Case’, 
paper presented at the 12th eusa Biennial International Conference, Boston, ma, 3–5 
March 2011, <http://euce.org/eusa/2011/papers/8h_eriksen.pdf>.

102 ‘How Good is Deliberative Democracy?’, Understanding Society 23 July 2009 <http://under 
standingsociety.blogspot.com/2009/07/how-good-is-deliberative-democracy.html>. See also 
John Rawls, Political Liberalism (Columbia University Press, 1993) at 212–253.

103 John Dewey, ‘The Economic Basis of a New Society’, in John Dewey: The Later Works, edited 
by Jo Ann Boydston (Carbondale: Southern Illinois University Press, 1988) at 320.

104 John Shook, ‘Dewey’s Ethical Justification for Public Deliberation’, 29 Education and 
Culture 3–26 (2013); Alison Kadlec and Will Friedman, ‘Deliberative Democracy and the 
Problem of Power’, 3(2) Journal of Public Deliberation 1, 8 (2007).

105 See also Gene Rowe and Lynn J. Frewer, ‘A Typology of Public Engagement Mechanisms’, 
30(2) Science, Technology, and Human Values 251, 252 (2005).

106 Sebastián Ureta, ‘A Failed Platform: The Citizen Consensus Conference Travels to Chile’, 
Public Understanding of Science 1, 1 (2015).

107 D. E. Winickoff, J. A. Flegal, and A. Asrat, ‘Engaging the Global South on Climate 
Engineering’, 5 Nature Climate Change 627–634 (2015).

108 Solar Radiation Management Governance Initiative and African Academy of Sciences, 
Governance of Research on Solar Geoengineering: African Perspectives: Consolidated Report 
of Three Workshops in Senegal, South Africa, and Ethiopia (2013); Environmental Defense 
Fund et al., Solar Radiation Management: The Governance of Research (2011); and Institute 
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and a series of events in the uk.109 In proposing the design contours of public 
deliberative protocols, researchers have suggested utilizing ‘a proliferation of 
institutional designs’, and ‘a heterogeneous network of many publics and public 
conversations’.110 In this section, we outline some of the options that could be 
implemented in the context of climate geoengineering.

4.1 Collaborative Forums
Collaborative forums typically involve a small group of ordinary citizens, usually 
10–30, convened to engage in deliberation over a period of a few weeks, culmi-
nating in a set of policy recommendations. Such forums seek to foster interac-
tion, generation of new ideas, mutual learning, and resolution of conflict.111

While there are variations, most collaborative forums utilize the following 
format: First, a panel of laypersons engage in a ‘learning process’ in which they 
obtain knowledge about the focal issues through the provision of briefing mate-
rials and pertinent documents. Second, during a preparatory weekend, partici-
pants, usually with the assistance of a professional facilitator, develop a set of 
topics that they wish to discuss in a subsequent conference session, as well as 
prepare a set of questions related to these topics. These topics are then submit-
ted to experts, selected with help from participants.112 Third, the experts formu-
late answers and present them at a public conference, which usually takes place 
over the course of 3–4 days. The conferences are marked by interaction among 
the lay participants and the opportunity to challenge experts in terms of their 
presuppositions, underlying values, and specific factual propositions. Fourth, 
the participants retire to deliberate among themselves and to formulate a final 
document, which includes recommendations for moving forward.113 In some 

for Advanced Sustainability Studies, Perspectives on Climate Engineering from Pacific 
Small Island States (2014).

109 Bellamy et al., supra note 94, at 597–615; Natural Environment Research Council, Experiment 
Earth: Report on a Public Dialogue on Geoengineering (2010); Nick Pidgeon et al., ‘Deliberating 
Stratospheric Aerosols for Climate Geoengineering and the spice Project’, 3 Nature Climate 
Change (2013) 451–457; Adam Corner et al. ‘Messing with Nature? Exploring Public 
Perceptions of Geoengineering in the uk,’ 23 Global Environmental Change (2013) 938–947.

110 Seyla Benhabib, ‘Toward a Deliberative Model of Democratic Legitimacy,’ in Democracy 
and Difference: Contesting the Boundaries of the Political, edited by Seyla Benhabib 
(Princeton University Press, 1996) at 87.

111 Abby Williamson and Archon Fung, ‘Public Deliberation: Where We Are and Where Can 
We Go?’, National Civil Review (2004), at 11.

112 Andersen and Birgit Jæger, supra note 77, at 331.
113 Annika P. Nielson et al., Consensus Conference Manual, 15–37 February 2006, <http://estframe 

.net/ethical_bio_ta_tools_project/content_2/text_2c81d261-b7a8-43e8-8f1e-d724b43e2ba3/ 
1346076808107/et4_manual_cc_binnenwerk_40p.pdf>; Michael D. Cobb, ‘Creating Informed 

http://estframe.net/ethical_bio_ta_tools_project/content_2/text_2c81d261-b7a8-43e8-8f1e-d724b43e2ba3/1346076808107/et4_manual_cc_binnenwerk_40p.pdf
http://estframe.net/ethical_bio_ta_tools_project/content_2/text_2c81d261-b7a8-43e8-8f1e-d724b43e2ba3/1346076808107/et4_manual_cc_binnenwerk_40p.pdf
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cases, such as in Denmark, the results are subsequently proffered to govern-
ment officials and distributed to the media (including sometimes at a press 
conference) and the general public.114

Most collaborative forums, denominated ‘consensus conferences’, seek to 
obtain participant consensus in two phases of the deliberative process: the pri-
mary questions to be proffered to the experts and the conclusions and recom-
mendations in the final document.115 The consensus format can foster 
individual autonomy, because each member’s preference is encompassed in 
the group preference. Moreover, the expression of a clear collective verdict 
may strengthen the saliency of the positions taken in the conference with out-
side groups and the general public.116

Consensus conferences originated in the United States in the late 1970s, 
and were used by the National Institutes of Health to bring together medical 
experts to assess the health and safety of medical technologies. The Danish 
Board of Technology subsequently modified this model in the 1980s to estab-
lish interaction between citizens and experts.117 Consensus conferences have 
also been convened in a number of other countries, including Canada, the 
United Kingdom, the Netherlands, South Korea, New Zealand, and Australia, 
to address both environmental and non-environmental issues, including 
food irradiation, biotechnology (including genetically modified organisms), 
human-genetics research, infertility, nuclear waste, and transgenic ani-
mals.118 The mechanism has been used very sparingly in the United States, 
with conferences convened to address issues including telecommunications 
reform,119 genetically modified organisms,120 and biomonitoring.121

Public Opinion: Citizen Deliberation About Nanotechnologies for Human Enhancements’, 13 
Journal of Nanoparticle Research 1533, 1545 (2011).

114 Cobb, supra note 113, at 1536; Dryzek and Tucker, supra note 66, at 865.
115 Andersen and Jæger, supra note 77, at 335. Some consensus conference formats provide 

for a ‘split statement’ if consensus cannot be reached after participants seek to under-
stand the arguments of other participants as much possible. Jon Fixdal, ‘Consensus 
Conferences as “Extended Peer Review”’, 24(6) Science and Public Policy 366, 370 (1997).

116 Christopher Karpowitz and Chad Raphael, Deliberation, Democracy, and Civic Forums: 
Improving Equality and Publicity (Cambridge University Press, 2014) at 56.

117 Edna F. Einsiedel and Deborah L. Eastlick, ‘Consensus Conferences as Deliberative 
Democracy’, 21(4) Science Communication 323, 325 (2000).

118 Ibid. at 325; Dryzeck and Tucker, supra note 66, at 867.
119 David H. Guston, ‘Evaluating the First u.s. Consensus Conference: The Impact of the 

Citizens’, Panel on Telecommunications and the Future of Democracy’, 24(4) Science, 
Technology, and Human Values 451–481 (1999).

