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Abstract

Research into solar radiation modification (SRM) offers tentative hope of averting some of the risks
of otherwise unavoidable climate change. Yet such technologies come with novel risks. Risk–risk, or
risk trade-off analysis has been proposed as a governance tool to evaluate the desirability of
development of such potential climate interventions, but most references to such analysis appear
primarily as rhetorical efforts to argue for continued SRM research. A detailed review of the leading
methodological proposal reveals serious practical and ethical shortcomings arising in both the
framing and current methodologies of risk-risk analysis. Methodological inconsistencies and
asymmetries are identified, and related to underlying political and ideological presumptions rooted
in modernist technocratic social imaginaries. The shortcomings mean ethical questions are not
resolved, interaction effects between possible responses are downplayed and other potential
exceptional responses ignored. Rather than identifying possible risk-superior pathways, in this case
risk-tradeoff analysis – embedded in a technocratic risk management repertoire – seems likely to
encourage excessive reliance on SRM. While methodological improvements could be made to risk–
risk analysis approaches, effective future governance urgently needs a novel, genuinely
precautionary, risk management repertoire that would help humanity live with uncertainty,
support meaningful action to avoid worst-case outcomes, and reflect an ethics of care.

Keywords: risk management repertoires; risk–risk assessment; solar radiation modification

I. Introduction

Research into solar radiation modification (SRM)1 offers tentative hope of averting some
of the risks of otherwise unavoidable climate change. Yet such technologies bring novel
risks, and arguably merit attention only because of the increasingly severe, potentially
existential, threats of climate change.2 A typical analysis argues that SRM “is not
ethically and politically desirable in and of itself but may become a necessity.”3 SRM is
thereby portrayed as a potential “exceptional measure,”4 meriting consideration only

© The Author(s), 2025. Published by Cambridge University Press. This is an Open Access article, distributed under the terms of the
Creative Commons Attribution licence (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use,
distribution and reproduction, provided the original article is properly cited.

1 Throughout, SRM is used as a shorthand for diverse possible solar geoengineering interventions.
2 J Oomen, “Producing the Inevitability of Solar Radiation Modification in Climate Politics” (2024) Ethics &

International Affairs. https://doi.org/10.1017/S0892679424000273.
3 Ibid., p 2.
4 Using terminology from securitisation theory. An ‘existential’ threat is one that may preclude the survival or

continuation of a valued entity such as a state. B Buzan, O Waever and J De Wilde, Security: A New Framework for
Analysis (Boulder CO: Lynne Reiner Publishers 1998).
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because it might be necessary to secure the continued existence of a valued entity or
state of affairs.

In this context advocates for more SRM research have increasingly called for some form
of ‘risk–risk analysis’ (RRA) to evaluate the desirability of developing such high-risk
climate interventions. Wieners et al, for example, argue that: “The risks of researching,
developing and possibly implementing SRM must be balanced against the climate risks
SRM would attenuate.”5 Or as Gernot Wagner puts it: “The decision is all about risk–risk
tradeoffs, putting the risks of unmitigated climate change against the risks of potentially
pursuing solar geoengineering.”6

Such claims – focused almost exclusively on climate effects – follow a typical structure,
which first acknowledges that SRM is risky, but then counters that climate change
threatens extreme harms, and thus suggests that this justifies consideration of measures
that might otherwise be unthinkable. Earlier advocacy for SRM research made similar
arguments, but typically framed the mitigation of climate risks as a “benefit” to be
measured against the “risks” of SRM.7 Conventional “risk–benefit” analysis of geo-
engineering – such as that undertaken by the Royal Society back in 2009 – already attends
to climate risks, insofar as they are affected by geoengineering.

Two factors seem to have encouraged the adoption of ‘risk-risk’ terminology as opposed
to ‘risk-benefit’. On the one hand publics and climate activists often responded to SRM
with extreme caution, perceiving it as so risky as to reject it out of hand, or at least only
meriting consideration in extreme, emergency circumstances.8 On the other, continued
procrastination over climate action has not only increased the anticipated harms from
climate change, but reduced confidence in the prospects of preventing those risks through
mitigation alone.

The “risk–risk” framing has spread beyond academia, deployed by SRM-lobby group
Silver Lining,9 appearing in popular literature10 and media11 and adopted in a series of
high-profile reports on solar geoengineering,12 often linked to concerns that continued
climate change might trigger irreversible tipping points in the climate system.

In the abstract, it might appear simple common sense to assess a poorly understood and
potentially risky technology in the context of the risks it would be intended to mitigate.
But the risk–risk framing forms part of an increasingly polarised solar geoengineering
debate. A proposal for a non-use agreement,13 with its associated calls to eschew public
funding for development, and exclude SRM from intergovernmental climate assessments,

5 C Wieners et al, “Solar Radiation Modification Is Risky, but so Is Rejecting It: A Call for Balanced Research”
(2023) Oxford Open Climate Change. https://doi.org/10.1093/oxfclm/kgad002.

6 G Wagner, Geoengineering: The Gamble (Cambridge, UK: Polity Press 2021).
7 See for example, Royal Society, Geoengineering the Climate: Science, Governance and Uncertainty (London: Royal

Society 2009).
8 A Corner et al, “Messing with Nature? Exploring Public Perceptions of Geoengineering in the UK” (2013) 23 (5)

Global Environmental Change 938.
9 K Wanser and M Konar, Ensuring a Safe Climate (Silver Lining 2019), available at https://www.silverlining.ngo/

reports/ensuring-a-safe-climate. Notably poses SRM as the alternative to ‘unmitigated’ climate change (p 44).
10 G Vince, Nomad Century (New York: Macmillan 2022).
11 E.g. https://news.mongabay.com/2024/07/sun-block-the-promise-and-peril-of-solar-geoengineering/.
12 UNEP, One Atmosphere (2023), available at https://www.unep.org/resources/report/Solar-Radiation-Modifica

tion-research-deployment; Climate Overshoot Commission, Reducing the Risks of Climate Overshoot (2023), available
at https://www.overshootcommission.org/report; Office of Science and Technology Policy, Congressionally
Mandated Research Plan and an Initial Research Governance Framework Related to Solar Radiation Modification
(Washington DC: OSTP 2023).

