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Executive summary 

 As the global failure to curb emissions continues, the world faces a worsening climate-health 
crisis. Solar Radiation Modification (SRM) is increasingly discussed as a potential intervention to 
alleviate climate impacts, but presents deep uncertainties, known and unknown risks as well as 
complex scientific, ethical, social, and public health trade-offs.  
  
 This Report has been undertaken at the Bioethics Program, FLACSO Argentina in collaboration 
with international researchers. This three part-Report aims to provide a clear overview of the 
current ethical debates surrounding governance and public engagement of SRM and possible health 
consequences. It also attempts to sketch some answers and to provide a roadmap for the World 
Health Organization (WHO) to ask questions about the health-related ethics and governance of SRM. 
And hopes to show that—though SRM is in a preliminary stage and it is not certain it will be 
deployed—an anticipatory governance framework is urgently needed. And that WHO may be one 
among the international organisms to take the lead. 
  
 Part I situates SRM governance within the broader climate response action portfolio and 
underscores some of its challenges and gaps in governance. We then focus on the analysis of 
relevant terminology, particularly the idea of defining SRM and geoengineering in terms of their 
aims. We build on this analysis to address basic aspects of ethics and governance of SRM research.  
  
 Part II undertakes a bibliographic review of the current literature of SRM and human health. 
The literature on human health consequences of SRM is limited, and there is a growing agreement 
that SRM would generate uneven human-health outcomes across regions due to higher exposure 
to vulnerabilities that amplify cascading health risks in the Global South. We also consider mental 
health within a public health framework, and argue that any SRM scenario should be accompanied 
by investment that aims to promote and safeguard public mental health. This Part highlights the 
importance of investigating the physical and mental health consequences of SRM in order to avoid 
exacerbating existing health risks and vulnerabilities.  
  
 Part III moves to the global arena and its governance challenges. We first review the main 
ethical and governance frameworks proposed to guide research and potential deployment of SRM, 
with a focus on their relevance to human health. We find scarce representation of the Global South 
in the development of these proposals and mostly indirect references of the impacts of these 
technologies on human health. We then focus on public engagement through a health lens, and 
argue from a perspective of global climate justice that governments and international organisations 
should invest in and strengthen capacity-building initiatives to ensure meaningful participation of 
researchers and local communities. Finally, we propose some considerations      for an anticipatory 
governance framework to align current considerations on SRM with the health protection mandate 
and policy frameworks of the WHO and its Member States.  
 
 We propose several ethical considerations     :  
 

1) to prioritize mitigation and adaptation as climate response options, and mandate non-
substitution as an enforceable guardrail;  
2) to anchor all SRM governance of WHO in a “health-first” mandate;  
3) to encourage research and knowledge on health impacts within SRM balance 
assessments;  
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4) to design an international anticipatory system of good governance;  
5) to center equity, justice and co-stewardship by the Global South and communities with 
vulnerabilities, and  
6) to consider the interests, voices and specificities of the different countries and regions of 
the Global South. 
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Introduction1 
 

     Solar Radiation Modification (SRM) refers to experimental interventions such as 
“stratospheric aerosol injection” (SAI) which draw on proposed planetary scale techniques that 
typically reduce absorbed solar energy or enhance emissivity of outgoing trapped radiation2. Those 
interventions might not sound like a central concern for either the WHO, nor for the field of 
bioethics, especially given the expert consensus that SRM interventions are no substitute for 
mitigation or adaptation, but a potential third type of action within the climate response portfolio 
(COMEST, 2023).  

 
Nevertheless, this three part-Report draws on an interdisciplinary approach to tackle issues 

at the intersection of climate, environment and health to enable a more adequate understanding of 
the diverse dimensions involved. It aims to provide conceptual clarity in its overview of the current 
debates surrounding ethics, governance, and public engagement in any scenario of SRM research or 
deployment. It also attempts to sketch some answers and to provide a roadmap for the WHO to ask 
questions about the health-related ethics and governance of SRM.  

 
A major challenge we faced was the scarce attention to the intersection of SRM and health 

within both the scientific and ethical literature. SRM is often framed as an engineering proposal to 
alleviate the suffering caused by climate change, and as a matter of security and foreign policy, but 
rarely as an issue of health. We  recognise that we are treading relatively new ground, but it is our 
hope that this Report will contribute to a “health framing” of SRM research and its potential 
deployment. Thus we argue that health impacts could be useful to ground questions of governance.  

 
The WHO definition of health as ‘a state of complete physical, mental, and social well-being, 

and not merely the absence of disease or infirmity’ is socio-political and attempts to provide grounds 
for achieving health equity (Valles, 2018). Health has been generally under-theorised from an equity 
perspective within philosophical schools of thought (Venkataparum, 2011). We briefly underscore 
the fruitfulness of thinking about health from the point of view as a capability for three reasons. 
First, because it stresses the difference between the possibility of maximal physical and mental 
health (as per the WHO definition) and the actual realisation of them. Second, by evaluating a 
person's well-being based on objective abilities to achieve a life they value, instead of their resources 
or subjective feelings, it demands that policy makers look beyond concerns with material 
deprivations to include social and political deprivations such as oppression and discrimination. This 
also includes a focus on climate justice (Robeyns & Byskov, 2025). Third, the capabilities approach 
allows us to approach the question of the Global South.  

 
Early definitions of the Global North and South focused on economic dominance and 

dependency, were based on regions, or provided a more metaphorical approach to oppression. 
From the perspective of public health, we can define the Global South as those situations in which 
the majority of people are more exposed, relative to the North, to many different “layers of 
vulnerability” (Luna, 2019), whether they be socioeconomic, judicial, or other. This is true across the 
board, but the Global South also includes very different regions, each of them with different 

 
1 Main contributors: Florencia Luna and Timothy Daly. 
2 Solar radiation modification. “Refers to a range of radiation modification measures not related to greenhouse gas 
(GHG) mitigation that seek to limit global warming. Most methods involve reducing the amount of incoming solar 
radiation reaching the surface, but others also act on the longwave radiation budget [outgoing trapped radiation] by 
reducing optical thickness and cloud lifetime”. (IPCC [AR6, Glossary] 2021, edited). 
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challenges and particularities in relation to climate change, SRM, diseases and health systems.  
 
Because of the overlapping nature of layers of vulnerability (Luna, 2019), climate change has 

multiple cascading health impacts across regions like Latin America and the Caribbean (Hartinger et 
al., 2025). For example, during 2023–2024, Brazil and other Amazonian countries were affected by 
the combination of prolonged drought, intense heatwaves, and wildfires, driven by climate change, 
deforestation, and El Niño. Widespread drought was observed in the Amazon and Pantanal in 2023–
2024, with rainfall 30%–40% below normal and the Rio Negro in Manaus reaching a record low. 
Between August and December 2023, Brazil and other South American countries reported record 
maximum temperatures and multiple heatwave episodes, aggravated by El Niño, which worsened 
the Amazonian drought. Parallel to the droughts, Brazil suffered intense rainfall events and 
subsequent flooding. Simultaneously, the drought and extreme heatwaves led to unprecedented 
wildfires in the Amazon and Pantanal regions in 2024, leading to important consequences to health 
due to PM2.5 smoke exposure. The increase in mean temperature is also related to a major increase 
of dengue cases in Brazil (see Panel 2, p. 7, Hartinger et al., 2025).  

 
These Amazonian impacts of climate change represent an entirely different situation to the 

one that small islands in the Caribbean face, particularly the question of how rising sea levels may 
force extensive migration (Lacarte et al., 2023), with major impacts on mental health. By zooming 
in on the problems facing Latin America and the Caribbean alone, we can see that it is thus unlikely 
to be useful to use the Global South as a blanket term, but instead, to use it as a starting point to 
investigate vulnerabilities affecting the majority of people’s health. Countries and world regions 
generally considered to be within the Global South face very different problems: Pakistan faces 
extreme weather events and sea level rises, South Africa faces droughts and loss of tourism, 
Malaysia faces extensive damage to its rainforests and marine ecosystems (Romanello et al., 2025).  

 
Pre-existing vulnerabilities allow us to understand how climate change is the greatest threat 

to physical and mental health equity (Sheather et al., 2023; see Figure 1). 
 
Figure 1. — Climate change impact on health outcomes framed in terms of their vulnerability factors, 
hazards, and exposure.  



 
 

 
7 

 
                Source: World Health Organization (2021c, p. 13). 
 
An argument for the WHO engaging with SRM ethics and governance can be formalized as follows:  
 

1) Climate change is the largest known threat to global health equity. 
2) Given that mitigation and adaptation may not be sufficient.  
3) SRM has the possibility of reducing temperatures and thereby health impacts, while 

introducing some known and unknown new risks.3  
4) There is a risk that market-based SRM governance will prevail without the governance efforts 

of countries and international organizations like the WHO. 
 

To make this point more concrete, consider the following example from the Latin American 
and Caribbean region from whence this report originates. Message three of the October 2025 Lancet 
Countdown Latin America mentions effective governance, “defined by action, accountability, and 
measurable health impacts” (Hartinger et al., 2025, p. 5) as necessary to address the escalating 
health impacts of climate change. The report makes no mention of SRM, which is absent from Latin 
America’s climate portfolio. But there have been some regional SRM non-research experiments 
without specific governance4. Our group has underscored and written about the small-scale 
deployment of sulfur dioxide-containing balloons released by the US Startup “Make Sunsets” in April 
2023 in Baja California, Mexico, without appropriate public and expert engagement (Carabajal et al., 
2025). This led the Mexican government to announce its intention to ban both research and non-
research geoengineering experiments5. The Mexico case demonstrates that for-profit companies 
monopolizing SRM would make effective governance almost impossible (Surprise et al., 2025) and 
that denying the possibility of SRM can be counterproductive and even riskier than facing the 
problem and establishing a governance structure.  

 
3 As we will see through this Report there are still many unknowns with regards to the empirical reality of whether SRM 
would achieve equitable protection of public physical and mental health. 
4 For an in depth analysis of the concept of SRM experiment and the distinction between SRM research and non-research 
experiments see Annex 1. 
5 For an analysis of the relation between the activities of geoengineering and SRM see Chapter 2. 
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In addition to for profit companies’ actions, there is the challenge of global governance and 

the possibility of enforcement on a technology that proves to be quite controversial. SRM is one of 
many policy domains where all options create some net losers, including from a health perspective, 
making trade-offs unavoidable (see Postface). Furthermore, we have recently witnessed with the 
COVID 19 pandemic how, even when there were strong data for the need of cooperation and actions 
based on solidarity, this was not achieved. And, for example, an international mechanism such as 
COVAX was boycotted (Luna, forthcoming), leaving the world in a Hobbesian state of nature (“war 
of all against all”) with the best resourced countries hoarding unnecessary amounts of vaccines and 
leaving needful countries in a state of deprivation. SRM presents arguably even more difficult 
challenges and dangers than the COVID pandemic. Its global governance is another major challenge. 
And as it will be pointed out in chapter 2 (section 2.3), the debate around SRM possible acceptance 
and deployment is marked by disagreement (Biermann et al., 2022; Parson et al., 2024). Thus, it 
needs an adjusted, timely and global governance system. To achieve this, we need anticipatory 
thinking on possible answers. This Report exhibits different challenges and problems and proposes 
possible answers that an international organism in public health may begin to consider. 

 
This report has three parts. Part I includes two chapters that introduce the themes of the 

report and define SRM and the gaps facing ethics and governance. The first chapter situates SRM 
governance within the broader climate response action portfolio and ends underscoring some of 
the challenges and gaps in governance as well as enumerating some relevant consensus documents 
from the science-policy literature. The second chapter is devoted to defining what SRM is in ways 
that are amenable to ethical analysis. The key element is defining activities based on their primary 
aims. Aims-based definitions are thus useful for a case-by-case approach to SRM research ethics and 
governance. As we will see in different examples throughout this report, understanding the 
intended aim of different activities relevant to geoengineering helps a governance regime in 
“determining whether expected benefits exceed expected damage in any particular case” (Ricke, 
Moreno-Cruz & Caldeira, 2013). This chapter ends with the presentation of the main ethical values 
for ethics and governance. 

 
Part II focuses more specifically on health and it presents known empirical facts. It also has 

two chapters. Chapter 3 starts by presenting a bibliographic review of the current literature on the 
intersection between SRM and human health. Key findings are, first the scarcity of studies on SRM 
and health. Second, the growing agreement that SRM would generate uneven human-health 
outcomes across regions, with these disparities becoming especially complex in the Global South 
because of overlapping vulnerabilities that amplify cascading health risks. Third, the review also 
identifies a significant knowledge gap in Latin America and the Caribbean. Chapter 4 examines the 
implications of SRM research and deployment within a public mental health framework. It ends by 
outlining that investment in technical capacity for SRM should be accompanied by investment in co-
interventions that aim to promote and safeguard public mental health. 

 
Finally, Part III discusses what SRM governance for a healthy future could look like. The first 

chapter of this part (Chapter 5) reviews the principal ethical and governance frameworks proposed 
to guide research and potential deployment of SRM, with a focus on their relevance to human 
health. We can draw two main conclusions from our analysis: first, most of the documents 
considering governance of SRM only consider health in an indirect way. Second, the scope of the 
proposals of the majority of the ethical and governance documents is domestic, they are informal 
(not binding), and have an over representation of Global North perspectives (Brent et al., 2024). This 



 
 

 
9 

means that, even if we know that the impact of possible deployments of these technologies is global 
(and will have an uneven impact in different countries and regions), up to now, there has been very 
little consideration of governance of these technologies within a global vision.  

 
A further issue was the repeated importance of doing public engagement in order to build 

trust and transparency. Thus, Chapter 6 analyzes how to undertake a meaningful public engagement 
process with a contested, global technology. For example, it implies rethinking the science-public 
relationship in order to see how to best ensure respectful participation. Besides exploring some of 
the methodological challenges of this fundamental process, we outline the key function that 
introducing the health impact in participatory debates may play. Even though health is an end in 
itself, as per the WHO founding mission of health for all, health impacts could also be used as a 
means to engage the public and bridge the gap this complex and controversial technology entails.  

 
Finally, Chapter 7 shifts to the global arena and governance challenges. It is an exploratory 

chapter that attempts to imagine how the WHO can engage with SRM given its commitment to 
global public health. It proposes some considerations for an anticipatory governance framework to 
align current considerations on SRM with the health protection mandate and policy frameworks of 
the World Health Organization (WHO) and its Member States. It provides policy options, guardrails, 
and measurable indicators to equip the health community to lead these deliberations from a 
"health-first" and "do-no-harm" perspective in the form of considerations, access points for WHO 
action, and the rationale for principles and guidelines. 

 
The main conclusions of this third part highlight the importance of incorporating systematic 

evaluations of health-related risks into future governance frameworks, to ensure public engagement 
and to safeguard physical, mental and ecosystem health, with an emphasis on more vulnerable 
countries and regions, in any possible scenario of SRM. 

 
This report is not prescriptive on what the WHO’s role on SRM governance should be. The 

aim is to clarify the existing science-policy literature so as to equip the WHO on how to deliberate 
across the full spectrum of research and deployment options, guided by “a truly integrated 
perspective and coordinated action, based on a whole-of-government, whole-of-society and the 
One Health approach” (WHO, 2024, p. 3). It also aims to show that though SRM is in a preliminary 
stage and it is not certain whether it will be deployed, an anticipatory governance framework is 
urgently needed. The WHO could be one of the main international organisms to take the lead. 
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Part I. Understanding SRM: fundamental concepts and ethics 
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Chapter 1. SRM within the climate response portfolio6 

 
Solar geoengineering (SG) or solar radiation modification (SRM) are both umbrella terms 

with similar scope that typically refer to experimental technologies that could be used to 
significantly modify incoming solar radiation or outgoing trapped radiation (see Chapter 2 for a 
terminological analysis of SRM). SRM introduces an activity distinct from conventional climate 
action strategies, such as mitigation (i.e. cutting emissions), adaptation or carbon dioxide removal 
(CDR) (COMEST, 2023)7. Given the likelihood of exceeding the Paris Agreement target of keeping 
the global temperature rise above 1.5º C during this century (Diffenbaugh & Barnes, 2023), 
coupled with the continued increase in greenhouse gas emissions, climate change is arguably one 
of the most pressing crises in modern history. In this context, SRM is being given significant 
consideration as a means of mitigating the catastrophic impact on populations, particularly with 
regard to population health. 

 
One of the most researched technologies of SRM is Stratospheric Aerosol Injection (SAI), 

whereby sulphur dioxide (SO₂) particles are deployed into the stratosphere to reflect sunlight back 
into space and cool the planet (Camilloni et al., 2022). This approach would mimic the effect of a 
volcano eruption, such as Mount Pinatubo in 1991, when, according to the US Geological Survey, 
the spread of tons of SO₂ cooled the Earth, temporarily dropping the temperature by 0.5º C 
between 1991 and 1993 (Soden et al., 2002). One key feature of SAI is that it would be relatively 
inexpensive to develop (Smith, 2020) and might produce rapid results, if data from natural 
analogues are indeed relevant predictors. Therefore, it is expected to be highly feasible and 
effective. For this reason, as we will see in the next sections, it is a relatively rapid and temporary 
technology that can offset the impacts of climate change (see Table 1 below). 

 
Nevertheless, SRM does not address the root physical causes of climate change: it does not 

reduce greenhouse gases emissions—it masks the warming it generates. And while it could bring 
potential benefits, it also poses potential unknown risks8 and uncertainties to humans and 
ecosystems (IPCC, 2023). Moreover, the distribution of risks will not be equal, just as the risks of 
climate change are unequal. The risks posed by deployment of these technologies to human health 
are unknown. Another risk of these SRM technologies is that they could be used unilaterally, or even 

 
6 This introduction and section 1-6 are partly based, revised and edited of an article recently published by key members 
of the WHO research team (Carabajal et al., 2025); and has contributions from Ignacio Mastroleo and Timothy Daly 
(section 1.4-1.5), Hassaan Sipra and Shuchi Talati (section 1.1-1.3; 1-7).  
7 The term mitigation here and in the literature is sometimes used with a narrower scope than in the IPCC AR6 which 
includes cutting or reducing emission and technologies  to enhance carbon sinks, including CDR. For critical comments 
on this IPCC definition of mitigation see COMEST (2023). Readers should be aware from the context whether mitigation 
includes or not enhancing carbon sinks. 
8 In this Report we adopt the definition of risk as presented by Felgenhauer et al. (2024) following the US Department 
of Homeland Security: “the potential for an unwanted outcome resulting from an incident, event or occurrence, as 
determined by its likelihood and the associated consequence” (US Department of Homeland Security, 2010). This broad 
definition acknowledges that risks are diverse in magnitude, scale, type and distribution. Any climate intervention could 
trigger different types of risks (Davies & Vinders, 2025; Santi, 2015), which refers not only to health risks but also 
environmental, political and ethical concerns that could exacerbate global conflicts. 
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weaponised, by ‘rogue’ actors 
  
This chapter situates SRM governance within a broader climate response action portfolio, 

underscores gaps in governance, and lists relevant consensus documents. 
  

1.1. Comparing different strategies against climate change 

The two consensus types of action in the global climate portfolio are mitigation9, and 
adaptation10. Mitigation and adaptation require decades of investments and commitments from 
governments, businesses, and civil society actors across the world to keep the global temperature 
within “safer” operating limits as outlined by the Paris Agreement (2015) that governments 
collectively agreed is acceptable: “pursuing efforts” to keep global average temperature under 
1.5°C, and “well below” 2°C, as compared to a preindustrial era, circa 1850 (Paris Agreement, 2015, 
Article 2). The IPCC now considers that carbon dioxide removal (CDR) is necessary to achieve the 
1.5°C limit, and that temperature overshoot11 is highly probable. Thus, in addition to mitigation 
and adaptation, scientific and policy debates have added CDR, which is implicitly included in the 
definition of mitigation in IPCC AR6 under the label of “enhance the sinks of greenhouse gases” 
(COMEST, 2023)12.  

In response, a further strategy is also being intensely scrutinized to help return the global 
temperature toward those limits: solar radiation modification (SRM). This strategy is      currently 
theoretical, but the engineering knowledge to make it happen is present or achievable, in the very 
near-term (UNEP, 2023b). Table 1 describes the main differences between these strategies 
(mitigation, adaptation, CDR and SRM) regarding: health benefits, risk involved, equity implications 
and governance.  

  
 
 
 
 
 
 
 
 
 

 
9 Mitigation. “A human intervention to reduce emissions or enhance the sinks of greenhouse gases.”  (IPCC [AR6 
Glossary] 2021).  
10 Adaptation. “The process of adjustment to actual or expected climate and its effects, in order to moderate harm or 
exploit beneficial opportunities.” (IPCC [AR6, Glossary] 2021, edited). 
11  This definition is based on the latest Intergovernmental Panel on Climate Change (IPCC), the highest scientific body 
on the subject Sixth Assessment Report AR6. 
12 Carbon dioxide removal (CDR). “Anthropogenic activities removing carbon dioxide (CO2) from the atmosphere and 
durably storing it in geological, terrestrial, or ocean reservoirs, or in products” (IPCC [AR6, Glossary] 2021, edited). 
Previous versions of the AR6 IPCC glossary include CDR and SRM under the label of geoengineering (e.g. IPCC 2012:2, 
2019). See Chapter 2 for a detailed analysis. 
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Table 1. Comparative overview of mitigation, adaptation, CDR and SRM  

 

 
13 WHO (2021c, pp. 9-11); IPCC (2023, p. 13). 
14 IPCC (2023, p. 13, pp. 24–25). 
15 WHO (2021c, pp. 9–11). 
16 United Nations Framework Convention on Climate Change (UNFCC) / Paris Agreement (2015). 
17 UNFCC / Paris Agreement (2015, p. 3; Art. 2). 
18 WHO, (2021c,  p. 10); IPCC WGII SPM (2022,  pp. 27–31). 
19 IPCC WGII SPM (2022, p. 30). 
20 IPCC WGII SPM (2022, p. 30). 
21 IPCC WGII SPM (2022, pp. 27–31). 
22 IPCC WGIII (2022, p. 1); IPCC (2023, p. 28). 
23 IPCC (2023, p. 28). 
24 IPCC, (2023, p. 28). 
25 SAPEA,  (2024,  pp. 10–12); OSTP, (2023, pp. 8–9). 
26 NASEM (2021, Summary, pp. 5–7); IPCC WGII SPM (2022, p. 30). 
27 CBD (2010) decisions X/33 & CBD (2012) XI/20 caution. 
28 CBD (2010, pp. 4-8(w)); CBD (2012, p. 1); GCSA (2024, pp. 4–5). 

Strategy Time to health 
benefit 

Risk profile 
(technical/systemic) 

Equity implications Governance 
maturity 

Mitigation 
Near‑term (months–
years) via air‑quality 
and co‑benefits; 
long‑term via reduced 
climate risk13.  

Well‑characterized 
technologies; 
system‑transition risks 
(stranded assets, just 
transition) but 
manageable with 
policy14. 

Strong positive 
distributional effects 
if targeted; benefits 
greatest for 
high‑pollution and 
vulnerable 
populations15. 

High: extensive 
multilateral 
architecture under 
UNFCCC16/Paris; 
national  policies and 
standards17.  

Adaptation 
Immediate to 
medium‑term through 
reduced exposure and 
strengthened health 
systems18.  

Context‑dependent; risk 
of maladaptation if 
poorly designed19. 

Can reduce inequities 
when inclusive; risks 
exacerbating 
inequities if access is 
uneven20. 

Moderate: expanding 
guidance and finance 
under UNFCCC; 
variable national 
capacity21. 

CDR 
Medium‑ to 
long‑term; depends on 
scale and pathway; 
potential near‑term 
air‑quality trade‑offs 
for some option22. 

Technical feasibility and 
sustainability 
constraints at scale; 
land/water/energy 
trade‑offs23.  

Land and resource 
footprints raise 
justice concerns; 
requires safeguards 
and participation24. 

Low–moderate: 
emerging standards; 
no dedicated global 
framework; reporting 
intersects with 
UNFCCC inventories. 

SRM Potentially rapid 
climate‑risk reduction 
if effective, but no 
health benefits 
guaranteed 

High uncertainty and 
systemic risk; risk of 
termination shock; 
cross‑border 
externalities25. 

Distributionally 
uneven impacts 
possible; risk of 
burden‑shifting; 
legitimacy requires 
inclusive 
governance26.  

Low: no 
Deployment‑ready 
governance27.  EU 
Scientific 
Advisors advocate 
moratorium while 
pursuing research 
governance28. 
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Although discussions concerning these strategies including its risks, benefits and 
governance challenges are growing, especially in academia, SRM remains an unfamiliar topic in 
the political and social domains (Baum et al., 2024). 

1.2. Why mitigation and adaptation remain first‑order priorities 

The IPCC stresses that limiting climate change risk requires deep, rapid, and sustained 
emissions cuts across all sectors this decade (IPCC, 2023, p. 25). Each additional increment of 
warming intensifies concurrent hazards (IPCC, 2023, p. 17). Options for adaptation become more 
constrained beyond 1.5 °C (IPCC, 2023, p. 24), and specifically have “soft” and “hard” limits defined 
by the IPCC, several of which have already been crossed (IPCC, 2023, p. 57). The World 
Meteorological Organization now considers an ~80% probability that at least one year between 
2025–2029 exceeds 1.5°C, and a ~47% chance that the five‑year mean hits 1.5°C (WMO, 2025, p. 
1). The climate portfolio priority should reiterate the need to accelerate mitigation and invest in 
robust and equitable adaptation for health systems. 

From a health perspective, mitigation delivers immediate co‑benefits. To name a few, these 
include cleaner air, safer transport, and healthier diets (for example, through reduced 
consumption of red meat). The World Health Organization’s (WHO) climate‑and‑health guidance 
emphasizes prioritizing climate interventions with the largest health, social, and economic gains 
(notably phasing out coal, expanding active mobility, and improving food systems), can yield 
substantial near‑term public‑health benefits (WHO, 2021c, p. 9–11). The conclusion is that the 
public health benefits of ambitious climate action outweigh their costs (WHO, 2021c, p. 60). The 
IPCC likewise highlights health co‑benefits from reduced air pollution and enhanced energy 
security when mitigation is pursued at scale (IPCC, 2023, p. 13). Health-centred adaptation includes 
the following actions, which are prioritized in the WHO recommendations (WHO, 2021, p. 10): 
climate‑resilient health services, early‑warning systems, climate‑informed surveillance, water, 
sanitation, and food security measures. 