120 Dryzeck and Tucker, supra note 66, at 857.
121 Nancy Irvin Maxwell, Understanding Environmental Health: How We Live in the World 

(Jones and Bartlett Learning llc, an Ascend Learning Company, 2014) at 65.
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Alternatively, some forums culminate in non-unanimous individual voting 
on recommendations. One benefit of this approach is that it reduces the pres-
sure on individual participants to agree with the majority, or to compromise an 
individual’s beliefs to avoid a minority veto. It is also far easier to reach group 
conclusions under this format.122 On the other hand, it could be argued that this 
approach undermines the incentives for participants to engage in reflectiveness, 
since they need not consider the positions of others or seek to establish consen-
sus through debate and deliberation. Also, group autonomy may be denuded if 
those in the minority strongly oppose the final recommendations.123

As is true with any deliberative format, consensus forums have faced chal-
lenges. There were criticisms of the first uk national consensus conference on 
genetically modified foods for its alleged failure to facilitate stakeholder par-
ticipation in design and implementation of the exercise, as well as its exclusion 
of consideration of alternatives to gm foods.124 Other critiques of consensus 
conferences have alleged biased briefings by experts and a failure to reach out 
to the public to communicate results.125

4.2 World Wide Views
World Wide Views is a global citizen consultation initiative established by the 
Danish Board of Technology in conjunction with the World Wide Views 
Alliance, which is comprised of a global network of organizations, including 
public councils, think tanks, parliamentary technology assessment institutions, 
non-governmental civil society organizations, and universities.126 World Wide 
Views is a multi-site mechanism that can be utilized at the global, regional, or 
national level. Participants at multiple sites, heretofore about 100 at each site, 
are tasked with deliberating on the same issue on the same day. Prior to attend-
ing the sessions, participants are asked to review extensive written materials 
outlining facts and opinions on the issues, usually followed by informational 
videos at the sessions. Informational materials are reviewed by a scientific advi-
sory board, and are reviewed by citizen focus groups before the meeting.127

The day of deliberative meetings is divided into 4–5 sessions organized 
around a set of thematic issues, which have been reviewed by scientific 

122 Karpowitz and Raphael, supra note 116, at 57.
123 Ibid.
124 Andy Stirling, ‘“Opening Up” and “Closing Down”: Power, Participation, and Pluralism in 

the Social Appraisal of Technology’, 33 Science, Technology, and Human Values 262, 277 
(2008).

125 Helen Wallace, The Issue of Framing and Consensus Conferences, 40 pla Notes 61–3  
(Feb. 2001) <http://pubs.iied.org/pdfs/G01295.pdf>.

126 World Wide Views, <http://wwviews.org/>.
127 World Wide Views, The World Wide Views Method <http://wwviews.org/method.html>.

http://pubs.iied.org/pdfs/G01295.pdf
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http://wwviews.org/method.html
http://pubs.iied.org/pdfs/G01295.pdf
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http://wwviews.org/method.html
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advisory boards and citizen focus groups, and are presented to the partici-
pants by the organizers. Participants are then divided into groups of 5–8 to 
deliberate on the questions with the assistance of trained monitors. At the 
conclusion of the sessions, participants vote on the questions and the results 
are reported to the World Wide Views website, where they can be compared 
to results from other sessions. Results are subsequently analyzed by the 
organizers and reported to policymakers.128

Several World Wide Views events, all with environmental themes, have been 
held at the global level over the past few years. The inaugural event occurred in 
2009 and was coordinated with cop 15 of the unfccc. The World Wide Views 
on Global Warming brought together 4,000 citizens in 38 countries (18 devel-
oped, 20 developing).129 Efforts were made by each participating state to 
achieve demographic representation of the general population.130 It culmi-
nated in the drafting of a report131 and nine policy recommendations,132 with 
the results presented to party delegates at cop 15.133 The process received 
extensive media coverage in many participant countries.134

128 Ibid.
129 Bjørn Bedsted, ‘World Wide Views on Climate and Energy: Making the Views of the 

Citizens Heard at cop 21’, A Multi-Stakeholder Magazine: Outreach on Climate Change and 
Sustainable Development at < http://outreach.stakeholderforum.org/index.php/previous 
-editions/cop-19/200-cop19wrapup/11653-world-wide-views-on-climate-and 
-energy-making-the-views-of-the-citizens-heard-at-cop-21>. The Danish Board of Technology 
sought to facilitate participation by developing country partners through financial assis-
tance; Edna F. Einsiedel, ‘Communities of Fate and the Challenges of International Public 
Participation in Transnational Governance Contexts’, 9(2) Journal of Public Deliberation, 
Art. 4 (2013), at 3, n. 1.

130 The Danish Board of Technology requires each participating site in the process to seek 
demographic balance in terms of gender, age, occupation, income, education, and geogra-
phy. Expert and Citizen Assessment of Science and Technology (ecast), Technology 
Assessment and Public Participation: From ta to pta, 6 December 2012, at 18, <http://ecast 
network.org/research/technology-assessment-and-public-participation-from-ta-to-pta/>.

131 World Wide Views, World Wide Views on Global Warming 1–36 (Nov. 2009), <http://global-
warming.wwviews.org/files/AUDIO/wwviews%20Policy%20Report%20FINAL%20
-%20Web%20version.pdf>.

132 World Wide Views on Global Warming, Policy Recommendations, <http://globalwarm-
ing.wwviews.org/node/277.html>.

133 Jose Batista and Mark Manio, ‘World Wide Views on Global Warming Overview and 
Analysis’, <http://par ticipedia.net/en/organizations/world-wide-views-global-warming 
-overview-and-analysis>.

134 See, e.g. Martin Knapp et al., ‘World Wide Views on Global Warming (wwviews):  
A Worldwide Citizens’ Participation Procedure Regarding Climate Policy’ (2009), <www 
.itas.kit.edu/english/projects_knap09_wwviews.php>.

http://outreach.stakeholderforum.org/index.php/previous-editions/cop-19/200-cop19wrapup/11653-world-wide-views-on-climate-and-energy-making-the-views-of-the-citizens-heard-at-cop-21
http://outreach.stakeholderforum.org/index.php/previous-editions/cop-19/200-cop19wrapup/11653-world-wide-views-on-climate-and-energy-making-the-views-of-the-citizens-heard-at-cop-21
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In September 2012, 3,000 citizens from 25 countries participated in the 
World Wide Views on Biodiversity, an event coordinated by the Danish Board 
of Technology in collaboration with academic institutions, ngos, and govern-
ments, with oversight by the Convention on Biological Diversity. Approximately 
100 participants in each venue addressed a set of predefined questions on bio-
diversity policy. The responses were subsequently proffered to cop 11 of the 
cbd, which passed a resolution calling for more use of public deliberative pro-
cesses in the future in order to engage the public on biodiversity issues. The 
results of the deliberations were also discussed in side events at cop 11.135 
Following the cop, the results were discussed at several conferences and inter-
governmental fora, including the Intergovernmental Platform for Biodiversity 
and Ecosystem Services, and the Parliaments and Civil Society in Technology 
Assessment (pacita).136

In June 2015, the World Wide Views on Climate and Energy brought together 
10,000 citizens in 75 countries.137 The co-initiators of the World Wide Views on 
Climate and Energy were the Secretariat of the unfccc, the Danish Board of 
Technology, the French National Commission of Public Debate, and Missions 
Publiques. The process was intended to provide input into the negotiations for 
a new climate change agreement leading towards cop 21 of the unfccc.138 
The results of these deliberations were presented to unfccc delegates at the 
June 2015 Bonn intersessional negotiations.139

One compelling benefit of the World Wide Views approach is that the mini-
mal time commitment and truncated deliberative format can facilitate more 
widespread participation than more complex mechanisms. On the other hand, 
this is also a significant constraint of the process, because it facilitates only 

135 World Wide Views on Biodiversity, Results, <http://biodiversity.wwviews.org/>.
136 Ibid. pacita sought to promote knowledge-based policymaking on issues involving sci-

ence, technology, and innovation, with a focus on practices in Parliamentary Technology 
Assessment (pta), a network of technology assessments that specialize in advising parlia-
mentary bodies in Europe; Parliaments and Civil Society in Technology Assessment, 
<www.pacitaproject.eu/>.