13 F Biermann et al, “Solar Geoengineering: The Case for an International Non-Use Agreement” (2022) 13 (3)
WIRES Climate Change 754.
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has provided a lightning rod for dispute. The risk–risk framing rejects a widely held view
that the risks of solar geoengineering might be so great as to remove it from consideration,
regardless of its potential benefits.14 It implies that opponents either overestimate the
risks of geoengineering or underestimate the risks of climate change, or both. At an
extreme, invoking existential risks from climate change, and a possibility to mitigate them
with solar geoengineering, risk–risk advocacy rhetorically implies only one conclusion.

In such a polarised debate, the adoption of a “risk–risk” approach must be carefully
interrogated. This article examines and analyses existing suggestions as to how risk–risk
analysis might function. It discusses practical and ethical limitations of such proposals,
placing them within analysis of their ideological and political foundations, in particular
locating them in a modernist technocratic social imaginary and associated risk
management repertoire. Finally, it offers methodological and governance proposals to
improve future efforts to implement risk–risk analysis.

II. Review and analysis

So far risk–risk framings have been predominantly deployed to advocate for more research,
yet they remain primarily conceptual and rhetorical, rather than methodological in nature.
They appear to be influencing how the technologies of SRM are perceived, but not – as yet –
having significant impacts on how they are materially assessed or researched.15

Nonetheless, the reports from UNEP, OSTP and the COC16 give a helpful indication of the
potential scope of risk-risk analysis,17 and hints as to how it might be pursued in practice.
Both biophysical and socio-political risks should be considered, according to these sources.
Relevant risks of SRM include delayed recovery of the ozone layer, acid rain, regional
climatic and ecological impacts, redistributed disease hazards, weakening mitigation
efforts, termination shock, geopolitical disruption and international conflict. Attention
should be paid not only to magnitude and probability of such risks, but also to their
distribution, both internationally and socially. These reports all endorse more research
and modelling, amongst other things suggesting development of standardised scenarios,
expert review and assessment processes, and (at least small scale) outdoor experimenta-
tion. They also identify methodological needs for more participation, wider disciplinary
involvement, greater international cooperation and better research governance, especially
to ensure transparency.

These reports also all reinforce, or echo the idea that SRM would be an exceptional
response, needed because of the existential severity of climate risks. The Overshoot
Commission effectively takes this as its starting point, and proposes what would be
understood as exceptional measures in several domains – including a fossil fuel phase out
and massively elevated climate finance transfers alongside merely “exploration” of SRM.
They state that “Under no circumstances should it be used today [but] prudent risk management
also demands learning more about SRM in case conditions continue to deteriorate.” UNEP
describes SRM explicitly as an “alternative emergency option” to restrain temperatures.

14 Ibid; C Muffett and S Feit, Fuel to the Fire: How Geoengineering Threatens to Entrench Fossil Fuels and Accelerate the
Climate Crisis (Washington DC: Center for International Environmental Law 2019); The EU reportedly views SRM
deployment as: “In the current state of development : : : an unacceptable risk for humans and the environment.”
(Group of Chief Scientific Advisors, Solar Radiation Modification (Brussels: European Commission 2024)).

15 This is not to suggest that risks of SRM are ignored, but to note little evidence of research designed explicitly
on a risk-risk model. One ongoing project (at https://co-create-project.eu/) aims to identify conditions for
responsible research, motivated by a risk-risk framing of the issues.

16 Supra, note 12.
17 Or ‘risk vs. risk’ as the OSTP (note 12) terms it.
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The report concludes that “SRM deployment is not currently warranted and would be unwise : : :
[but] This view may change if climate action remains insufficient.”18

This explicit rejection of (at least near-term) deployment of SRM, in part, seems to arise
because of serious uncertainties regarding SRM’s effects: uncertainties that the reports
tend to presume could be reduced or resolved by additional research. This presumption
itself should be interrogated: first, research does not necessarily reduce uncertainties,
especially those related to sociocultural or geopolitical risks; and second, pursuing
research may itself increase risks in those domains (notably exacerbating the risk of
mitigation deterrence, by increasing expectations regarding SRM).19

There is a similar paucity of critical literature on the risk-risk approach. One exception
highlights dangers in the risk–risk framing and suggests some key requirements for
productive risk-risk analysis.20 These are: careful definition of the scenarios to be
compared and inclusion of interaction and rebound risks; early and iterated assessment;
broad, symmetric and balanced treatment of risks, including those from non-ideal
configurations of, or motivations for, geoengineering; and for careful attention to the
distribution of risks and the sources of vulnerability to them.

While these reports and papers are helpful indications of the potential form, scope and
problems of risk–risk analysis, detailed proposals for risk–risk analysis are extremely
scarce. Indeed, there is only one clear proposal so far published, and that in grey literature:
a report for the Carnegie Climate Governance (C2G) initiative.21 In the following this
proposal is subjected to detailed scrutiny in terms of definition, timing, scope, balance and
attention to risk distribution, revealing a series of inconsistencies and asymmetries.

1. Risk-tradeoff analysis: asymmetries and inconsistencies
In the C2G report, Tyler Felgenhauer and colleagues seek to revive and apply risk-tradeoff
analysis (RTA)22 to provide a framework for risk-risk analysis of SRM. The report sketches
some of the dimensions of risk involved, while indicating where knowledge is lacking for a
complete assessment. Figure 1 provides an outline of the key steps involved in RTA.

RTA is based in quantification and comparison of risks. It has previously been applied
where risks can be made comparable, typically using life-year metrics. RTA offers an
analytic framework to assess and compare effects of interventions on both target risks and
on ancillary or countervailing risks or benefits, with attention to mechanisms by which risks
might be offset, transferred or transformed in terms of their nature and distribution.23

18 The OSTP report (note 12) framed SRM as meriting consideration because of the urgency of climate action to
avoid overshoot and ‘catastrophic’ tipping events. However the OSTP reported under a Congressional mandate,
and the administration indicated that it had no intention to implement such a research program, treating SRM as
a still undesirable exceptional measure.