1.3. Completing the portfolio: CDR and SRM (distinct roles, different risk profiles)   

CDR’s role is complementary. IPCC clarifies that CDR can counterbalance residual emissions 
where full decarbonization is not yet feasible, but is not a substitute for deep emissions reductions 
(IPCC & WGIII, 2022, p. 1), while recognizing that CDR also requires significant resources to operate 
at scales not yet achieved. In scenarios where temperatures overshoot 1.5°C, returning below that 
level depends on sustained net‑negative greenhouse gas (GHG) emissions and greater CDR 
deployment. This raises major concerns around the feasibility and sustainability of such a scenario 
(IPCC, 2023, p. 28).  

SRM’s role is fundamentally different. The science-policy literature emphasizes that while 
SRM could reduce some warming and associated risks, benefits and risks remain highly uncertain, 
unevenly distributed, and thus, SRM is not ready for deployment (SAPEA, 2024, p. 10–12). Leading 
public bodies converge on the need for all SRM‑related research to be conducted under rigorous 
governance that centers transparency, public engagement (especially with Global South 
stakeholders), risk management, and international cooperation (OSTP, 2023, p. 4, p. 7–9; SAPEA, 
2024, p. 169–172). We will expand on these issues in the next chapters. The IPCC 2023 synthesis 
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report on SRM techniques stresses that:  

“[I]f they were to be implemented, they introduce a widespread range of new risks 
to people and ecosystems, which are not well understood. SRM has the potential to offset 
warming within one or two decades and ameliorate some climate hazards but would not 
restore climate to a previous state, and substantial residual or overcompensating climate 
change would occur at regional and seasonal scales (high confidence). Effects of SRM would 
depend on the specific approach used, and a sudden and sustained termination of SRM in 
a high CO2 emissions scenario would cause rapid climate change (high confidence). SRM 
would not stop atmospheric CO2 concentrations from increasing nor reduce resulting 
ocean acidification under continued anthropogenic emissions (high confidence). Large 
uncertainties and knowledge gaps are associated with the potential of SRM approaches to 
reduce climate change risks” (IPCC, 2023, p. 72).  

Thus, discussions about SRM are characterised by intense disagreements about the 
feasibility and desirability of its deployment (Scientific Advice Mechanism to the European 
Commission, 2024). A health-centered framing of governance suggests that research on SRM 
should be guided by the aims of reducing human suffering and avoiding harm to ecosystems (WHO, 
2021c, p. 9–11; SAPEA, 2024, p. 10–12; IPCC, 2023, p. 17). 

 
1.4 The napkin diagram: visualizing SRM within the climate portfolio  
 

Now, we believe it would be useful to visualize the above points made about SRM and the 
impacts of its deployment. If the discussion of SRM were to be summarized in one image (which 
itself comes with trade-offs), that image would be Shepherd’s napkin diagram (see Figure 2)29. The 
napkin diagram “describes [...] the role of SRM as part of a multi-faceted response to climate 
change” (SRM Primer, 2024). In other terms, it presents graphically the role of SRM as a new 
potential addition to the portfolio of actions to respond to climate change threats and negative 
impacts, complementary to CDR, mitigation and adaptation as defended by the Royal Society 
(Shepherd & WGGC, p. 2009).  
 

This idea of a portfolio or deliberate selection of multiple actions with different mechanisms, 
timings, risk-benefit profiles, etc. is widely present in the literature of climate studies (e.g. Keith, 
2013; IPCC, 2014; Jamieson, 2014; COMEST, 2023) but we could not identify a single origin. It is also 
the representation of one of many exemplary scenarios of deployment strategy known as “peak 
shaving” scenario, where SRM is used as means to shave the peak of overshooting, but there are 
other potential scenarios for SRM use (UNEP, 2023b, p. 10; Royal Society, 2025, p. 20, figure 3).  

 
 
 
 
 

 
 

29 According to SRM Primer “There are many variations on this sketch, which is often referred to as the “napkin diagram” 
(as it was originally sketched on a napkin by J. Shepherd in 2009” (SRM Primer, 2024). Shepherd was the lead author of 
the Royal Society’s report (Shepherd & WGGC 2009). 
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Figure 2. Napkin diagram  

 
                           Source: SRM360 (2025), based on Boselius et al., (2025). 
 

The napkin diagram captures in a single graph the limited and temporary role or function, if 
ever, of SRM as a potential tool within the portfolio of actions to respond to negative outcomes of 
climate change. The red curve represents the “not cutting emissions” scenario, where temperature 
and negative impacts continue to rise. The three other curves, show the portfolio or deliberate 
combination of reducing or cutting emissions (first part of the IPPC AR definition of mitigation) and 
removing carbon (CDR) that aims at the root physical causes of warming that works in a larger time 
scale while SRM kicks in to potentially complement the other two in a shorter term “while emissions 
cut and CDR work”.  
 

The napkin graphic also represents the general assumption of the defenders of SRM 
research, that cutting emissions and CDR may not be enough, only by themselves, to keep warming 
within the 1.5-2° harm threshold. The napkin diagram only captures the risks and negative impacts 
eliminated by the portfolio or “multi-faceted response” (SRM Primer, 2024) to climate change, 
including SRM vs. not including SRM. It does not show the risk created by including SRM in the 
portfolio of responses.  Hence, the napkin diagram fails to show the risk-risk tradeoffs of risks 
eliminated and the risks created by the portfolio response, and particularly of SRM (Felgenhauer et 
al., 2025). A risk-risk comparison or balance assessment of SRM at international forums has been 
proven to be challenging (Royal Society, 2025, p. 99).  
 
1.5. Risks of incorporating SRM within the climate response portfolio 
 

We present two key arguments of risks associated with SRM: termination effect and 
mitigation deterrence. 
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1.5.1. Termination effect  
 

Given the nature of SRM climate interventions such as SAI or SRM, they introduce a new risk 
of termination effect if they were to be used as part of the portfolio of responses to climate change 
impacts. Also known as “termination shock” and “effects of cessation of SRM”. As the Royal Society 
explains about aerosol based SRM climate interventions: 
 

“Aerosols that cause SRM’s cooling effect are much shorter-lived in the atmosphere than 
gases most responsible for global warming. Hence, regular injections would be necessary to 
maintain the cooling effect. Depending on the intended extent of masking, and the success 
or otherwise to mitigate the greenhouse gas emissions, this implies that a long-term 
commitment to SRM could be necessary. Should injections be abruptly halted or significantly 
reduced in extent (unless it was for a short period – a few months to a year), there would be 
a termination effect where the climate would return to its state without SRM in about a 
decade. If temperatures would have continued to rise significantly without SRM, this 
termination effect would have strong impacts on sensitive planetary systems that cannot 
adapt quickly, such as natural ecosystems” (Royal Society, 2025, p. 102).  
 
This figures both as a reason against doing research on SRM or potential deployment, but 

also as a risk that has to be taken into account in the design of any portfolio of responses that might 
include SRM, with appropriate measures to mitigate that risk. However, “termination effect” is only 
one technical issue of a broader technical and ethical aspect of SRM, which might be captured by 
the concept of “appropriate timing” of use (not too early… not too late, or not at all) (Mastroleo & 
Holzer, 2020, pp. 342-343). In each stage of the life cycle, there are appropriate timing issues both 
from technical and socio political aspects. For example, using our proposal in three broad classic 
stages (Fotion, 2014) of (i) responsible action before SRM, (ii) responsible action during SRM,  (iii) 
responsible action after SRM, we could map termination effect together with other technical risks 
of appropriate SRM timing such as not too rapid initiation and not too rapid cessation to harm health 
or planetary systems (see chapter 2 for the concept of life cycle of SRM interventions).  

 
1.5.2. Mitigation deterrence  
 

The Royal Society defines mitigation deterrence –also known as “moral hazard” or “risk 
compensation”- (Keith, 2013) as the risk of “research and development of SRM to undermine efforts 
to cut emissions” (Royal Society, 2025, p. 99). This figures both as a reason against doing research 
on SRM or potential deployment (Biermann et al., 2022), but also as a risk that has to be accounted 
for in the design of any portfolio of responses to climate change impacts (IPCC, 2021; Royal Society, 
2025).  

 
If SRM is understood as a  new action within a portfolio of responses to climate change, how 

should it be articulated with respect to the other actions of the portfolio, e.g. cutting emissions and 
adaptation, but also, other interventions such as CDR? Based on typical human behavior (e.g. 
weakness of will), Keith recognizes that introducing SRM could increase risk exposure (e.g. less 
efforts in cutting emission) after immediate risks of climate collapse have been reduced due to 
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SRM’s cooling effects30.   
 
Moreover, SRM is likely to be cheaper than mitigation (and adaptation). Thus, for policy 

makers, it may be a more convenient and economically preferable option, making it preferable to 
mitigation and adaptation measures (EGE, 2024). 
 

These concerns could be unified under the label of behavioral risks, within SRM and between 
activities of the portfolio of responses to climate change. However, “moral hazard" and other 
irrational31 non-deliberate behaviors does not include mal-intent, that could also lead to similar 
outcomes, but that would require a distinct analysis from an ethical and legal point of view with 
different degrees of blame and responsibility.  
 

This unification of risks may improve its identification and suggest common ways of dealing 
with such risks but does not solve the problem of how severe and probable the risks are in the real 
world. It also makes the theoretical assumption that we can distinguish with sufficient certainty 
when we are accepting a harmful intervention or rejecting a beneficial intervention.  

 
More research is required to design and create a deliberative social process such as a 

Committee on SRM risks that complies with fundamental substantive and procedural ethical values 
(EGE, 2024) (see section 2.5). Given the current deep uncertainties about SRM at all levels 
recognized by authoritative reports (e.g. UNEP, 2023b; EGE, 2024; Royal Society, 2025), appropriate 
measures of risk management of the most salient risks should be taken for both risks of accepting 
an overall harmful SRM intervention or rejecting an overall beneficial SRM intervention, including 
the work on identification of potential threats and vulnerabilities that makes these risks more 
probable32.  
 

1.6. Governance gaps and challenges in SRM 
 

Currently, there is neither a comprehensive governance system nor a forum in which the 

 
30 However, this observation only analyzes typical human behavior in the void, without taking into account other 
incentives and barriers that affect cutting emissions (e.g. rate investment and development of alternative clean sources). 
More research is required to map this risk of SRM within a unifying larger framework of human behavior, for example 
the work of Douglas (2000) on risk of errors or inductive risks in science or of Elster (1984)’s bounded rationality account 
on how we do not follow our best reasonable deliberations because of the “weakness of will” (incontinence or akrasia). 
This usually explains irrational behavior such as addictions, and other failures in human behaviors to maintain a best 
course of action also may serve to unify explanations of other problems such as “lock-in” or “slippery slope” effects from 
SRM research stages to SRM non-research experimental deployment stages (e.g. EGE 2024). This is usually captured by 
the more legalistic term of negligence. 
31 The concept of “moral hazard” or “risk compensation” presupposes that the agent is not doing what s/he considers 
should be best from a rational point of view (e.g. “cutting emissions at the appropriate rate”) because there is some 
form of temporal safety net (e.g. “SRM”), but recognizing that doing that (“cutting emissions”) is what a rational being 
that cares about others without weakness of will would do.  What we here call irrational behavior, Elster (1984) calls 
“bounded rationality” and Aristotle calls it incontinence (akrasia). This should be distinguished from the rational 
behavior of not cutting emissions because the agent benefits temporarily from SRM and does not care about the future 
consequences for others, including the environment and future generations, which is a case of plain wrongdoing or mal-
intent. 
32  The distinction of accepting a harmful intervention or rejecting a beneficial intervention has been developed together 
with Guillermo Marin Penella, Timothy Daly and Ignacio Mastroleo inspired by the idea of inductive risk or risk of error 
in philosophy of science (Douglas, 2000). 
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issue of SRM can be adequately discussed (Reynolds, 2019). The international concern surrounding 
the lack of, or insufficient, governance structures is growing, as many key questions remain 
unanswered. For example, who will monitor and regulate the research, funding, potential testing, 
and eventual implementation of such technologies? Who will have the authority to deploy SRM 
technology on a planetary scale?  

 
Governance can take different forms, depending on the actors involved (international; 

domestic; governmental, non-governmental, and/ or the private sector), the different stages of 
the research process -from indoor research to outdoor experimentation and potential deployment 
and the near and long-term outcomes expected (UNEP, 2023b). The observations of Jinnah et al. 
(2018) demonstrate that the distinction between SRM development stages could be considered 
artificial from an ethical point of view. For example, relevant reports highlight the need for 
responsible research and ethical guidelines on indoor research (AGU, 2024). It has been argued 
that small-scale outdoor research experiments could provide a more precise understanding of SRM 
and improve the models, for example by providing a more accurate picture of the behaviour of 
reflective particles in the stratosphere. Therefore, a significant challenge lies in defining where, 
when and in which circumstances scientists should be allowed to carry out these outdoor field 
trials and their scope and in building participatory mechanisms, as there could be resistance from 
governments and communities (Jinnah et al., 2024). The complexity of SRM raises technical, socio-
political and ethical discussions about whether it should be funded, researched or even promoted 
(Biermann et al., 2022). 

 
Some groups opposed to SRM claim that the topic has been forced upon Global South 

countries, distracting attention from decarbonisation (Chalmin, 2024). However, we consider that 
countries in situations of exacerbated vulnerability must be aware of the potential risks and 
benefits, having a central role in the discussions (Rahman et al., 2018). This would entail improving 
Global South capacities, gaining access to breakthrough information, and understanding the array 
of impacts of SRM in the regions. Additionally, as technology evolves and new actors emerge, 
unforeseen events unfold33, making anticipatory and participatory governance essential for 
overseeing and facilitating responsible research and inclusive dialogue, particularly in the Global 
South (AGU, 2024). 
 
1.7. Landscape of international consensus documents and their intersection with climate‑health 
SRM governance 
 
 Despite the absence of a governance framework, there are several documents dealing with 
climate change and SRM: 

United Nations Framework Convention on Climate Change (UNFCCC)/ Paris Agreement. 
Sets the temperature and adaptation goals underpinning climate policy; its preamble underscores 
the right to health and equity (Paris Agreement, 2015, p. 3; Art. 2). While Paris does not establish 

 
33 For example the US startup Make Sunset we refer to in the Introduction. 
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SRM research governance, Paris processes (e.g., transparency, Nationally Determined 
Contributions) define the mitigation‑ and adaptation-first context in which any SRM discourse 
should occur. 

World Health Organization (WHO). Leads on climate‑health guidance (e.g., prioritizing 
interventions with the largest health gains; strengthening climate‑resilient health systems) and can 
inform health impact assessment standards based on its leadership in the matter for any climate 
intervention, including SRM research, though it has no SRM mandate (WHO, 2021c, pp. 9–11). 

Convention on Biological Diversity (CBD). Parties have urged caution on climate‑related 
geoengineering: Decision X/33 calls for no activities that may affect biodiversity absent adequate 
science and effective governance, with a narrow exception for small‑scale research in controlled 
settings; Decision XI/20 reaffirms X/33 and notes large knowledge and governance gaps (CBD, 
2010, p. 4; CBD, 2012, pp. 1–2). 

      

World Meteorological Organization (WMO). Provides authoritative climate monitoring 
and outlooks that contextualize near‑term risk, such as, high probability of 1.5°C temperature 
overshoot averaged for 2025-2029 (WMO, 2025, p. 1). 

United Nations Environment Programme (UNEP) and United Nations Environment 
Assembly (UNEA). UNEP commissioned One Atmosphere (2023b), an expert panel review 
concluding that SRM is no substitute for mitigation, carries significant uncertainties and ethical 
issues, and warrants a robust, inclusive international scientific review process. But it also points 
out that "SRM is the only option that could cool the planet within years" (UNEP, 2023b, Key 
findings pp. 1, 5–6; Exec. Summ., p. 8). UNEP’s foresight report Navigating New Horizons (UNEP & 
ICS, 2024) flags “Deployment of SRM” as a signal of change requiring monitoring within an agile 
governance approach (pp. 44, 66) (UNEP & ISC, 2024). UNEP has also convened dedicated 
dialogues: a Consultative Workshop and Science‑Policy Dialogue on SRM in May 2025, 
co‑facilitated with WMO/ISC/WCRP (UNEP, 2025a, web), and a Multistakeholder Workshop on 
SRM in September 2025, to broaden participation (UNEP, 2025b, web). At the intergovernmental 
level, UNEA‑6 in 2024 saw submission of a draft SRM resolution by Switzerland/Monaco, which 
was ultimately withdrawn (UNEP, 2024a, draft resolution; UNEP, 2024b, session portal). Earlier, at 
UNEA‑4 (2019), Switzerland tabled a draft resolution on geoengineering governance that was also 
withdrawn (IISD ENB, 2019, web). 

United Nations Human Rights Council (HRC). The HRC Advisory Committee’s 2023 report, 
Impact of new technologies intended for climate protection on the enjoyment of human rights 
(A/HRC/54/47), examined CDR and SRM through a human‑rights lens. It warns that these 
technologies can interfere with the enjoyment of rights—including the rights to life, health, food, 
water, culture and a healthy environment—absent robust governance, transparency, and 
participation. It stresses precaution, distributional justice, and the protection of Indigenous 
Peoples and other groups in any research or policy consideration. This reinforces that any SRM 
research governance should be explicitly human‑rights‑based, not only risk‑based, with remedies 
and accountability mechanisms (HRC Advisory Committee, 2023, pp. 12, 32, 66–71). 
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United Nations Educational, Scientific and Cultural Organization (UNESCO) - Commission 
on the Ethics of Scientific Knowledge and Technology (COMEST). UNESCO’s COMEST issued its 
first report on the ethics of climate engineering34 in 2023, which argues that climate interventions 
such as solar radiation modification (SRM), which have emerged over the last decade as a 
technically feasible climate intervention aiming to cool the planet, are a third kind of activity, 
separate from mitigation and adaptation (COMEST, 2023). It proposes ethical lenses (human–
ecosystem interconnectedness, intergenerational justice, proportionality, distributive justice) and 
concrete recommendations for research governance, including strong public oversight, 
transparency, and international cooperation. COMEST highlights moral‑hazard and lock‑in 
concerns, situates SRM as ethically fraught, and underscores that it cannot substitute for 
mitigation and adaptation. These conclusions align with a health‑first, precautionary framing for 
any SRM research35. 

Montreal Protocol / Kigali Amendment. Phases down HFCs (hydrofluorocarbons)—
short‑lived climate pollutants with high Global Warming Potential—delivering climate and health 
co‑benefits; not a forum for SRM, but demonstrates rapid, health‑aligned treaty action on specific 
agents (UNEP, 2023b, p. 1). 

1.8.  Final considerations 

 

 In this chapter we have mapped some of the basic actions within the portfolio responses to 
climate change impacts and the gaps in governance. Overall, we identified SRM as a distinct 
experimental and technically feasible climate response action that is undergoing intense debate 
in academic and, increasingly, policy circles (e.g. EGE, 2024; Royal Society, 2025). SRM could be 
used to alleviate some risks associated with climate change, but would introduce new categories 
of risk.   

 
34 The term climate engineering in COMEST includes two main categories CDR & SRM and replaces the older term of 
geoengineering in previous authoritative reports (e.g. Shepherd & WGGC, 2009; IPCC, 2012, p.2; IPCC, 2019). However 
the scope of both terms is similar. For a more detailed analysis see Chapter 2. 
35  See COMEST (2023, pp. 12–13, 25, 28–29). 
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Chapter 2. Clarifying SRM-related concepts and ethical justification36 
 
Introduction  
 

National or international authorities in charge of ethics and governance of solar radiation 
modification (SRM) research need to identify their intended remit of responsibility, and know the 
scope of actions or interventions covered by an ethical framework or regulation. A responsible SRM 
research scheme would require effective communication with affected parties in democratic 
societies (EGE, 2024). This chapter adopts a terminological analysis methodology (Jamieson, 2014) 
to improve understanding, promote effective responsible action and guide policymakers in their 
decision pathways.  

 
1. Solar radiation modification is geoengineering: the historical definitions of the Royal Society 
and the IPCC 
 

In 2009, the concept of SRM was introduced as one of the two main categories of 
geoengineering by the Royal Society (Shepherd & WGGC, 2009)37. The two authoritative definitions 
of geoengineering selected here explicitly refer to deliberate interventions into complex physical 
systems, typically the Earth climate system (e.g., Shepherd & WGGC [Royal Society], 2009; IPCC 
2012, p. 2, quoted in IPCC, 2019) (see Table 2). The concept of intervention, including technological 
interventions as used in this analysis, presupposes human agency, and the distinction between 
deliberate aims, foreseeable associated effects and inadvertent effects. These distinctions typically 
track different levels of responsibility (Jamieson, 1996; Jamieson, 2014).  

 
Table 2. Comparison of the Royal Society (2009) and IPCC (2012) definitions of geoengineering 
amenable to an ethics and governance analysis38. 
 

Definitions Royal Society’s 2009 principal definition of 
geoengineering . “Geoengineering, or the 
deliberate large-scale manipulation of the 

planetary environment to counteract 
anthropogenic climate change, has been 

suggested as a new potential tool for 
addressing climate change. Efforts to address 

climate change have primarily focused on 

IPCC’s 2012 definition of geoengineering. 
“A broad set of methods and technologies 

[means] that aim to deliberately alter 
the climate system in order to alleviate the 
impacts of climate change. Most, but not 
all, methods seek to either (1) reduce the 
amount of absorbed solar energy in the 

climate system (solar radiation 

 
36 Main contributors: Timothy Daly & Ignacio Mastroleo. The current chapter is based on an extended version of 
Mastroleo (2025a, 2025b). 
37 Before Royal Society’s use, Morton mentions Ken Caldeira as the intellectual author of “solar-radiation management” 
ambage to avoid using “geoengineering” for a title of a NASA conference. “The term stuck and, abbreviated by the 
initials SRM, it has become ubiquitous in the literature” (Morton, 2016). 
38 In our terminological analysis of SRM, we have had to reconstruct the main practical aim of SRM taking it from the 
IPCC pre-AR6 glossary definition of geoengineering (see Table 2) because the IPCC AR6 glossary only captures part of 
the reconstructed scope of incoming and outgoing radiation (see Table 3). Solar radiation modification “refers to a range 
of radiation modification measures not related to greenhouse gas (GHG) mitigation that seek to limit global warming. 
Most methods involve reducing the amount of incoming solar radiation reaching the surface, but others also act on the 
longwave radiation budget [outgoing trapped radiation] by reducing optical thickness and cloud lifetime”. (IPCC [AR6, 
Glossary] 2021, edited). 
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mitigation, the reduction of greenhouse gas 
emissions, and more recently on addressing 

the impacts of climate change—
adaptation”39. 

 
Royal Society’s 2009 auxiliary definition of 
geoengineering. “Geoengineering proposals 

aim to intervene in the climate system by 
deliberately modifying the Earth’s energy 

balance to reduce increases of temperature 
and eventually stabilise temperature at a 

lower level than would otherwise be 
attained”40.  

management, or solar radiation 
modification, SRM) or (2) increase net 
carbon sinks from the atmosphere at a 

scale sufficiently large to 
alter climate (i.e., carbon dioxide removal, 

CDR). Scale and intent are of central 
importance. Two key characteristics of 
geoengineering methods of particular 
concern are that they use or affect the 
climate system (e.g., atmosphere, land, 
or ocean) globally or regionally and/or 

could have substantive unintended effects 
that cross national boundaries. 

Geoengineering is different from weather 
modification and ecological engineering, 

but the boundary can be unclear”41.  

Umbrella term and 
main categories 

Geoengineering. CDR & SRM are the “main 
groups”42 or categories united by the 

concept of energy balance.  

Geoengineering. CDR & SRM are “most, but 
not all”43 proposals. CDR & SRM are 

described separately. 

Main reference and 
aim 

Intentional action (not accidental, nor side 
effect, nor physical event) to counteract 

anthropogenic climate change 

Intentional action (not accidental, nor side 
effect, nor physical event) to alleviate the 

impacts of climate change 

Means of 
modification of 
Earth climate 

system 

Methods to modify planetary environment 
(Earth’s energy balance, not weather nor use 

on other planets) on a large-scale 

Methods and technologies to alter the 
climate system (not weather, nor use on 
other planets) on a scale large enough to 

alter the Earth’s climate system, globally or 
regionally 

 
The Royal Society’s 2009 principal definition of geoengineering can be regarded as a broad 

political definition. It aims to introduce a new tool within the accepted portfolio of actions to 
respond to climate change, together with mitigation and adaptation (see Table 2). This political 
nature is more explicitly stated when the Royal Society refers in 2009 to geoengineering as a 
“relatively new policy area”, in comparison to mitigation and the most recent adaptation, an area 
that is defined as with no or only few regulatory or governance frameworks in place aimed at 
controlling geoengineering activities. On the other hand, the auxiliary definition of “geoengineering 
proposals” that we identify with the means to modify the Earth climate system, seems to refer to 

 
39 Shepherd & WGGC (2009, p. 1), underlying added, edited. 
40 Shepherd & WGGC (2009, p. 6). 
41 IPCC (2012, p. 2), quoted in IPCC pre-AR6 glossary, underlying added, edited. 
42 Shepherd & WGGC (2009, p. 1). Note that the Royal Society in the Shepherd & WGGC (2009) report and others take 
a narrower scope of SRM than IPCC (2012), interpreting solar radiation literally, only including climate interventions of 
incoming solar radiation and not of outgoing radiation. However, the Royal Society (2025) report follows the same scope 
as the IPCC (2012) for SRM, including both incoming and outgoing radiation. See Annex 2.A. 
43 IPCC (2012, p. 2). 
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the broad set of interventions that fall within the principal definition for its technical and ethical 
evaluation. The IPCC (2012) definition of geoengineering seems to follow the blue-print of the Royal 
Society, combining the principal and auxiliary definitions and adding a few clarifications that are 
useful for our analysis.  