137 Bjørn Bedsted, ‘World Wide Views on Climate and Energy’, <www.unece.org/
fileadmin/DAM/env/pp/wgp/WGP_19/PPIF_Presentations/WWV iews_Bedsted 
_WGP19_PPIF-item_2_UNFCCC.pdf>.

138 World Wide Views, Launch of Largest Ever Global Citizen Consultation on Climate and 
Energy, <http://climateandenergy.wwviews.org/>.

139 World Wide Views on Climate and Energy, Press Conference with Key Result Presentation, 
<http://climateandenergy.wwviews.org/blog/press/press-conference-with-key-result 
-presentation/>.
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rudimentary dialogue between participants and experts, and limited acquisi-
tion of knowledge and opportunities for reflexive deliberation.140

4.3 Deliberative Mapping
Deliberative mapping (dm) integrates two complementary methodologies: 
multi-criteria mapping (mcm), developed by Stirling,141 and stakeholder deci-
sion analysis (sda), developed by Burgess and Clark.142 mcm facilitates the 
appraisal of potential policy options through the development of a set of crite-
ria, evaluation of the performance of these criteria, and the weighting of each 
criterion on the basis of its relative importance.143 mcm is usually based on 
2–3 hour interviews with individual participants, using specially developed 
software known as mc-Mapper.144 The interviews consist of the development 
of a set of core options (potentially co-developed by interviewers and partici-
pants), to facilitate comparisons between the positions taken by different par-
ticipants. Participants then assign two performance scores to each criterion, 
reflecting their most favourable and pessimistic assumptions.145 Participants 
then attach priority to each appraisal criterion and reflect on the relative rank-
ings of each of the proffered options.146 As such, mcm processes function as a 
heuristic, rather than a prescriptive, mechanism, fostering reflexive delibera-
tion by not imposing pre-ordained definitions or weightings on criteria.147

Stakeholder decision analysis seeks to evaluate and understand the role of 
stakeholders in pertinent policies or projects, including questions of power, 

140 Martin Knapp et al., World Wide Views on Biodiversity: An International Citizens’ 
Deliberation on Biological Diversity, in Biodiversity and Society: Conference Proceedings 
(Jan Friedrich, Aurélie Halsband, and Lisa Minkmar eds., 2012).

141 University of Sussex, Multicriteria Mapping: Helping to Understand Complex Decisions, 
<www.sussex.ac.uk/spru/impact/mcm>. The origin of mcm has a longer pedigree in mili-
tary logistics and operations research during World War ii; Andy Stirling and Sue Mayer, 
‘A Novel Approach to the Appraisal of Technological Risk: A Multicriteria Mapping Study 
of a Genetically Modified Crop’, 19 Environment and Planning C: Government and Policy 
529, 531 (2001).

142 J. Burgess and J. Clark, ‘Evaluating Public and Stakeholder Engagement Strategies in 
Environmental Governance’, in Interfaces between Science and Society, edited by A. G. 
Perez, S. G. Vaz, and S. Tognetti (Greenleaf Publishing, 2006), at 222–52.

143 Andy Stirling and Gale Davies, ‘Using the Multi-Criteria Mapping (mcm) Technique’, 
Deliberative Mapping, Briefing 5, Science and Technology Policy Research (Mar. 2004), at 2, 
<http://users.sussex.ac.uk/~prfh0/DM%20Briefing%205.pdf>.

144 Burgess et al., supra note 86, at 302.
145 Stirling and Davies, supra note 143, at 3.
146 Ibid. at 3–4.
147 Stirling and Mayer, supra note 141, at 532.
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interrelationships, and interests.148 sda fosters group dynamics to support 
deliberations by structuring facilitated discussions with up to 20 participants, 
who meet in five sequential stages to engage in deliberations on each stage of 
the appraisal process.149

dm brings specialists and citizens together to engage in a participatory 
appraisal process that utilizes mcm’s structure, but adapts it to small group-
based analysis and deliberation through application of the sda process.150 It is 
the only deliberative process that brings specialists and citizens together in the 
appraisal process.151 Both citizens and specialists adhere to the same frame-
work for project appraisal, assigning scores to each option available for 
appraisal, with criteria weighted to reflect importance.152 The result of this 
process is a ‘map’ of the performance of each option from different perspec-
tives.153 dm is ideally suited for assessment of policies, programs, or projects 
involving controversial issues and contestable value judgments, given its 
mechanisms for assessment of options and mapping of changes in opinion 
over time.

dm has been employed in several contexts, including assessment of health, 
energy, environmental, and food issues.154 Most notably, the dm process was 
used to engage a group of 12 senior experts and stakeholders and 13 citizens in 
Norwich, uk, in deliberations on climate geoengineering.155 The researchers 
involved in the study cautioned that that the study’s representativeness was 
limited by its small size, a function largely of resource constraints. However, 
they also concluded that the process ‘revealed a radically different view of 

148 Ruairí Brugha and Zsuzsa Varvasovszky, ‘Stakeholder Analysis: A Review’, 15(3) Health 
Policy and Planning 239, 239 (2000).

149 Burgess et al., supra note 86, at 302.
150 Ibid.
151 Rob Bellamy, ‘Beyond Climate Control: “Opening Up” Propositions for Geoengineering 

Governance’, Climate Geoengineering Governance Working Paper Series 011 (2014), at 12 
<www.geoengineering-governance-research.org/perch/resources/workingpaper11bella 
-mybeyondclimatecontrol.pdf>.

152 Science and Technology Policy Research et al., The Deliberative Mapping Approach, 
Briefing 2 (2004), at 4, <http://users.sussex.ac.uk/~prfh0/DM%20Briefing%202.pdf>.

153 Ibid.
154 Stirling and Davies, supra note 143, at 2; Andy Stirling and Gale Davies, ‘Deliberative 

Mapping in Practice: The “Kidney Gap”’, Briefing 3, Science and Technology Policy Research 
(2004), at 2.

155 Rob Bellamy, Jason Chilvers, and Naomi E. Vaughan, ‘Deliberative Mapping of Options for 
Tackling Climate Change: Citizens and Specialists “Open Up” Appraisal of Geoengineering’, 
Public Understanding of Science 1–18 (2014).

http://users.sussex.ac.uk/~prfh0/dm%20Briefing%202.pdf
http://www.geoengineering-governance-research.org/perch/resources/workingpaper11bella-mybeyondclimatecontrol.pdf
http://www.geoengineering-governance-research.org/perch/resources/workingpaper11bella-mybeyondclimatecontrol.pdf
http://users.sussex.ac.uk/~prfh0/DM%20Briefing%202.pdf


 279Geoengineering and the Role of Public Deliberation

climate law 5 (2015) 252-294

<UN>

option performance, posing important implications for future research and 
policy’.156 Most importantly, perhaps, was the ability of the approach to avoid 
the trap of framing geoengineering proposals in public fora in contextual isola-
tion from other options to address climate change. The multi-criteria option-
appraisal process helped to ensure scoring of the performance of an array of 
options against the criteria, fostering the generation of optimal solutions in a 
reflexive process.157

