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Geo-engineering technologies for deliberate and large-scale manipulation of the Earth’s climate 
system are receiving serious scientific and political interest in the discourse on policy instruments 
for limiting temperature rise to 1.5°C. While the debate on the scientific and technical feasibility of 
a range of geo-engineering technologies rages on, there is an urgent need for analysis of the com-
plex ethical, social and governance issues related to research, experimentation and eventual dep-
loyment of these technologies. Our perception survey of Indian policy makers dealing with climate 
change has identified a number of governance concerns related to geoengineering technologies. 
Possible unintended consequences and ‘side effects’ of these technologies raises concerns of diffe-
rential impacts in the vulnerable global south. Large-scale deployment of BECCS could have  
significant impact on food security, water resources and biodiversity. Above all, Indian policy  
makers are concerned about the prospect of unilateral action on geoengineering by developed nations. 
We examine in this article potential governance arrangements for geo-engineering technologies. 
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INDIA’S climate research and policy community widely 
supports the Paris Agreement which aims to limit in-
crease in global average temperatures to well below 2°C, 
and to pursue efforts to limit the temperature rise to 1.5°C 
by 2100 compared to pre-industrial levels1. Yet, what is 
less well known in India and elsewhere is that the mitiga-
tion scenarios in integrated assessment models (IAMs) 
published by the Intergovernmental Panel on Climate 
Change (IPCC), which form the evidence basis of global 
climate policy, built on unproven negative emission tech-
nologies to achieve these temperature goals2. At the cur-
rent rate of annual global CO2 emissions, the budget for 
1.5°C is estimated to be consumed as early as the 2020s, 
while the 2030s would see humanity blow through the 
2°C budget3. Given that a complete decarbonation of the 
global economy within 10–20 years is highly unlikely,  
the implicit assumption in IPCC’s Fifth Assessment Re-
port is that negative carbon emission technologies cannot 
be avoided if temperature targets are to be taken seriously4. 
The negative emission technologies used in the IAMs of 
IPCC’s Fifth Assessment Report are in the form of bio-
energy with carbon capture and storage (BECCS)5. The 
mitigation scenarios assume large-scale deployment of 
BECCS over the course of the 21st century to keep the 
2°C target within reach. However, BECCS is a technically 
untested technology with only one demonstration plant 
currently in operation in the world today2. 

 BECCS is part of a larger suite of ‘geoengineering’ 
technologies which are designed for ‘deliberate and 
large-scale manipulation of the Earth’s climate system’6, 
and which are receiving serious levels of scientific and 
political attention. There are two main types of geoengi-
neering technologies – those involving carbon dioxide 
(CO2) removal (CDR), i.e. negative emissions, and those 
that aim to reflect a part of the sunlight and heat received 
on earth back into space, through solar radiation man-
agement (SRM)6. CDR techniques include the aforemen-
tioned BECCS as well as proposals to fertilize the oceans 
to increase algal growth that will remove more CO2 from 
the atmosphere, or direct capture of CO2 from the air6. 
SRM includes a wide array of techniques, including sur-
face albedo approaches, i.e. making surfaces brighter to 
reflect sunlight back; space-based techniques such as 
giant reflectors placed near earth orbits; or the most 
commonly discussed method of stratospheric aerosols, 
wherein a wide range of particles (such as sulphate aero-
sols) could be released into the stratosphere with the aim 
of scattering sunlight back into space6. Although both 
CDR and SRM have the ultimate aim of reducing global 
temperatures, they operate differently and through differ-
ent modes of action and on different timescales. Table 1 
provides summary of some common types of geoengi-
neering technologies and their attributes7–11. 
 The concept of geoengineering was reintroduced in 
climate debates in 2006 by the Noble Prize-winning 
scientist Paul Crutzens12, who argued that it was the only 
remaining solution in the face of societal failures to  
implement adequate mitigation efforts in order to fight 
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Table 1. Commonly proposed geoengineering technologies and their attributes 