 
To avoid confusions in the different meanings of the term geoengineering we distinguish 

between three typical scopes of the neutral use of the term geoengineering found in the literature 
that we conventionally name as narrow, intermediate and wide scope (Figure 3, summarized in 
Annex 2.B). The most important scope in the authoritative reports is the narrow scope (e.g. 
Shepherd & WGGC, 2009; IPCC, 2012; IPCC, 2019) that focus on SRM & CDR as deliberate 
interventions to the Earth climate system.  
 
Figure 3. Typical narrow, intermediate and wide scopes of geoengineering neutral definition in dark 
blue plus upper and lower practical boundaries of planetary engineering and weather modification, 
typically out of the scope of geoengineering, in light blue. Any reference to “unintentional” 
geoengineering is improper relative to the definitions of IPCC and Royal Society (see Annex 2.B)44. 

     
 
 

We also identify other terms associated with geoengineering that refer to higher practical 

 
44 All over the document we use the terms “deliberate” and “intentional”, as well as “non-deliberate” and 
“unintentional” as synonyms respectively. 
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domains (e.g. planetary engineering) and lower ones (e.g. weather modification45) than those 
identified within the typical scope of the term geoengineering. This analysis is also required for the 
national and international authorities in charge of understanding or designing the ethics and 
governance systems, because any SRM intervention could also be repurposed, e.g. for planetary 
engineering (e.g. terraforming other planets or satellites (Symes, 2024b)) or weather modification 
(e.g. protecting urban populations during weeks of extreme heatwaves (Symes, 2024b)) (see Figure 
3)46. Repurposing works across domains, from interventions with a main aim of weather 
modification (e.g. protecting biodiversity such as coral reefs from extreme heatwaves) to SRM (e.g. 
alleviating climate change impacts for decades). This is shown by the exemplary case of the Great 
Barrier Reef Restoration and Adaptation Program (RRAP)47. This is a weather engineering research 
experiment of Marine Cloud Brightening (MCB) because of its primary aim, but with possibilities to 
repurpose its interventions as SRM to alleviate negative consequences of climate change48. The 
practical possibilities of repurposing SRM into planetary or weather engineering and vice versa, is 
accompanied by parallel practical possibilities of commercialization of these repurposed 
interventions that could work as enablers or barriers to responsible research of SRM. Hence the 
importance of the ethics and governance of SRM research of widening the lenses of democratic 
control of commercialization from an exclusive focus on SRM to one that accounts for the broader 
possibilities of commercial uses of such technology, whether by private or public agents (see EGE, 
2024).  

 
In the following section we focus on the terminological analysis of the term SRM and its 

ethical justification, one of the main two categories of geoengineering in its narrow scope. For a 
brief explanation of the abandonment of the term geoengineering in the current authoritative 
reports, see Annex 2.E. 

 
2. Terminological analysis of the current landscape of SRM and introductory ethical justification 

 
45 To understand the difference between weather modification, it is useful to introduce the technical distinction 
between climate and weather, which may not appear in all natural languages associated with different terms. As the 
IPCC AR6 glossary states “In a narrow sense, climate is usually defined as the average weather, or more rigorously as 
the statistical description in terms of the mean and variability of relevant quantities over a period of time ranging from 
months to thousands or millions of years. The classical period for averaging these variables is 30 years, as defined by 
the World Meteorological Organization (WMO). The relevant quantities are most often surface variables such as 
temperature, precipitation and wind. Climate in a wider sense is the state, including a statistical description, of the 
climate system.” (IPCC, 2021). 
46 The Advance Research and Invention Agency (ARIA), the governmental agency of the UK in charge of investing in 
breakthrough social and economic technological innovations, explicitly recognizes the possibility of repurposing SRM 
interventions as part of the research program Exploring Climate Cooling (Symes, 2023, 2024a, 2024b).  
47 https://gbrrestoration.org/ 
48 This is the description of the Royal Society “overview of publicly disclosed SRM field experiments” “Project: Great 
Barrier Reef Restoration and Adaptation Program (RRAP) (2020 – Present). Description: [...] This project has tested ship-
borne sea salt spraying devices to evaluate the potential of marine cloud brightening to protect the Great Barrier Reef. 
The first experiment was conducted in March 2020, and further work is ongoing” (Royal Society, 2025, p. 96, edited). 
We partly disagree to call RRAP an SRM field research experiment, but we understand the purpose of the simplification. 
It is a weather modification research experiment as it is stated in its main aim “using MCB sprayers with the aim of 
assessing the technology for protecting the coral from bleaching by oceanic heatwaves” (Royal Society 2025, p. 86) and 
the name locates it as part of an adaptation program.  
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2.1. Current terminological analysis of the concept of SRM for ethics and governance 
 

Our terminological analysis of the concept of SRM shows that in the most authoritative 
reports (e.g. Shepherd & WGGC, 2009; IPCC, 2012 quoted in IPCC, 2019; IPCC, 2021; COMEST, 2023; 
UNEP, 2023; EGE, 2024; Royal Society, 2025) and other relevant academic literature (e.g. Biermann 
et al., 2022; Parson et al., 2024) two umbrella terms solar radiation modification (SRM) and solar 
geoengineering (SG) are used with similar scope, solar geoengineering currently being the most 
popular in the media (Turner, 2025), and solar radiation modification the most used in the latest 
authoritative science-policy reports (e.g. IPCC, AR6; EGE, 2024; Royal Society, 2025). In turn, these 
umbrella terms abbreviations (SRM and SG) are expressed in different full forms with comparatively 
more neutral, negative and positive connotations (see columns 1-3, Table 3). We have also included 
a reconstructed main aim or end of the activity of SRM based on the IPCC (2012, quoted in 2019) 
glossary definition of geoengineering, a reconstructed full-scope of SRM that captures the means of 
intervention, as well as the main variables of modification in the Earth climate system that help to 
define the scope of what is understood as SRM in the literature (see columns 4-6, Table 3). Finally, 
we include the term climate cooling as a novel alternative to SRM and SG that is gaining popularity 
after the ARIA Exploring climate cooling research program, the most highly-funded SRM research 
program in history (ARIA, 2025; Turner, 2025). 

      
Table 3. Terminological analysis of SRM and SG umbrella terms: different names and connotations 
(neutral, negative, positive) but similar main aim, scope and variables of modification. 
 

Umbrell
a term   

Umbrella term  
(full form) 

Comparative 
connotation   

Reconstructed  
main aim 

(end) 

Reconstructed scope  
(means of modification) 

Variables of 
modification  

SRM Solar 
radiation 
modification 

Neutral49  Alleviate 
impacts of 
climate 
change 
including 
adverse 
outcomes for 
health and 
environment  
(see section 

Stratospheric aerosol 
injection (SAI), marine 
cloud brightening (MCB) 
(main categories) & other 
climate interventions (e.g. 
Cirrus Cloud Thining (CCT)) 
that significantly modify 
incoming solar radiation 
(short-wave radiation) or 
outgoing trapped 

(i) reflectivity: 
modification of 
reflectivity of 
surfaces 
(albedo); 
(ii) solar 
constant: 
modification of 
effective solar 
constant; 

Solar 
radiation 
management 

Negative53 

Sunlight 
reflection 
methods 

Positive54  

 
49 Royal Society (2025). 
53 Royal Society currently considers the term management more negative than modification and changed it from its 
2009 report. Following recent widespread practice, we use the same acronym (SRM) but refer to it as ‘Solar Radiation 
Modification’; ‘management’ might imply a degree of control that, given current understanding, is impossible.” (Royal 
Society, 2025, p.13). 
54 Turner (2025). 
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SG Solar 
geoengineeri
ng 

Neutral55 or 
negative56  

2.2 and Annex 
1, Box 1).50 

radiation (long-wave 
radiation) (see Annex 2.A), 
used as single 
interventions or in 
combination (“cocktail” 
SRM)51 during different 
stages of its potential life 
cycle (e.g. indoor & 
outdoor research, 
deployment, etc.) and at 
different scales (e.g. small, 
large) (see Annex 2.C) 

(iii) emissivity: 
modification of 
effective 
emissivity of the 
atmosphere.52 
(see Annex 2.A)  

Solar Geo Positive57 

CC Climate 
cooling 

Positive58 

 
At the very least, the legitimate representatives of affected stakeholders, including humans, 

non-human animals and non-human entities and future generations (EGE, 2024), have to 
understand what SRM is to make any meaningful decision (EGE, 2024)59. Also, as noted with the 
term geoengineering, different umbrella terms used in the literature with different purposes carry 
different connotations and function as neutral, negative or positive attitudinal markers (Jamieson, 
1996). This terminological analysis carries some limits, but if useful, more systematic reviews and 
empirical studies should be conducted to correct or validate our findings. 

      
2.2. Ethical justification and SRM main aim 
 

This Report considers that one of the most fundamental ethical questions that should 
structure debate of SRM ethics and governance is, “Why should we do SRM, if at all?” which is, 
within an aims-based approach, equivalent to the question, “What is the main aim of doing SRM?”. 
First, defining the practical main aim limits the range of ethically permissible (e.g. the non-
commercial or commercial use of SRM to alleviate climate change impacts) or impermissible actions 
(e.g., unilateral, military or hostile use of SRM). Second, an aims-based approach requires 
articulation with other important ends within SRM (e.g. research, deployment, monitoring) and 
between SRM and other actions (e.g. cutting emissions, CDR, adaptation). For example, typically the 
practical main aim of SRM research is to contribute to generalizable knowledge or resolve 

 
55The Alliance for Just Deliberation on Solar Geoengineering (DSG)(2025), NASEM (2021). 
56 Biermann et al. (2022). 
50  Typically as a potential part of a portfolio of other responses (e.g. cutting emissions, CDR, adaptation, etc.) (e.g. 
Shepherd & WGGC, 2009, IPCC, 2012:2, Royal Society, 2025). 
51 There is a limited scientific literature that study multiple interventions also known as “cocktail geoengineering”, for 
example the combination of two short-wave radiation interventions (MCB + SAI) (Cao et al., 2017) or a combination of 
short- and long-wave interventions (SAI + CCT) (Boucher et al., 2017). 
52 Symes (2024a). 
57  SolarGeo (2025). 
58 ARIA (2025). 
59 This is captured in EGE (2024) with the ideas of “democratic control” and SRM as an intervention in the “global 
common good: a resource that serves the collective interests of humanity and which cannot be claimed or owned by 
any single entity” (EGE, 2024, p.21) of the “planetary environment” or Earth climate system. Democratic governance of 
SRM presupposes that at least the legitimate representatives of those affected by SRM understand what it is and what 
are the consequences of including SRM or not in the response portfolio to climate change impacts.  
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uncertainties about different uses or non-uses. Different types of SRM research are captured by 
different stages of the SRM climate interventions’ life cycle (see Annex 2.C where we present EGE’s 
four stages of SRM governance). However, the practical main aim of potential deployment of SRM 
is alleviating impacts of climate change, including adverse outcomes for health and environment. 

 
As mentioned above, military or hostile use of SRM also falls within the discussion about SRM 

practical aims. In principle, there is a broad agreement in the literature of SRM ethics and 
governance that military or hostile aims should be ruled out both as the main aim of SRM or as 
secondary aims (EGE, 2024). However, the question remains: if SRM research is ethically permissible, 
how can we govern an intervention with potential “dual-uses” (EGE, 2024; Royal Society, 2025) and 
significant geopolitical (EGE, 2024) or security dimensions (Corry et al., 2024). To responsibly 
determine what the practical main aim of SRM is (if any) presupposes and requires an explicit ethical 
justification as discussed in the following section. 

 
2.3. Ethical justification of SRM research and deployment: an overview 
 

Before asking what the ethics and governance of SRM research principles are (see Chapter 
5), we first require a general justification of its ethical permissibility or a “positive case” for SRM 
deployment (Jamieson, 1996). That is, before asking about SRM research principles, we should ask 
three basic questions. First, a technical question, namely, is SRM a potential effective means to 
alleviate climate change impacts? Second, if technically possible, is SRM ethically permissible? Third, 
if ethically permissible, what would be its role in the response portfolio of actions to climate change?  

 
The main authoritative reports consider that SRM deployment is technically feasible and that 

SRM research is ethically permissible if conducted according to appropriate principles of ethics and 
governance (e.g. COMEST, 2023; EGE, 2024; Royal Society, 2025). To the third question about the 
role of SRM within the action portfolio of responses to climate change, most authoritative sources 
follow the current IPCC AR6 position: that SRM may be an ethically permissible option in the future 
if the risks associated with SRM deployment are considered smaller than the risks of climate change 
without SRM (Royal Society, 2025, p. 103). They also clarify that, in any case, it should not be the 
main policy or action in the portfolio to respond to climate change. And if ever to be deployed, it 
would be at best a supplement to the main mitigation actions of GHGs, mainly, cutting emission and 
CDR (e.g. IPCC, 2021; Royal Society, 2025). We will regard this as the general position of ethically 
permissible SRM research now and a potential lesser of two evils in the future (e.g. Jamieson, 1996; 
Shepherd & WGGC, 2009; Royal Society, 2025). For a more in depth analysis of ethical justifications 
see Annex 2.D. 

 
This position contrasts with two extreme positions. On the one extreme, those who defend 

a “non-use” position to SRM. They regard SRM should be prohibited including research, small-scale 
outdoor research, large-scale experiments and deployment (Biermann et al., 2022), so they assign 
no role to SRM in the climate portfolio and consider it a distraction from core actions: cutting 
emissions and adaptation (see discussion on mitigation deterrence, Chapter 1, section 1.5). They 
recognize key risks of SRM including higher uncertainties of climate modification at regional level, 
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security and militarization issues, and the problem of establishing sufficient level of evidence 
required, if any, before deployment for such experimental interventions. However, they contend 
that the main reason is the ungovernability of SRM in the current political system assuming effective 
global participation, inclusiveness and justice.60 To put it more bluntly, those who advocate a ban 
on SRM research believe that introducing SRM will make things worse, not better (Geoengineering 
Monitor, 2025).61 Defenders of this position includes exemplary cases of countries’ proposal of 
“non-use” of SRM at the 6th United Nations Environment Assembly (UNEA-6) (Biermann & Gupta, 
2024), and Mexico’s announcement of a ban to all SRM experimentation (Biermann, 2023, Carabajal 
et al., 2025). These exemplary cases are closely related to the academic proposal of “non-use 
agreement” (NUA) to ban SRM (Biermann et al., 2022).  

 
On the other extreme are those who defend an SRM deployment now (instead of a future 

possibility) as the best ethical alternative at hand in spite of the uncertainties and known risks. An 
example of this position is the US startup Make Sunsets, and its commercialization project of cooling 
credits based on stratospheric aerosol injection, which would amount to a small-scale non-research 
experiment of SRM deployment according to our definition of SRM (see Table 3, and Carabajal et 
al., 2025). Make Sunsets’s  ethical position could be described as direct action. They usually combine 
it with a critical view of academic research and government involvement (Carabajal et al., 2025).  

 
2.4. Fundamental values for ethics and governance of SRM research  

  
In this section we present a brief overview of fundamental values of ethics and governance 

of SRM. Technical authoritative reports on SRM (e.g. Royal Society, 2025) intendedly and explicitly 
simplify the discussion on ethics and governance of SRM research and mainly focus on ethical and/or 
governance principles, typically with the aim to operationalize them.  

 
In Chapters 5 and 7, we perform a more detailed analysis of principles and ways to govern 

SRM, and their relationship to health.       
 
 
 
 
 
 
 
 
 
 

 
60 According to the authors SRM “is impossible to govern fairly and effectively in the current international political 
system, under assumptions of effective global participation, inclusiveness, and justice.” (Biermann et al., 2022, p. 3). 
61 “The bottom line: geoengineering techniques do nothing to address the root causes of climate change, and evidence 
points to a high likelihood that rather than improving the climate, they would make things worse—potentially in 
catastrophic fashion.” (Geoengineering monitor, 2025). 
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Table 4. EGE’s (2024) fundamental values62 of SRM ethics and governance 
 

Substantive Justice  Justice. SRM raises questions of equity and solidarity, distributive, 
procedural, epistemic and rectificatory (corrective) justice. Distributive 
justice includes intergenerational justice and consideration of interest of 
non-human nature63. Distributive justice aims to prevent individual or 
group agents from taking more of the good or less of the bad aspects of 
SRM in its life cycle including risk and potential benefits distribution. 

Inclusion  Inclusion. Particularly, in the form of participation in decisionmaking 
processes (valuing public participation)64.  Inclusion in the decision making 
process aims to prevent capture from interest groups including industry, 
researchers, climate activists, developed countries or any individual or 
group agents that could be able to manipulate the design of ethics and 
governance of SRM to their specific interest instead of the common good 
(see Chapter 6 on public engagement of this report) 

Reciprocal 
relationship 

Justice and inclusion are reciprocal and mutually reinforcing because 
justice requires inclusion and inclusion promotes justice65. 

Procedural Transparency Transparency at the level of scientific research into SRM. Includes 
initiatives that are explicitly labelled or not as SRM, transparency in 
communicating research objective, processes, results (positive and 
negative or null), funding, conflicts of interests, recognition of 
uncertainties regarding findings66.  

Transparency at the level of political communication with civil society on 
SRM research (and eventual deployment). Includes the groups involved 
and specific interests, strategies implemented and their rationale, avoiding 
manipulation and guaranteeing integrity of information67.   

Accountability Accountability attribution. Includes, recognizing liability, including legal 
liability, setting suitable penalties and compensation mechanisms, 
responsibility towards wider society in space and time, compliance with 
rule of law and global justice, fair sharing of risks and benefits, due process 
for large scale deployment68.  

Reciprocal 
relationship 

Transparency and accountability are reciprocal because it is not possible to 
attribute responsibility without knowing basic facts69. They also are 
procedural standards to minimize biases and errors to create a legitimate 
decision making process. 

 
 

62 Here we will use the term values, following the Oxford Principles for geoengineering (Rayner et al., 2013), rather than 
the term ethical principles that is used in the EGE’s (2024) opinion, to distinguish the broader and foundational category 
from the ethical and governance principles analyzed in Chapters 5 and 7.  
63 EGE (2024, pp. 30-31). 
64 EGE (2024, p. 31). 
65 EGE (2024, p. 31). 
66 EGE (2024, pp. 29-30). 
67 EGE (2024, pp. 29-30). 
68 EGE (2024, p. 30). 
69 EGE (2024, p. 30). 
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Our reconstruction of EGE’s position is just one of many possible systematizations of such 
fundamental values. The richer and deeper our understanding of these fundamental values, the 
more conceptual resources responsible agents will have to deal with operationalization of ethics 
and governance of SRM. One potential contribution from practical philosophy to the richer and 
deeper understanding of these fundamental values will certainly come from extending 
contemporary theories of justice in the case of SRM research analogous with biomedical research 
ethics (e.g. London, 2022; Miller, 2025). 
 
3. Final considerations 
 

In this chapter we aimed to introduce a terminological analysis inspired by the methodology 
of “rectification of terms” (Jamieson, 2014). We believe that terminological analysis should be the 
first logical step of ethics and governance of SRM, which should be continued as the evidence and 
terms that refer to SRM evolve. We identified three general positions: the middle ground is that 
SRM research is ethically permissible now, and deployment would be ethical as a potential lesser of 
two evils in the future (e.g. Jamieson, 1996; Shepherd & WGGC, 2009; Royal Society, 2025). The two 
extremes are the non-use (neither research nor deployment are permissible now or in the future) 
or direct action (SRM deployment is ethically necessary now). This was presented as an introductory 
ethical justification of SRM to capture very broad lines and ideas that might be lost in the technical 
details and complexity of the subject.  
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Part II. The SRM—health nexus 
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Chapter 3. Bibliographical review: the possible health impacts of SRM70  

 
Introduction 
 

This chapter provides an overview of the existing academic literature addressing the 
relationship between Solar Radiation Modification (SRM) and human health. As research on SRM 
continues to expand, studies touching on its potential health implications have increased in number 
but remain dispersed across different disciplines and methodological approaches. This review aims 
to map, organize, and synthesize that body of work. 

 
Section 1 describes the methods used to identify relevant publications, including narrative 

and rapid review strategies, searches in academic databases, the use of a specialized database from 
the Degrees Initiative, and contributions from field experts. Section 2 outlines how the initial corpus 
was refined through inclusion and exclusion criteria and how the final selection of texts was 
consolidated. Section 3 presents the main characteristics and thematic patterns of the reviewed 
literature, examining who conducts this research, the institutional and funding landscapes that 
support it, and the substantive issues addressed. These include aerosol-related health effects,  
temperature-driven impacts and changes in UV radiation, air quality, and ozone dynamics. 

 
This review synthesizes the available evidence and maps current research gaps and thus 

provides a foundation for understanding how SRM might affect human health.  

1. Methods 

 
To examine the current state of the literature on the subject with methodological rigor, a 

narrative and rapid review were undertaken. This process entailed the identification, critical 
appraisal, and synthesis of peer-reviewed publications relevant to the intersection of Solar Radiation 
Modification (SRM) and human health. The literature search was conducted using three 
complementary strategies: first, general academic search engines—including PubMed and Google 
Scholar—were employed to capture a broad spectrum of scientific output; second, a specialized 
database from Degrees Initiative71 was used to refine the search within the thematic scope of the 
study; third a curated selection of key texts recommended by leading experts in the field. 

 
Eligibility for inclusion was determined by the material’s relevance to SRM and health-related 

issues, also by inclusion and exclusion criteria (Table 5). Following selection, all texts were 
systematically coded based on the specific sub themes they addressed. This coding process 
facilitated the thematic organization and analytical comparison of the literature corpus. Following 
the initial broad selection, a screening process was conducted to refine the corpus and determine 
the final set of texts subjected to in-depth analysis. 

 
70 Main contributors: Marco Agustoni, María Florencia Santi and Inés Camilloni.  
71 The Degrees Initiative is an Non-Governmental Organization (NGO) dedicated to building the capacity of developing 
countries to evaluate solar radiation modification or solar geoengineering. See: https://www.degrees.ngo/  
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1.1. Narrative review: Degree’s database and expert-selected texts 
 
 Considering the emergent stage of this research area, coupled with the conceptual and 
argumentative diversity present in the existing literature, undertaking a systematic review was 
deemed methodologically inappropriate (systematic reviews are typically extensive and designed to 
deliver comprehensive and exhaustive syntheses). Due to the temporal constraints of the project, a 
rapid review was identified as the most suitable approach for generating timely and relevant 
evidence72. 

The database73 provided focuses on solar radiation modification from ethical and 
philosophical perspectives. It contains 247 documents, including academic and grey literature (e.g. 
articles, chapters, books and reports), as well as web pages. This database serves to contextualise 
the research problem, but does not provide any specific articles on the intersection of SRM and its 
human health effects. 

In addition to the database, expert contributions were asked to identify literature that might 
have been overlooked. These expert-selected materials74 were incorporated into the broader review 
to enhance its completeness and ensure a more comprehensive coverage of the field. 

 1.2. Bibliographic review and selection 
 

The bibliographic review was carried out using two academic search engines: PubMed and 
Google Scholar. The results of these searches are presented in Tables 3.1 and 3.2 from the Annex, 
respectively. Each table outlines the search terms used, the number of results retrieved, their 
thematic relevance, and whether they were included in the first corpus. 

 
These searches were designed to ensure a comprehensive and diverse set of sources, 

reflecting both biomedical and interdisciplinary perspectives on the intersection between SRM, 
health, and related climate change issues. The selection process emphasized transparency and 
replicability: search terms were chosen based on their relevance to the research questions, and 
results were evaluated systematically. 

 
Following this initial review based on a predefined set of keyword strings, a second search 

was conducted using an expanded set of terms, from July 2025. This subsequent search was 
informed by expert review and aimed at addressing potential omissions or limitations identified in 
the first round of results. The new keywords and their corresponding search results are also 

 
72 This form of review prioritizes interpretative analysis and critical appraisal, seeking to enhance conceptual clarity and 
deepen understanding of the subject under consideration (Sukhera, 2022). 
73 The database was provided by Jesse Reynolds, Chief of Staff at the Degrees Initiative. 
74 Inés Camilloni, Ph.D. in atmospheric sciences, provided an article that had not appeared in the initial search. Timothy 
Daly, Ph.D. in philosophy, contributed another such article, and Lili Xia, Ph.D. in atmospheric sciences, also provided 
relevant texts. We thank the experts for their contributions, especially to Lili Xia who shared with us an overview of 
several articles. 
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documented in the tables that follow (Table 5), allowing for a transparent comparison across the 
different phases of corpus construction. 

 
Since Google Scholar does not support complex Boolean operators, truncation, or grouping 

with parentheses as in PubMed, the search strategy had to be simplified. Key terms and exact 
phrases most representative of the topic were prioritized to ensure the functionality and relevance 
of the results. This adaptation preserves the thematic coherence of the original search, albeit with 
reduced technical specificity due to platform limitations. 

 
In this first selection phase inclusion and exclusion criteria were applied, in both searches, 

these are summarized below in Table 5. These criteria were essential for filtering out non-relevant 
material and ensuring that the final selection of texts would support a meaningful analysis of the 
connections between SRM and health. 

 
The subsequent section details how the initial corpus of texts was coded and refined through 

a second round of screening. 

2. Consolidating the literature base 

 
 Following the rapid review, the expert-selected texts, and the Degree Initiative’s database 

search, a lead sheet was created with 72 texts identified as potentially relevant based on their 
abstracts and an initial review. This selection was coded according to the following categories: 
relevance, title, author, focus on geoengineering, focus on health, analysis/observation, year of 
publication, DOI, publisher, and additional comments. Many of these texts addressed either 
geoengineering or health individually; only a few engaged with both topics simultaneously. One of 
the core inclusion/exclusion criteria was the requirement that selected materials explicitly address 
the intersection between these two themes. After applying this second level of filtering, only 17 
texts were ultimately selected for in-depth analysis and will be presented in the “Literature Analysis" 
section. 

 
It should be noted that the inclusion criteria were deliberately expanded in certain cases to 

accommodate texts that explored the relationship between climate change and health in broader 
terms. This broadening aimed to enhance the depth of the analysis. 