4.4 Other Deliberative Mechanisms
In their most typical format, citizen juries bring together 12–16 participants, 
recruited to represent a cross-section of a particular community. Juries usually 
convene for between two-and-a-half days to four-and-a-half days, depending 
on the complexity of the issue being deliberated. Moderators usually work 
with the participants to examine all potential dimensions of one or more ques-
tions relevant to the core issue. The deliberations include briefings by, and 
cross-examination of, witnesses, as well as reception of evidence. At the con-
clusion of the event, participants formulate conclusions that are presented to 
the commissioning body, which is expected to respond.158 Citizen juries can 
help facilitate well-formulated opinions and consideration of the adequacy of 
the knowledge-base used to form such opinions.159

While traditional polling methods can be used to solicit public opinion, the 
result is often responses based on little information and little interest, or what 
Converse terms ‘non-attitudes’.160 Deliberative polling, by contrast, seeks to 
ensure that polling results reflect well-informed opinions forged from a delib-
erative process that facilitates exposure to a range of perspectives. The delib-
erative polling process begins with relatively large (approximately 1,000-strong) 
random samples that have usually represented the relevant general population 
very well.161 The sample is initially polled on the targeted issue, and thereafter 

156 Ibid. at 15.
157 Rob Bellamy, ‘A Sociotechnical Framework for Governing Climate Engineering’, Public 

Understanding of Science 1, 10–13 (2015).
158 Clare Delap, ‘Citizens’ Juries: Reflections on the uk Experience’, 40 pla Notes 39, 39–40 

(2001) <http://pubs.iied.org/pdfs/G01295.pdf>.
159 Walter F. Baber and Robert V. Bartlett, Consensus and Global Environmental Governance: 

Deliberative Democracy in Nature’s Regime (Massachusetts Institute of Technology, 2015) at 22.
160 P. E. Converse, ‘Attitudes and Non-Attitudes: Continuation of a Dialogue’, in The 

Quantitative Analysis of Social Problems, edited by E. R. Tufte (Addison-Wesley Publishing, 
1970) at 15.

161 James S. Fishkin, Robert C. Luskin, and Roger Jowell, ‘Deliberative Polling and Public 
Consultation’, 53(4) Parliamentary Affairs 657, 661 (2000).

http://pubs.iied.org/pdfs/G01295.pdf
http://pubs.iied.org/pdfs/G01295.pdf


Burns and Flegal

climate law 5 (2015) 252-294

<UN>

280

the individuals are invited to gather for a weekend to discuss the issues, with 
hundreds often attending such events. Balanced briefing materials are sent to 
the participants prior to the events. At the weekend events, participants 
develop questions with the assistance of trained moderators and engage in 
dialogue on the issues with experts and political leaders representing different 
positions. At the conclusion of the deliberations, participants are asked the 
original questions again. Measured changes in opinion are considered to be 
reflective of the conclusions that the public would reach if given the opportu-
nity to become informed on an issue.162 While this format does not facilitate 
the same level of deliberation as some other processes, it could be a highly 
beneficial complement to other deliberative mechanisms to assess climate 
geoengineering. First, it is likely to produce a more representative sampling of 
the general population than many other deliberative processes, given the size 
of the samples involved. Second, unlike some other approaches, deliberative 
polling does not seek to foster consensus; thus, it may afford policymakers a 
fuller view of public opinion on geoengineering issues.163

Finally, there should be further exploration of the potential role of more 
‘hands-on’ or ‘material’ deliberation processes in public assessment of geoen-
gineering. This could include the use of immersive simulations, gaming, and 
experiential art.164 One pertinent example is the Ready! game developed by 
the International Federation of Red Cross/Red Crescent Societies. The game 
facilitates simulation of disaster scenarios by its participants and exploration 
of potential responses and their implications.165

4.5 Non-Deliberative Mechanisms
While here we are focusing on facilitating public deliberative fora in the 
assessment of climate geoengineering options, it should be emphasized that 
there is also an important role for other methods of public engagement, 
including perception methodologies, such as mail and online surveys, tele-
phone polls, and focus groups. Such methods can help to sensitize scientists 

162 Center for Deliberative Democracy, ‘What is Deliberative Polling?’ <http://cdd.stanford 
.edu/what-is-deliberative-polling/>.

163 James S. Fishkin and Robert C. Luskin, ‘Experimenting with a Democratic Ideal: 
Deliberative Polling and Public Opinion’, 40 Acta Politica 284, 293 (2005).

164 David H. Guston, ‘Building the Capacity for Public Engagement with Science in the United 
States’, 23(1) Public Understanding of Science 53, 56 (2014); Cynthia Selin and Prasad 
Boradkar, ‘Prototyping Nanotechnology: A Transdisciplinary Approach to Responsible 
Innovation’, 2 Nanotechnology Education 1–12 (2010).

165 International Federation of Red Cross/Red Crescent Societies, Ready!, <http://www 
.climatecentre.org/resources-games/ready>.
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and policymakers to social dimensions of technology that might otherwise 
not be scrutinized.166 Moreover, this research can help to frame the issues for 
subsequent dialogue among the public, scientists, and policymakers.167 Thus, 
it is important to support the efforts of organizations that seek to aggregate 
such data, such as the ‘Ethics of Geoengineering’ project of the University of 
Montana.168

We should also encourage public educational outreach efforts that can help 
prepare the public to more effectively engage in public dialogue on climate 
geoengineering. This should include events and exhibits at museums and sci-
ence centers, development of educational curricular materials, and ‘public-
facing’ literature, films, and web-based materials.169

In the final section of this article, we will outline methods that may help to 
optimize the use of deliberative mechanisms in the context of climate 
geoengineering.

5 Optimizing Deliberative Processes in Climate Geoengineering

The establishment of a public deliberative process on climate geoengineering 
should be guided by the following principles:

5.1  Deliberations on Climate Geoengineering Should be Conducted  
Very Early, or ‘Upstream’, in the Process

An ‘upstream’ approach to public deliberation seeks to mobilize citizens prior 
to the conduct of significant research and development of technologies, and to 
ensure their continual participation throughout the research and develop-
ment process.170 Climate geoengineering can be classified as an ‘upstream 

166 Wylie A. Carr et al., ‘Public Engagement on Solar Radiation Management and Why it 
Needs to Happen Now’, 121 Climatic Change 567, 571 (2013).

167 Ibid.
168 University of Montana, Ethics of Geoengineering, <www.umt.edu/ethics/resourcecenter/

default.php>.
169 Sarah R. Davies and Cynthia Selin, ‘Energy Futures: Five Dilemmas of the Practice of 

Anticipatory Governance’, 6(1) Environmental Communication 119, 123 (2012).
170 Adam Corner and Nick Pidgeon, ‘Geoengineering the Climate: The Social and Ethical 

Implications’, 52(1) Environment: Science and Policy for Sustainable Development 25, 32 
(2010); T. Rogers-Hayden and N. Pidgeon, ‘Moving Engagement Upstream? 
Nanotechnologies and the Royal Society and Royal Academy of Engineering’s Inquiry’, 16 
Public Understanding of Science 345, 345 (2007).
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technology’, characterized by insignificant research and development to date, 
highly uncertain risks and benefits, and amorphous public attitudes.171

There are a number of reasons to seek to ensure an upstream public delib-
erative approach to climate geoengineering. First, there is a congeries of seri-
ous social, ethical, and political issues that need to be grappled with by society 
at the outset as it contemplates a geoengineered world. This would include not 
only potential concerns about the impacts of specific technologies, but also 
broader issues such as the locus and role of emergent technologies, the distri-
bution of power in decision-making, balancing of equities, and the nature of 
the world that deployment of geoengineering technologies might create. As 
Corner, et al. conclude:

Questions about the morality of intentional manipulation of the climate, 
the sociopolitical implications of nation-states embarking on programs 
of geoengineering, and the requirement for responsible innovation and 
governance are not issues that scientists can easily address … The aim of 
engaging these audiences at an early stage is absolutely not to seek to 
persuade people that any particular geoengineering technology is safe, or 
that a particular risk issue is unproblematic. Rather, it is to begin to 
understand the social sensitivities and ethical issues that people consider 
important—in the hope they will be incorporated in decision making 
about research and development.172

Upstream deliberations are the optimal approach under such conditions, 
because they can help to avoid closing down debate on an issue, by incorporating 
a wide array of perspectives and options. This may include value-based concerns 
that may not be of great concern to scientists, but are salient for the public.173

The public’s ability to shape the geoengineering agenda at an early stage of 
discussion would be particularly critical, because the public might have very 
little role thereafter should a decision be made to develop and deploy such 
technologies. As Stilgoe concludes:

If a genuine geoengineering technology is to emerge at a planetary scale, 
it is likely to be ubiquitous and centrally controlled, even autocratic … It 

171 Pidgeon et al., supra note 91, at 4177 (2012); Bellamy et al., supra note 94, at 598.
172 Adam Corner, Nick Pidgeon, and Karen Parkhill, ‘Perceptions of Geoengineering: Public 

Attitudes, Stakeholder Perspectives, and the Challenge of “Upstream” Engagement’, 3 
wires Climate Change 451, 454 (2012).

173 Pidgeon et al., supra note 92, at 451; A. Stirling, supra note 1, at 286.
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is therefore unclear how anyone other than experts and governments 
might actively be involved in its development or use.174

Second, the general public’s attitudes toward scientific controversies is heavily 
mediated by their level of trust in institutions and policymaking processes.175 
Research indicates that early engagement of the public in deliberation can 
increase trust in the institutions that might ultimately deploy and regulate 
geoengineering technologies, as well as reduce the prospects for subsequent 
controversy and backlash.176

Indeed, a case could be made for public involvement in the earlier, and ele-
mental, step of determining if climate geoengineering research and develop-
ment should proceed. This is true for two reasons. First, as indicated above, the 
deployment of some geoengineering options could pose intrinsic risks that 
society might deem to be unacceptable per se.177 Additionally, as Stilgoe 
observes, deployment of geoengineering schemes could ‘concentrate power in 
the hands of very few people and claim mastery over a part of everyday life that 
we have until now been happy to admit is in some way out of our control … It 
is therefore reasonable to ask if this is the sort of world in which we would 
want to live.’178 Thus, the public should have the right, at the outset, to decide 
if it could conceive of countenancing this magnitude of control by a small cadre 
of technocrats.179

Moreover, there is a serious risk of technological ‘lock-in’ should geoengi-
neering research ensue before societal scrutiny begins. ‘Lock-in’ refers to the 
potentially inexorable pressure that might be exerted by vested corporate,  

174 Jack Stilgoe, Experiment Earth: Responsible Innovation in Geoengineering, (New York, NY: 
Routledge, 2015), at 36.

175 Hui Liu and Susanna Priest, ‘Understanding Public Support for Stem Cell Research: Media 
Communication, Interpersonal Communication and Trust in Key Actors’, 18(6) Public 
Understanding of Science 704, 710 (2009).

176 Sturgis, supra note 100, at 3; Lisa Dilling and Rachel Hauser, ‘Governing Geoengineering 
Research: Why, When, and How?’, 121(3) Climatic Change 553, 553 (2013). Indeed, a failure 
to engender public acceptance of climate geoengineering could prove fatal. As Zürn and 
Schäfer observe, ‘In the absence of this acceptance, negative social and political reactions 
are likely to preempt the development of a possibly important technological option to 
counteract climate change’; Michael Zürn and Stefan Schäfer, ‘The Paradox of Climate 
Engineering’, 4(3) Global Policy 1, 7 (2013), <www.wzb.eu/sites/default/files/u13/the 
_paradox_of_climate_engineering_global_policy.pdf>.

177 See section 2, supra.
178 Stilgoe, supra note 174, at 3.
179 See Wynne, supra note 94, at 105.

http://www.wzb.eu/sites/default/files/u13/the_paradox_of_climate_engineering_global_policy.pdf
http://www.wzb.eu/sites/default/files/u13/the_paradox_of_climate_engineering_global_policy.pdf


Burns and Flegal

climate law 5 (2015) 252-294

<UN>

284

academic, and governmental issues should geoengineering research begin.180 
There is ample historical evidence of such ‘path-dependent’ lock-in in the con-
text of technological development, often with distressing results.181 As 
Hourdequin observes, such interests ‘may create momentum to implement 
srm strategies despite the risks or before just decision-making procedures are 
established’.182 A truly upstream approach would address these concerns by 
ensuring that not only the ‘how’ but also the ‘whether’ of climate geoengineer-
ing is open to public deliberation.183 As such, we would seek, as Stirling empha-
sizes, to ensure ‘an essential role of human agency in the unfolding directions 
of our technological futures’.184

There are salutary instances of where upstream public deliberation has 
occurred in the past, including in the context of the application of nanotech-
nologies in healthcare in the United Kingdom.185 Unfortunately, it is far more 
common for deliberations to focus on downstream risks and impacts rather 
than issues and values driving the emerging science and technology.186 In 
some cases, deliberative exercises have also taken place too late in the game to 
substantively influence policymaking. For example, the World Wide Views on 
Global Warming, which sought to help shape decision making at cop 15, took 
place only two months prior to the event, making it unlikely that it would have 
a significant impact.187

180 Christopher J. Preston, ‘Ethics and Geoengineering: Reviewing the Moral Issues Raised by 
Solar Radiation Management and Carbon Dioxide Removal’, 4 wires Climate Change 23, 
28 (2013). See also Stephen M. Gardiner, ‘Ethics and Climate Change: An Introduction’, 1 
wires Climate Change 54, 63 (2010).

181 Stilgoe, supra note 174, at 38.
182 M. Hourdequin, ‘Geoengineering, Solidarity, and Moral Risk’, in Engineering the Climate: The 

Ethics of Solar Radiation Management, edited by C. Preston (Lexington Books, 2012) at 27.
183 Maria Lee et al., ‘Public Participation and Climate Change Infrastructure’, 25 Journal of 

Environmental Law 33, 61 (2013). See also Solar Radiation Management Governance 
Initiative, Solar Radiation Management: The Governance of Research 41 (2011), <www 
.srmgi.org/report> (‘Public engagement requires discussion that relates to the ‘visions, 
ends and purposes of science and technology’).

184 Stirling, supra note 1, at 293.
185 Corner and Pidgeon, supra note 170, at 33.
186 Chilvers, supra note 85, at 287; Margherita Pieraccini, ‘Rethinking Participation in 

Environmental Decision-Making: Epistemologies of Marine Conservation in South-East 
England’, 27 Journal of Environmental Law 45, 64 (2015) (allegations by fishing industry that it 
was engaged downstream in the regulatory process of establishing protected marine areas).

187 Chris Riedy and Jade Herriman, ‘Deliberative Mini-Publics and the Global Deliberative 
System: Insights from an Evaluation of World Wide Views on Global Warming in Australia’, 
8(3) Portal 1, 8 (2011).

http://www.srmgi.org/report
http://www.srmgi.org/report


 285Geoengineering and the Role of Public Deliberation

climate law 5 (2015) 252-294

<UN>

Thus, one of the key challenges in the context of climate geoengineering 
research will be to quickly develop the deliberative infrastructure to ensure 
meaningful upstream participation. A good roadmap for effectuating this 
objective are the strategies adopted under the rubric of ‘anticipatory 
governance’.