Type of  Technology/method Proposed Risks/potential Feasibility/ 
geoengineering proposed effects/actions side effects cost/effectiveness 
 

Carbon dioxide (CO2)  Land use management1,* Afforestation, reforestation Limited side effects, but could High feasibility, low cost, 
 removal   and avoided deforestation to  lead to land-use conflicts  but limited impact 
    limit CO2 emissions from    and biodiversity  on global CO2  
    land-use change.  implications6.  emissions6. 
 Bio-energy with carbon  Biomass harvested and used as  Potential land-use conflicts over No feasibility 
   capture and storage  fuel in plants which capture   whether land should be used   demonstrated at the 
   (BECCS)  and sequester the carbon   for food or growth of fuel for  global level. Expensive 
    released, thereby leading  negative-emission power  compared to other 
    to net negative emissions.  plants6.  mitigation options2,6. 
     Significant potential for  
      impact on global  
      emissions. 
  Direct CO2 capture  Industrial process that captures  Minimal High technical feasibility, 
    CO2 from ambient air for a    but costs are uncertain 
    pure CO2 stream for disposal    and potentially high. 
    or use6.    Large potential impact. 
  Fertilization of the oceans Increased rate of CO2  High potential for adverse Feasible, but not  
    absorption by oceans by   side effects as it involves  cost-effective. Modest 
    promoting algae growth   changing the marine  impact on global 
    through introduction of   ecosystem6.  emissions and slow to 
    nitrogen or iron.   reduce global 
     temperatures6,7. 
  Accelerated weathering Silicate rocks that absorb  Potential respiratory health Could be combined with 
    CO2 naturally are pulverized   impacts from production  crop production, making 
   and spread on terrestrial   and dispersal of pulverized  it a feasible option at scale. 
   landscapes to increase their   rocks9.  High costs estimated 
   surface area and increase the     to be in trillions of 
   rate of CO2 absorption8.    US dollars for mining, 
     grinding and transport 
      of minerals to site9. 
Solar radiation  Stratospheric aerosol Injection of aerosols into the Possible effects on hydrological Feasible and potentially 
 management  injection  atmosphere for scattering   cycle, regional climate,  highly effective to 
    sunlight back into space,   biological productivity,  reduce temperatures, but 
    cooling temperatures and   and stratospheric ozone6.  no impact on carbon 
    mimicking the effect of a    emissions or ocean 
    volcano eruption6.    acidification. Likely to 
     be highly affordable6. 
 Marine cloud brightening Seeding of marine clouds  Potential impacts on Low to medium costs and 
   with sea-water aerosols to   precipitation patterns with  feasible at scale, but no 
   increase the cloud droplet   reductions in global  impact on ocean 
   number concentration, which   average rainfall estimated11.   acidification or 
   can create a negative forcing    stratospheric climate 
   to balance the positive forcing    change from increasing 
   from CO2 (ref. 10).    levels of CO2 (ref. 11). 
 Giant shields/deflectors   
   in the outer space  Reflective material or mirrors  Regional climate effects High capital costs and long 
   placed in a near-earth orbit   likely, particularly on  timelines for 
   which can deflect sunlight   hydrological cycle6.  installation. Could 
   away from the earth.    reduce temperatures 
     within a few years, but  
     no impact on carbon  
     emissions or ocean  
     acidification. 
  Surface albedo  Painting roofs of buildings Minimal for painting; high for Could take several decades 
   approaches bright white; installing desert   desert albedo approaches as  for sufficient action and 