2.1. Inclusion and exclusion criteria 
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Table 5. Inclusion/exclusion criteria for the first selection review 

Categories Inclusion Criteria Exclusion Criteria 

Language English / Spanish All other languages 

Topic ● Intersectional analysis of 
geoengineering, SRM or SAI, and 
their health-related implications 
for the Global South. 

● Intersectional analysis between 
geoengineering and human health 
effects: 

- Geoengineering as Solar 
Radiation Modification 
(SRM), Stratospheric 
Aerosol Injection (SAI), 
climate intervention, 
reflective particles. 

- Mental health, public 
health, human health, etc. 

● Broad overview of climate 
change impacts, 
geoengineering approaches, 
and health-related issues. 

Literature 
type 

● Academic literature. 
● Peer reviewed articles, review 

articles, book chapters. 
 

● Inaccessible documents or 
preprints. 

● Grey literature as: 
- News articles, blogs, 

Institutional 
material, workshop 
and conference 
presentations. 

 

2.2. Limitations 

During the literature review process, only a limited number of studies were found that 
explicitly addressed the intersection between SRM and health-related issues. As will be further 
developed in the following section, this lack of specific literature led to a partial reconsideration and 
loosening of the initial inclusion criteria in order to expand the analytical corpus. In this context, we 
chose to include works that maintained a focus on SRM and health, while also offering relevant 
insights from Global South contexts. This decision allowed for a broader range of sources and 
enriched the analysis by incorporating critical and situated perspectives. 

3. Analysis: academic literature reviewed 

The literature reviewed in this study consists exclusively of peer-reviewed articles identified 
through systematic database searches and complemented by contributions from our professional 
networks. The median publication year of the selected papers is 2021, with the corpus spanning 
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from 2016 to March 2025. This distribution reflects a marked intensification of scholarly attention 
to SRM—particularly Stratospheric Aerosol Injection (SAI)—and its potential health impacts in 
recent years, despite the fact that these issues have been discussed for several decades in scientific 
and policy debates. 

3.1 Researchers 

To better understand who is driving research on SAI and its potential health implications—
as well as the motivations and backgrounds shaping these efforts—we analyzed the nationalities of 
the authors represented in our corpus. Author nationality was determined using the nationality of 
their institutional affiliation as a proxy, or, when available, the author’s self-declared nationality. 

The analysis reveals a striking geographic imbalance: researchers from the Global North 
represent approximately 77% of the total, while only 23% are affiliated with institutions in the Global 
South. Of the 74 authors identified, 55% are based in the United States, reflecting the significant 
funding and institutional support that SAI research receives from U.S. sources, as we will discuss 
later. Authors affiliated with European Union institutions account for an additional 22%. 

Within the Global South, the majority of authors are located in the developing Asia–Pacific 
region (16%), with Chinese researchers comprising roughly half of that group (8%). African 
researchers constitute around 5% of the total, mainly from South Africa, with one author from Côte 
d’Ivoire. Notably, no authors affiliated with institutions in Latin America or the Caribbean were 
identified in the corpus. 

3.2 Institutions, support and funding 

Another critical dimension of SAI and SRM research concerns the institutional and financial 
support that enables these studies. Our analysis indicates that funding is concentrated in a small 
number of specialized research programs and leading academic institutions. 

Among dedicated funding programs, the DECIMALS Fund (Developing Country Impacts 
Modelling Analysis for SRM), renamed in 2022 as the Degrees Modelling Fund (DMF), financed five 
studies in our corpus. The U.S. National Science Foundation (NSF) supported three studies, while 
China’s National Key Science Program for Global Change funded two additional studies. Other 
funding sources included the Simons Foundation and Silver Lining. 

Universities also play a significant role in supporting this research. Harvard University 
contributed support for two studies, while the University of Michigan, the University of Thessaloniki 
(Greece), and the University of Amsterdam were also notable contributors. This pattern highlights 
the concentration of resources in leading research institutions, primarily in the Global North, which 
aligns with the observed author distribution. 

3.3 Analysis: themes, concepts and patterns 
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It is important to clarify that, for the purposes of this analysis, our focus lies specifically on 
the potential effects that could result from the actual interventions of this technology, as well as 
those that can already be inferred from the characteristics of its proposed aerosol candidates 
components. This focus intentionally moves beyond potential changes in variables exogenous to the 
intervention itself. The primary objective is to address the potential health impacts directly 
associated with the interventions of SRM in the form of SAI, rather than the broader health 
consequences of climate change that might otherwise be examined within a risk–risk analytical 
framework. Although both issues are closely interrelated, this review seeks to delimit its scope to 
the existing body of literature situated at the intersection between SAI (as a SRM strategy) and 
human health. 

When analyzing the bibliographic corpus, we found that the selected texts approach the 
topic in a wide variety of ways. Some focus on direct health impacts of the particles that might be 
used, while others examine potential health effects inferred through modeling—an aspect we will 
elaborate on in the next section. Still others conduct comparative assessments, including risk–risk, 
risk–benefit, or trade-off analyses. Notably, only one of the papers explicitly aims to provide an 
overview of the various pathways through which SAI might affect global public health (Tracy et al., 
2022). 

It should be noted that many of the studies address more than one of these perspectives 
simultaneously. For example, some combine the discussion of direct health impacts with broader 
reflections on risk or risk analysis, while others adopt a review-oriented approach exploring possible 
beneficial trade-offs between SAI and health from a more general standpoint. 

To facilitate the presentation of results, we organized the papers into thematic clusters 
according to the issues they address or the analytical frameworks they employ. This grouping also 
reflects the fact that many of the authors engage in dialogue with each other, referencing or building 
upon the perspectives and conclusions of their peers. The main thematic categories identified are: 

1. Direct or potential impacts of aerosols on human health. 
2. Potential impacts of temperature changes—including temperature related mortality, 

vector-borne diseases, effects on the hydrological cycle and others. 
3. Effects on solar ultraviolet (UV) radiation, air quality and ozone dynamics. 

We acknowledge that several topics we and other authors consider highly relevant are 
notably absent from this grouping—such as the health impacts of cooling in cold and low-income 
regions, potential effects on drinking water supply, or on biogeochemical cycling. These omissions 
reflect the specific areas of focus chosen by the authors of the reviewed studies, rather than 
deliberate exclusions within our own analysis. Before proceeding, however, it is important to clarify 
the types of modeling approaches used in the projections presented in several of the reviewed 
papers. 

3.3.1 Climate modelling and projections 
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To contextualize these modeling approaches, it is useful to briefly outline the climate-
modeling frameworks that underpin much of the current research on SRM in the form of SAI. These 
computer-based climate models provide the primary source of evidence for evaluating the 
feasibility, risks, benefits, and potential unintended consequences of SRM, enabling comparisons 
between a hypothetical SAI world and a non-SAI world. 

 
Extensive research is underway in the scientific community to understand the feasibility, 

risks, benefits, and potential negative consequences of SRM strategies to reduce surface 
temperatures. The primary source of evidence for the effect of SRM comes from computer-based 
climate models, which represent a subset of the same models used in Intergovernmental Panel on 
Climate Change (IPCC) projections of future climate change, and allow us to assess climate outcomes 
in a potential SAI versus non-SAI world. Insights from real-world events, such as volcanic eruptions, 
support these models.  

 
Numerous climate modelling initiatives, such as the Geoengineering Model Intercomparison 

Project (GeoMIP) (Kravitz et al., 2011, 2015), the Stratospheric Aerosol Geoengineering Large 
Ensemble (GLENS) (Tilmes et al., 2018) and the Assessing Responses and Impacts of Solar climate 
intervention on the Earth system with Stratospheric Aerosol Injection (ARISE-SAI) (Richter et al., 
2022) have used global climate models (GCMs) to simulate various SRM strategies. These GCMs 
datasets are publicly available (access details can be found in the cited papers) and provide a 
consistent experimental framework for assessing the potential impacts of SRM (see Table 6).  

 
Table 6. Some examples of computer-based climate models 

 Models Inputs Targets Methods 

 
GeoMIP 6 

 

Multi-model 
Intercomparison 

Project  
(6 GCMs) 

High GH emissions 
(SSP5-8.5) 

 

Medium Emission 
(match SSP2-4.5) 

Solar Dimming & 
Sulfur Injection  

(4 Latitude) 

 
GLENS 

Single Model  
(20 Ensemble 

members) 
 

High GH emissions 
(RCP-8.5) 

 

Maintain 2020 
temperatures  

 SO₂ Injection  
(4 Latitudes and 1 

Longitude) 

 
ARISE-SAI 

 

Single Model  
(10 Ensemble 

members) 

Medium GH 
Emissions (SSP2-

4.5) 

Maintain 1.5 °C 
above Pre-

industrial levels 
 

Stratospheric Aerosol 
Injection (4 Latitude) 

 
 
The GeoMIP project started with four experiments that simulated the potential impacts of 

solar dimming (G1 and G2) and stratospheric aerosol injection (G3 and G4) on the Earth's climate 
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system and subsequently evolved into more rigorous and comprehensive experiments known as 
G6solar and G6sulfur in GeoMIP6. In GeoMIP6, SRM is simulated by six different global climate 
models (CESM2-WACCM , CNRM-ESM2-1, IPSL-CM6A-LR, MPI-ESM1-2-HR, MPI-ESM1-2-LR  and 
UKESM1-0-LL) either by reducing the solar constant (G6solar) or through the injection of 
stratospheric sulfur aerosols (G6sulfur) with a target of reducing global mean temperature under 
the high-emission SSP5-8.5 scenario to meet the global mean temperature projected by the 
intermediate SSP2-4.5 scenario. The purpose of the GeoMIP experiments is to evaluate the 
associated responses, for different systems and sectors, of a climate similar to the target (e.g. SSP2-
4.5) achieved through SRM rather than by reducing greenhouse gas emissions. 

 
The GLENS project includes a suite of simulations made with the NCAR Community Earth 

System Model using the Whole Atmosphere Community Climate Model CESM1 (WACCM) as its 
atmospheric component.  The simulations consist of simultaneous injection of sulfur dioxide (SO2) 
into the stratosphere at four locations, 30◦S, 15◦S, 15◦N, and 30◦N at 180◦E and at an altitude around 
5 km above the climatological tropopause height at the injection latitudes. The goal of the GLENS 
geoengineering simulations is to maintain the global mean surface temperature and the 
interhemispheric and equator to pole surface temperature gradients at 2020 levels over the period 
2020–2099 under the high GHG emission scenario RCP8.5. 

 
 The ARISE-SAI project is a set of 10-member ensemble simulations with the Community 

Earth System Model version 2 (CESM2). The simulations called ARISE-SAI-1.5 model the introduction 
of stratospheric aerosol injection at four injection locations (15°S, 15°N, 30°S, 30°N) at 180° 
longitude and an altitude of ~21 km in the year 2035 to keep the global mean surface air 
temperature near 1.5°C above the pre-industrial value in combination with the SSP2-4.5 emissions 
scenario. ARISE-SAI-1.5 simulations commence in 2035 with a target of maintaining global surface 
temperatures at 1.5°C above pre-industrial levels. The ARISE-SAI-1.5 simulations are more realistic 
than other SAI experiments that run under a no-mitigation high emissions scenario.  
 
3.3.2  Thematic analysis 
 

● Direct or potential impacts of aerosols on human health. 
 

When analyzing the potential health impacts of SRM through SAI, it is necessary to consider 
the effects of the materials that compose the aerosols proposed for injection. Authors such as 
Effiong and Neitzel examine the available information on these materials—the potential candidates 
for SAI—and their implications for human health as sulfur dioxide, sulfuric acid, hydrogen sulfide, 
carbonyl sulfide, black carbon, aluminum compounds and barium compounds. Similarly, Ghirga 
(2025) explores the possible mental health impacts of aluminum oxide, a proposed substitute for 
sulfate aerosols. 

 
Although injection would take place in the stratosphere on continuous and prolonged 

exposure over the years, it is expected that, over time, the injected particles would eventually settle 
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back to the surface (Eastham et al., 2018b). As Effiong and Neitzel note, “due to atmospheric 
circulation and gravitational deposition, large-scale population exposures to atmospherically 
injected SRM materials will almost certainly occur after their deployment” (Effiong & Neitzel, 2016, 
p. 3). This underscores the need to assess not only the intended climatic effects of SAI but also the 
potential toxicological consequences and overall risk-benefit profile to health and ecosystems 
associated with prolonged or widespread exposure to each of these different candidate substances. 

 
The magnitude of such impacts would obviously depend on the quantities involved. In this 

regard, Effiong and Neitzel (2016) acknowledge inconsistencies between established exposure limits 
for occupational and community settings. Nevertheless, drawing on available toxicological and 
epidemiological data, they identify potential hazards associated with the materials most frequently 
considered for SAI. Potential SRM aerosols show evidence of respiratory, cardiovascular, and 
neurological effects on human health, and many also exhibit hematological, dermal, reproductive, 
and other systemic impacts—except for barium titanate, for which data were insufficient (Ghirga, 
2025; Tracy et al., 2022; Effiong & Neitzel, 2016). 

 
In the same line of analysis, Ghirga asserts that the existing literature clearly links elevated 

aluminum levels in the central nervous system to the development of Alzheimer’s disease, multiple 
sclerosis, and Parkinson’s disease. He further raises concern about the environmental amplification 
of such risks, emphasizing that one of the greatest current environmental threats to health is air 
pollution. In this regard, he recalls that “in 2019, 99% of the world’s population was living in places 
where the World Health Organization air quality guideline levels were not met” (Ghirga, 2025, p. 3), 
and that ambient outdoor air pollution was estimated to have caused 4.2 million premature deaths 
worldwide that same year—89% of which occurred in low- and middle-income countries. In this 
context, the prospect of increased risk resulting from the deployment of aluminum oxide becomes 
particularly concerning. 

 

● Potential impacts of temperature changes—including temperature related mortality, 
vector-borne diseases, effects on the hydrological cycle and others. 

Temperature-attributable mortality is one of the most widely examined health issues related 
to SAI—and one of the most frequently discussed topics in the reviewed corpus. As Harding (2024) 
notes, a central concern is the uneven distribution of temperature-related impacts. While some 
regions may experience reductions in heat-related mortality under SAI scenarios, others may face 
heightened risks. Such uneven distributions extend to multiple temperature-sensitive phenomena, 
including the geographic expansion of vector-borne diseases (Carlson et al., 2022; Hussein et al., 
2024), alterations in the hydrological cycle, and changes in the frequency or severity of extreme 
weather events (Tracy et al., 2022; Obahoundje et al., 2023; Kuswanto et al. 2022; Wang et al. 2023; 
Patel et al., 2023; Harding et al., 2024). 

The net effects of SAI on public health are therefore highly context-dependent, varying 
across regions, populations, and socioeconomic conditions. Assessments of potential health impacts 
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must account not only for aggregate global effects but also for spatial and social inequities, which 
require regionally specific analyses. 

Recent regional modeling and analysis efforts—many supported by the Degrees/DECIMALS 
initiative—provide valuable insights into these dynamics. Within our corpus as seen before, studies 
focus only in two regions of the Global South: Africa (Obahoundje et al., 2023; Patel et al., 2023) and 
the developing Asia–Pacific region (Kuswanto et al., 2022; Wang et al. 2023). The studies vary 
considerably in focus and methodological approach. 

For instance, Wang et al. (2024) analyzed various scenarios (SAI-G4, RCP4.5, RCP8.5, and a 
1980s baseline) for Beijing, finding that SAI under G475 would reduce heat-related excess deaths of 

the elderly (over 65s) relative to the emission scenarios RCP4.5 and RCP8.5 while increasing cold-
related mortality in comparison with both scenarios. They concluded that the net effect on mortality 
of SAI vs the RCP4.5 scenario is relatively small, but emphasized that in aging populations overall 
mortality effects would be amplified: “[a]ging societies are already common, and the rest of the 
Global South will follow the trend in the next few decades. These demographics will greatly amplify 
both the heat-related mortality and cold-related mortality rates” (Wang et al., 2024, 13). 

In the Indonesian Maritime Continent, Kuswanto et al. (2022) report that SAI impacts diverge 
from general expectations of reduced humidity and rainfall due to local territorial characteristics. 
These findings suggest that SAI could be particularly beneficial in mitigating climate-driven increases 
in wildfires and droughts, addressing region-specific challenges in Indonesia. 

Similarly, Obahoundje et al. (2023) analyzed Africa by subdividing it into four regions and 
comparing G4 and RCP4.5 scenarios. While the regional impacts vary, SAI’s cooling of continental 
surfaces is projected to increase the co-occurrence of dry events across all seasons, raising 
vulnerability to compound climate extremes. The authors further note that these changes could 
negatively affect multiple sectors, including agriculture, food security, water resources, energy, 
health, socioeconomics, and politics. 

Patel et al. (2023) provide a more localized example for South Africa, using the GLENS 
simulation76. Their projections indicate both positive and negative effects of SAI: reductions in heat-
related mortality and extreme heat events are anticipated, but drought severity may increase by a 
factor of three to six in some regions. 

While these studies provide a detailed regional view, global-scale analyses offer 
complementary insights. Harding et al. (2024), assessing the impact of SRM on temperature-
attributable mortality at a global scale, acknowledge substantial regional heterogeneity in 
outcomes. In their analysis, the Global South as a whole would tend to benefit from the cooling 
produced by SRM; however, they caution that quantitative risk–risk assessments cannot, on their 

 
75 One of the computer based models with SAI. See section 3.3.1. 
76 See Table 2. 
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own, serve as a sufficient basis for deployment decisions. This highlights a common trade-off: 
generalizing from global averages may obscure locally important effects. 

Carlson et al. (2022) show that SAI strategies designed to offset warming do not guarantee 
uniform health benefits and may generate regional trade-offs within the Global South. One such 
example is malaria transmission: using a temperature-based malaria transmission function (R₀), 
Carlson et al. predict that SAI could reduce malaria risk in high-altitude regions of East Africa while 
increasing it in low-lying areas of West Africa and South Asia, demonstrating clear regional 
disparities in health outcomes. 

Together, these global and regional studies underscore the complex, uneven, and context-
dependent nature of SRM’s potential impacts on temperature-related health outcomes, 
emphasizing the need for both high-resolution regional assessments and consideration of global-
scale patterns. 

● Effects on solar ultraviolet (UV) radiation, air quality and ozone dynamics. 

Building on previous research into the public-health impacts of SAI, as discussed in Effiong 
and Neitzel (2016), Eastham et al. (2018b) conducted a quantitative assessment that incorporates 
epidemiological evidence to estimate how global mortality rates could be influenced by changes in 
air quality or UV-B exposure. 

 Other authors in the corpus also address this topic. In a broad review, Bias et al. (2019) 
identify potential impacts of UV-radiation action spectra on human health, including skin damage, 
vitamin-D synthesis, and phototherapy for psoriasis. However, they do not quantify these effects in 
relation to any specific SRM or SAI projections. 

SRM’s impact on air quality arises from both chemical interactions and radiative–dynamical 
feedback. Xia et al. (2017) investigated how two solar radiation strategies, SAI and solar dimming, 
affect surface ozone. Although both methods cool the planet at similar levels by reducing sunlight, 
their impacts on ozone concentration differ significantly. Sulfate injection causes a global decrease 
in surface ozone because enhanced stratospheric sulfate leads to ozone depletion and less ozone 
transported downward. However, the regional response varies depending on local atmospheric 
chemistry: in polluted, high-NOx77 regions, ozone may decrease further, while in cleaner or more 
humid environments, it can increase. In contrast, solar dimming generally raises surface ozone by 
reducing humidity and slowing ozone destruction. Because surface ozone is a major air pollutant 
linked to respiratory and cardiovascular diseases, their results suggest that SRM could reshape air 
quality unevenly. 

 
77 Polluted areas with high levels of nitrogen oxides, typically urban and industrialized regions. 
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Eastham et al. (2018b) quantified that stratospheric sulfate geoengineering would reduce 
tropospheric ozone and UV-B exposure, leading to a net decrease in premature mortality from air 
pollution despite small increases in surface particulate sulfate.  

Overall, current evidence suggests that moderate stratospheric aerosol injection could 
change global air quality and results highly depend on SAI scenarios and models. To fully quantify 
combined effects from PM2.5

78 surface ozone, and UV-B exposure requires improved atmospheric 
chemistry–health coupling and region-specific exposure assessment. 

4. Final considerations 

This review highlights that, despite growing global attention to SRM and SAI, scholarship 
explicitly addressing their implications for human health remains limited and unevenly developed. 
Thus, there is a need to do more health related studies as well as health impact studies of cooling in 
cold and low income countries, including effects on drinking water and biogeochemical cycling. 
Nevertheless, the available studies converge on a broadly shared understanding: the effects of SAI 
would be unevenly distributed at the global scale. Regions already exposed to climate-related 
stressors are expected to experience the most pronounced changes, whether beneficial or adverse. 

Authors working on Global South contexts consistently emphasize that structural 
vulnerabilities—including constrained economic resources, insufficient infrastructure, and 
weakened health systems—could intensify the health-related consequences of SAI. Because these 
regions are already disproportionately affected by climate change, the prospect of introducing SAI 
adds another layer of complexity to ongoing adaptation and public-health challenges. This 
recognition has contributed to a growing and increasingly sophisticated debate emerging in parts of 
the Global South. 

Within this broader landscape, Latin America and the Caribbean present a distinct 
configuration of challenges and research needs. While the region shares certain vulnerabilities with 
other areas of the Global South, it also exhibits specific climatic, socioeconomic and health systems 
institutional characteristics that may shape the health implications of SRM in unique ways. At the 
same time, its comparatively limited participation in the scientific literature on SRM means that 
these regional particularities remain insufficiently examined and largely absent from current SRM 
discussions. 

Given these findings, strengthening scientific production on SRM and its health impacts in 
Latin America and the Caribbean, including the region’s particular challenges, emerges as a 
pragmatic and necessary step. Enhancing regional research capacity would allow for the 
identification of context-specific risks and potential co-benefits, support more accurate modelling 
of local conditions, and ultimately contribute to better-informed assessments of how SRM could 
interact with existing regional climatic and public-health dynamics. 

 
78 Particulate matter smaller than 2.5 micrometers. 
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By addressing these gaps, future research can provide the empirical foundations needed to 
conduct well-informed evaluations of climate-intervention proposals in a manner that reflects the 
specific realities of the region. Furthermore such information could support the design of policies 
that may prevent dangerous and risky outcomes or at least anticipate them with strong empirical 
studies regarding possible illnesses and harms, while also guiding the development of adequate 
infrastructures if SRM or SAI were to be accepted or deployed. 
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Chapter 4. Climate interventions and public mental health79 
 
Introduction  
 

This chapter addresses some concerns regarding SRM deployment in light of multi-level 
determinants of mental health, as a comprehensive analysis of SRM must weigh trade-offs, 
comparing the risks of inaction with the intended and unintended consequence of SRM deployment 
(Felgenhauer et al., 2025). Without such analysis, SRM policies risk overlooking psychosocial harms 
that could undermine their potential benefits, particularly for groups disproportionately affected by 
the risk of both climate change and the interventions to reduce its impacts.  

1. SRM and public mental health: an analysis of tradeoffs 

The sparse literature on SRM and mental health has not addressed the relationship explicitly 
from a public mental health perspective. Two aspects have been mentioned so far: the question of 
the mental health impacts of aerosols, and the potential impacts of sunlight reduction through SRM. 
Ghirga (2025) warns against the use of aluminium oxide as an aerosol in stratospheric aerosol 
injection (SAI) due to its possible interactions with the nervous system (see Chapter 3). Tanaka and 
Matsubayashi (2025) conclude their empirical study on sunlight and suicide by warning that 
“policymakers should carefully assess the potential unintended consequences of solar 
geoengineering” (p. 3) on this relationship. This suggests that one line of investigation could model 
the “heat-light” trade-off of SRM for its potential impact on biological determinants of mental 
health. That is, from the perspective of public mental health, in SRM, light reduction (due to 
increased reflection of sunlight) would be necessary to reduce temperatures, but there may be a 
trade-off to attain due to the negative impact of excessive light reduction on mental health. We 
stress that this trade-off would require empirical validation by the relevant experts. 

When conceptualising mental health with practitioners and the public, Dykxhoorn et al. 
(2022) asked policy makers and members of the public to rate determinants based on their 
importance, that is, to what extent the determinant “provided relevant information considered to 
be meaningful to understanding public mental health,” i.e. had a meaningful impact on one of the 
levels of public mental health (p. 3). The determinants receiving the highest importance scores at 
the individual level were trauma, income, and employment. At the family level, early life attachment 
& parenting received the highest importance score. The determinants rated as the most important 
at the community level were social support & networks, access to health & social care, and social 
inclusion & cohesion. At the structural level, displacement, inequality & inequity, and the welfare 
system received the highest importance scores. 

 
We can analyse trade-offs of SRM deployment for public mental health through Dykxhoorn 

et al.’s (2022) prioritised determinants (see Table 7).  
 

 
79 Main contributors:  Timothy Daly and Paola Buedo. 
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Table 7. An analysis of the intersection between SRM deployment and prioritised determinants from 
public mental health.       
 

Prioritised 
determinant 

Inaction risk (no 
SRM deployment) 

SRM risk-risk trade-offs for public mental health 

Individual Level 

Trauma Increased 
exposure to 

climate disasters 
(heatwaves, 

storms). 

Benefit: May reduce acute trauma by moderating extreme 
weather.  

 
Trade-offs: Could introduce new anxieties about technological 

dependency or side effects. 

Income Economic 
instability from 
climate damage 
(crop failures, 
infrastructure 

loss), increasing 
financial stress. 

Benefit: May stabilise some climate-sensitive economies (e.g., 
agriculture). 

 
Trade-offs: Uneven benefits could deepen disparities (e.g., energy 

sector job losses). 

Employment Job losses in 
climate-vulnerable 
sectors (farming, 

fisheries, tourism). 

Benefit:  Could protect outdoor/extractive industries.  
 

Trade-offs: May delay green transition, creating long-term labor 
market uncertainty.  

Family Level 

Early life 
attachment & 

parenting 

Climate 
displacement 

disrupts family 
stability; parental 

stress impairs 
caregiving. 

Benefit: Potentially reduces forced migration, preserving family 
cohesion. 

 
Trade-offs: Parental anxiety about SRM’s long-term effects may 

indirectly strain child wellbeing.  