Anticipatory governance is a program that seeks to ensure effective upstream 
management of emerging knowledge-based technologies through an array of 
feedback mechanisms and layperson and stakeholder engagement.188 
Anticipatory governance relies on a three-tiered platform of foresight, with an 
emphasis on methods such as scenario development to assess a variety of 
potential ‘futures’.189

5.2  Public Deliberative Processes Should Be Made as Representative  
as Possible

One of the most imposing challenges of designing citizen deliberative pro-
cesses is seeking to ensure a reasonable semblance of representation of the 
public given the impossibility of engaging more than a de minimis subset of the 
general population.

While it is not possible to capture the belief systems of all citizens, it is pos-
sible to capture some of the benefits of participation by choosing a number of 
citizens who could be expected to provide a range of different perspectives, as 
well as different backgrounds, ages, ethnicities, political-party affiliations, 
incomes, occupations, and education levels.190 Growing out Robert Dahl’s 
vision of ‘minipopulus’,191 contemporary deliberative theorists have sought to 

188 D. H. Guston et al., ‘cns-anu Annual Report to the National Science Foundation, Year 3, 
for the period October 1, 2007 to September 30, 2008’, Center for Nanotechnology in 
Society at Arizona State University, nsf #0531194, at vi.

189 Daniel Barben et al., ‘Anticipatory Governance of Nanotechnology: Foresight, Engagement, 
and Integration’, in The Handbook of Science and Technology Studies, edited by E. J. Hackett 
(Massachusetts Institute of Technology, 2008), at 979; David H. Guston, ‘Understanding 
‘Anticipatory Governance’, 44(2) Social Studies of Science 218, 226 (2014).

190 Martin Carcasson and Leah Sprain, ‘Key Aspects of the Deliberative Democracy 
Movement’, Public Sector Digest (July 2010), at 3 <http://lwvncsd.org/files/carcasson.
sprain._key_aspects_of_ddm.pdf>; Jenny Steele, ‘Participation and Deliberation in 
Environmental Law: Exploring a Problem-solving Approach’, 21(3) Oxford Journal of Legal 
Studies 415, 435 (2001).

191 Dahl’s vision was laid out in his 1989 book Democracy and its Critics: ‘Suppose an advanced 
democratic country were to create a “minipopulus” consisting of perhaps a thousand citi-
zens randomly selected out of the entire demos. Its task would be to deliberate, for a year 
perhaps, on an issue and then to announce its choices … one minipopulus could exist for 
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construct so-called ‘mini-publics’ to effectuate the goal of deliberative democ-
racy.192 The objective of mini-publics is to create ‘groups small enough to be 
genuinely deliberative, and representative enough to be genuinely 
democratic’.193 This includes formulating demographic proxies that can rea-
sonably capture a range of diverse perspectives on the issue in question,194 and 
the use of stratified or pure random sampling or construction of cross-sections 
to plausibly encompass all key interest groups.195 Beyond seeking to reflect 
pertinent characteristics of the broader public, the level of legitimacy granted 
to such exercises by the general public is heavily contingent on whether it per-
ceives that such a forum ‘is made up of people like themselves’.196

Beyond the imposing methodological challenges of constructing represen-
tative population samples, there are other challenges to designing legitimate 
mini-publics. One of the biggest is that the fraction of the population that vol-
untarily seeks to participate in deliberative fora is very small,197 posing the 
threat that deliberative processes will be predominantly comprised of ‘the 
usual suspects’ of committed activists.198

Young outlines two other broad categories of challenges to representative 
deliberative processes, which she terms ‘external’ and ‘internal’ exclusion. 
External exclusion refers to factors ‘that keep some individuals or groups out of 
the fora of debate or processes of decision-making, or which allow some indi-
viduals or groups dominative control over what happens in them’.199 These fac-
tors can include income constraints, differences in education and expertise, 

each major issue on the agenda … In these ways … the democratic process could be 
adapted once again to a world that little resembles the world in which democratic ideas 
and practices first came to life’; Robert Dahl, Democracy and its Critics (Yale University 
Press, 1989) at 340.

192 Graham Smith and Matt Ryan, ‘Defining Mini-publics: Making Sense of Existing Conceptions’, 
Paper to be presented to the psa Annual Conference, Belfast, 3–5 April 2012, <www.academia 
.edu/3999460/Defining_Mini-publics_Making_sense_of_existing_conceptions>.

193 Robert E. Goodin and John S. Dryzek, ‘Deliberative Impacts: The Macro-Political Uptake 
of Mini-Publics’, 34(2) Politics and Society 219, 220 (2006).

194 Michael Burgess, ‘From “Trust Us” to Participatory Governance: Deliberative Publics and 
Science Policy’, 23(1) Public Understanding of Science 48, 49 (2014).

195 Anderson, supra note 90, at 11.
196 Hayley Stevenson and John S. Dryzek, Democratizing Global Climate Governance 

(Cambridge University Press, 2014) at 184.
197 Sturgis, supra note 100, at 40.
198 Carcasson and Sprain, supra note 190, at 3; Ian Shapiro, ‘Optimal Deliberation’, in Debating 

Deliberative Democracy, edited by James S. Fishkin and Peter Laslett (Blackwell Publishing, 
2008) at 121.

199 I. M. Young, Inclusion and Democracy (Oxford University Press, 2000) at 52.
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race, and gender.200 Internal exclusion arises even under circumstances of 
nominal inclusion of groups and individuals ‘when opportunities for discus-
sion are limited to certain key spokespersons and specific kinds of argu-
ments’.201 This can be a function of cultural factors such as language difficulties 
or protocol, the exclusion of other forms of knowledge by an emphasis on 
Western-based scientific arguments, or inadequate information-sharing that 
privileges one group over another.202

Fortunately, there is an array of methods to overcome these barriers. 
Recruitment strategies borrowed from community organizing, including tar-
geted outreach, can help to increase both the pool of prospective participants 
and broaden representation, including of typically under-represented groups.203 
One way to reduce the pressure on individuals who might find it difficult to 
participate in deliberative processes would be to employ hybrid processes that 
incorporate both face-to-face meetings and online discussion forums. This is 
the approach that was taken in us National Citizens’ Technology Forum, orga-
nized and funded by the Center for Nanotechnology in Society at Arizona State 
University to obtain public recommendations on how to approach new tech-
nologies, e.g. nanotechnology, biotechnology, and cognitive science.204

Procedural safeguards can also be implemented to ameliorate differences in 
power and expertise, including selecting a balanced group of experts to help 
inform deliberations,205 fostering active participation by requiring partici-
pants to prepare position papers on specific issues,206 and expanding the 
scope of permissible forms of communication that may foster both comfort 
with the process and understanding across cultures.207 Many deliberative 
forums, including the World Wide Views process, also screen out experts in the 
pertinent fields to prevent their domination of the proceedings.208

200 Consensus and Global Environmental Governance (2015), at 64; Kadlec and Friedman, 
supra note 104, at 4.

201 Young, supra note 199, at 53.
202 Parkins and Mitchell, supra note 87, at 534.
203 Kadlec and Friedman, supra note 104, at 12; Williamson and Fung, supra note 111, at 4.
204 Mark Philbrick and Javiera Barandiaran, ‘The National Citizens’ Technology Forum: 

Lessons for the Future’, 36(5) Science and Public Policy 335–47 (2009).
205 Ibid.
206 Bernice Bovenkerk, The Biotechnology Debate: Democracy in the Face of Intractable 

Disagreement (Springer, 2012) at 222.
207 Young, supra note 199, at 57.
208 Expert and Citizen Assessment of Science and Technology (ecast), supra note 130, at 18. 