    reflectors in subtropical   it could involve major effects  not enough settlement 
    countries to reflect sunlight   on desert ecosystems and   area to be effective in 
    away from the ground6,7.  local rainfall patterns6.  case of surface 
     brightening6. High costs  
      of labour and  
      maintenance for both,  
      and no impact on carbon  
      emissions or ocean  
      acidification. 
*Land use management is sometimes not considered geoengineering, but has been included here in line with the definitions used by the Royal  
Society Report on Geoengineering the Climate6. 
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climate change. While geoengineering in the form of 
negative emissions has since been implicit in the policy 
conversation for the 2°C target due to the IPCC models 
assuming large-scale deployment of BECCS as high-
lighted, the ambition of climate policy to aim for 1.5°C as 
a result of the Paris Agreement has also brought solar 
geoengineering (or SRM) into the spotlight. The impending 
withdrawal of USA from the Paris Agreement casts signifi-
cant doubt over global carbon reduction targets. Serious 
efforts to limit temperature rise to 1.5°C are therefore 
likely to require deployment of solar geoengineering13. 
 Over the last few years, prominent scientific bodies, 
including the US National Academy of Sciences and the 
Royal Society of London have called for geoengineering 
research. Most recently, a group of scientists at Harvard 
University, USA have launched the world’s biggest solar 
geoengineering field study – a 20 million USD pro-
gramme that will send aerosol injections 20 km up into 
earth’s atmosphere to examine the effects of aerosols on 
stratospheric chemistry14. 
 The first particles are expected to go up into the  
atmosphere by 2022. These developments have caused 
alarm in India and elsewhere about the side effects of 
such technologies and unilateral experimentation and 
testing. Therefore, while a debate on the scientific and 
technical feasibility of a range of geoengineering tech-
nologies is urgently needed4,13, there is also a need for the 
analysis of complex ethical, social, governance, and pub-
lic perception issues related to research, experimentation 
and eventual deployment of these technologies. 
 A recent study, for instance, has examined public per-
ception and acceptance of SRM technologies in Canada, 
China, Germany, Switzerland, UK and USA15. A majority 
of the technical and social research on geoengineering is 
being done in a select few developed countries, particu-
larly USA, UK and Germany. Perspectives from the 
Global South are almost entirely missing. 
 In this article we discuss the perspectives of policy-
makers and experts in the country dealing with climate 
change to understand the emerging Indian views on 
geoengineering methods and the governance of their re-
search and potential deployment. India, as the world’s 
third largest carbon emitter with a high exposure to climate 
vulnerability, is an important player in climate policy. In 
recent years, it has begun to move from the fringes of 
global climate policy to being an principal actor shaping 
global efforts16. However, Indian perspectives on geoen-
gineering remain largely unarticulated, although discus-
sions regarding the field with ministerial involvement 
have begun in the past year in the country17. Several insti-
tutions in India have also undertaken a significant volume 
of work in modelling geoengineering techniques18–20. 
 To gather Indian views on geoengineering we con-
ducted semi-structured, ethnographic interviews with a 
wide array of stakeholders (Appendix 1) in the Indian 
climate policy community21, including policymakers, pri-