Community Level 

Social support 
& networks 

Climate disasters 
fracture 

communities 
through 

displacement. 

Benefit: May prevent breakdown of social ties by reducing climate 
shocks.  

Trade-offs: Unequal perceptions of SRM could fuel community 
divisions.  
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Prioritised 
determinant 

Inaction risk (no 
SRM deployment) 

SRM risk-risk trade-offs for public mental health 

Access to 
health & 

social care 

Systems 
overwhelmed by 

climate-linked 
illnesses (heat 

stress, infectious 
diseases). 

Benefit: Could ease pressure on healthcare systems by reducing 
some climate impacts. 

 
Trade-offs: New SRM-linked health concerns (e.g., air quality) could 

strain services in polar extremes.  

Social 
inclusion & 
cohesion 

Resource scarcity 
intensifies 

exclusion of 
marginalised 

groups. 

Benefit: Stabilised climates may reduce conflict over resources. 
 

Trade-offs: Top-down or market-driven SRM governance could 
replicate existing power imbalances.  

Structural Level 

Displacement Mass migration 
from uninhabitable 

regions, creating 
refugee crises. 

Benefit: Might slow displacement by reducing abrupt climate 
changes. 

 
Trade-offs: If SRM fails or is halted abruptly ("termination shock"), 

displacement risks could rapidly resurge.  

Inequality & 
inequity 

Climate impacts 
deepen global and 

local disparities. 

Benefit: Could temporarily reduce some climate injustices.  
 

Trade-offs: Uneven control of SRM may concentrate power with 
wealthy nations.  

Welfare 
system 

Collapse of safety 
nets under 

climate-driven 
demand (disasters, 
unemployment). 

Benefit: Potential to reduce acute welfare burdens from climate 
shocks.  

 
Trade-offs: SRM research and deployment may divert resources 

from necessary systemic reforms.  

Source for prioritised determinants: Dykxhoorn et al. (2022).  
 
This analysis reveals possible tensions. At the individual level, SRM could mitigate trauma 

from extreme weather and stabilise income/employment in climate-sensitive sectors, yet its 
deployment risks reinforcing “techno-solutionism” (Morozov, 2013), which could divert attention 
from root causes of climate distress and create new anxieties about our dependency to “fix” climate 
change. Similarly, SRM could reduce family-level disruptions (such as forced migration) and preserve 
community cohesion, but its socially disruptive potential (Taebi et al., 2023) could exacerbate family, 
community and (inter)national tensions if governance replicates existing power imbalances. This 
possibility underlines the importance of good, participatory governance in public mental health 
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(WFPHA, 2024)80.  
 
On a more structural level, SRM’s capacity to slow displacement and ease burdens on welfare 

is counterbalanced by its risks of mitigation deterrence (“moral hazard”), potentially delaying 
systemic reforms to energy and economic systems that drive climate inequities (Andrews et al., 
2022). This aligns with concerns about “technomoral” change (Taebi, 2023), that is, SRM could 
reshape societal norms around climate responsibility, leading people to understand it not as a 
stopgap complement to mitigation, but the legitimisation of an unsustainable status quo.  

 
Public mental health impacts hinge on whether and how SRM’s design and deployment is 

accepted. These are inevitably shaped by value-laden assumptions (Morozov, 2013). Policy makers 
can choose to prioritise equity or instead replicate the inequities that worsen climate-related mental 
health burdens. Participatory governance is required to reduce the risk of SRM becoming a 
disruptive technology (Hopster, 2021) that addresses symptoms (i.e. acute climate harms) while 
neglecting determinants like social inclusion and justice, which are concerns found at the heart of 
public mental health.           
 
 
2. Perspectives for a public mental health programme 

 
If deployment of SRM were ever implemented, a robust public mental health co-research 

programme should be established to promote and safeguard public mental health. This programme 
should prioritise a form of participatory governance and work directly with communities in 
situations of vulnerability to climate change (Luna, 2019) to co-construct research priorities. This 
would be a form of what the United Nations Environmental Program (UNEP)’s One Atmosphere 
(2023) policy document calls “Indoor” social science research. This term is however misleading, 
because it would require working on the ground with communities.  

This approach would be particularly important in regions such as Latin America where: 
 

- Contextual exposure to determinants of ill mental health is high (Buedo & Daly, 2024),  
- Vulnerabilities to negative health effects of climate change overlap (Hartinger et al. 2025);  
- There are no meaningful governance structures yet in place for SRM (Carabajal et al., 2025).  

 
Participatory research would maximise the exercise of communities’ autonomy   and ensure 

that lived experiences of exposure to determinants of mental health shape SRM’s development from 
the outset. Top-down approaches to governance are likely to exacerbate existing mental health 
vulnerabilities, in a situation in which excluded communities would face the compounded trauma 
of climate and loss of agency over potential solutions.  

As we will argue in the next chapters, a co-produced research agenda would examine how 
SRM, and its place and priority within the climate response portfolio, intersects with mental health 

 
80 See chapter 6 and 7. 
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determinants that matter to people and communities (see Chapter 6). These actions should be 
guided by the values of public health, such as the World Federation of Public Health Associations 
(WFPHA) values of equity, justice, and inclusivity as well as those related to SRM (see Chapter 2, 
section 2.4), ensuring that SRM research centers those most vulnerable to both climate change and 
its potential technological solutions. 

 
3.  Final considerations 

 
If deployment of SRM were ever to take place, public mental health expertise should be 

embedded into the governance of SRM (research and deployment), from modeling indirect harms 
to designing interventions to promote and safeguard public mental health. This foundational co-
research is important to avoid replicating historical patterns of exploitation, where marginalised 
groups bear the psychological costs of decisions made without their consent.  

 
The goal for an SRM—public mental health research programme should be a precautionary 

framework to anticipate the currently unknown risk/benefit profile of a potential SRM deployment 
and thus stress the need to promote and safeguard public mental health. Investment in technical 
capacity for SRM should thus be accompanied by investment in co-interventions that aim to 
promote and safeguard public mental health. 
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Part III. Ethical SRM governance for a healthy climate future 
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Chapter 5.  Ethical principles for SRM research: human health consequences81  
 
1. Introduction 

 
Since 2009, academics, scientific bodies, and non-governmental organizations (NGOs) have 

attempted to establish systematic governance “principles”82 for geoengineering or climate 
intervention in general (see Chapter 2) and for solar radiation management (SRM) in particular, 
‘from the bottom up’ (Brent et al., 2024, p. 948). 

 
 The most influential principles for SRM are the Oxford Principles (Rayner et al., 2009, 2013). 

These principles had a remarkable impact inside and outside of academia  (Rayner et al., 2013, p. 4). 
Nevertheless, they are not the first set of principles:  

 
“Long before climate geoengineering began to be taken seriously, Dale Jamieson 

proposed four principles covering the deployment of technologies that could cause 
“intentional climate change” [Jamieson, 1996]. Another set of principles for geoengineering 
research, modelled on the Belmont Principles for human subject research have been also 
proposed (Morrow et al., 2009)”83. 
 
In a recent article, Brent et al. (2024) synthesize ten governance proposals84 for solar 

radiation modification. New proposals are being developed, as in the case of the American 
Geophysical Union (AGU) principles (Williams et al., 2024).  

 
In this chapter, we will analyse these ethical and governance proposals, and afterwards we 

will examine whether they address the potential health implications of SRM. 
 
2.  Ethical and governance proposals for SRM 

Over the past fifteen years, ethical and governance proposals have been put forward to guide 
SRM. These frameworks provide policymakers with a solid basis for developing domestic 
instruments to govern SRM research and development (Brent et al., 2024, p. 947). The primary 
concern is to ensure operationalization of such principles, that is, that these general principles be 
integrated into more formal mechanisms such as institutional research policies and national 
legislation, and tailored to local and national contexts (see Box 1). 

 
 
 

 
81 Main contributor: María Florencia Santi. 
82 As we will see next, some are principles, while others are articles, recommendations, messages, etc. Although it is not 
accurate to refer to all of them as principles, the literature does so to facilitate presentation (Brent et al., 2024). We will 
do the same. 
83 Rayner et al. (2013, p. 4). 
84 We will refer to governance proposals following the literature. Although part of them are ethical and governance 
proposals or principles.  
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Box 1. Summary of key policy insights according to Brent et al. 2024  

       Source: Brent et al. (2024, p. 947). 
  
The main priority is to translate general principles into binding instruments, including 

domestic laws and institutional research ethics processes, especially in countries where SRM R&D is 
already taking place. Brent et al. (2024) systematically reviewed and categorized the principles in 
current use demonstrating that there is a high level of commonality between them.  

Table 8      presents the core principles and codes that have shaped the governance debate. 
We also include the recently issued American Geophysical Union (AGU) Ethical framework principles 
for climate intervention research (Williams et al., 2024). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key policy insights 
Existing informal governance proposals lack specificity, oversight and enforcement, making formal 
domestic governance necessary for SRM research and development (R&D).  
Nevertheless, existing informal proposals provide consistent expectations for SRM governance and 
can inform domestic law and/or institutional rules for SRM R&D, including overarching objectives, 
timing and form of governance, and procedural/operational principles.  

Domestic policymakers should implement these principles in law to promote accountability and 
oversight of SRM R&D, and should evaluate how they operate in practice.  

The way in which each nation implements these principles will vary and requires multistakeholder 
consultation, including with neighbouring states to account for diverse perspectives and priorities.  
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Table 8     . Ethical and governance proposals for geoengineering 

Source: Adapted from Brent et al. (2024). 

 

The analysis by Brent et al. (2024) offers a detailed review of the governance proposals. 

 
85 Rayner et al. (2009, 2013). 
86 Asilomar Scientific Organizing Committee (2010). 
87 Bipartisan Policy Center (2011). 
88 Solar Radiation Management Governance Initiative (2011). 
89 Schäfer et al. (2015). 
90 Hubert (2017). 
91 Gardiner & Fragnière (2018). 
92 FCEA stands for Forum for Climate Engineering Assessment. See Chhetri et al. (2018). 
93 Report – NASEM (2021). 
94 Reynolds et al. (2022). 
95 Williams et al. (2024). 

Governance 
proposals Year Title Audience 

Oxford 
Principles85 

2009 
2013 

Memorandum on draft principles for the conduct of 
geoengineering research (2009) & The Oxford Principles (2013) 

Researchers 

Asilomar 
Principles86 

2010 The Asilomar Conference Recommendations on Principles for 
Research into Climate Engineering Techniques 

Researchers 

BPC Plan87 2011 
Task Force on Climate Remediation Research 

Domestic 
policymakers 

SRMGI 
Report88 

2011 Solar Radiation Management: The governance of research Researchers 

EuTRACE 
Report89 

2015 
The European Transdisciplinary Assessment of Climate Engineering 

Domestic 
policymakers 

Calgary Code90 2017 

Code of Conduct for Responsible Geoengineering Research 

Researchers 
/ Domestic & 
International 
policymakers 

Tollgate 
Principles91 

2018 
The Tollgate: Principles for the Governance of Geoengineering 

Researchers 

FCEA Report92 2018 
Governing solar radiation management: Academic working group 

on climate engineering governance 

Researchers 
/ Domestic & 
International 
policymakers 

NASEM93 2021 Reflecting Sunlight: Recommendations for Solar Geoengineering 
Research and Research Governance 

Domestic 
policymakers 

C2G Report94 2022 

Solar Radiation Modification: Governance Gaps and Challenges 

Researchers 
/ Domestic & 
International 
policymakers 

AGU95 2024 

Ethical framework principles for climate intervention research 

Researchers 
/ Domestic & 
International 
policymakers 
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Seven of these frameworks include CDR and SRM, while four focus exclusively on SRM96. Across 
these documents, some address research activities (such as the Asilomar Principles), others 
potential deployment (AGU). The principles are aimed at researchers and domestic and/or 
international policymakers. The majority of the principles were developed by a multi-disciplinary 
team and engaged with different stakeholders and civil society. The governance proposals were 
developed by academics, scientific bodies, and non-governmental organizations (NGOs) 
representing diverse perspectives and disciplines. 

 
These documents differ in scope, length, and intended audience, but converge on a shared 

objective: establishing a foundation for conducting responsible research, enhancing potential 
benefits, reducing associated risks, and fostering meaningful public engagement. Importantly, none 
of these proposals for governance is based on the assumption that SRM should replace mitigation 
or adaptation efforts to address climate change.  

 
Taken together, the proposals delineate various forms of normative statements—such as 

principles, codes, articles, messages, objectives, and recommendations—designed to guide the 
research, development, and potential deployment of geoengineering. Table 9      presents each 
document alongside its corresponding statement type and the principles or recommendations 
advanced97.   
 
Table 9. Overview of ethical and governance principles for geoengineering 

Governance 
proposals / 

Type of statement 
 

 
Content 

Oxford Principles 
 

1. Geoengineering to be regulated as a public good. 
2. Public participation in geoengineering decision-making. 
3. Disclosure of geoengineering research and open publication of results. 
4. Independent assessment of impacts. 
5. Governance before deployment98. 

 
Principles 

Asilomar Principles 1. Promoting Collective Benefit. 
2. Establishing Responsibility and Liability. 
3. Open and Cooperative Research.     
4. Iterative Evaluation and Assessment.   
5. Public Involvement and Consent99. 

Recommendations 

BPC Plan 1. …[C]limate remediation research. The fundamental purpose of the research 
should be to protect the public and the environment from both the potential 

 
96 SRMGI, FCEA, NASEM and C2G reports refer only to SRM. 
97 When proposals are articulated as brief principles, these are reproduced in full; when their length exceeds the table’s 
constraints, they are summarized or included in a footnote. In exceptional cases, readers are directed to the original 
source text. 
98 Rayner et al. (2009, 2013). 
99 Asilomar Scientific Organizing Committee (2010, pp. 17-24). 
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Principles impacts of climate change and from the potentially damaging impacts of climate 
remediation technologies.    
2. Testing and deploying  climate remediation technologies (…).   
3. Oversight  issues for research programs (…). 
4. Importance of Transparency (…). 
5. International coordination (…). 
6. Adaptive management (…)100. 

SRMGI Report 1. Nothing now known about SRM provides justification for reducing efforts to 
mitigate climate change (…). 
2. Research into SRM methods for responding to climate change presents some 
special potential risks (…). 
3. There are many uncertainties concerning the feasibility, advantages and 
disadvantages of SRM methods, and without research it will be very hard to assess 
these. 
4. Research may generate its own momentum and create a constituency in favour 
of large-scale research and even deployment (…). 
5. A moratorium on all SRM-related research would be difficult if not impossible to 
enforce. 
6. Some medium and large-scale research may be risky, and is likely to need 
appropriate regulation. 
7. Considering deployment of SRM techniques would be inappropriate without (…) 
adequate resolution of uncertainties concerning the feasibility, advantages and 
disadvantages (…). 
8. The development of effective governance arrangements for potentially risky 
research (including that on SRM) (…) requires wide debate and deliberation (…).  
9. International conversations about the governance of SRM should be continued 
and progressively broadened to include representatives of more countries (…)101. 
 

Messages 

EuTRACE Report102 1. The minimisation of harm. 
2. The precautionary principle. 
3. The principle of transparency. 
4. The principle of international cooperation.  
 

Principles 

Calgary Code103 ● [Proper] use of Geoengineering104. 

 
100 Bipartisan Policy Center (2011, pp. 13-14). 
101 Solar Radiation Management Governance Initiative (2011, pp. 10-11). 
102 They argue that some of the techniques must be understood as public goods. Based on these principles they 
proposed different strategies to guide climate engineering approaches: Early public engagement, independent 
assessment, disclosure mechanisms and transparency, international codes of conduct, responsible innovation and 
anticipatory governance. Schäfer et al. (2015, pp. 109-111). 
103 This document is a Code of conduct. They divide the code into four parts: A) nature, scope and objective; B) general 
principles; C) guidance on geoengineering research and D) interpretation and application of this code of conduct. The 
articles mentioned correspond to part C. Hubert (2017, pp. 5-10). 
104 This article points out: 1. (...) no geoengineering activities should take place, until there is an adequate scientific basis 
on which to justify such activities and appropriate consideration of environmental and other effects. 2. An exception to 
paragraph 1 can be made for responsible geoengineering research conducted in accordance with all applicable laws and 
regulations and on the basis of the guidance in this Code of Conduct. 3. Geoengineering should not be promoted or used 
as a substitute for measures that anticipate, prevent or minimise the causes of climate change, especially through 
effective measures to reduce greenhouse gas emissions, and to minimise the adverse effects of climate change through 
the adoption of suitable adaptation measures (Hubert, 2017, p. 6).  
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Articles ● Cooperation on Geoengineering Research. 
● Principles and Practices for Responsible Geoengineering Research. 
● Assessment of Outdoor Experiments on Geoengineering. 
● Public Participation. 
● Post-Project Monitoring of Outdoor Experiments on Geoengineering. 
● Access to Information. 

Tollgate Principles 1. Geoengineering should be administered by or on behalf of the global, 
intergenerational and ecological public (…). 
2. Geoengineering decision-making (e.g. authorizing research programs, large-
scale field trials, deployment) should be done by bodies acting on behalf of (…) the 
global, intergenerational and ecological public (…). 
3. Decisions about geoengineering research activities should be made only after 
proper notification and consultation of those materially affected and their 
appropriate representatives, and after due consideration of their self-declared 
interests and values. 
4. Geoengineering policy should be organized so as to facilitate reliability, trust 
and accountability across nations, generations and species. 
5. Ethical Accountability: robust governance systems (…) are increasingly needed 
and ethically necessary at each stage from advanced research to deployment. 
7. For a geoengineering technique to be policy relevant, ethically defensible forms 
of it must be reasonably predictable on the relevant timeframe and in relation to 
the threat being addressed105. 
8. Protection: climate policies that include geoengineering schemes should be 
socially and ecologically preferable to other available climate policies, and focus 
on protecting basic ethical interests and concerns (e.g. human rights, capabilities, 
fundamental ecological values). 
9. Geoengineering policy should respect general ethical norms that are well-
founded and salient to global environmental policy (e.g. justice, autonomy, 
beneficence). 
10. Respecting Ecological Norms106. 
 

Principles 

FCEA Report 1.  Keep mitigation and adaptation first.  
2. Thoroughly and transparently evaluate risks, burdens, and benefits. 
3. Enable responsible knowledge creation. 
4. Ensure robust governance before any consideration of deployment107. 
 

Objectives 

NASEM Based on NRC (2015) recommendations108.  
Recommendations 

C2G Report Based on several principles, this document focuses on challenges and gaps in SRM 
governance: 

● Facilitate responsible research. 
● Guide outdoor experiments and engage with the global public109. 

N/I 

AGU 1. Responsible Research. 

 
105 Principles 6 and 7 are practically the same, so 6 is omitted. 
106 Gardiner & Fragnière (2018, pp.  152-166).  
107 Chhetri et al. (2018, p. 17-21). 
108 The document makes numerous recommendations that exceed the scope of this table. See NASEM (2021). 
109 Reynolds et al. (2022). 
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Principles 2. Holistic Climate Justice. 
3. Inclusive Public Participation. 
4. Transparency. 
5. Informed Governance110. 

 
The above table has values that are substantive. That is, they propose high-level principles 

that advocate compliance with ethical standards of great significance and scope: do no harm, 
promote potential benefits and comply with intergenerational and environmental justice. For 
instance: 

● "Geoengineering to be regulated as a public good" (1st Oxford principle). 
● "Geoengineering should be administered by or on behalf of the global, 

intergenerational and ecological public” (1st Tollgate principle). 
● "Thoroughly and transparently evaluate risks, burdens, and benefits” (2nd FCEA 

Objective). 
● “Facilitate responsible research” (C2G and 1st AGU principle). 
● [Promote] “Holistic Climate Justice” (2nd AGU principle). 

 
Many others are procedural, that is, they indicate how these technologies should be 

implemented, the safeguards that should be considered, the prior agreements that are required, 
and the individuals and groups that should be consulted in advance. For example: 

● “Governance before deployment” (2nd Oxford principle). 
● “Public Involvement and Consent” (5th Asilomar recommendation). 
● “Importance of Transparency” (4th  BPC Plan principle). 
● [Enact] “Post-Project Monitoring of Outdoor Experiments on Geoengineering” 

(Calgary Code article). 

The importance of public engagement or participation is highlighted in most governance 
proposals.  Two of the Tollgate's principles are dedicated to this issue:  

“2nd Tollgate Principle (Authorization): Geoengineering decision-making (e.g. authorizing 
research programs, large-scale field trials, deployment) should be done by bodies acting on 
behalf of (e.g. representing) the global, intergenerational and ecological public, with 
appropriate authority and in accordance with suitably strong ethical norms (e.g. justice, 
political legitimacy). 

3rd Tollgate Principle (Consultation): Decisions about geoengineering research activities 
should be made only after proper notification and consultation of those materially affected 
and their appropriate representatives, and after due consideration of their self-declared 
interests and values (2nd and 3rd Tollgate principles)” (Gardiner & Fragnière, 2018, pp. 166-
167).   

Other proposals also advocate for public involvement or participation: 

● “Public participation in geoengineering decision-making” (2nd Oxford principle). 
 

110 Williams et al. (2024, pp. 10-13). 
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● “Public Involvement and Consent” (5th Asilomar principle). 
● “The development of effective governance arrangements for potentially risky 

research (including that on SRM) (…) requires wide debate and deliberation” (…). (8th 
message, SRMGI Report). 

● “Inclusive Public Participation” (3rd AGU principle).  
 
This last principle emphasizes the importance of public participation and also highlights its 

challenges: 

“Research and the decision to pursue it should incorporate inclusive and equitable 
processes for public participation and include assessment of the communities that may be 
impacted and thus should be participating. While building inclusive participatory processes 
is complex, research should be guided by values of proportionality, openness, equitable 
participation, and cooperative engagement. This engagement should begin by including the 
relevant communities in discussion of the purposes and design of research. Researchers and 
policymakers should consider broader inclusion, making efforts to consider perspectives of 
those communities that are unsure whether they are or will be impacted, and those who are 
unable to contribute to the deliberation, such as future generations and the plant and animal 
ecosystems involved" (Williams et al. 2024, p. 13). 

As participation and engagement is so salient in all these documents we will devote the next 
chapter to explore this issue in depth.  

The governance proposals also mention the importance of international cooperation and 
coordination:  

● “International coordination” (5th BPC Plan).  
● “International conversations about the governance of SRM should be continued and 

progressively broadened to include representatives of more countries” (9th message, 
SRMGI Report). 

● “The principle of international cooperation” (4th principle, EuTRACE Report).  

As also pointed out in the Introduction of this Report, regarding SRM this international 
coordination does not exist and should be built. This represents a major challenge. Our last chapter 
will explore some ethical considerations in this area. However these documents represent shared 
expectations regarding the objectives and timing of SRM governance. They reached agreement on 
several procedural rules intended to advance responsible research (Royal Society, 2025, p. 92).  

Again, we should outline that these governance proposals have an over-representation of 
members of the Organization for Economic Cooperation and Development (OECD) among their 
authors, while the Global South remains markedly underrepresented (Brent et al., 2024, pp. 949–
953). According to Brent, this imbalance results in a substantial representational gap across most 
principles and guidelines: 

“[SRM documents] were developed by participants in the Global North. They will 
therefore require adjustment and augmentation to suit the specific governance needs of 
SRM R&D in individual jurisdictions. Indeed, the process of translating these principles into 
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formal rules may trigger multistakeholder processes at the domestic level, including broader 
community engagement, deliberation and consensus-building regarding SRM governance” 
(Brent et al., 2024, p. 948, edited). 

Addressing this representational gap is essential to ensure that the perspectives, priorities, 
and concerns of populations in the Global South meaningfully inform emerging SRM governance 
frameworks. 

Up to this point, we have analysed the ethical and governance principles and guidelines for 
SRM, identifying both their strengths and their limitations. The following section revisits these 
documents to assess whether they explicitly engage with the potential impacts of SRM technologies 
on human health. This assessment is especially crucial given the need to anticipate possible health 
consequences for all populations, but particularly for the Global South, who are likely to experience 
disproportionate vulnerabilities.  
 
3. SRM and its consequences on human health 

The governance proposals have in common the main “aim to promote responsible research, 
minimising risks while also realizing potential climate benefits” (Royal Society, 2025, p. 93; Brent et 
al., 2024, p. 486). Although most of the governance proposals refer to risk minimization, risk 
assessment, or the promotion of benefits, there are few explicit and direct references to the 
potential impact of these technologies on human health.  

In Table 10 we analysed the ethics and governance principles in order to identify direct or 
indirect references to the potential adverse health consequences related to SRM technologies. 

      
Table 10. Governance proposals and health consequences 
 

Governance 
proposals 

Health consequences 

Oxford 
Principles 

Indirectly: “[T]he principle of independent impact assessment acknowledges that scientists have 
responsibilities to ensure that carrying out their research does not negligently harm persons or 
a local environment”111. 
 

Asilomar 
Principles 

Indirectly: “Assessing potential intended and unintended consequences, impacts, and risks will 
be critical to providing governments and the public with the information and confidence needed 
to evaluate the potential for climate engineering to be implemented as a complement to 
mitigation and adaptation”112.  
 

BPC Plan 

Indirectly: “The fundamental purpose of the research should be to protect the public and the 
environment from both the potential impacts of climate change and from the potentially 
damaging impacts of climate remediation technologies”113.  
 

SRMGI Report Indirectly: “Research into SRM methods for responding to climate change presents some special 
potential risks”114. 

 
111 Rayner et al. (2013, p. 32). 
112 Asilomar Scientific Organizing Committee (2010, p. 21). 
113 Bipartisan Policy Center (2011, p. 13). 
114 Solar Radiation Management Governance Initiative (2011, p. 9). 
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EuTRACE 
Report 

Indirectly: “The minimisation of harm: The risk of individuals being exposed to harm from climate 
engineering, the number of people exposed to risks, and the magnitude of the potential harm 
should all be kept as low as possible, and serious and irreversible harm should be avoided”115. 
 

Calgary Code 

Indirectly: “All appropriate and effective measures should be taken to prevent and minimise the 
risk of harm from outdoor experiments on geoengineering and to maximise the benefits of such 
experiments”116. 
 