See also Selin and Boradkar, supra note 164.
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Of course, the scope of public deliberative processes will ultimately have to 
expand beyond developed countries to engage citizens in developing coun-
tries. As outlined above, populations in many of those countries may be both 
disproportionality affected and particularly vulnerable to the potential nega-
tive ramifications of deploying such options.209 This will necessitate expand-
ing the breadth and scope of recruitment processes to avoid capturing only the 
sentiments of the ‘weird’ (Western, educated, industrialized, rich, and demo-
cratic) populations.210 Again, we would be ill-served by relying on us or 
European ngo stakeholders to fulfill this role. While large Northern ngos 
often purport to represent the interests of citizens in other countries, research 
indicates that they frequently misinterpret or distort those preferences.211

5.3 Non-Partisan Organizations Should Drive the Deliberative Process
Another consideration is who should spearhead, design, and control public 
deliberative processes in the context of climate geoengineering. This is impor-
tant for several reasons. First, self-interested parties, e.g. government agencies 
intent on pursuing research, or corporate entities driven by profit motives, may 
inject biases or constraints into the process in ways that may severely under-
mine its integrity.212 Moreover, perceived biases in the process can undermine 
its legitimacy both in terms of participants and the general public. This is a 
serious concern in the context of climate geoengineering, where surveys indi-
cate high levels of public trust in academic researchers and environmental 
organizations, and very low levels of trust in government and corporations.213

These concerns can be allayed by ensuring that no entity with a vested inter-
est in the process controls the design or implementation of deliberative pro-
cesses. This can be effectuated by entrusting the process with non-partisan 
intermediary organizations ‘whose stake is in the integrity of the process, not 

209 See section 2, supra. See also Wylie A. Carr et al., ‘Public Engagement on Solar Radiation 
Management and Why it Needs to Happen Now’, 121 Climatic Change 567, 568 (2013).

210 D. Jones, ‘A weird View of Human Nature Skews Psychologists’ Studies’, 328 Science 1627; 
Bellamy, supra note 94, at 607.

211 Hans Holmén and Magnus Jirström, ‘Look Who’s Talking! Second Thoughts about ngos 
as Representing Civil Society’, 44 Journal of Asian and African Studies 429, 436 (2009).

212 Kadlec and Friedman, supra note 104, at 7; Jack Stilgoe, Simon J. Lock and James Wilsdon, 
‘Why Should We Promote Public Engagement with Science?’, 23(1) Public Understanding 
of Science 4, 6 (2014).

213 Mercer et al., supra note 67, at 6. See also Phil Macnaghten and Jason Chilvers, ‘Governing 
Risky Technologies’, in Critical Risk Research: Practices, Politics and Ethics, edited by  
S. Lane, F. Klauser, and M. Kearnes (Wiley-Blackwell, 2012) at 110.
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in its substantive outcome’.214 There are a number of organizations that could 
fulfill that function, including some with specialized expertise in non-partisan 
deliberative mechanisms, such as the International Association for Public 
Participation,215 the Center for Public Deliberation,216 and the Loka Institute,217 
or organizations more generally dedicated to public discussion of issues, such 
as the League of Women Voters and the Education for Public Inquiry and 
International Citizenship program at Tufts University.218

As described in section 4, participants in most deliberative fora would be 
provided with substantial briefing materials, given the complexity of climate 
geoengineering technologies. One method to avoid institutional biases in the 
provision of such materials, as well as to foster a more reflexive development of 
knowledge, would be for the non-partisan facilitative organizations described 
above to employ the services of so-called ‘science shops’. Science shops are 
non-profit organizations, often associated with academic departments or non-
governmental organizations, which, inter alia, conduct research and provide 
knowledge to civil society and the general public, as well as seek to develop 
partnerships to ensure that research is put to a productive use.219 The science-
shop model was developed in the 1970s in the Netherlands and spread through-
out Europe in the 1980s, and thereafter to other countries,220 including the 
United States.221 The International Living Knowledge Network, among others, 
was established to facilitate strategic networking among science shops, as well 
as to help train practitioners in public engagement practices.222 Among the 
distinctive characteristics that would make science shops particularly attrac-
tive in the context of public deliberative processes are their dedication to, and 
skill in, developing ‘usable scientific knowledge’, and their commitment to 

214 Kadlec and Friedman, supra note 104, at 8.
215 International Association for Public Participation, <http://iap2usa.org/>.
216 Center for Public Deliberation, <http://cpd.colostate.edu/>.
217 The Loka Institute for Science and Technology of, by, and for the People, <www.loka.org/

index.html>.
218 Tufts University, Education for Public Inquiry and International Citizenship <www.tufts-

globalleadership.org/programs/epiic>.
219 Richard Worthington, ‘Community-Based Research and Technoscience Activism:  

A Report on the Living Knowledge 3 Conference’, 16(4) Science as Culture 475, 475 (2007).
220 Loet Leydesdorff and Janelle Ward, ‘Science Shops: A Kaleidoscope of Science-Society 

Collaborations in Europe’, 14 Public Understanding of Science 353, 354 and 358 (2005).
221 See Alexander Hellemans, ‘Science Shops Provide Non-Profit Alternative’, 412 Nature 4–5 

(2001). Berkeley Science Shop, <http://ucbscienceshop.com/>.
222 About Living Knowledge: The International Science Shop Network, <www.livingknowledge 

.org/livingknowledge/>.
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translate scientific research into policy findings, which could help to frame 
issues in public deliberative processes.223

5.4  Every Effort Should Be Made to Maximize the Impact of Public 
Deliberations by Making Them Policy-Relevant

One abiding question associated with public deliberation processes is 
whether they can actually play a meaningful role in the policymaking envi-
ronment. Stilgoe et al. have characterized this as a question of ‘output 
legitimacy’.224

Historically, there was not a natural predisposition on the part of policymak-
ers to solicit public input on important issues.225 However, it is now generally 
accepted that the public should be involved in decisions that affect the public 
interest.226 The critical consideration is what ‘public participation’ means in 
the decision-making process. In its ‘Spectrum of Public Participation’,227 the 
International Association for Public Participation has outlined a range of 
potential goals for public participation:

 ‧ Inform: Processes that seek to provide ‘balanced and objective’ information 
to the public to assist it in understanding problems, alternatives, and poten-
tial solutions.

 ‧ Consult: Public participation processes that seek public feedback on issues, 
alternatives, and potential decisions.

 ‧ Involve: Processes that seek to ensure that public concerns and objectives 
are ‘consistently understood and considered’.

 ‧ Collaborate: Processes that seek to partner with the public in all aspects of 
the decision-making process on an issue, including development of alterna-
tives and identification of preferred solutions.

 ‧ Empower: Processes that ‘place final decision-making in the hands of the 
public’.

223 Corinna Fischer, Loet Leydesdoff, and Malte Schophaus, ‘Science Shops in Europe: The 
Public as Stakeholder’, <www.leydesdorff.net/sshops03/>. See also Joseph Wachelder, 
‘Democratizing Science: Various Routes and Visions of Dutch Science Shops’, 28(2) 
Science, Technology, and Human Values 244–273 (2003).

224 Jack Stilgoe, Richard Owen, and Phil Macnaghten, ‘Developing a Framework for 
Responsible Innovation’, 42 Research Policy 1568, 1577 (2013).