19 Often misleadingly described as ‘moral hazard’, the problem of mitigation deterrence arises where
anticipation regarding another climate intervention deters or delays activity to mitigate emissions. D McLaren,
“Mitigation Deterrence and the ‘Moral Hazard’ in Solar Radiation Management” (2016) 4 (12) Earth’s Future 596.

20 D McLaren, “Governing Emerging Solar Geoengineering: A Role for Risk-Risk Evaluation?” (2023) 24 (2) GJIA 234.
21 T Felgenhauer et al, Solar Radiation Modification: A Risk-Risk Analysis (Austin TX: Carnegie Climate Governance

(C2G) 2022). While the present article was under final review, Felgenhauer and colleagues published a further
article largely based on their C2G report (T Felgenhauer et al, “Practical Paths to Risk-Risk Analysis of Solar
Radiation Modification” (2025) 5 (1) Oxford Open Climate Change. https://doi.org/10.1093/oxfclm/kgaf012).
Despite a subtle shift in terminology (eschewing ‘trade-off’ language) and some minor elaborations (suggesting
quantitative risk thresholds, and calling for more detailed ‘dose-response’modelling, the underlying methodology
and epistemology is unchanged. As a result the following critique of the 2022 report can be equally well applied to
the 2025 paper in almost every respect.

22 J Graham and J Wiener, Risk vs. Risk: Tradeoffs in Protecting Health and the Environment (Cambridge MA:
Harvard University Press 1995).

23 Ibid.
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Through assessment of relative risks, RTA promises the possibility of identifying “risk
superior” approaches. Its advocates suggest that its broad scope can help draw decision-
makers’ attention to a more comprehensive set of considerations, even if some of them
cannot be quantified or compared on the same metrics. In practice however, measurable
risks tend to be more influential,24 and the report argues for “focus on cumulative or net
present value measures of risk” (p 36) to help decide between possible interventions.

The report establishes the target risk as “climate risk,” and suggests a headline
comparison of “climate risks in a world with and without SRM” (p 2). Departing from the
tendency noted above – although the report invokes potential “irreversible tipping
points” – climate risks are not described as existential or catastrophic, merely “multiple
and interacting” (p 2). Nonetheless, the narrow specification of climate risks could be
problematic and misleading. But the report extends discussion to political, social and
economic consequences of climate impacts, and to “countervailing societal risks”
generated by SRM. Here a “comprehensive risk-risk analysis” is seen as necessary “to
assess these multiple risks thoroughly and holistically, to reduce overall risk, and to
address any residual risks from SRM decisions”.25 On the other hand, no other alternative
interventions that might reduce residual climate risk are discussed.

This limitation flows through into how the report establishes a benchmark for risk
comparison. To measure the reduction of the target risk, it conceptualises a “level of
residual climate risk that might be addressed by SRM” (p 4) as determined by the extent of
mitigation and adaptation. But SRM would only influence certain effects of climate change,
and cannot perfectly counter the impacts of greenhouse gas forcings, so not all residual
risk is susceptible to SRM (see Box 1). The report cites multiple modelling studies that seek
to quantify the climate effects of SRM on particular parameters in particular scenarios.
Discussion of whether these different effects can all be achieved in the same plausible real-
world scenarios is largely lacking, despite a discussion of the prospect of “risk correlation.”

Figure 1. Simplified process flow of RRA / RTA.
Source: Author, based on descriptions in Felgenhauer et al. (note 21) and Graham & Wiener (note 22).

24 This may not hold for threats perceived as existential, where even low probability and highly uncertain
events – such as terrorist attacks – gain substantial public and political attention. The ‘securitised’ risk
management repertoire applied in such cases has many differences from the ‘technocratic’ repertoire to which
RTA belongs – see supra, note 20.

25 The report presents this as a scientifically authoritative approach, repeated invoking science over
irrationality or bias. However, contrary to the report‘s claim that the National Academy of Sciences (NAS)
“explicitly calls for a risk-risk approach,” the NAS panel refrained from endorsing the risk-risk approach, noting
limitations arising from deep uncertainties, lack of fungibility, and from cultural diversity in risk perception (NAS,
Reflecting Sunlight: Recommendations for SRM Research (Washington DC: NAS 2021) pp 77 & 118).
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Nor is there any effort to determine how much of the residual risk which SRM could
mitigate is otherwise avoidable through other (less risky) interventions.

The report considers a set of scenarios based on otherwise low, medium or high levels
of mitigation –where the most ambitious scenario is based on the Paris Agreement (p 32ff).
Although SRM is initially presented in the report purely as a supplement: an additional
climate action, these scenarios treat mitigation and SRM as at least partial substitutes. And
they are constructed and described in such a way that the reader is left with the
impression that the level of residual risk (arising from the level of mitigation and
adaptation) is entirely exogenous rather than partly reflecting decision-makers expectations
regarding the availability and efficacy of SRM.26

The potential risk tradeoffs considered include both biophysical risks arising directly
from the intervention; and sociopolitical risks from actors using and responding to SRM
strategically. The report, however, pays somewhat asymmetric attention to these
distinctive risks. The biophysical risks (and benefits) are set out in detail across ten pages
with dozens of references to modelling studies, while the sociopolitical risks get three
sides of brief qualitative discussion, some of which is speculative and even dismissive
in tone.

This reflects the distribution of studies in the existing peer-reviewed literature.27 Yet
for different reasons both sets of risks are presented in ways that underestimate their
potential seriousness. The assessment of biophysical risks is based on simplified and
idealised modelling which tends to provide an overly optimistic impression of SRM,28 in
part because it rarely examines the effect of SRM interventions on “otherwise unavoidable
impacts of climate change,” but rather the outcome of interventions which presume

Box 1. Starting with clear definitions

The underlying logic of applying RRA to SRM is that there exists:
“otherwise unavoidable residual risk from climate change” ("residual CC risk”)
(where “otherwise unavoidable.” means “cannot be avoided through mitigation, carbon removal or
adaptation”).