vate-sector actors and civil society, to understand their 
perceptions. Sampling for these interviews was non-
random, also described as purposeful sampling22. 

Indian perspectives on geoengineering 

Conversations with the Indian climate policy community 
threw up a traditional set of arguments, which we have 
discussed around six key themes: (i) disturbing the ‘natu-
ral balance’ and playing God; (ii) moral hazard – not 
weaning economies off carbon, particularly in developed 
economies hoping for a technical fix; (iii) uncertainty 
about both the effectiveness of the technologies and their 
potential unintended consequences; (iv) fear of unilateral 
action and possible weaponization by rouge states; (v) 
public participation, transparency, disclosure and sharing 
of information, and (vi) complex governance concerns 
over jurisdiction and scale. 

Natural balance 

Many policymakers as well as actors from civil society 
have a visceral distaste and revulsion to the very idea of 
geoengineering – they see it as crude and arrogant ‘hu-
man interference with the natural world’ – a world that is 
fragile and complex in ways that humans cannot see. The 
environmental movement in India, conceptualizes nature 
as God’s domain – drawing a line between what is ‘natu-
ral’ and ‘artificial’. Comparisons are drawn between 
geoengineering and the debates over genetically modified 
crops (GMOs). Many respondents see blurring of this line 
and extending human boundaries of influence to manipu-
late nature as a matter of great concern, as it might lead to 
adverse consequences. One respondent for instance says: 
‘...trying to control earth’s thermostat and injecting  
sulphate aerosols into the atmosphere will be invading the 
domain of “nature” to serve our purpose. This might ulti-
mately lead to unforeseeable, irreversible and dangerous 
consequences.’ 
 Incidentally, this framing of geoengineering as a ques-
tion of ‘natural balance’ is not uncommon, and has been 
studied by Huttunen and Hildén23 who identify three 
distinct frames of how geoengineering is presented in the  
literature, namely risk–benefit, governance and natural 
balance. Articles in the frame of ‘natural balance’ present 
geoengineering as an ethical question which does not 
solve the original problem of climate change, but adds 
more problems – the moral judgement is that geoengi-
neering is immoral and a distortion of the human–nature 
relationship23. 

Moral hazard 

Across the board, all respondents – from policymakers to 
scientists – share the concern that efforts around  
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geoengineering may reduce incentives to wean economies 
off carbon and also pursue serious efforts to build resi-
lience to climate change. This perception of geoengineer-
ing as a ‘moral hazard’ has been noted before in debates 
over the ethics of geoengineering – will the discussion  
of a potential ‘get out of jail’ free card for climate change 
mean a diminishing of political will to undertake drastic 
mitigation to reduce anthropogenic carbon emis-
sions?6,24,25 
 According to one respondent, ‘development of any 
such (geoengineering) technology would mean accepting 
that global emission reduction strategies have failed so 
we now need to work on an alternative plan to save the 
world from the catastrophic effect of climate change’. 
This is particularly problematic because we do not in fact 
know if these technologies actually work – but research, 
experimentation and build-up may reduce the urgency 
with which mitigation strategies are pursued by devel-
oped nations locked into high fossil-fuel use. A potential 
techno-fix to climate problems will create disincentives 
for governments to take the hard decisions about transi-
tions to lower carbon trajectories. Research funding and 
R&D efforts for clean energy or drought-resistant agri-
culture may be instead diverted to geoengineering. Fur-
thermore, developed nations might not just weaken their 
mitigation efforts, but also diminish their commitment 
under the Paris Agreement to supporting low carbon 
growth, adaptation and climate-resilient development in 
the developing nations. This is also noted as worrying, 
because geoengineering is by no means a final solution to 
climate change and instead may create dangerous depen-
dencies, if pursued as a sole response to global warming. 
 Respondents also feel that ‘research and development 
of geoengineering might set a “slippery slope” until dep-
loyment’, if risks are not carefully considered in the early 
stages of research. 

Uncertainty and unintended consequences 

Respondents expressed concerns over the uncertain risks 
of geoengineering technologies. They feel that the ignor-
ance or a lack of adequate knowledge and understanding 
of the various impacts that geoengineering may have on 
the environment, economy and society, is worrisome. 
Possible unintended consequences and side effects of 
these technologies raise concerns of differential impacts 
in the vulnerable Global South. For instance, respondents 
note that tropical areas will likely be favoured for rapid 
large-scale cultivation of crops under BECCS, thereby 
competing with agricultural land. In the case of SRM,  
unforeseen impacts on rainfall patterns are cited as par-
ticularly damaging for the Global South given the depen-
dence on agriculture in several developing country 
economies, including India. 
 Policymakers also caution that in the absence of accu-
racy in prediction and knowledge of probabilities, appli-

cation of geoengineering technologies might add to the 
complexity of climate instability, rather than solving the 
problem.  
 Some of the respondents, however, acknowledge that 
many fears around uncertain risks could only be miti-
gated through research and demonstration, and according-
ly, advocate for wider engagements in the field. Given 
that the technology is still in its infancy, some respon-
dents argue that this may provide more opportunity of  
influencing its social, political and innovation trajecto-
ries. Once the technology matures and is set closer to 
deployment, the risk of losing control over possible safe-
guards considerably increases. Naturally, this possibility 
depends on the governance frameworks designed for 
geoengineering research. 