Tollgate 
Principles 

Indirectly: “Protection: climate policies that include geoengineering schemes should (…) focus on 
protecting basic ethical interests and concerns (e.g. human rights, capabilities, fundamental 
ecological values)117. 
 

FCEA Report 
They refer to “health safety” and “human health impact”. Although their main focus is 
Environmental Impact, this assessment presumably includes health impacts.  
 

NASEM 
Directly: “SG [solar geoengineering] (…) raises concerns about new risks, uncertainties, and 
unintended impacts on natural ecosystems, agriculture, human health, and other critical areas 
of concern for society” 118.  

C2G Report Directly: they do refer to human health related to possible effects of SAI119. 
 

AGU 
Indirectly: “Risk assessment must consider the direct impacts of the activity concerned as well as 
the potential physical, environmental, and social implications if that activity were scaled”120. 

 

The excerpts presented in Table 10 illustrate the ways in which these documents refer to the 
risks associated with SRM technologies, including those that may affect human health. As shown, 
although most frameworks acknowledge risks, references to potential health consequences are 
generally indirect and only implicitly addressed. Only three include explicit mentions of health 
consequences. NASEM Recommendations directly warns:  

 
“SG [solar geoengineering] (…) raises concerns about new risks, uncertainties, and 

unintended impacts on natural ecosystems, agriculture, human health, and other critical 
areas of concern for society”121. [Later adds] “Any country engaged in SG research should 
prepare programmatic assessments that collectively assess the health, environmental, and 
social impacts of all SG activities that it sponsors or approves and any SG research program 
that it adopts” (NASEM, 2021, p. 172).  

 
The FCEA Report mentions “health safety” and “human health impact”. Nevertheless they 

primary focus is Environmental Impact Assessment that presumably includes health impacts:  
 
“Develop best practices for risk and impact assessments. Who should take action? 

 
115 Schäfer et al. (2015, p. 109). 
116 Hubert (2017, p. 7). 
117 Gardiner & Fragnière (2018, p. 163). 
118 NASEM (2021, p. 4). 
119 Reynolds et al. (2022, p. 24). 
120 Williams et al. (2024, p. 11). 
121 NASEM (2021, p. 4). 
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National level governments, risk assessment and Environmental Impact Assessment (EIA) 
experts, and SRM researchers National level governments, risk assessment and EIA experts, 
and SRM researchers should work together to expand risk assessment and EIA procedures 
and protocols so that they can provide precautionary evaluation of potential direct social 
and environmental harms, as well as enable public notification and consultation, for SRM 
experiments” (Chhetri et al., 2018, p. 44). 
 
Finally, C2G refers to possible impacts of SAI on human health122. It may therefore be 

concluded that most documents address the health implications of these technologies only 
indirectly, through general references to potential risks and associated effects and impacts. For 
instance (see AGU Principles and also the BPC Plan).  

 
“The fundamental purpose of the research should be to protect the public and the 

environment from both the potential impacts of climate change and from the potentially 
damaging impacts of climate remediation technologies” (Bipartisan Policy Center, 2011, p. 
13).  

 
These findings reveal a gap in the explicit consideration of human health within existing SRM 

governance proposals.  
 
4. Final considerations  
 

In this chapter we review existing ethical and governance frameworks for SRM research and 
highlight their relevance for addressing potential human health consequences. While, on one hand, 
the documents consistently emphasize responsible research practices, risk management, and public 
engagement, explicit attention to the potential health consequences of SRM remains limited. This 
underscores the importance of incorporating more systematic evaluations of health-related risks 
into future governance frameworks, ensuring that emerging guidance aligns with broader 
commitments to safeguarding human well-being especially in the Global South. On the other hand, 
it should be underscored that these documents are mostly directed to institutional or domestic 
operationalization (even if some of them may have an international ambition). The international 
cooperation and coordination they point to is very vague and underdeveloped.    

 
122 Reynolds et al. (2022, p. 24). 
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Chapter 6. Public engagement at the intersection of SRM-health issues123  
 
Introduction 
 

The implementation of Solar Radiation Modification (SRM), if it ever happens, will not depend 
solely on technological readiness, but also, and more fundamentally, on the surrounding social and 
political context (Carvalho & Riquito, 2022; Fritz et al., 2024). In democratic systems, public opinion 
plays a crucial role: society can both legitimize or reject scientific research and experimentation 
because of its expected outcomes —as said in the Postface—, while also shaping governance 
frameworks through different types of practices and demands.  

Currently, the public is mostly unfamiliar with these sets of technologies although debates are 
gradually emerging as climate risks intensify and political measures to reduce emissions advance 
more slowly than expected. In this context governance debates and their implications for society 
are being led primarily by Global North countries (Baum et al., 2024), particularly Europe and the 
United States, while the voices of the Global South remain largely marginalized (Rahman et al., 2018; 
Jinnah & Dove, 2025) as we have also shown in chapter’s 3 bibliographical review, regarding authors 
and funding. Moreover, the low levels of familiarity with SRM pose additional challenges that 
require a holistic understanding of public perception within broader contexts of values and 
perspectives (Low et al., 2024). For this reason, as mentioned by several documents presented in 
chapter 5, public engagement becomes critical for enhancing transparency in decision-making, 
ensuring driving procedures of pluralism, inclusion and climate justice. 

As we said in the previous chapter, ensuring the operationalization of governance principles, 
in terms of integrating them into formal mechanisms, is a priority. But in that process, improving 
participation and engagement should be treated as a standard operating procedure for responsible 
research and non-research experimentation (Jasanoff, 2003). Opening up deliberative spaces among 
laypeople, stakeholders, government representatives and experts is essential to ensure a better 
balance of perspectives and values. Warranting broad participation of Global South voices is key to 
reach intercultural and inclusive governance debates (Carabajal et al., 2025). In this context, the 
health dimension can play a key role in these debates, as it is at the forefront of the impacts of 
climate change. 

1.1. Challenges for public engagement  

Public engagement means different ways to engage the public with these emerging 
technologies. Approaches vary from notification, consultations and prior informed consent of 
potentially affected communities. How to ensure a meaningful public engagement process is crucial. 
The effects of any SRM technology are uncertain, unequal and global, and the perceived legitimacy 
of the participation will affect the legitimacy of any type of decision, regardless of the legislative 
procedure it may have undergone. The global dimension of this technology is a challenge per se, as 
at present there are no global procedures to ensure that all the voices are equally heard. As a 

 
123 Main contributors: María Inés Carabajal, Julia S. Guivant, Gian Franco Lisanti, Julieta Nasi and Cecilia Hidalgo. 
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contested technology, the debate ranges from total opposition to research on the topic (Biermann 
et al., 2022), with a middle term position of  strong advocacy for advancing scientific knowledge that 
can inform decision-making (Jamieson, 1996; Parson et al., 2024, and most authoritative reports on 
SRM, including COMEST, 2023; EGE, 2024; Royal Society, 2025), to another extreme of direct action 
(Make Sunsets, in Carabajal et al., 2025) (see Chapter 2, section 2.4). Between these extremes, and 
even within the middle term,  lies a spectrum of more nuanced positions, reflecting the complexity 
of the issue. As outlined in Chapter 1, common concerns include the so-called “moral hazard” 
argument (mitigation deterrence), as well as the potential unintended consequences, risks posed by 
both climate change and SRM itself, and geopolitical tensions. At the heart of these concerns lie key 
governance questions: who would control the “global thermostat”, who would have the authority 
to make final decisions about deployment, and who would gain or lose (see Postface).  

Some scholars argue that a governance framework grounded in deep and broad public 
engagement—one that genuinely considers “what the people want”—will result in socially accepted 
climate policies (Perlaviciute, 2022). However, when it comes to emerging and controversial 
technologies, assumptions about who “the public” is, what they want, and who should be involved, 
cannot be taken for granted. The global scope of SRM challenges conventional understandings of 
“the public” in participatory governance. And perhaps most importantly, how can we understand 
and conceptualize different national and institutional civic epistemologies, and address their 
implications for global debates on scientific governance (Jasanoff, 2005; Macnaghten & Guivant, 
2011). Decisions about technologies with planetary implications cannot be confined to national 
boundaries, as awareness and capacity to engage vary drastically across regions (Mercado et al., 
2023). A national perspective would also not address the unequal potential impacts of SRM, 
therefore, public engagement done properly in one country or region do not reflect the perspectives 
of others places and do not provide any authorization if the impacts are globally.  

In addition, public engagement must confront questions of representation, equity, and justice, 
ensuring that those with many vulnerabilities to climate impacts, often in the Global South, are not 
marginalized from deliberation. Addressing inclusion across scales implies not only broadening 
participation geographically but also rethinking whose voices count in shaping global climate 
interventions. All those potentially affected should have a voice in the discussion; yet, determining 
how to ensure inclusive, and informed participation remains a complex challenge. In this sense, we 
advocate for a meaningful engagement, which goes beyond consultations, as it is intimately related 
to anticipatory governance124. The anticipatory perspective acknowledges the uncertainty and 
indetermination of the future that will be shaped by political, social values, concerns and 
perspectives.  

 
1.2. How should we approach public engagement: rethinking the science–public relationship 

 
124 The latter concept involves building the ability across society to foresee, discuss, and shape the evolution of emerging 
technologies informed by knowledge, ensuring that their direction can be managed before it becomes irreversible (EEA 
Report, 2024; Guston, 2014). 
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The international literature identifies two polar models in proposals for risk governance, 
constructed from the intersection of two axes: one referring to conceptions of the public and the 
other to conceptions of science (Joly, 2001; Guivant, 2005). One is the standard model, in which 
differences in risk perception between experts and laypeople are attributed to the latter’s irrational 
attitudes, cognitive biases, difficulties reasoning probabilistically, aversion to innovation and risk, 
etc. Within what is generally identified as the positivist model, a clear separation is established 
between facts and values. Scientists are attributed an objective and neutral view of facts, while 
laypeople formulate their opinions from a subjective standpoint. In this model science is conceived 
as a practice independent of political, economic, or social influences. Trust in institutions responsible 
for risk management is central to this model. Therefore, it is considered unnecessary to make 
problems or doubts visible, so as to avoid panic among the lay public. The reduction of the gap 
between expert and lay perceptions is achieved through information dissemination and education. 
Risk communication thus assumes a prominent role and occurs in a linear direction, in accordance 
with what risk theories call the deficit model: experts communicate knowledge to laypeople in order 
to prevent them from remaining ignorant and irrational. This model is mostly considered as 
outdated and does not fit with controversial technologies like SRM. 

The other pole, that of the non-positivist view of science, distinguishes itself by questioning 
what conception of science guides expert work. Here we are in the territory of the new sociology of 
science and social studies of science. “Science is considered as offering a framework that is 
unavoidably social as well as technical since in public domains scientific knowledge embodies 
implicit models or assumptions about the social world”     (Irwin & Wynne, 1996, p.  2-3). 

Rather than asking whether an innovation with uncertain consequences is accepted or not, 
this approach poses more open questions, such as: What problem does this technical solution 
address? Are there alternatives? Who benefits from this technology? Socio-technical controversies 
are not seen as obstacles but as opportunities to explore possible alternatives. The collective 
interest is not assumed to be self-evident but rather the product of negotiation, alliances, and social 
conflicts. Technology is not a fatality nor merely a source of progress but an instrument for building 
a shared world. 

Because there are limits to determining standards for potential risks solely through scientific 
knowledge, it is not only necessary to make decisions but also to reestablish the rules and bases on 
which such decisions are made—opening dialogue and decision-making processes and recognizing 
ambiguity, ambivalence, and social conflict as inevitable. To achieve this, new negotiation spaces 
are needed to de-monopolise expert knowledge, accepting that lay knowledge is not irrational. 
Value judgments are present in all stages of the risk management process, especially those involving 
serious consequences (invisible, long-term, and irreversible) as outlined by Beck (1999). These two 
visions also divide experts themselves. 

1.3. Different  forms of public engagement  

Public participation can be defined “as a practice of consulting and involving members of the 
public in the agenda-setting, decision-making, and policy-forming activities of organizations or 
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institutions responsible for policy development” (Rowe and Frewer, 2004, p. 512). At a basic level, 
involvement may merely entail the communication of information to the public, corresponding to 
the assumptions of the standard model. At a more complete level, various methods can be identified 
(including dialogue and two-way communication), such as consultation exercises, focus groups, and 
questionnaires, with varying degrees of formalization (Guivant, 2005). 

As Rowe and Frewer (2000) explain, the reasons for increasing interest in public participation 
in science policy are diverse but can mainly be attributed to both the recognition of basic human 
rights in a democracy and the pragmatic recognition of the importance of avoiding unpopular 
policies. Therefore, establishing procedures could also avoid capturing interest in detriment of 
public good (EGE, 2024). The benefit of public involvement is that it increases public trust in decision-
making processes and information sharing. No public engagement method can be completely 
satisfactory; choices depend on different factors that may change at various stages of the decision-
making process, and these must be evaluated and monitored both by sponsors and by the 
responsible authorities. One dilemma concerns how to assess the efficiency of each method in 
different contexts and situations. There is still little systematization of this issue in the academic 
literature, which remains primarily oriented toward procedural aspects of implementation rather 
than on substantive outcomes (Rowe and Frewer, 2000; Bellamy et al., 2017 ).  

It is also necessary to avoid applying participatory methods to any public issue 
indiscriminately. Their main contribution concerns decisions on value-laden and highly controversial 
topics, rather than technical issues where there may be mere disagreement (Funtowicz & Ravetz, 
1993; Funtowicz & Hidalgo, 2008). In this respect, it is highly relevant for SRM. But here a 
fundamental problem emerges: from the standpoint of the standard model of science, values are 
excluded as a possible influence on scientific analysis. Only when one adopts the assumptions of a 
non-positivist model of science are values recognized as the basis of negotiation among social actors 
with differing interests. From this perspective, citizen groups must be respected as having 
independent positions. This implies, on the one hand, reducing the often-questioned role and 
influence of industry. But it also implies another relevant and controversial aspect for SRM: the 
control of NGO participation (Macnaghten and Guivant, 2020).125 The need arises to reflect on how, 
in what forms, and at which stages public participation strategies should be created within decision-
making processes concerning uncertain risks. This, of course, must be done without falling into the 
naïve assumption that public participation automatically ensures transparency or dialogical 
democracy (Callon et al., 2001), and without overlooking the necessity of long-term institutional 
commitment from authorities to conduct these processes impartially—creating spaces where 

 
125 McGregor (2003, as cited in Guivant, 2005 p. 55) describes an interesting initiative by Health Canada to learn from 
citizen groups in other countries and how they can be implemented with significant levels of transparency, raises some 
provocative questions: “What does it mean that those representing the voice of consumers at the policy table do not 
put as much weight on educating the public as they do on making it easier to get a seat at the table? What does it mean 
that these representatives seem to be more concerned with making sure the government lets them have a seat at the 
table than they are with making recommendations on how to be sure they have influence at the policy table? Does their 
strong focus on improving the process so that it is more visible, inclusive, accountable and accessible preclude their 
ability to focus on advocating public education about health issues? Would not a more informed public make their ‘job’ 
easier relative to influencing the policy process for food and health product review?”.  
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diverse positions on the issue can be openly expressed and circulated. At this point, another 
challenge emerged concerning the level of trust not only of the authorities but also the process itself 
to effectively develop policies that reflect the outcomes of the participatory processes.  

1.4. No “one-size-fits-all” approaches to inclusive deliberation on SRM 

There is no one-size-fits-all approach to inclusive deliberation on SRM. At present, there is no 
recipe or technique that ensures a successful participatory and inclusive process. The design and 
outcomes of such efforts will depend on multiple factors, ranging from technical to political. On the 
technical side, considerations include the specific technologies involved, whether they have local or 
global implications, and the stage of the research process in the life cycle of the SRM intervention—
whether it entails indoor activities such as modelling and simulations, or outdoor experimentation, 
such as small-scale field trials (see Chapter 2, section 2.3, and Annex      Chapter 2). Moreover, these 
complexities are compounded by the fact that there is little  experience of conducting participatory 
processes for initiatives that could have global impacts (Guivant & Macnaghten, 2011).   

Operationalizing engagement requires more than inviting participation. It demands 
recognition of multiple knowledge systems. At present, where scientific authority is contested, 
effective engagement depends on valuing diverse epistemologies, including local, indigenous, and 
experiential forms of understanding and living (Jasanoff, 2003). As argued below, this shift toward 
knowledge pluralism challenges technocratic models of SRM governance that prioritize expert 
authority over societal learning. Integrating plural expertise and cross-sector dialogue can enhance 
not only legitimacy but also the epistemic robustness of decisions, ensuring that social, ethical, and 
cultural dimensions of risk are considered alongside technical ones. 

SRM sits at the intersection of high uncertainty, ethical controversy, and global risk. Public 
engagement, therefore, cannot be treated as a tool for consensus-building alone but must be 
understood as a space for ethical reflection and contestation (Bellamy et al., 2016). In contexts of 
radical uncertainty, deliberation should acknowledge disagreement, plural values, and the moral 
implications of “technological fixes”. Engagement practices sensitive to power relations and moral 
pluralism are essential for developing a responsible innovation framework that allows democratic 
scrutiny of research trajectories and governance pathways. 

1.5. Collaborative approaches for transformative science in SRM landscapes  

SRM research necessarily depends on interdisciplinary work if it is to consider the various 
aspects of the discussions surrounding the topic and anticipate its governance and the social, 
cultural and political are key components126. Social science perspectives are essential for 
understanding how the general public perceive these emerging technologies and the values and 
ethical concerns that influence their opinions127.  

 
126 Currently, there is a significant imbalance in the funding and the number of research groups working on this topic 
from the natural sciences compared to the social sciences (Heyward & Rayner, 2013), that is equivalent with the more 
general research on climate change (Guivant & Fromer, 2023). 
127 In particular, it is important to recognize how disciplines such as anthropology, environmental sociology, and the arts 
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Despite the consensus on the need for interdisciplinarity, there are numerous problems for its 
implementation that can be extended to the research on SRM. In addition to the more explicit ones, 
such as lack of sufficient resources and institutional limitations, there are more subtle obstacles, 
especially in the cognitive and emotional spheres. Members of interdisciplinary teams tend to 
reproduce their tacit cognitions and are subject to what Kumar & Chakrabarti (2012) called 
"bounded awareness", a concept that refers to the difficulty of recognizing one's own lack of 
knowledge or the importance of the contribution of other areas. As has already been extensively 
demonstrated by social studies of science, research processes are permeated by implicit 
assumptions, for example, about the social uses of research/technology, about the conditions under 
which it will be implemented, by which social and economic actors and with what objectives. 
Interdisciplinary work in SRM is urgently demanding even more a reflective dynamic on such 
assumptions to overcome practices crystallized in institutions and research practice (Guivant & 
Fromer, 2023). 

Addressing complex and emerging technologies will also need trans-disciplinary approaches, 
as the academic voices are not the only ones to think about. Different stakeholders and community 
members should also be involved from an early stage of the research process to define research 
agendas and priorities. Transformative approaches to science and society take time, human and 
financial resources, and require a long standing horizon in order to build a shared understanding of 
multidimensional and complex topics, the development of a mutual learning community and a 
common language. Moreover, the development of personal skills and abilities is also relevant to 
address the challenges of these approaches. Research on SRM from an inter-trans/disciplinary 
perspective could bridge the pointed gaps and involve citizens in debates around its governance 
regimes. As the stakes are high and opinions are contested, it is essential to address public 
perceptions of SRM from the outset of the discussions (Stilgoe, 2015; Buck, 2018). 
  

2. Public Perception studies on SRM 

At the international level, research on public perceptions of SRM remains limited. As already 
said, existing studies are mostly quantitative and reflect mostly perspectives from Global North 
countries. However, as the field continues to advance, both quantitative and qualitative analyses 
are becoming more prominent.  

Based on a bibliographic corpus analysis on public perception, it is possible to draw some 
statements  that are commonly presented in different studies: 

a) The “lay” public has little familiarity with these issues (Burns et al., 2016; Rosenthal et al., 
2023; Buck et al., 2025).     

 
can contribute—through their historical perspectives and holistic approaches to human groups and social relations 
(Barnes et al., 2013)—to reflections on governance framed by climate and environmental justice, linking the local 
implications of SRM to its potential global-scale effects. 
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b) The higher the level of education or access to information on climate change, the greater the 
degree of acceptance of solar geoengineering research and/or implementation (Burns et al., 
2016; Rosenthal et al., 2023; Low et al., 2024; Buck et al., 2025). 

c) The frameworks used to present and explain solar geoengineering influence the responses 
provided by those consulted (Corner & Pidgeon, 2015; Burns et al., 2016). 

d) There is a higher level of acceptance of research than of large scale deployment (Sugiyama 
et al., 2016; Mercer, Keith & Sharp, 2011), and a higher degree of approval for laboratory 
experimentation than for field experimentation (Merk et al, 2015), as well as for 
experimentation at the regional level than at the local level —the ‘Not In My Backyard’ 
stance— (Rosenthal et al., 2023).  

e) There is a relation between the openness to consider geoengineering with feelings of climate 
urgency, low levels of awareness, frustration over the insufficient civic and political action 
regarding climate change, and a higher perception of harm or having directly experienced 
the consequences of climate change (Fritz et al., 2024). Some articles also argue that 
respondents from countries in the Global South seem to be more inclined to consider solar 
geoengineering as a viable option yet there is a high diversity of perceptual opinions around 
SRM research, governance, and potential acceptability within the global south, too.  
(Sugiyama et al., 2016; Low et al., 2024; Baum et al., 2024; Hussain et al., 2024). 

f) Another interesting aspect that has previously been cited in the literature (Mercer, Keith & 
Sharp, 2011) but according to Buck et al (2025) is reappearing with greater force, is the 
presence of conspiracy theories among the responses collected.  

g) There is a lack of a specific perspective on the opinions of indigenous peoples (Whyte, 2012), 
and the existence of literature that focuses specifically on the perception of “expert” groups 
(Mercer, 2014; Dannenberg & Zitzelsberger, 2019; Baum, Low & Sovacool, 2022).  

 

This brief description reconstructs some of the key arguments shaping the current debate 
on public perceptions of SRM.  

At present, a small number of research teams are conducting public perception studies 
focused on the Latin American region, funded by the Degrees Initiative and the Advanced 
Research and Invention Agency (ARIA) , the latter hosted by the Inter-American Institute for 
Global Change Research (IAI). These projects aim to assess how SRM research is perceived in the 
LAC region, thereby contributing to the broader understanding of public engagement and 
attitudes toward climate intervention strategies. 

 

3. Health impacts as a key entry point to SRM deliberations  

Health impacts, for example, could play a key role in SRM governance from an early-stage. 
Public engagement with health professionals and the public can help bridge the gap between 
science and society. They can act as trusted and legitimate intermediaries between technical 
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researchers and the general public, ensuring that health concerns are accurately represented in 
discussions128. 

Public health strategies and communication might work by weighing risks and constructing 
meanings that are close to the patient and the communities they work with, involving them with 
prevention or health promotion campaigns. Public health alliances and collaborative partnerships 
could provide a foundation for public engagement with SRM, building on the sector’s established 
and trusted approaches. 

Incorporating health dimensions with a social and environmental justice perspective could 
lead to prioritizing the persons with vulnerabilities who suffer the most from the impacts of climate 
extreme events and climate-related risks, particularly the shifts in temperature and precipitation. 
Climate change amplifies existing health threats and creates new and potential challenges. So, 
weighing the risks of climate change impacts versus the risks of SRM in this sector is likely to be a 
key entry point to discuss potential trade offs, co-benefits and countervailing risks. In this sense, it 
is interesting to note how the risk-risk analysis is usually brought in research about public perception 
on SRM.  

Health has always worked with narratives focusing on prevention, care or well-being which 
can also be useful to engage with those concerns related to the perception of personal and 
community risks. While the technical aspects of SRM may seem distant or abstract, people are more 
likely to connect with concrete issues such as its implications of heat stress for human health, the 
impacts of floods and the spread of vector-borne diseases such as malaria, and broader climate-
related health risks. Framing SRM in relation to potential benefits and risks to public health makes 
the debate more immediate, tangible, and directly connected to people’s daily lives.  
 
4. Final considerations 
 

Institutionalizing engagement in SRM governance means developing procedures, 
accountability frameworks, and iterative mutual learning approaches that go beyond symbolic 
consultation. As a contested topic, establishing normative, procedural ethics guidelines could create 
the necessary safeguards to avoid groups of interest to capture these public engagement 
mechanisms, including industry, research, academic groups, for-profit enterprises and 
environmental activists. Without such integration, engagement risks remaining rhetorical, a 
procedural checkbox rather than a transformative practice shaping the future of climate 
governance. 

It is essential to ensure that equity, diversity, and inclusion (EDI) strategies are embedded as 
cross-cutting measures in the participation of research teams, stakeholders, and civil society from 
the Global South. Countries in this region—often more vulnerable to the impacts of climate 
change—are also more likely to experience the potential adverse effects of SRM deployment. 
Consequently, several authors argue that they should play a leading role in global discussions on 

 
128 See Chapter 3 where the current state of the literature on SRM and its impact on human health is detailed. 
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these issues (Aldy et al., 2021). However, researchers from the Global South often face limited 
access to funding, expertise, and research infrastructure (Rahman, 2018).  And as we have just seen 
in our bibliographical review (Chapter 3) there are few researchers, as well as institutions, support 
and funding, from the so-called global south. Therefore, from the perspective of global climate 
justice, it is vital that governments and international organisations invest in and strengthen capacity-
building initiatives to ensure the meaningful participation of researchers and local communities on 
equal footing. Ensuring effective participation will require strategies that foster trust and 
information-sharing, thereby reshaping the power dynamics of scientific knowledge production. In 
this process, humility, active listening, and a deep understanding of local values and assumptions 
(Jasanoff, 2003) are key to achieving transformative and impactful science. 