The crux of effective RRA then is to compare:
‘those aspects of residual CC risk that might be mitigated by SRM” (’SRM benefit”)
(SRM benefit is likely smaller than residual CC risk, though non-climate co-benefits may add to SRM benefit)

With:
“the risks arising in development & deployment of SRM to those ends” (“SRM risk”)

While accounting for any:
“change in residual CC risk arising in development & deployment of SRM” (“delta residual risk”)

And also for:
Any changes in non-climate risks associated with consequent adjustments to other climate measures
(“delta non-CC risk”)
(different baseline scenarios of climate action will therefore have different combinations of residual climate
risk and aggregate non-climate risks)

26 Supra, note 19.
27 The domination of SRM literature by biophysical and modelling science, and the modelers’ focus on scenarios

that they can parameterise in such ways – results in a further level of (undisclosed) modernist overconfidence and
hubris in the RTA methods. The report’s prescription for managing uncertainty regarding ancillary risks is ‘more
modelling research’ (p 35) which would exacerbate this problem.

28 D McLaren, “Whose Climate and Whose Ethics? Conceptions of Justice in Solar Geoengineering Modelling’
(2018) 44 ER&SS 209 reviews multiple ways in which standardised modelling of SRM exaggerates its likely
feasibility and efficacy, and downplays associated risks.
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exogenously determined levels of mitigation.29 Thus the biophysical risks appear both
limited in impact and scientifically well constrained, although that is a false impression
based on unrealistic assumptions of effective governance baked into the models.

The sociopolitical risks are also framed as manageable – but in ways that climate risks
(and countervailing risks associated with mitigation and adaptation responses) have so far
proved unmanageable. The report argues that sociopolitical risks can be abated by good
governance, while ignoring the shortcomings of and opposition to such governance found
elsewhere in the climate sphere.30 This results in further asymmetry: the risks associated
with SRM are limited by idealised implementation and governance; while the risks on the
other side of the trade-off (those associated with climate change) are not similarly
constrained.31 RTA’s role in helping identify possible ways to constrain or mitigate
countervailing risks is valuable, but building such measures into the calculus on one side
only introduces a potentially seriously harmful bias.

Theoretically, in RTA, through attention to risk offsets or transfers, the distribution of
risk is also considered. In this report the relevance of risk distribution is repeatedly
stressed, yet also then downplayed: the analysis only once addresses the issue, with a brief
statement that the distributional effects might be either positive or negative. Nor is any
attention paid to the factors that might contribute to differentiated vulnerability to either
biophysical or sociopolitical risks, and how these in turn might be affected by different
interventions.

A further asymmetry becomes clear when we turn to how the concern of potential
mitigation deterrence is treated. The risk that pursuit of SRM might distract from
mitigation is presented as a major countervailing sociopolitical risk (alongside conflict
generation and termination shock), although described as “moral hazard” or “abatement
displacement.” But the literature cited here is highly partial and one-sided, relying
primarily on the dismissive assessments of Reynolds32 who misinterprets the problem
through a neoclassical individualist economic lens. Similar weight is given to the
unsubstantiated argument that consideration of SRM might instead galvanise climate
action (because of the perceived risks of SRM), which downplays the risk of mitigation
deterrence.33 Yet however unlikely, the risk of deterrence merits serious consideration
because of the potential for irreversible impacts: should deterrence arise, and SRM fail,
then there is no possibility to retrospectively increase mitigation.

Notably in the C2G report no scenario is considered in which the risks generated by SRM
exceed the risks mitigated, despite plausible circumstances for such an outcome. These
include, first, that feasible planned or possible future mitigation is traded away in favour of
SRM which then proves technically or politically impractical: with the net effect of
increased overall risk.34 Secondly, if SRM is introduced but terminated while masking

29 In most early modelling studies, SRM was treated as a substitute for mitigation (in part to enable the
modelling to find a clear signal of its effects). Very few studies model SRM alongside further ambitious mitigation,
and even fewer differentiate their relative contributions to outcomes –which would be necessary to assess the net
effect on risks.

30 As noted by a reviewer, this is representative of a broader tendency in discussion of SRM which
decontextualises it, and treats it in abstract from the political, cultural and economic factors which shape policy
interventions and practices in the neoliberal global system (see for example K Surprise et al, “Profit-Seeking Solar
Geoengineering Exemplifies Broader Risks of Market-Based Climate Governance” (2025) 23 Earth System
Governance 100242).

31 Effectively, it is – incorrectly – presumed that the only way to further mitigate such risks is with SRM.
32 J Reynolds, The Governance of Solar Geoengineering (Cambridge, UK: Cambridge University Press 2019).
33 Possible galvanisation is suggested in some studies of individual responses (e.g. Merk et al, “Knowledge About

Aerosol Injection Does Not Reduce Individual Mitigation Efforts” (2016) 11 (5) Environment Research Letters) but
has not been demonstrated at larger policy-relevant scales.

34 The report does not even consider the possibility of failure risk for SRM, rather describing the potential
occurrence of mitigation deterrence as requiring more reliance on more intense SRM interventions.

European Journal of Risk Regulation 7
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appreciable levels of warming, the result would be much more biophysically and
sociopolitically harmful accelerated warming: again increasing overall risk. Arbitrarily
ruling out such scenarios is particularly problematic in that in alternative (non-utilitarian)
maximin ethical decision-making approaches, alternative strategies would be ranked not
by average risk, but by maximum risk avoided.35 The possibility of this scenario of
termination shock would eliminate SRM from consideration under such a rule but has no
effect in this proposal for RTA.

The report acknowledges the asymmetry of evidence between sociopolitical and
biophysical risks, and the limited scope for quantifying the former. The authors’ response
is to suggest a qualitative assessment of such risks to make trade-offs and weightings
explicit. Yet, they still pursue quantified metrics for most factors, and treat uncertainties
not as inherently unpredictable or unknowable factors,36 but merely as a measure of the
variability of predicted likelihoods or magnitudes. This reflects a modernist technocratic
and calculative conception of risk.37

Here again, uncertainties are presented as susceptible to reduction by further research.
Both this, and the structure of the sketched RTA implies that the process might be iterated,
as knowledge expands. However, they are not explicit about the case for repetition, nor
about the distinct decision points – regarding enhanced research, outdoor experimenta-
tion or delivery technology development, as well as deployment itself – which might be
informed by such analysis (see Table 1).