Fear of unilateral action 

Respondents in India feel threatened by the possibility of 
unilateral action by countries on geoengineering. Their 
concern is that at some point in future, with accelerated 
climate change and unsuccessful global efforts to address 
the negative impacts of global warming such as rising sea 
levels, disruptions to agriculture and altered precipitation 
patterns, a country with geoengineering technology at its 
disposal might use it as a climate intervention strategy to 
suit its interest. 
 This is particularly concerning as some forms of 
geoengineering require little global support and can be 
easily deployed by a nation acting independently. As a 
respondent noted during the interview: ‘the cost of 
geoengineering is trivial and any developed country can 
afford it. Without an international agreement, it will be 
possible for any country suffering from climate extremes 
to act on its own on geoengineering’. 
 Such unilateral action might create winners and losers. 
Unilateral deployment, according to Indian stakeholders, 
may allow a country to seize control over the global 
thermostat, violate consensus among the international 
community, cause negative impacts over some states and 
regions, and even offend countries that view human  
intervention on the climate as ‘unnatural’. Respondents 
fear that this might even impact geo-political peace and  
stability and trigger an extreme international response 
like sanction or climate war. 

Engagement and participation 

The majority of researchers argue that research and test-
ing of geoengineering might unevenly impact different 
regions of the world. To counter secrecy during research, 
respondents advocate for research and experimentation to 
be done in a transparent and inclusive manner. This 
should include wider participation of the public, policy-
makers and civil society, along with the scientific com-
munity. 
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 The fact that much of the research capacity rests 
among scientists in the developed countries is of serious 
concern for Indian policymakers, who fear that scientific 
edge will eventually lead to political advantage in terms 
of determining the direction of research and setting up 
governance frameworks. Respondents have suggested 
that international research bodies might engage with re-
search institutions in India as well as other developing 
countries, to do mapping and test the applicability and 
impact of technologies in local conditions. Financing 
these research projects through grants can help develop 
local research capacities. 

Governance 

What is the optimal and feasible level of control of re-
search and experimentation through governance arrange-
ments to avoid laissez-faire deployment? The climate 
research and policy community in India tabled several 
options – ranging from total control of all geoengineering 
research and experimentation under the intergovernmen-
tal The United Nations Framework Convention on Cli-
mate Change (UNFCCC), moratorium of certain SRM 
technologies such as stratospheric aerosol injection 
(SAI), to more decentralized bottom-up approaches. 
 Many felt that UNFCCC was too narrow in its focus; 
geoengineering has complex aspects in terms of techno-
logy, its deployment and impact, with potential linkages 
to other global regimes. Rising controversies over moral  
hazard, fear of unilateral action, and geo-political issues, 
may in fact weaken the climate policy solidarity under 
UNFCCC. 
 In terms of jurisdiction, geoengineering technologies 
are likely to fall under two categories – (i) international 
regimes governing global commons (land, atmosphere 
and oceans), and (ii) national territorial projects. SRM 
projects like space mirrors resulting in cloud whitening 
are an atmospheric intervention, which may fall under  
international regimes. Initiatives like roof surface albedo 
approaches and afforestation could fall under national  
jurisdiction. 
 The risk of potentially harmful effects at a global scale 
of many of the geoengineering technologies may need to 
be controlled through other international treaties and 
laws. Respondents have cited the International Maritime 
Organization (IMO) governing maritime navigation and 
protection of the marine environment, Convention on the 
Prohibition of Military or Any Other Hostile Use of Envi-
ronmental Modification Techniques (ENMOD), and 
Montreal Protocol on Substances that Deplete the Ozone 
Layer, as few of the existing frameworks. 