225 Cobb, supra note 113.
226 Davies and Selin, supra note 169, at 120.
227 International Association for Public Participation, iap2 Spectrum of Public Participation, 

<www.iap2.org/associations/4748/files/iap2%20Spectrum_vertical.pdf>.
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In most instances where public participation is engendered, including pub-
lic deliberation processes, it moves no further on the spectrum than the ‘con-
sult’ stage. Additionally, policymakers are almost always imbued with the 
discretion to ignore the results of deliberations entirely.228 Even sponsors of 
participatory processes have been known to disregard the results,229 or to seek 
to ‘overcome’ the objections of the public rather than address them.230 This 
potential disconnect between public deliberative exercises and decision-mak-
ing threatens to undermine the legitimacy of the process. As Pieraccini 
concludes:

the sense of ‘hollowness in participatory exercises’ risks transforming 
participation only into a bureaucratic hurdle, increasing frustrations on 
the part of the public who perceive the meaninglessness of the exercise 
and on the part of the policy-makers who approach participation only as 
a tick-box exercise.231

Indeed, participants at several public deliberative events in recent years, 
including World Wide Views, have expressed disappointment that there do not 
exist more direct and effective outlets to political decision-makers.232 On the 

228 Kadlec and Friedman, supra note 104, at 18; Mark B. Brown, ‘Citizen Panels and the 
Concept of Representation’, 14(2) Journal of Political Philosophy 203, 208 (2006).

229 Stirling, supra note 124, at 269.
230 Claire Marris, ‘The Construction of Imaginaries of the Public as a Threat to Synthetic 

Biology’, 24(1) Science as Culture 83, 95 (2015).
231 Margherita Pieraccini, ‘Rethinking Participation in Environmental Decision-Making: 

Epistemologies of Marine Conservation in South-East England’, 27 Journal of 
Environmental Law 45, 49 (2015). See also Wylie A. Carr et al., ‘Public Engagement on Solar 
Radiation Management and Why it Needs to Happen Now’, 121 Climatic Change 567, 568 
(2013) (‘Public participation in technology assessment often viewed by both proponents 
and opponents as little more than a public relations exercise’). Powerful empirical evi-
dence for this proposition is the European Commission’s purported efforts to increase 
public participation in the 1990s, deemed to be ‘mainly as a means to restore the legiti-
macy of science and technology, not as a means to reconsider innovation processes’; 
Levidow and C. Marris, ‘Science and Governance in Europe: Lessons from the Case of 
Agricultural Biotechnology’, 28(5) Science and Public Policy 345, 348 (2001). See also Jeffrey 
R. Masuda, Tara K. McGee, and Theresa D. Garvin, ‘Power, Knowledge, and Public 
Engagement: Constructing ‘Citizenship’ in Alberta’s Industrial Heartland’, 10(4) Journal of 
Enviromental Policy and Planning 359–380 (2015); Andrea Cornwell and John Gaverta, 
‘Bridging the Gap, Citizenship, Participation and Accountability’, 40 pla Notes 32, 34 (Feb. 
2001), <http://pubs.iied.org/6345iied.html?r=p>.

232 Knapp et al., supra note 140, at 54.
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other hand, there have been instances where public deliberations have been 
integrated into the policymaking process in ways that reflect the ‘involve’ or 
‘collaborate’ ends of the participative spectrum, including issues associated 
with gm organisms, irradiation of food, and nanotechnology. In many such 
instances participation has proven influential in terms of policy outcomes.233

Several strategies could help to ensure that public deliberations in the con-
text of geoengineering do not merely become ‘a technology of legitimation’.234 
First, policymakers could agree to a formal process by which the outputs of 
public deliberative processes would be received and responded to by a gov-
ernment body, such as a legislative select committee.235 This has been termed 
‘Empowered Participatory Governance’ by Fung and Wright,236 and ‘Directly 
Deliberative Polyarchy’ by Cohen and Sabel.237 Should this prove to be a 
bridge too far for the us government, at the very least it should embrace the 
approach of the Danish Board of Technology, which encourages politicians to 
consider and respond to the recommendations that grow out of deliberative 
processes.238 Some state and local government entities in the United States 
have also adopted this approach in the context of the charter for advisory 
boards.239

Additionally, every effort should be made to leverage the deliberative pro-
cess to inform public opinion and stimulate debate by developing a tangible 
record of the deliberations and a public outreach plan. To date, publicizing of 
the results of public deliberations has been relatively sparse.240 However, there 
have been instances of such ‘amplification’ strategies in the past, including dis-
tributing the results of mini-public deliberations on state ballot initiatives to 

233 Macnaghten and Chilvers, supra note 213, at 116–17; Dryzek and Tucker, supra note 66, at 
867 and 869; Corner and Pidgeon, supra note 170, at 35; Goodin and Dryzek, supra note 
193, at 227.

234 Peter Glasner, ‘Why Juries can do More Harm Than Good’, 40 pla Notes 43, 44 (Feb. 2001), 
<http://pubs.iied.org/pdfs/G01295.pdf>.

235 Peter McLaverty, ‘Is Deliberative Democracy the Answer to Representative Democracy’s 
Problems? A Consideration of the uk Government’s Programme of Citizens’ Juries’, 45(4) 
Representation 379, 385 (2009).

236 Archon Fung and Erik Olin Wright, ‘Deepening Democracy: Innovations in Empowered 
Participatory Governance’, 29(1) Politics and Society 5, 7 (2001).

237 Joshua Cohen and Charles Sabel, ‘Directly-Deliberative Polyarchy’, 3(4) European Law 
Journal 313 (1997).

238 Goodin and Dryzek supra note 193, at 227.
239 Williamson and Fung, supra note 203, at 5.
240 Deliberative Mini-Publics: Involving Citizens in the Democratic Process, edited by Kimmo 

Gronlund, Andrew Bachtiger, and Maija Setala (Colchester: ecpr Press, 2014) at 239.
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prospective voters,241 highlighting deliberation themes in museum exhibits 
and professional science meetings,242 and sharing the record of deliberations 
with attendees at major international treaty-review conferences.243

Moreover, public outreach efforts related to public deliberative mechanisms 
could be employed to develop a positive feedback loop by utilizing a technol-
ogy-assessment system described by Guston and Sarewitz as ‘Communication 
and Early Warning’ (cew).244 cew involves, inter alia, content analysis of 
media sources related to information about technological innovation, and sur-
vey research to assess changing public attitudes about developments in tech-
nological innovation. cew could help scientists and policymakers assess 
public attitudes about climate geoengineering, including evolving opinions 
and priorities. This could lead to more informed and reflexive communication 
between key stakeholders, engendering ‘a more open process of technological 
co-production’.245

6 Conclusion

The us National Academy of Sciences’ call for increased public participation 
in the governance of climate geoengineering technologies is at once laudable 
and in need of further explication. Careful consideration of what might be 
meant by public participation, and how such participation might be institu-
tionalized, is necessary to avoid an impoverished view of science and democ-
racy, wherein experts seek public acceptance of climate geoengineering in a 
one-way exchange. In addition to the benefits that can accrue to democratic 
governance, social science research has demonstrated that well-designed 
public deliberation on technological risk will benefit science itself, enhancing 
its legitimacy and helping to identify and prioritize research needs.246

Acknowledging the value of robust public deliberation on climate geoengi-
neering, a number of international groups have hosted deliberative fora and 
workshops on the topic. Expanding these efforts should be a critical component 

241 Ibid. at 239. The example cited here is the Citizens’ Initiative Review in Oregon, which brings 
together panels of citizen mini-publics to evaluate ballot measures. Healthy Democracy, 
Citizens’ Initiative Review, <http://healthydemocracy.org/citizens-initiative-review/>.

242 Expert and Citizen Assessment of Science and Technology (ecast), supra note 130, at 20.
243 Ibid., at viii.
244 David H. Guston and Daniel Sarewitz, ‘Real-Time Technology Assessment’, 24 Technology 

in Society 93, 103 (2002).
245 Ibid.
246 Sarewitz, supra note 96.
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of research—and the contemplation of research—on climate geoengineering. 
A wide range of deliberative mechanisms are available to enhance the value of 
public engagement with science and technology, as described in this article. 
Guiding any of these public deliberations according to the principles articu-
lated here should enhance the value of public engagement on climate geoengi-
neering, both with respect to its governance and to the science itself.
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