This brief review has identified methodological shortcomings and asymmetries in
the proposed RTA which seem to persistently favour considering the SRM option. In
theory these might be corrected by including a full range of alternatives and scenarios,
defining the risks involved with more care to ensure appropriate comparisons are
being made, considering interaction effects in detail, paying more attention to the
distribution (and causes) of risks and vulnerabilities. However, such corrections may
not prove easy if the shortcomings are rooted in cognitive framing limitations,

Table 1. Decision points at which RRA / RTA might help

Decision Context

Whether to maintain, increase or halt SRM research (and
under what conditions)

Current debate, or following any significant
new findings on climate or SRM risks

Whether to revive research after a halt In the light of evidence of greater residual
climate risk

Whether to extend research into (outdoor)
experimentation

Currently highly controversial and
understood as generating new risks

Whether to begin large scale (climate perturbative)
experimentation

Potentially changing the nature of related
risks, both biophysical and sociopolitical

Whether to begin development of SRM in practice (e.g. to
design and construct delivery methods)

Significantly changing the sociopolitical risks
involved

Whether and how to initially deploy SRM (e.g. choosing
between tentative, conditional and aggressive scenarios)

Details of deployment would likely influence
the nature and extent of associated risks

Whether to continue, modify or halt deployment In the light of evidence of impacts on relevant
risks or as a pre-scheduled review

Whether to revive deployment after a halt In the light of evidence of greater residual
climate risk

35 C Mckinnon, Climate Change and Political Theory (Cambridge UK: Polity Press 2022).
36 A Stirling, “Risk, Precaution and Science: Towards a More Constructive Policy Debate” (2007) 8 EMBO Reports 309.
37 C Groves, Care, Uncertainty and Intergenerational Ethics (Basingstoke: Palgrave Macmillan 2014).
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particular social imaginaries, or associated political or ideological presumptions. Nor if
the motive for proposing risk-risk assessment is in fact intended to promote
consideration of SRM. In the following sections, I turn to consider the politics of RTA,
and subsequently the ideological frames and imaginaries of risk–risk approaches more
generally.

2. The politics and social imaginaries of RTA
It’s not enough to assess the logical consistency and objectivity of the methodology. We
need to ask how the introduction of such approaches might serve to influence the politics
of geoengineering discourse. Such choices are not without rhetorical or ideological effects,
which might be more significant in influencing policy choices than the content of a risk
assessment exercise.

The history of RTA offers some insights here. RTA emerged as a challenge to perceived
regulatory overreach in the 1970s, and formed part of the Reaganite de-regulatory agenda
in the 1980s. It is rooted in a technocratic risk management culture dominated by
statistical analysis of economic costs and impacts on health and life. In contrast to
emerging ideas of a “risk society”38 which were more influential in European politics, RTA
helped sustain a “modern.” social imaginary in US politics. Here I use the term social
imaginary to describe widely shared presumptions about “how the world works” socially,
politically and economically,39 and following Christopher Groves,40 understand the
dominant imaginary as modernist and technocratic.

In practice RTA was mobilised to roll-back regulation, providing a method to support
industry concerns about the economic harms arising from allegedly unbalanced or overly
precautionary pollution and safety regulations. One of the primary developers of RTA ran the
Office of Information and Regulatory Affairs for a period, implementing corporate friendly
decisions. An influential critique of RTA published in 2002 found that it paid excessive
attention to the countervailing risks of environmental regulation and too little attention to
ancillary benefits.41 But the critique also defended the underlying model of Cost Benefit Analysis
(CBA) – despite problems of incommensurability – as a tool for making regulatory decisions.
One of the authors of that critique was more recently appointed by Biden to run OIRA, a
decision which might be seen as a riposte to Trump’s rejection of “rational policy.”

RTA is still promoted as “rational” policy today. The C2G report adopts the language and
framing of CBA, and explicitly rejects “non-rational” public responses (p 3) to SRM and
counter-poses “science” as a way to avoid “biases and heuristics” (p 5). It also repeatedly
insinuates that existing policy may be “distorted” by irrational responses.42 However,
rationalist presumptions are not necessarily helpful in assessing options and interventions.
For example, presuming rational, optimised SRM deployment in a world of irrational public
opinion and policy making means risks of SRM are easily underestimated.

In other words, far from being a neutral, objective tool, RTA is highly politicised. It is
not only an appeal to the politics of rationalist modernism, but one that also more than
nods to the anti-regulatory political right. In a debate where the political right remains

38 U Beck, Risk Society: Towards a New Modernity (London: Sage 1992).
39 C Taylor, Modern Social Imaginaries (Durham NC: Duke University Press 2003).
40 Supra, note 37.
41 S Rascoff and R Revesz, “The Biases of Risk Tradeoff Analysis: Towards Parity in Environmental and Health-

and-Safety Regulation” (2002) 69 (4) University of Chicago Law Review 1763. Ironically, the inadequacy of climate
mitigation (which may now justify considering SRM) might in part arise from similar evaluation failures
(exaggerated economic costs and underestimated ancillary benefits for health and society).

42 E.g. p 3 “SRM : : : might encounter “non-rational” public responses that could strongly influence decision-
making; : : : the risk-risk framework [can] help guide policies toward socially desirable outcomes informed by
science.”
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often sceptical of the case for climate action, this might, arguably, encourage such actors
to embrace action. However, previous research suggests that if such an effect
materialises, the action embraced would likely be to replace mitigation with
geoengineering, not to supplement it.43 This likelihood is increased if RTA is understood
as “normalising” SRM as a climate policy option to be traded off against mitigation
according to relative costs and benefits, rather than as an exceptional measure only
justified by existential risks.

In the present context, RTA is being advocated ostensibly not to resist regulation, but to
add a new response in the face of inadequate regulation. However, the past record of RTA
demands that we are particularly attentive to whether the structure of the methods
proposed might instead imply using SRM as a substitute for other climate action. In the
following section I turn to discuss this and other implications of risk–risk approaches for
climate policy making.