Finally, we think health impacts can play a key role in SRM public engagement to bridge the 
gap between science and society. And it can be a useful tool to incorporate and pay more attention 
to.  
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Chapter 7. Governing SRM for a healthy climate future129 
 
Introduction 
 

In chapter 5 we presented ethical and governance frameworks that can be mainly used at 
the domestic level. We pointed out the little development of the proposal regarding international 
coordination and cooperation. This chapter moves to the international arena and to WHO’s possible 
answers to SRM governance. It proposes some ethical considerations for an anticipatory governance 
framework to align current considerations on SRM with the health protection mandate and policy 
frameworks of the World Health Organization (WHO) and its Member States. It provides policy 
options, guardrails, and measurable indicators to equip the health community to lead these 
deliberations from a "health-first" and "do-no-harm" perspective in the form of considerations     , 
access points for WHO action, and the rationale for principles and guidelines. While SRM introduces 
new uncertainty layers, worsening climate-health baselines among other issues, require rethinking 
the precautionary  (‘do no harm’) principle, i.e., not all inaction is safe, and precaution does not have 
to mean paralysis; it can mean procedural readiness. 
 
1. Brief framing of SRM governance as in its exploratory phase 

SRM governance is currently in an exploratory phase, particularly concerning health 
implications and the mandate of the WHO and its member states. Despite this nascent stage, specific 
markers for SRM and health must be identified to aid in decision making around its research, 
potential technology development, and eventual use or non-use. SRM is rapidly entering scientific 
investigations and deliberations at various levels (from institutional to global) because of the global 
failure to tackle the worsening climate crisis. 

As we have seen in our elaboration of the literature (see Chapter 3), in principle, the 
scientific, engineering and technical deployment aspects of SRM are fairly feasible in the medium 
term (Lee et al., 2021). However, the governance and decision making processes around SRM 
present immense challenges due to the scalable, high impact, global nature of these proposed 
technological interventions. These aspects are further complicated by the fact that these 
interventions are much cheaper to develop and deploy (Lee et al., 2021; Smith, 2020; Robock, 2008) 
as compared to combatting climate change, implying that global powers, with the technical 
capacities and resources to pursue such strategies, could do so unilaterally or as coalitions of 
countries. Beyond the moral hazard, slippery slope and climate adaptation and financial deterrence 
concerns raised around the governance of SRM, uninformed, rash and/or non-cooperative pursuit 
of SRM research, technologies development or potential deployment can exacerbate the very 
climate and health inequities that these technologies would aim to reduce.  

From a governance standpoint, as we have seen before (see Chapter 1), the decisions around 
SRM must differentiate between research and deployment, which has implications for the climate-

 
129 Main contributors: Hassaan Sipra, Shuchi Talati and Florencia Luna.  
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health work of the WHO.  

Research governance can enable or restrict scientific endeavors around SRM. In general, 
principles of academic freedom favor curiosity-driven scientific pursuit according to the interests 
and needs identified by the scientific community. Since SRM research is about exploring these 
technologies’ potential as a “solution” to the climate crisis, and the development and deployment 
of such technologies would generate a global impact on nations and communities, its research 
governance inherently becomes a need that may supersede academic freedom. SRM research 
governance, therefore, must contend with whether and how to conduct SRM research, operating 
with the utmost care for public perceptions and consent, defining the scope of research, and 
integrating physical and social sciences to build evidence that can aid in legitimate decision making. 
In short, it is about how scientific inquiry of SRM is authorized, monitored, and shared. 
 

Deployment governance concerns how actions with population-level exposure are 
constrained, overseen, or prohibited. This form of governance is overtly anticipatory, and must 
grapple with the profound, large-scale, and potentially irreversible consequences of SRM 
implementation. It moves beyond the oversight of scientific inquiry to address fundamental 
questions of international legitimacy, authority, consent, and accountability, and establishes who 
would have the authority to make deployment decisions, under what conditions, and on behalf of 
whom. It must also define mechanisms for global monitoring, control over the "thermostat", and 
liability and redress for transboundary or unforeseen harms (also true for outdoor experiments in 
SRM research governance). 
 
2. Case studies highlight governance gaps 
 

Activities around SRM have increased drastically from various domains in recent years, 
highlighting critical governance gaps. These gaps  can be seen in a range of activities at the private, 
regional and global levels:           

 
● Unconsult SRM research and non-research activities (e.g., in Mexico by Make Sunsets)130,  
● Halted research experiments (e.g., in Alameda, California by the University of Washington, 

and the SCoPEx project from Harvard University)131,  
● Private sector investments (e.g., Stardust Solutions)132,  
● Public funding (e.g., UK Advanced Research and Invention Agency’s approximately £57 

million Exploring Climate Cooling Programme, which includes small-scale outdoor 
experiments133, multi-million dollar EU funded projects, a now-defunct Chinese SRM 
research program, and small funding for an Indian SRM research effort), 

 
130Make Sunsets (2025). For a critical analysis see Carabajal et al. (2025). 
131 Keutsch Group. ScoPEx (2025). 
132 Stardust Solutions (2025).  
133 ARIA (2025). 
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● Government reports (e.g. NASEM, 2021), a Congressionally mandated US White House 
research plan and governance framework (OSTP, 2023), and an EU scoping, evidence, and 
scientific opinion) (Directorate-General for Research and Innovation, 2024),  

● Regional declarations and resolutions (e.g., African Ministerial Conference on the 
Environment134), and 

● Philanthropic and non-governmental activities (e.g., Environmental Defense Fund135), ETC 
Group136, Heinrich Böll Stiftung137, HOME Alliance138, Quadrature Climate Foundation139, 
Reflective140, SRM360141, The Alliance for Just Deliberation on Solar Geoengineering142, The 
Degrees Initiative143, and many others). 

 

Many of the activities being undertaken by the variety of social and institutional actors 
outlined above, both for and against SRM research, engagement and deliberations on technology 
development or deployment, are proceeding without international oversight, consultation, public 
engagement, and global consensus. Some are working to build capacity among academia, civil 
society and governments to develop consensus on research and/or use or non-use, while others are 
operating in a non-transparent manner, with no clarity on motivations and end goals. The plethora 
of activities and actors, and the growing interest and momentum around SRM, demonstrates the 
clear and present risk of unilateral, bloc-based or non-inclusive action that will have repercussions 
for public health and more.  This was also outlined by EGE (2024) that worried about the unilateral 
and dual use of these technologies. This underscores the urgent need for the operational 
frameworks recommended here. 
 
3. Relevant WHO ethics & guidance and policy pathways 
 
 

The governance of emerging technologies requires a robust ethical foundation to navigate 
the complexities of global risk and social impact. The World Health Organization (WHO) has 
developed several key frameworks that offer critical pathways for managing high-stakes research 
and innovation. 
 
  

● Global guidance framework for the responsible use of the life sciences: Provides a model 
for managing "dual use" (research where activities intended for benefit might be 

 
134 United Nations Environment Programme (2025). 
135 Environmental Defense Fund (2025).  
136ETC Group (2025).  
137 Heinrich Böll Foundation (2025).  
138 Hands Off Mother Earth! (2025).  
139 QC Foundation (2025). 
140 Reflective Institute (2025).  
141SRM360 (2025).  
142 SG Deliberation (2025). 
143 Degrees NGO (2025).  
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misapplied). This is one of the dangers of this technology if it is used unilaterally by particular 
countries (WHO, 2022b). 

● Ethics and governance of AI for health: Offers a strong precedent for mandating 
transparency, "explainability," and independent audits for complex, high-risk technologies 
(WHO, 2021a). 

● Guidance on social listening in infodemic management: Provides a framework for managing 
the "infodemic" of misinformation and disinformation, which is a significant risk for a 
polarized topic like SRM (WHO, 2025b). 

● Ethics of health research priority setting guidance: Emphasizes that decisions about what 
research to conduct and how should be made explicitly, systematically, and guided by ethical 
principles that include social value optimization, use of fair procedures, funding declarations, 
and inclusion mechanisms that counter marginalization and power imbalances (WHO, 
2025a).  

 

4. Policy pathways for the WHO and its Member States 
 

Given this complex landscape, the WHO and its Member States face a spectrum of policy 
options, each with legitimate justifications and concerns. These policy pathways are reflections of 
some key governance and ethical frameworks, and highlight that precaution can mean procedural 
readiness and anticipatory thinking, it does not have to mean paralysis. As -we have just seen in 
section 2- there are nowadays many activities undertaken without any international oversight. 

  
The policy pathways below are presented as possible options. There is no single “right 

answer.” Appropriate choices will vary with the trajectory and distribution of climate-health 
impacts, how power and authority are exercised considering perceived risk–benefit trade-offs, and 
the technical and financial capacity of institutions to meet their mandates (see Postface). What 
ultimately confers legitimacy is early, ethically grounded, health-first governance that is transparent, 
participatory, and accountable. These principles apply distinctly to research governance (how 
inquiry is authorized, research monitored, and shared) and to deployment governance (how actions 
with population-level exposure are constrained, overseen, or prohibited).  
 

 
Table 11. Spectrum of possible SRM policy pathways for the WHO to consider 
 

Pathway Description WHO Relevant focus 

Non-use and 
monitoring 

Reject deployment, 
observe, report, build 

surveillance for 
potential SRM 

This pathway leverages the legally binding framework of 
the International Health Regulations (IHR). Monitoring 
SRM risks requires the integration of potential 
atmospheric hazards into national actions plans to 
strengthen preparedness capacities to address their 
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activities. associated known and unknown risks.  

The IHR Monitoring and Evaluation Framework has tools 
like the mandatory State Parties’ self-assessment annual 
reports, which could transparently track national 
capacities to detect and respond to SRM-related 
chemical/atmospheric risks.  

It requires utilizing multisectoral coordination 
mechanisms already established by WHO and partner 
agencies (such as WMO and UNEP) aid in the planning 
process and secure resource allocation, particularly for 
lower capacity nations and vulnerable communities. 

  

Moratorium with 
narrow research 

exceptions 

Ban deployment, allow 
small-scale indoor/lab 

research. 

This pathway requires strict oversight frameworks, 
drawing on ethical guidance developed for high-risk 
research. Research must adhere to various WHO 
guidance provided on life sciences and biorisk 
governance, which views the oversight of dual-use 
research as central to ensuring health security.  

Low-risk activities, such as modelling and observational 
studies, should continue, provided they are transparent, 
representative of broad stakeholder concerns, and 
responsibly governed. Strict transparency is required, 
aligning with principles of good governance, which 
should mandate the establishment of public registries of 
SRM research, documenting funding, protocols, and data 
disclosure. The principle established under the MEURI 
framework144 requires a distinct registry of monitored 
emergency use protocols (non-research activity) to 
prevent the mischaracterization of research and non-
research aims and ensure appropriate ethical oversight 
of both. 

  

Conditional time-
bound research 

Permit limited field 
trials with expiry and 

review clauses. 

Permitting field trials significantly escalates governance 
complexities, demanding rigorous, policy-focused 
assessment and accountability mechanisms. Research 
must be supported by policy-focused assessments that 
answer specific questions for decision-makers. This 
requires the quantification and economic valuation of 
health outcomes to ensure investments in climate and 
SRM actions are economically viable from a broader 
societal perspective, and health conscious.  

Governance must explicitly address who is liable if harm 
occurs. Mechanisms must be explored to handle 

 
144 WHO (2022d). 
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potential non-compliance and manage liability risks, 
considering that responsible entities could include 
research institutions being liable to communities.  

Further, permitting field trials requires active 
engagement with civil society and affected communities. 
Health and economic valuation assessments must be 
secured with processes that mandate iterative and 
sustained stakeholder dialogue with broad groups and 
their community leaders. Ethical research priority-setting 
demands an inclusive and transparent process to 
maximize social value and ensure equity. 

Pilot/readiness 
track 

Prepare institutions for 
possible future 
emergency use. 

This track involves preparing global institutions for 
potential emergency deployment, which requires robust 
decision-making and preparedness frameworks that are 
proactive, not only reactive. Effective SRM governance, 
in this track, must be cooperative, multilateral, and 
designed to ensure accountability and broad legitimacy. 
In such governance, mechanisms to handle non-
compliance with formal regulations is highly necessary. 
Legal "red lines" derived from the CBD resolution and 
other international conventions should serve as policy 
triggers.  

The governance must define clear triggers, thresholds, 
and off-ramps ("red lines") that are categorized by 
scientific, socioeconomic response, and policy factors, 
ensuring that deployment choices are carefully 
structured. Further, defining emergency readiness clearly 
will require leveraging the various and all-hazards 
planning tools of the WHO to ensure readiness capacity 
is maintained. This preparedness must extend to 
multisource collaborative surveillance (WMO, UNEP, 
health sector) to manage uncertainties during crises, 
including emergency use considerations. 

  

 
 
4. Policy options and considerations      
 
Consideration      1: Prioritize mitigation and adaptation as climate response options, and mandate 
non-substitution as an enforceable guardrail 

 
This consideration      goes beyond WHO scope but it expresses a shared concern among 

various stakeholders, institutions and even advocates of SRM. As we have seen in previous chapters 
(see Chapter 1 and 5, and also in the FCEA Report), to prioritize mitigation and adaptation may 
function as a precondition for SRM use within an action portfolio of responses to climate change. By 
non-substitution we understand that if SRM is included in the portfolio, it must not, under any 
circumstances, substitute rapid and deep reductions of greenhouse gas emissions, adaptation, or 
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carbon dioxide removal (CDR). This principle must be an enforceable, non-negotiable guardrail in 
view of SRM inherent risks (see Chapter 1, section 1.5). 

 
Possible action points 

 
● Establish legal and financial firewalls that explicitly decouple SRM research funding and 

policy from mitigation and adaptation commitments. 

● Prohibit the use of SRM as a "credit" or "offset" for compliance with Paris Agreement targets 
(Nationally Determined Contributions). 

● Require demonstrated progress on mitigation and adaptation as a potential precondition for 
any staged progression of SRM research. 

● Track and publicly report on the opportunity costs of SRM research, including the health co-
benefits foregone if funds are diverted from proven interventions like clean energy or health 
system strengthening. 

 

Rationale for non-substitution 
 

As we already pointed out in Chapter 1, section 1.5.2., from the perspective of the entire 
climate response portfolio, the primary risk of engaging with SRM is mitigation deterrence (“moral 
hazard”, “risk compensation”). This is the concern that the mere discussion of a "techno-fix" could 
deter or delay the urgent work of decarbonization. SRM does not address the root physical cause of 
climate change (GHG emissions) and deployment could create a "slippery slope" or “lock-in” with 
unknown technologies. Advocates for the rejection of SRM cite this as a primary reason to limit 
engagement. Therefore, any "health-first" governance framework must actively and legally prevent 
this substitution. 
 
Consideration 2: Anchor all SRM governance of WHO within a "health-first" mandate 

 
All decisions regarding SRM, from research to potential deployment, must be evaluated by 

taking into consideration its health dimensions. This means prioritizing health and equity over purely 
technical or risk-based assessments. A health first approach should require proportional and 
contextual measures at the different SRM stages and the particular life cycle of each SRM climate 
intervention.  

 
Potential action points 
 

● Adopt a human-rights-based approach that explicitly centers health equity, distributive 
justice, and intergenerational justice in all governance. 
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● Leverage existing WHO resolutions, particularly WHA 77.14 ("global plan of action on climate 
change and health"), to provide a clear mandate for the health community's role in SRM 
deliberations. 

● Mandate proportional, distribution-sensitive Health and Equity Impact Assessments as a 
prerequisite for any SRM research proposal. 

● Integrate SRM-attributable signals into existing WHO-guided hazard indices, early warning 
systems, and national surveillance capacities (e.g., IHR). 

 

Rationale for a health-first approach 
 

Persistent institutional and transparency gaps create health risks. A "health-first" lens is 
essential because it reframes the SRM debate around a fundamental question: will this intervention 
reduce human suffering and advance health equity, or will it exacerbate harm?  

 
However, as there is little known about the impact on health (see Chapter 3), we also 

propose a third consideration. 
 

Consideration 3: Encourage research and knowledge on health impacts within an SRM balance 
assessment.  
 

This consideration      should be applied to modeling scientific literature and include physical 
and mental health as well as social wellbeing. This is an additional consideration for the WHO when 
considering a balanced assessment of SRM physical and broader socio-political risks against the risks 
of climate change that it might prevent (Royal Society, 2025, p. 99). 

 
The WHO is uniquely positioned to lead this framing as well as to operationalize 

considerations 2 and 3. Its established mandate on climate and health, its trusted role as a norm-
setter, and its existing technical frameworks provide the foundation for robust, health-centered 
research and governance before any decisions are made. This approach moves beyond abstract 
debates and grounds the discussion in the tangible health outcomes for populations with different 
vulnerabilities. We will outline some possible norms, resolutions and partners that may be useful. 
 
Key WHO & multilateral levers 
 

WHA Resolutions (e.g., 61.19, 77.14): Provide the mandate to place public health at the 
center of the climate response and integrate climate across all WHO technical work145. 

 
International Health Regulations (IHR): This core, legally binding framework for managing 
public health events of international concern can be leveraged for monitoring and 

 
145 See World Health Organization (2008) and World Health Organization (2024). 
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notification of transboundary atmospheric risks and their health implications.  
 
Operational Framework for Climate-Resilient Health Systems: Provides a practical template 
for preparedness, surveillance, and risk appraisal that can be extended to SRM146. 
 
Multilateral Partners: Multilateral coordination is essential to integrate SRM into climate-
health assessments and the WHO is already undertaking to support decision making on SRM 
research and potential deployment, as well as to identify and stress test the potentially 
necessary institutional mechanisms and infrastructure for use/non-use eventualities.   

 
Some relevant multilateral institutional arrangements for the WHO and its Member States 

to leverage include: the Intergovernmental Panel on Climate Change (IPCC), for producing 
assessments that outline the pathways for urgent climate action, the impacts on public health, as 
well as the feasibility and need for SRM; the World Meteorological Organization (WMO), for the 
development of key indicators to monitor SRM attributable signals relating to climate-health risks 
and embedding such information into early warning systems; the UN Environment Programme 
(UNEP), for upholding environmental norms, particularly by extending assessments on the interplay 
of GHG emissions, air quality, and health burdens (incidence of death, disability and disease) to 
include various proposed SRM aerosols; the Convention on Biological Diversity (CBD), for ensuring 
the WHO stays aligned with its precautionary decisions on geoengineering broadly (inclusive of SRM) 
(see Chapter 2, section 1) and provides input on how biodiversity and health parameters may change 
under climate change and specific SRM interventions/scenarios; and the Green Climate 
Fund/Global Environment Facility, by supporting Member States with guidance that integrates SRM 
aspects into their climate and health readiness processes, such as by developing their capacity to 
pitch for and receive finance that integrates health co-benefits into their climate mitigation and 
adaptation projects, and determining whether and how SRM alters health co-benefits.  

 
Finally, it is crucial to mention the UN Framework Convention on Climate Change (UNFCCC) 

and the Paris Agreement, which provide the ambition for climate action (maintaining global average 
temperatures to 1.5°C, or well below 2°C, as compared to pre-industrial levels) and mechanisms to 
achieve those thresholds (Nationally Determined Contributions (NDCs) that ramp up mitigation, 
adaptation, and financing). With the UNFCCC and its Conference of Parties continuing to remain 
silent on SRM, likely as a political signal to not distract from the urgent climate action outlined in 
the Paris Agreement, it has created a vacuum that other multilateral institutions are attempting to 
fill, resulting in a fragmented approach overall.   
 
 
Consideration 4: Design an international, anticipatory system of governance  
 

To manage the profound uncertainties that exist in defining the risks and benefits of SRM as 
found in growing research literature, principles of good governance must be translated into 

 
146 See World Health Organization (2023). 
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operational rules. A robust framework requires public mechanisms that promote climate and health-
first justice orientation. Such a framework must reflect meaningful inclusion of the interest of 
populations that will be most impacted and that historically lacked resources and voice. It must also 
include transparency, independent oversight, and course correction that can ensure SRM and its 
health dimensions are deliberated based on well-governed and equitably representative scientific 
evidence, inclusive decision making processes, and strong accountability mechanisms. 

 
Potential Action Points 
 

● Establish a global public registry for all SRM research and non-research activities in an 
accessible manner, especially health impacts and public health implications, mandating pre-
registration of protocols, funding sources, conflict-of-interest statements to prevent the 
mischaracterization of research and non-research aims and ensure appropriate ethical 
oversight of both. 

● Ensure the interests and voices of disempowered populations of the different regions and 
countries are taken into account. 

● Define and pre-register clear scientific, public response, and policy-based "thresholds", 
"triggers" and "off-ramps" (Table 11) before any outdoor research begins. 

● Create independent oversight bodies with the authority to approve, pause, or terminate 
SRM research and non-research activities based on predefined thresholds, especially if 
health outcomes are undermined (Table 10). 

● Ensure procedural integrity through early, continuous, and intelligible public engagement, 
including the use of social listening to manage infodemics and disinformation. 

● Implement accessible, safe, and time-bound grievance and redress mechanisms, including 
pre-committed funds to address potential health harms. 

 

Rationale for an operational framework 
 

Good governance is not optional; its absence creates health risks. An operational framework 
moves beyond principles by creating enforceable rules. It also helps outline the types of necessary 
research that can aid in decision making based on health dimensions. Further, defining "red lines" 
(triggers and thresholds) before SRM research moves to outdoor experiments is the only way to 
manage the risks and uncertainties that may occur as unintended outcomes. This may secure public 
trust in the research processes and findings, it should also broaden the scope of research by 
including specifications of all stakeholders impacted, and build legitimacy around deliberations and 
decision making. If a scientific signal, a policy breach, or a collapse in public legitimacy occurs, the 
system must have a pre-agreed "off-ramp" to pause, review, and remediate. In Table 11 we outline 
some possible examples of thresholds, triggers, and off-ramps if it were to be accepted for outdoor 
experimentation and potential phased deployment; as this is one of the most controversial aspects 
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of SRM. 
 
Table 12. Simplified example thresholds, triggers, and off-ramps for outdoor experimentation and 
potential phased deployment      

 

Category Threshold (Breach) Trigger (Signal) Off-ramp (Action) 

Scientific 

Pre-agreed variance 
band from baseline for 

relevant climate and 
health indicators. 

Anomaly detected in 
aerosol/ozone/UV 

monitoring networks. 

PAUSE activity. Notify authorities. 
Conduct attribution analysis. Do 

not resume without redesign. 

Public 
Response  

Composite legitimacy 
and public trust indices 

drop below pre-set floor 
in a specified time 

period. 

Sustained negative 
trend in public 

trust/legitimacy 
metrics. 

PAUSE non-urgent activity. 
Undertake enhanced public 
engagement. Commission 

independent facilitation. Re-
assess, and if necessary terminate 

activities. 

Policy 
Operationalized 
oversight body. 

Validated findings that 
outdoor research 

proceeds without prior 
notification or public 

registration. 

TERMINATE authorization. 
Publish rationale. Initiate 
liability/remedy process. 

 
A critical challenge that any operational framework around SRM must address is when 

enough information is present to warrant a complete rejection of further SRM research or 
deployment. While this would have to be accounted for in operational frameworks of a variety of 
institutions, particularly international agencies like the UN Environmental Assembly and 
Programme, for the WHO and its Member States, bringing in the health dimensions as crystallized 
go/no-go inflection points would help shape the future of SRM research governance, and inform 
potential deployment pathways.                                                                                                                                                                                              
 
Consideration 5: center equity, justice, and co-stewardship by the Global South and communities 
with vulnerabilities  
 

A health-first governance approach must be cognizant of roles, responsibilities and 
perspectives of the Global South and vulnerable communities. As such, equity and justice must serve 
as necessary preconditions for legitimacy and scientific quality. While the WHO and its Member 
States adhere to these principles through various guidance (some presented above), specifically 
charting them for health considerations will center equity, justice and co-stewardship of Global 
South and representatives of vulnerable communities to build/implement appropriate SRM 
governance mechanisms.  

 
An additional consideration —in light of what was already underscored in previous 

chapters—and that complements this fifth consideration      is as follows: 
 

Consideration 6: Consider the interests, voices, and specificities of the different countries and 
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regions of the Global South. 
  

The Global South includes very different regions each of them with different challenges and 
particularities in relation to climate change, SRM, illnesses and health systems. One is the situation 
of Latin America with countries in the equator while others are near Antarctica; quite different is 
the situation of Pakistan or Vietnam as well as many countries in Africa (one is the situation of 
Malawi while other is the one of South Africa or Morocco). As already argued, it is unlikely to be 
useful to use the Global South as a blanket term, but instead, to use it as a starting point to 
investigate vulnerabilities affecting the majority of people’s health. 

 
Rationale for justice-oriented (equitable) and Global South-forward governance 

 
Climate and health risks are unequally distributed; those least responsible are most 

vulnerable. SRM governance must not reproduce these historical and ongoing climate related 
inequities, least of all for health concerns. SRM research and governance models require shifting 
power and resources away from Global North-centric philosophies of climate intervention (whether 
outright rejection or accelerated deployment trajectories) and towards the growing, dire climate 
impacts felt by climate vulnerable communities and Global South constituents.  

 
Making equity measurable and enforceable ensures that who participates, how resources 

flow, and who bears risk are tracked with the same discipline as scientific data. If equity metrics 
(e.g., funding for capacity sharing, region-specific and endogenous/local knowledge generation) are 
missed, they must trigger a pause of SRM research or decision making activities, and create clear 
pathways to address the shortfalls, thereby treating a failure of justice as a failure of the entire 
process. 
 
Co-opting WHO’s tools for health equity 
 

● WHO Global Strategy on Health, Environment and Climate Change: Prioritizes primary 
prevention, strong governance, and cross-sectoral action, directly applicable to SRM’s 
intersectoral nature (WHO, 2020). 

● COP26 Special Report (The Health Argument for Climate Action): Provides the core 
argument for centering health and social justice in all climate decisions (WHO, 2021c). 

● A Framework for the Quantification and Economic Valuation of Health Outcomes 
Originating from Health and Non-health Climate Change Mitigation and Adaptation Action 
(WHO, 2023) + Climate Change and Health Vulnerability and Adaptation Assessment 
(WHO, 2021b): The economic valuations provide WHO Member States with systematic 
guidance on climate-health policy analysis for determinations of sectoral and cross-sectoral 
climate mitigation and adaptation inaction versus action, while the assessments emphasize 
the climate-health vulnerability and adaptation needs of Member States to proactively 
manage climate-health risks and increase system resilience.  
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● National Action Plan for Health Security Strategy 2022–2026 (WHO, 2022c): Translate the 

above assessments into actionable, priced plans (specifically, National Health Adaptation 
Action Plans), using a multisectoral, all-hazards, whole-of-government approach. Per the 
requirements of the IHR and its Monitoring and Evaluation Framework, accountability is held 
at the highest possible national level to ensure involvement from sectors like environment 
and finance, crucial for SRM oversight. 