Governance of geoengineering 

Governance of research, experimentation and potential 
deployment of geoengineering technologies will need to 

respond to complex ethical and technical challenges that 
concern policy actors in India and elsewhere. The litera-
ture on governance of geoengineering is limited, but is 
emerging. For example, Rayner et al.26 put forward the 
‘Oxford Principles’ which consist of five principles for 
governance, research, development and possible deploy-
ment of geoengineering technologies26. The principles 
call for geoengineering to be regulated as a public good; 
public participation in decision-making; open disclosure 
of results; independent assessment of impacts; and gover-
nance to be settled before deployment26. The Oxford 
Principles, however, do not dwell on the question of equi-
ty. Both the scientific and policy communities in India 
view certain technologies such as SAI negatively, be-
cause of the potential impact of these on precipitation 
patterns27, which are particularly vital for lives and live-
lihoods in the Global South. 
 Fear of unilateral action on SAI must be countered 
through two strategies. First, transnational participation 
and representation in geoengineering research is crucial 
from the laboratory to publication of results and public 
assessment. Environmental science and modelling of 
global climate systems has typically been the domain of 
scientists from developed countries28–30. There is wide-
spread concern among the Indian scientific and policy 
community that the emerging geoengineering discourse 
will continue in the same vein and be biased towards 
northern framings of risks, ethics and governance, despite 
the growing scientific knowledge on geoengineering in 
India and other developing countries. For instance, much 
of the discourse on solar geoengineering has already  
begun to call for research into such techniques in the ser-
vice of equity31, invoking the argument that climate  
impacts will disproportionately affect poorer countries 
and therefore constitute a moral obligation to pursue re-
search that could limit these impacts. Such literature casts 
developing countries in the role of what Jasanoff32 has 
termed ‘passive agents in the path of potentially disastr-
ous events’, and is inimical to inclusive conversations 
and research around geoengineering that treat developing 
countries as equal partners in managing the global  
climate. 
 A national experiment such as the one conducted in 
Russia in 2008, as well as the recently launched privately 
funded experiment on solar geoengineering at Harvard 
University which has no cross-country representation is 
highly problematic. Scientific superiority will lead to  
political power: uneven scientific capacities will see 
promotion of the interests of richer nations. In the 20th 
century, such advantages led to ‘carbon colonialism’33, as 
countries in the Global North industrialized on the back 
of dirty fossil fuels, limiting the space available for  
developing countries to do the same later without signifi-
cantly aggravating global warming. It is vital that tech-
nological development of geoengineering technologies 
such as SAI does not perpetuate 20th century inequities. 
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Successful examples of international research cooperation 
on large-scale technology programmes already exist. For 
instance, the International Thermonuclear Experimental 
Reactor (ITER) project, where several countries are 
working together to build a large nuclear fusion reactor, 
is an excellent example of cross-country collaboration. In 
the absence of coordinated research programmes, sharing 
and open publication of results can help enable transpa-
rency and trust. For instance, the idea of a ‘data com-
mons’ has been suggested for solar geoengineering 
research which could ensure research data are available 
publicly and free of charge34. Research on SAI particular-
ly can benefit from such models of scientific collabora-
tion, and governance frameworks need to steer scientific 
inquiry towards such arrangements35. 
 Secondly, differentiation along the lines of technology 
in governance frameworks is also important and cannot 
be just restricted to differentiating between SRM and 
CDR. Rather, technologies need to be governed in line 
with the scale of their potential negative impacts on the 
global commons – oceans and atmosphere. As such, some 
approaches such as BECCS, land-use management and 
surface albedo techniques can be governed by states and 
national governments – ‘bottom-up’, like adaptation and 
mitigation action under the overall umbrella of the Paris 
Agreement. On the other hand, activities such as fertiliza-
tion of the oceans, SAI, and giant shields in outer space 
will almost certainly require new governance frameworks. A 
new negotiated protocol under the UNFCCC for instance, 
to cover the potential deployment of these technologies 
should they prove technically feasible, could allow such 
decisions to rest with the Conference of Parties (COP). 
 These two strategies will go some distance to ensure 
that fears of unilateral action on geoengineering are  
addressed. Governance frameworks will, however, also 
have to be equipped to deal with the perception in India 
and elsewhere that geoengineering presents a ‘moral ha-
zard’ and may be a substitute for mitigation and adapta-
tion action. Serious questions relating to the technical 
feasibility, social acceptability, side effects and scalabili-
ty of geoengineering still need to be answered. Therefore, 
there needs to be articulation of a normative and policy 
position on geoengineering under the UNFCCC and in 
the process for the implementation of the Paris Agree-
ment, that climate policy needs to rest on increasingly 
ambitious mitigation and adaptation action by all nations 
while allowing for research on the technical feasibility 
and governance options of geoengineering. Geoengineer-
ing should be seen as one (minor) part of a globally coor-
dinated strategy to deal with climate change that rests on 
mitigation and adaptation efforts. An honest, frank con-
versation on the implications of temperature targets for 
geoengineering and the implicit assumptions of BECCS 
deployment in IPCC’s climate science is in any case long 
overdue in the UNFCCC. 