III. Discussion: the policy challenges of a risk–risk framing

RTA has a specific political history, but the risk–risk framing in general also constructs
the issues under debate in particular ways. Here I identify and briefly discuss policy
challenges generated by the ways which the modernist, technocratic social imaginary
and its associated ideological and cognitive presumptions surface in risk–risk framings.

1. A false binary?
Any claim about the nature of plausible pathways to climate safety depends on
presumptions about the feasibility of rapid social change, carbon removal techniques
and the acceptability of temporary temperature overshoot which merit interrogation.
The risk–risk frame however, tends to imply that the only alternative to climate harms is
solar geoengineering. This has two related consequences which I examine below – that
we face a choice between a greater and a lesser evil, and that the two scenarios are
otherwise independent of one another – but in itself establishes a false duality, despite
the rapidly depleting carbon budget for 1.5°C. Even if alternative pathways might involve
other risks and harms, they should not be excluded from assessment if RTA’s objective of
identifying potential “risk-superior” pathways is genuinely to be pursued.

Some rehearsals of the risk–risk framing44 even suggest that the alternative to solar
geoengineering is unmitigated climate change, as if no further emissions reduction or
adaptation can be foreseen. Other risk–risk accounts create space in which existing and
possible further mitigation might be accounted for. This includes the C2G report, but that
still treats the residual risk within any given scenario as not only all susceptible to SRM,
but also immune to other measures.

The binary framing not only establishes SRM as the only alternative to further
climate harms, but it also implies that all the risks of climate change might be
eliminated by SRM (albeit replaced by a new set of risks). However, this is false: ocean
acidification is the most obviously unaffected impact, but there are multiple ways in

43 D Kahan et al, “Geoengineering and Climate Change Polarization: Testing a Two-Channel Model of Science
Communication” (2015) 658 (1) Annals of the American Academy of Political and Social Science 192.

44 E.g. Supra, note 6. This might be intended to refer to impacts of climate change that are not mitigated, rather
than implying there will be no mitigation. Nonetheless it appears to be a deliberate rhetorical device, not an
oversight, as Wagner has also acknowledged that SRM cannot and should not be seen as a substitute for emissions
cuts, because it does not directly counteract greenhouse gas forcings.
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which the forcings from SRM are not reciprocal with those from greenhouse gases.
Some harms and risks would remain, however well designed, implemented and
governed the SRM intervention is.45 Moreover, this binary approach risks overlooking
other ways in which harm and vulnerability to it might be reduced, especially those
which counter the ways in which neoliberal economies actively create inequality and
vulnerability.46

If RRA is to be helpful to policymakers the appropriate comparison would be
comparing the risks introduced by adding SRM with the otherwise unavoidable residual
risks (after foreseeable mitigation and adaptation) arising from the climate change
factors it could affect. Box 1 and Fig. 2 suggest ways of more clearly specifying and
categorising the (climate) risks involved. This should help ensure that the potential
benefits of SRM are not exaggerated. It also adopts a deliberately precautionary starting
point: placing an onus on those suggesting a novel untested technology with
acknowledged serious risks to demonstrate that other measures cannot deliver the
same benefits at less risk.47

2. The “lesser evil”
The risk–risk binary suggests a choice must be made between undesirable options, and
implies that the appropriate choice would that with less risk: the “lesser evil.” If there are
only two options and both are bad, the implication here is that our moral obligation is to
choose the one that is “less bad” on aggregate. Such analysis is morally consequentialist
(and utilitarian) – a standard element of modern “realist” ethics, in which leaders are
urged to “assess rival policies against their likely consequences and to seek the ‘lesser evil’

Figure 2. Understanding residual risk.

45 Optimised interventions are likely technically impractical anyway due to coordination, monitoring and
attribution challenges (Supra, note 28, see also D McLaren “It’s Not ‘The Climate Stupid’” (2024) 38 (3) Ethics &
International Affairs 255–274. https://doi.org/10.1017/S089267942400025X).

46 A Taylor, The Age of Insecurity (Toronto: House of Anansi Press 2023) describes such ‘manufactured insecurity’
and offers multiple responses.

47 In contrast to the C2G report’s invocation of ‘duelling precautions’ as a reason to do RTA, a genuinely
precautionary approach infuses every step, including the assessment of whether RTA is appropriate.
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among feasible choices.” 48 Lesser-evil choices are suggested to be particularly appealing if
the alternative is catastrophic or existential risk.

But such a comparison of harms is not necessarily the most ethical approach. Stephen
Gardiner argues that the “lesser evil” justification would be susceptible to “moral
corruption,”49 and choices made in line with the convenience and interest of those with
the power to decide. The false binary arises here because alternative strategies are not
(or have not been) seen as feasible by the powerful countries and wealthy elites shaping
the policy decisions (and responsible for the existing state of the climate). A lesser evil
approach based on utilitarian aggregation also risks downplaying the issue of distribution
of harms. By contrast, many ethical theories suggest a need to avoid additional harm to the
less well-off, or at least would weight such concerns disproportionately.50 This is not to
argue that one school of ethics is correct and the other incorrect, but to recognise that RRA
methodologies presume an ethical approach which is contested.

For RRA to be useful to decision makers the embodied ethics must be part of the debate,
not just about how to interpret risk–risk analysis, but also whether to use it in the first
place. In turn this implies a need for broad public participation and international
deliberation.

3. Independency or interaction
Modernist technocratic social imaginaries are firmly rooted in scientific reductionism,
which struggles to understand co-evolving and interconnected systems. In some
applications of risk–risk analysis the risks are clearly independent: for instance the
likelihood of the earth being hit by an asteroid does not change if we consider building a
nuclear armed asteroid destruction capability.51 But the risk of climate catastrophe is a
product of human actions, not astrophysics. Its likelihood does change when we consider
developing SRM: shrinking if the “galvanisation” hypothesis is correct or dominant,
growing if the mitigation deterrence effect is dominant. This socially constructed impact is
separate from considering the material risk-mitigation possibility of developing these
techniques in practice.

But RTA engages poorly with such systemic interaction effects between the
development and deployment of SRM and residual climate risk. Mitigation deterrence
is a major ethical concern for SRM – whether understood as an emergent effect, or a
consequence of vested interests; not only because of potential addition to climate harm if
SRM proves ineffective, but also because of additional side-effects (e.g., millions of deaths
from continued particulate pollution from fossil fuel combustion) even if SRM is effective.
The challenge of mitigation deterrence has to be included and strongly weighted. While
the C2G report recognises interdependence of risks, and the prospect of “unjust
applications of SRM,” they imply these problems can be easily overcome by design and
governance despite the persistent failures of efforts to establish effective international
climate governance.

Moreover, as noted already, the report downplays deterrence risks, citing the
“galvanisation” claim. But there is a contradiction here in that SRM is being considered
because there are (implicitly) no other ways to increase mitigation (or otherwise

48 J Symons, “Realist Climate Ethics: Promoting Climate Ambition within the Classical Realist Tradition” (2019)
45 (1)Review of International Studies 141.

49 S Gardiner, “Is ‘Arming the Future’ with Geoengineering Really the Lesser Evil?” in S Gardiner et al, (eds),
Climate Ethics: Essential Readings (Oxford: Oxford University Press 2010).

50 e.g. J Rawls, A Theory of Justice (Cambridge MA: Harvard University Press 1971).
51 S Baum, “Risk–Risk Tradeoff Analysis of Nuclear Explosives for Asteroid Deflection” (2019) 39 (11) Risk

Analysis 2427.
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reduce risks). Uniquely granting SRM the power to galvanise additional mitigation is
entirely unjustified.52

Thus, for RRA to be useful for decision makers it has to encompass reflexive analysis of
the prospect of mitigation deterrence, and to extend to other possible ways of stimulating
mitigation in excess of the limited scenarios included by C2G. Figure 3 suggests one way
this might be conceptualised.

4. Exceptionality
Most advocacy for a risk–risk framing justifies consideration of SRM in the context of the
potentially existential risks it might abate. This positions SRM as an exceptional measure
(a view also widely held by policy makers).53 If “exceptional measures” are legitimately
acceptable responses to existential climate risks, then “radical” or transformative
proposals to phase out fossil fuels, overturn consumerist values and behaviours, or even to
embrace “degrowth” should be considered alongside the dominant model of technological
innovation and market-based policies.54 But such measures are generally rejected as
impractical within the modernist social imaginary in which technological innovation both
drives economic growth and tames risk.

And if assessments inspired by “existential risk” rhetoric then fail to consider other
“exceptional responses” to climate risk, or apply risk management techniques that are not
designed for existential risks, this creates what might be called an “exceptionality
paradox.” This might even be described as a “bait and switch” move, if the assessment is
justified by existential risks, but then adopts conventional CBA style methods, founded on

Figure 3. Incorporating interaction into RRA.

52 The basic argument that the ‘risks’ of SRM might galvanise mitigation also seems questionable in real world
practice, as even serious climate impacts (wildfires, floods etc) have had so little demonstrable effect on
mitigation action.

53 D McLaren and O Corry, “Solar Geoengineering Research Faces Geopolitical Deadlock” (2025) 387 (6729)
Science 28.

54 T Morrison et al, “Radical Interventions for Climate-Impacted Systems” (2022) 12 (12) Nature Climate Change
1100.
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fungibility and aggregation. Such methods may be suited to everyday issues such as road
safety regulation, but cannot quantify the most serious risks involved here.

Managing existential risks with exceptional measures is not simple and raises further
political concerns. Notably, exceptional responses are often justified in emergencies – with
rapid decision making which might exclude normal political and democratic processes.
The idea that a “climate emergency” might justify SRM deployment is not new, but has
been widely criticised on ethical grounds – that exceptional measures undermine
democratic politics and the international collaboration needed to deliver mitigation (and
that would also be essential to deliver just and ethical solar geoengineering).55

For RRA to be useful to policy makers, it should not retreat into technocratic
methodologies, but examine a wider range of potential responses, with methods that can
both reflexively evaluate uncertain and extreme risks, and enable democratic
consideration of radical responses (see Fig. 4).

5. Excluding other logics
Insofar as the risk–risk approach frames assessment in terms of climate risks, it excludes
other logics for undertaking solar geoengineering. It ignores the prospect that SRM might be
deployed (or avoided) for reasons other than seeking to reduce climate change itself. To
research advocates, steeped in climate science, reducing climate impacts might seem the
only possible rational reason for considering such a risky option. But to security experts,
and students of political science, geoengineering appears as a hybrid, dual-use security
technology.56 Its deployment might involve climate-related goals, but that could merely
mean masking impacts enough to justify continued exploitation of fossil fuels for
geopolitical reasons.57 The risk equation in a world of high continued emissions, masked by

Figure 4. Reflexive and participatory RRA.

55 E.g. J Horton, “The Emergency Framing of Solar Geoengineering: Time for a Different Approach” (2015) 2 (2)
Anthropocene Review 147. It is somewhat ironic that both emergency arguments and technocratic assessments
take the issue out of politics as usual – but in different directions – the former reserving it for military authorities
and national leaders, and the latter delegating it to experts and models.

56 O Corry et al, “Scientific Models vs Power Politics: How Security Expertise Reframes Solar Geoengineering”
(2024) Review of International Studies. https://doi.org/10.1017/S0260210524000482.

57 D McLaren and O Corry, “‘Our Way of Life Is Not Up for Negotiation!’: Climate Interventions in the Shadow of
‘Societal Security’” (2023) 3 (3) Global Security Quarterly. https://doi.org/10.1093/isagsq/ksad037.
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solar geoengineering, would probably look very different from one where an idealised
intervention helps “shave the peak” of emissions related temperature rises.58 The
implications of geoengineering initiated, or manipulated as a security intervention for
relative national advantage might look very different again.59

For RRA to be useful to policy makers, the implications of deployments following non-
climate logics,60 as well as those arising in non-ideal, but still climate-motivated,
deployments61 must be assessed too.