 The governance challenges for geoengineering can be 
compared to other emerging and controversial technolo-
gies such as nanotechnology, genetically modified foods, 
and synthetic biology36. These technologies pose the clas-
sic technology control dilemma, i.e. potential problems 
with the technology can only be resolved through  
research, development and demonstration37. The com-
plexity of the governance of geoengineering cannot simp-
ly be captured as a dichotomy between, a deterministic 
technological position – that the technologies will deve-
lop through their own internal technical logic as a one-
way trajectory, outside social control – and the quixotic 
precautionary position posited by some stakeholders who 
advocate complete moratorium on research and experi-
mentation on ethical and moral grounds. A more complex 
governance regime based on multiple mechanisms – 
ranging from protocols under the UNFCCC, shared nor-
mative principles, codes of conduct for research, process 
for public disclosure and engagement, funding mechan-
isms, opportunities for international research collabora-
tions and methods for monitoring will need to be devised 
along with levers for changing course and adapting  
governance based on evidence as it becomes available. 
 The field of science and technology studies more gene-
rally concerns itself with the question of iterative and  
interactive societal decision-making around complex 
technoscience characterized by indeterminacy and con-
tradictory social certitudes38. For example, Guston39 has 
proposed ‘anticipatory governance’ as a framework to 
create capacity across institutions and society more 
broadly to be reflective about the normative underpin-
nings of diverse plausible future trajectories of techno-
logy and support engagement between the public and 
those who conduct research and frame the research  
agenda39. Reflexive governance has been proposed as a 
framework to deal with the issues of uncertainty and 
doubt around emerging technologies – shaping gover-
nance in light of learning and feedback from steering 
strategies dynamically40. 
 Governance of geoengineering, like climate, is likely to 
be a complex social process navigating norms, laws and 
politics and not simply an assessment of technical feasi-
bility or economic costs. Technical and scientific research 
gets more funding than governance research – analysts 
 
 

Appendix 1. List of Interviewees 

Member, Prime Minister's Council on Climate Change 
Senior Professor and IPCC author in a prominent Indian university 
Environmental Officer in a private sector organization 
Assistant Professor in a leading national university in social 

sciences 
Research Associate in a leading Indian environmental think-tank 
Emeritus Professor in a prominent Indian university 
Associate Professor in a prominent Indian university 
Environmental Officer in a private sector organization 
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have argued that no deployment should happen till  
governance arrangements have been debated and are in 
place – therefore, social research is equally important. 
Geoengineering is unlikely to be a magic bullet for solv-
ing climate change, nor is there a magic bullet for  
governing the research, experimentation and potential 
deployment of geoengineering. It is a complex problem 
with no clear solution in sight, but a framework for mud-
dling through reflexively. 
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