6. Governance and risk repertoires
Despite the justificatory rhetoric of climate risk as an existential threat to some valued
referent object – such as civilisation, thus meriting consideration of the otherwise
unthinkable, the risk–risk approach, and RTA in particular, invokes specific concepts of
risk that are largely embedded in a conventional technocratic risk management repertoire
closely wedded to the modernist social imaginary. Risk is understood as undesirable: “any
chance of an adverse outcome to human health, the quality of life, or the quality of environment;”62

yet tame-able.63 Risk here is quantifiable, objective, subject to aggregative calculus and
technically manageable. Uncertainties and the unknown are spaces colonisable by
research, advancing a frontier of knowledge and certainty. Decisions about acceptability of
risk are treated as matters for expert estimates rather than public deliberation. Public
perceptions of risk – especially regarding novel technologies – are irrational and should be
corrected by improved knowledge.64

The heritage of CBA and risk-benefit approaches is clear.65 But this risk repertoire is
inappropriate for addressing potentially existential risks and exceptional responses to
them, not least in how it treats uncertainty. There is good reason to consider that the risks
of climate change have been underestimated by quantifying modelling techniques in the
technocratic paradigm. This might well justify the addition of SRM to the basket of
responses we should consider. But we should beware of then using the same methods that
underestimate the risks of climate change to assess the risks of SRM.

This leads to the same conclusion as the exceptionality paradox: if the reason for
assessing SRM is the threat of existential risk, then the appropriate risk assessment and
management repertoire is more like that of security: worst case scenarios, focus on low
probability but high impact events, and not treating incommensurate risks as fungible. But
a securitised risk management repertoire would also face serious problems, not least
regarding justice and ethics.

There would seem no technical reason to prevent RRA being reconfigured to form part
of a novel, genuinely precautionary, risk management repertoire that helps humanity live

58 P Irvine et al, “Halving Warming with Idealized Solar Geoengineering Moderates Key Climate Hazards’ (2019)
9 (4) Nature Climate Change 295.

59 D Young, “Considering Stratospheric Aerosol Injections Beyond an Environmental Frame: The Intelligible
‘Emergency’ Techno-Fix and Preemptive Security” (2023) European Journal of International Security. https://
doi.org/10.1017/eis.2023.4.

60 Supra, note 45.
61 Supra, note 28.
62 Supra, note 22.
63 Supra, note 37.
64 Notably such views imply that those opposed to SRM are inappropriately concerned with novel technology

risks. While having some basis in cognitive science (see P Slovic, The Perception of Risk (London: Earthscan 2000)),
rhetorically this functions to position SRM as just another ‘unnecessarily feared’ novel technology, like nuclear
power or genetic engineering.

65 In the report’s outline assessment it compares not ‘risks’with ‘risks’, but ‘climatic benefits’ of SRM with ‘risks
of SRM’ (p 3). In this respect RTA becomes a conventional risk-benefit assessment.
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with uncertainty, supports meaningful action to avoid worst-case outcomes, and reflects
an ethics of care.

Such a redesign would mean multiple changes, including the following: Assessing both
the risks and ethics of a full range of exceptional responses without trying to wedge them
into a calculative framework. Ensuring balanced treatment of sociopolitical risks as well as
biophysical, and of possible risk mitigation measures. Fully acknowledging uncertainties
and unknowables and developing non-quantitative ways to assess them. Building in
systemic analysis of interaction effects, including those triggered by early decisions on
research or experimentation. More generally avoiding misleading aggregation and not
treating distinctive risks as commensurable. Examining worst cases, and non-ideal
scenarios – on both sides – and giving them ethically appropriate weight. Incorporating
the risks of misuse, or suboptimal deployment, not just presuming good faith efforts to
optimise climate outcomes and manage side effects. Putting the distribution of risk and
vulnerability at the centre. Embedding public participation and deliberation at every step.
And enabling deliberation and debate over appropriate ethical bases for assessment and
decisions.

Providing anything more than a sketch of such an alternative risk management
repertoire is beyond the scope of this article, but given the proliferation of “existential
threats” and a state of “polycrisis” such development would seem urgent.

Whether RRA’s advocates would support such transformative methodological and
epistemological changes is at best an open question – even laying aside the possibility that
such advocacy might be serving a predetermined view regarding the value of SRM – given
the stickiness of social imaginaries and ideological presumptions. But without them, RRA
seems unlikely to provide practical and meaningful information to decision-makers
wrestling with multiple and intersecting crises.

IV. Conclusions

Justifying SRM as an exceptional response, without considering the political and social
implications of such a response seems irresponsible. Justifying its consideration by
framing the target risk as existential, but then using methods designed for more
mundane, statistical risks, is also inappropriate. But retreating from an “exceptional”
frame, and normalising SRM is also problematic, especially where radical transformation
is needed to achieve emissions cuts. Recent moves in SRM discourse (and the RTA
proposal) hint at such a retreat from the “exceptional” framing, and efforts to position
SRM as less disruptive than radical mitigation measures. In this respect adoption of SRM
as part of societal securitisation66 – for reasons largely unrelated to climate
implications – seems plausible, but highly risky in both climatic and political terms.

The analysis here suggests three lessons for future (climate) governance as it comes to
terms with risky technological interventions such as SRM. First, broad public participation
mechanisms are urgently needed to shape democratic responses to growing climate risk.
Second, rigorous consideration of the systemic risks and benefits of a wider range of
exceptional responses to climate change is needed, situated in consideration of the
political, cultural and economic circumstances faced by actual decision makers, so as to
avoid overly optimistic assessments of potential risk mitigation. And third, effective
anticipatory governance must be developed in advance of accelerated development of
solar geoengineering (or any other exceptional response), so unacceptable consequences
can be avoided or its development or deployment halted.

66 Supra, note 57.
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These three steps could form the bones of a genuinely precautionary, care-oriented
repertoire of existential risk management, within which a reconfigured RRA would be a
valuable tool. Within such a risk repertoire SRM might yet find a temporary place as part
of a portfolio of climate responses focused on delivering justice and sustainability; and
supporting economic, social and political transformation. This would be in a stark contrast
to SRM justified as a substitute for emissions cuts, and sustaining extractive, growth-
obsessed, neoliberal capitalism.
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