 
We recommend possible options for next steps: 
 

● Encourage Global South co-leadership and shared decision-making rights on all governance 
bodies, protocol design teams, and review committees. 

● Ensure Global South’s interest are acknowledged in all its diversities and particularities (ie. 
small island in the Caribbean prevailing illness and health systems capacities might be 
different from Sub-Saharan Africa or developing Asia).  

● Ensure the use of contextualized and situated approaches to support inclusive deliberation 
on SRM, acknowledging that no single model or ‘one-size-fits-all’ approach can adequately 
address all contexts. 

● Explore dedicated funding, timelines, and budgets for genuine capacity sharing (beyond 
capacity building), including equipment, training, data systems, and mirrored monitoring 
infrastructure to be hosted in Global South institutions. 

● Implement and publicly report on a governance framework that incorporates equity metrics, 
which track funding flows, participation parity, language access, and local data and 
technology development stewardship, among others. 

● Ensure participation standards remove barriers by providing honoraria, translation, 
accessibility accommodations, and support for communities and Global South 
representatives to engage with, deliberate, and effectively shape SRM decision making. 

 

5.  Final considerations 
 
This chapter provides ethical considerations as well as policy options; guardrails and 

measurable indicators that WHO can consider in order to build an anticipatory governance 
framework. It also explores some of WHO ethical and guidance documents that may help in this 
endeavor. In total, we propose six governance considerations, as per the Executive Summary and 
Concluding remarks:  

1) to prioritize mitigation and adaptation as climate response options, and mandate non-
substitution as an enforceable guardrail;  

2) to anchor all SRM governance of WHO in a “health-first” mandate;  
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3) to encourage research and knowledge on health impacts within SRM balance 
assessments;  

4) to design an international anticipatory system of good governance  
5) to center equity, justice and co-stewardship by the Global South and communities with 

vulnerabilities,  
6) to consider the interests, voices and specificities of the different countries and regions of 

the Global South.  
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Part IV. Final remarks  
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Concluding remarks and considerations      
 

1 - This Report found a scarcity of studies on health impacts of SRM. We call for more empirical 
research on this understudied topic. The available studies converge on the understanding that 
health impacts are likely to be unevenly distributed at a regional climate scale and are likely to 
interact with existing climate-health gradients. 

2 - The Global South and health perspectives on SRM ethics and governance are currently lacking 
from global science-policy debates. Yet the way in which we integrate these perspectives matter. 
Through a careful analysis of terms like “geoengineering”, “SRM” and “Global South,” we have 
attempted to emphasize that ethics and governance for SRM should not rely on a one-size-fits-all 
approach. This is why we stress that public participation in SRM research and debates about 
potential deployment is required. This is because that research should identify climate-health needs 
and work with local populations to elaborate fair policies to meet them.  

3 - The authors of this Report consider that the WHO can play an important role in assessing and 
guiding SRM research and questions about its use or non-use options through a health-first 
governance lens, as per the perspective in Chapter 7. This lens could be useful to ground governance 
so that decisions on SRM that are safer, fairer, and more intelligible to health systems.  

4 - The postface and annexes go into greater detail on some of the finer details related to the policy 
dimensions of SRM (including the need for procedural fairness and potential compensation 
schemes), technical details, and more extensive terminological analysis. 
 

Ethical considerations: 
 

1) to prioritize mitigation and adaptation as climate response options, and mandate non-
substitution as an enforceable guardrail;  

2) to anchor all SRM governance of WHO in a “health-first” mandate;  
3) to encourage research and knowledge on health impacts within SRM balance 

assessments;  
4) to design an international anticipatory system of good governance and  
5) to center equity, justice and co-stewardship by the Global South and communities with 

vulnerabilities, and  
6) to consider the interests, voices and specificities of the different countries and regions of 

the Global South. 
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Postface. Fairness and public acceptance of SRM policy147 

Introduction 

People are more likely to support a policy when they think it has fair outcomes (André et al., 
2022; Haidt, 2013). People perceive policy outcomes as fair only when, at the very least, the policy 
produces no net losers (André et al., 2022). 

All SRM policy pathways can have mixed health outcomes. They can simultaneously increase 
health risks for some people, and decrease health risks for other people. For this reason, all possible 
SRM policy pathways—from a strict indefinite moratorium on research and deployment, to full 
deployment—are likely to produce at least some net losers. In a complex, dilemmatic case like this, 
the public is more likely to accept SRM policy pathways if they are procedurally fair, and if net health 
losers are fully compensated. 

1. People care about fairness 
 

People are more likely to support policies when they perceive them as fair. This means both 
that the outcomes are fair (‘outcome fairness’) and that policy decision-making procedures are fair 
(‘procedural fairness’).  

 
Before explaining these concepts it is important to mention that even though people care 

about fairness, it is not all they care about. The fact that a policy choice is fair is neither necessary 
nor sufficient for people to support it. People may reject a policy they agree is fair, and they may 
endorse a policy they agree is unfair. The reason is that moral motivation has limits. People often 
succumb to the temptation to act immorally when they believe that cheating may go unnoticed, the 
benefits from cheating are very high, or levels of trust are low (Lie-Panis & André, 2022).  
 
1.1. Outcome fairness 

 
People accept or reject policy partly on the basis of its expected outcomes (Ajzen et al., 2018; 

Eagly & Chaiken, 1993). One key way in which people assess expected policy outcomes is in terms 
of their fairness (André et al., 2022; Haidt, 2013). 

 
There is disagreement on how to define and measure outcome fairness. There is however 

broad agreement and strong evidence that people regard as unfair any cooperation whose outcome 
is not mutually beneficial (André et al., 2022; Curry, 2016; Gray et al., 2012; Haidt, 2013). 
Cooperation is mutually beneficial when no participant is left worse off than if they had not 
cooperated—i.e. when cooperation produces no net losers148. This matters for policy choices. Policy 
choices set out the terms by which people cooperate. People are likely to think that a policy that 
produces net costs for some people is unfair. 

 
147 Main contributor: Francisco Garcia-Gibson. 
148 Mutual benefit is not enough for fair outcomes, but it is the absolute minimum (André et al., 2022). 
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Mutual benefit should not be confused with aggregate benefit. The aggregate benefit of 
cooperation is the sum of all benefits minus all costs across all cooperators. A policy may produce 
large aggregate benefits without being mutually beneficial for all. This is true for example when the 
costs a policy imposes on some people are less significant than the gains it provides to others—so 
in the aggregate the policy is beneficial—yet the people who pay costs get no benefits from the 
policy—so the benefit is not really mutual but instead unilateral. There is compelling evidence that 
people only see as fair outcomes that are mutually beneficial (Moore et al., 2024; White et al., 2024). 
For this reason, people are unlikely to think that SRM policy is fair if its benefits are not mutual—
even when the losses the policy imposes on a person are much less significant than the gains it 
provides to others. 
 
1.2 Procedural fairness 
 

Fair outcomes are not all that people morally care about. People also care about fair 
procedures. People care if decisions about how to cooperate were made through a fair decision-
making process (Besley, 2010; Gross, 2007; Tyler, 2000). Procedural fairness has a powerful 
independent effect on public support, especially when a policy’s outcomes are hard to ascertain or 
unknown (Tyler, 1996, 2000). 

 
Calls for procedural fairness in SRM policy are common (NASEM, 2021), particularly calls for 

procedural fairness regarding the Global South (Jinnah & Dove, 2025). As chapter 6 explains, 
procedural fairness in SRM policy requires inclusive and meaningful public engagement. This entails 
establishing transparency, independent oversight, and participatory mechanisms. Vulnerable 
communities should actively contribute to shaping decision-making processes and research 
priorities, rather than merely reacting to technocratic decisions. 
  
2. Most SRM policy pathways inevitably create net losers 
 

There is a wide range of SRM policy pathways (see Chapter 7). These policy pathways set 
research and deployment rules, with alternative pathways ranging from an indefinite ban on both 
research and deployment, to an eventual regulated permission for both. Given its potentially 
planetary effects, all SRM policy pathways are likely to influence health risks for practically every 
human for many generations. For some, SRM policy may increase health risk; for others, SRM may 
decrease health risk. For this reason, any SRM policy pathway is likely to produce at least some net 
losers. In other words, every SRM policy pathway is likely to increase the net health risk for at least 
some people. 

 
To illustrate how all SRM policy pathways are likely to produce net losers, let us consider a 

small set of SAI policy pathways and some of their potential health effects. As explained in chapter 
3, there is substantial uncertainty about the health effects of alternative SAI policies. Nevertheless, 
we can consider some hypothetical effects. One possible SAI policy pathway is to first allow for time-
limited SAI field trials, prepare institutions for possible deployment, and finally allow for deployment 



 
 

 
90 

within guardrails. This policy pathway may reduce health risk for many people. This is because 
eventual SAI deployment could help lower the temperature peak in this century. A higher 
temperature peak means worse heatwaves, for example, and increased heat-related mortality. 
Now, SAI deployment may well pose some health risks of its own (see chapter 3). For some people 
in some parts of the world, these potential health risks may not outweigh any potential health (or 
other) gains for them from SAI deployment. These people would be net losers from SAI policy. 

 
Any alternative SAI policy pathway is likely to create net losers too. Consider another 

pathway: an indefinite moratorium on all SAI research and deployment. This policy pathway may 
reduce mitigation deterrence risk, increasing the likelihood that long-term decarbonization goals 
are reached and long-term health climate impacts minimized. Yet banning all SAI research and 
deployment may simultaneously increase the risk of temperature overshoot. Temperature 
overshoot involves many risks, including heat-related mortality risks for many people. People who 
face this increased health risk would be net losers, because any health benefit these victims may 
derive from the full moratorium is probably outweighed by the huge cost of a higher death risk from 
a heat shock. 

 
Similar dilemmas occur for most SRM technologies. Since any SRM policy is likely to produce 

net losers, any SRM policy is likely to be regarded as unfair (unfair outcomes).  
 
3. Fair procedures and compensation for net losers 

 
SRM policy is not the only policy domain where all options create some net losers. All 

complex, large-scale policy choices are very frequently dilemmatic in that very same way. Federal 
economic policy, for example, almost always creates at least some net losers. Trade-offs are 
unavoidable. 

 
In these dilemmatic cases, unfairness perceptions can be dramatically reduced or even 

eliminated by compensating net losers. In other policy areas there is evidence that compensation 
for net losers can foster public acceptance of policy (Saglie et al., 2020). A compensation scheme for 
SRM harms surely presents ethical and implementation challenges (Svoboda & Irvine, 2014), but 
these challenges are likely surmountable (Wong et al., 2014). 

 
If an SRM policy pathway is adopted that allows for eventual SRM deployment, an 

international fund could provide financial compensation for harms to health. Compensation can be 
provided without the need to establish liability—which may deter deployment—or a causal link—
which may be technically infeasible—(Reynolds & Horton, 2020).  If, on the other hand, the adopted 
policy is a ban on SRM deployment, compensation could take standard forms of climate adaptation 
and loss and damage transfers. Importantly, compensation mechanisms must themselves be 
procedurally fair for compensation to be effective in promoting support for policy (Jørgensen et al., 
2020). 
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4. Final considerations 
 

All SRM policy pathways produce net health losers, so many people are likely to regard 
SRM policy as unfair. A key way to mitigate these unfairness perceptions is to ensure that all SRM 
policy decisions are procedurally fair, and set up mechanisms to compensate net health losers. 
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Part V. Annexes and references 
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Annexes      

Annex 1 - Chapter 1149 
 
 Here, we aim to make a first conceptual approximation to the research ethics and 
governance of solar radiation modification (SRM) or solar geoengineering (SG) through an analysis 
of the terminology, starting by the neutral aim-based definition of the umbrella term 
geoengineering that includes ethics and governance on SRM research. More recently, the most 
authoritative ethics and governance reports have abandoned the term geoengineering to focus 
more specifically on SRM exclusively (e.g. Royal Society, 2025). Also, as we show below, because of 
the possibility of repurposing SRM to alleviate climate impacts for other commercial purposes (e.g. 
weather modification, terraforming of other planets or satellites) and the potential role of 
intervention repurposing as an enabler or barrier for responsible SRM research, there is a need to 
widen the lenses of SRM research ethics. Hence, for historical and practical reasons, we start with 
the conceptual analysis of the term geoengineering, and then move into SRM. 

 
It has previously been recognised in the scholarly literature on climate change that the 

unclarity of concepts is deeply problematic. Choosing good definitions is important to be able to 
make true statements about reality (Werndl, 2016) as well as for effective action (Mastroleo & 
Holzer, 2020). In this way, definitions have knowledge-related and practical-related functions. 
Moreover, because of definitions' practical consequences, they are unlikely to be neutral from a 
social and/or ethical point of view, and it is important to make value judgments found within 
definitions explicit (Lam, 2022). Thus, the way we define geoengineering has important implications 
for how we perform an ethical analysis of it (Frosch, 2009), making definitions a solid starting point 
for this report on ethics and governance.  
 

The practical main aims of SRM research (e.g., contribute to resolving uncertainties or 
generalizable knowledge) and deployment (e.g., alleviate climate change impacts (see Box 1) are 
not outcome-neutral, because they partly define the boundaries of what is ethically permissible or 
not. However, the terms we use to identify SRM interventions should be neutral to logically allow 
for the distinction between irresponsible and responsible cases. If not, definitions would be doing 
the work of ethical principles. But we have identified negative, neutral, and positive connotations of 
the term geoengineering as well as of SRM (see Chapter 2). And only neutral connotations of the 
terms geoengineering and SRM allow for an unbiased ethical evaluation.  
 
 
 
 
 
 
 
 

 
149 Main contributors: Ignacio Mastroleo and Timothy Daly, based on Mastroleo (2025a, 2025b) 
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Box 1. Reconstruction of the main practical aim of SRM deployment: “alleviating impacts of climate 
change” (IPCC, 2012) including adverse consequences to health and ecosystems 
 

1. SRM is an action. Like the term “geoengineering”, “solar radiation modification” (SRM) refers to an 
action or activity (means-end structure), not merely to the hardware of climate interventions or the 
physical variables of modification. 
 
2. Alleviate the impacts of climate change (end) is the practical main aim of SRM in IPCC’s neutral 
definition of geoengineering [pre-AR6]:. “[Geoengineering is] a broad set of methods and technologies 
that aim to deliberately alter the climate system [means of geoengineering] in order to alleviate the 
impacts of climate change [practical main aim or end of geoengineering]. […] [some] methods seek to […] 
(1) reduce the amount of absorbed solar energy in the climate system (solar radiation management, 
or solar radiation modification, SRM) […]” (IPCC, 2012, p. 2, quoted in IPCC, 2019, edited, emphasis 
added).  
 
3. SRM neutral definition of IPCC’s Glossary AR6 captures the scope of a subset of technical means to 
alleviate the impacts of climate change. “[SRM] refers to a range of radiation modification measures not 
related to greenhouse gas (GHG) mitigation that seek to limit global warming. Most methods involve 
reducing the amount of incoming solar radiation reaching the surface, but others also act on the longwave 
radiation budget by reducing optical thickness and cloud lifetime” (IPCC [AR6], 2021, edited). 
 
4. Impacts of climate change include adverse consequences to health and ecosystems according to the 
IPCC’s Glossary AR6 definition “The consequences of realised risks on natural and human systems, where 
risks result from the interactions of climate-related hazards (including extreme weather/climate events), 
exposure, and vulnerability. Impacts generally refer to effects on lives, livelihoods, health and well-being, 
ecosystems and species, economic, social and cultural assets, services (including ecosystem services), and 
infrastructure. Impacts may be referred to as consequences or outcomes, and can be adverse or 
beneficial” (IPCC [AR6], 2021, emphasis added). 
 
5. Alleviate means “to make something less severe” according to the Oxford Dictionary.  

 
To note, the neutral definition of geoengineering typically adopts the standard scientific 

interpretation of the Earth climate system as a complex large-scale physical system, not as a religious 
view (Morton, 2016, pp. 290-291). From a merely physical perspective, there are no differences 
between deliberate changes in the Earth climate system made by responsible agents (e.g. cooling 
the Earth’s surface using space mirrors) or unintended side effects of deliberate changes (e.g. 
cooling the Earth’s surface as a side effect of pollution generated by transatlantic ships) and non-
deliberate changes by non-responsible agents or physical events (e.g. the cooling effect of the 
Earth’s surface as an effect of a non-intervened large volcano eruption, such as Mount Pinatubo in 
1990s). From a physical perspective combined with an intentional point of view, we describe these 
changes respectively as actions (including their practical main aims and means), side effects of 
actions and physical events, and they typically receive different ethical evaluations and have 
different ethical status. Unfortunately, all these different types of changes in the Earth climate 
system have been referred to as “geoengineering,” whether deliberate or not. 
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For ethics and governance analysis, it is important not to confuse different stances or points 

of view of an object or a system, particularly the merely physical and the physical-intentional stance, 
that includes both the design or technical stance and the ethical stance that are aim-based (Dennett, 
1989)150. We can describe or evaluate the same object or system from a merely physical stance, 
based on physical laws (e.g. a certain amount of aerosols in the stratosphere is capable of reflecting 
a certain amount of incoming solar radiation). Or from a design or technical stance, merely based 
on functionings and conceptual design (e.g. to inject aerosol in the stratosphere, different design of 
planes are required to reach tropical or polar injection), and from an ethical stance, the point of 
view that regards activities not as merely physical movements but also as actions by responsible 
agents (e.g., the main aim of SRM is to alleviate adverse consequences of climate change, but it may 
imply unintended harmful side effects that require appropriate responses).  

 
This analysis of geoengineering, including SRM, as a deliberate intervention has practical 

consequences.  Ethics and governance of SRM research requires both physical and intentional 
stances of analysis. This could be expressed by the formula that ethics and governance of SRM 
research without a physically informed point of view is empty, and without an intentional point of 
view is blind.  
 

There is also a danger of literally interpreting the Royal Society’s and IPCC’s definitions of 
geoengineering, that include SRM as one of its main categories, as only referring to large-scale 
uses151. This clarification is important for ethics and regulation of SRM research and non-research 
experiments. The term large scale typically refers to the end-stage of the life cycle of potential 
geoengineering interventions, while the activity of experimentation at different scales within and 
outside research is often related with a process activity that involves previous non-large or non-
planetary versions of such interventions that may lead or not to a larger regional or planetary 
version. If authorities are responsible of governing the end product and its consequences, from a 
practical point of view, they should also have responsibility for governing the means or enablers of 
that end product, in this case research experiments (e.g. SCoPEx, exemplary case of small scale 
outdoor field trial) and non-research experiments (e.g. Make Sunsets, exemplary case of start-up 
selling cooling credits based on small-scale SRM deployment) (Carabajal et al., 2025). The concept 
of experiment in ethics and governance of SRM should be explicitly defined and used with a neutral 
attitudinal connotation to allow for identification of responsible and irresponsible instances 
(Carabajal et al., 2025; Mastroleo, 2025b). 

 
150 Morton’s definition of geoengineering (wide scope) as climatic and non-climatic deliberate change to the Earth 
system. “When the change that humans bring [agent] to this new Anthropocene state of the earthsystem [sic.] [context] 
is deliberate, I see it as geoengineering; in this book, that term [geoengineering] will cover any deliberate technological 
intervention in the earth system on a global scale, not just those aimed at countering, or ameliorating, the changes that 
people are making to the climate without deliberation” (Morton, 2016, p. 26, edited). 
151 This may come for our tendency to interpret geoengineering interventions, including SRM, as finished objects or end 
products (e.g. the material dimension or hardware of geoengineering interventions) instead of as an action that 
develops through the time or life cycle in different stages (e.g. “geoengineering the climate” (Shepherd & WGGC, 2009), 
“intentional climate change” (Jamieson, 1996). 
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It is important to come back to the importance of the practical main aim or end of SRM. First, 

as the neutral definition of geoengineering refers to an action or activity (means-end structure) and 
not a thing, so too does SRM refer to an activity and not just the hardware dimension or the physical 
variables that climate interventions intend to modify. Within SRM ethics and governance, an 
important question that structures it is “Why should we do SRM, if at all?” or “What is the main aim 
of doing SRM, if at all?”. Second, defining the practical main aim broadly limits the range of ethically 
permissible action (e.g. commercialization of SRM) or impermissible actions (e.g. military or hostile 
use of SRM) and require articulation with other important ends within SRM (e.g. research, 
deployment, monitoring) and between SRM and other actions (e.g. cutting emissions, CDR, 
adaptation). For example, the practical main aim of SRM research, a stage or part of the life cycle of 
the SRM action, is to contribute to generalizable knowledge or resolve uncertainties about different 
uses or non-uses of SRM interventions. However, the practical main aim of potential deployment of 
SRM is not contributing to knowledge or resolving uncertainty, it is alleviating impacts of climate 
change, including health negative consequences or outcomes. 
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Annex 2 - Chapter 2152 
 
2.A. Typical scope of SRM, variables of modification and exemplary cases 
 

See below Figure 2.A.1. the Royal Society (2025) typical scope of that SRM climatic 
intervention that refers to the modification the amount of energy in the climate system either of 
incoming solar radiation in yellow (short-wave radiation, augmenting reflectivity, e.g. SAI or blocking 
solar constant e.g. Space mirrors or other Space-based methods) or outgoing trapped radiation in 
red (long-wave radiation, enhancing emissivity, e.g. cirrus cloud thinning (CCT)) (e.g. IPCC [AR6], 
2021153; COMEST, 2023154; Royal Society, 2025155).  

 
Figure 2.A.1. Schematic diagram showing the interaction of solar radiation (yellow arrows) and 
emitted infrared  radiation (wavy red arrows) with the various proposed SRM techniques 

 
Source: Royal Society (2025, 17, Figure 3), adapted from WMO (2022). 

 

 
152 Main contributors: Ignacio Mastroleo and Timothy Daly. 
153 “[SRM] refers to a range of radiation modification measures not related to greenhouse gas (GHG) mitigation that 
seek to limit global warming. Most methods involve reducing the amount of incoming solar radiation reaching the 
surface, but others also act on the longwave radiation budget by reducing optical thickness and cloud lifetime”. (IPCC 
[AR6, Glossary] 2021, edited). See also Box 1.  
154 “Solar Radiation Modification (SRM): through atmospheric interventions that either reflect more sunlight back into 
space or allow more infrared radiation to escape into space, these techniques could offset the effects of increased 
greenhouse gas concentrations” (COMEST, 2023, p. 9). 
155 “SRM involves modification of Earth’s energy budget. That budget consists of two components: (i) absorbed sunlight, 
and (ii) infrared radiation emitted by the Earth and atmosphere into space” (Royal Society, 2025, p. 18)”. 
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Note that the Royal Society definition of SRM in its geoengineering report (Shepherd & 
WGGC, 2009)156 has a narrower scope than the IPCC (2012)157, only including climate interventions 
capable of modifying short wave incoming radiation and not long-wave outgoing radiation. 
However, the Royal Society (2025) policy brief changed its scope of SRM in line to IPCC (2012) and 
others mentioned above, to include climate interventions that modify both incoming and outgoing 
trapped radiation. However, when referring to CCT, an exemplary case of an SRM intervention for 
outgoing trapped radiation (see Figure 2.A.1, above), it seems the historical 2009 narrower 
definition of SRM was at play when it is stated that “Strictly speaking, cirrus cloud thinning is not an 
SRM technique, but it is closely related as it seeks to reduce the thickness and/or coverage of high-
altitude cirrus clouds, increasing the amount of infrared radiation that can escape into space, which 
would lead to a surface cooling” (Royal Society, 2025, p. 37, emphasis added).  

 
Symes (2024a) tries to solve the problem of interpreting “solar radiation” as only incoming 

short-wave radiation basing the scope of climate interventions on three possible variables of 
modification, namely, reflectivity, solar constant, and emissivity.  

 
For our reconstructed scope of SRM, we have followed the current broader scope already 

present in IPCC (2012), currently accepted in Royal Society (2025), and included Symes (2024a) 
variables of modification in a different column (see Chapter 2, table 3). 
 
 
2.B.1. Narrow, intermediate and wide scope of geoengineering, planetary engineering and 
weather modification, plus "unintentional" geoengineering  
 
Table 2.B.1. Comparison of terminological analysis of the term geoengineering, distinguishing 
narrow, intermediate and wide typical scopes, planetary engineering and weather modification, and  
“unintentional” geoengineering 
 

Term Typical scope  Distinctive exemplary cases  

Planetary 
engineering 

Non-geoengineering higher practical domain. 
Deliberate interventions in planetary systems 

other than the Earth. 

Terraforming other planets or satellites  
(Symes 2023, 2024b) 

 
156 “Solar radiation management (SRM) methods: which reduce the net incoming short-wave (ultra-violet and visible) 
solar radiation received, by deflecting sunlight, or by increasing the reflectivity (albedo) of the atmosphere, clouds or 
the Earth’s surface.” (Shepherd & WGGC, 2009, p. 1). 
157 “Solar Radiation Management (SRM) refers to the intentional modification of the Earth’s shortwave radiative budget 
with the aim to reduce climate change according to a given metric (e.g., surface temperature, precipitation, regional 
impacts, etc). Artificial injection of stratospheric aerosols and cloud brightening are two examples of SRM techniques. 
Methods to modify some fast-responding elements of the longwave radiative budget (such as cirrus clouds), although 
not strictly speaking SRM, can be related to SRM. SRM techniques do not fall within the usual definitions of mitigation 
and adaptation” (IPCC, 2012, p. 2). 
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Term Typical scope  Distinctive exemplary cases  

Geoengineering 
and synonyms 
(e.g. climate 
intervention, 

climate 
engineering, 
Earth system 
engineering) 

Wide scope: typically refers to  “non-climate” 
technological or other deliberate 
interventions alongside “climate” 

interventions capable of modifying the Earth 
system  

Harper-Bosch process for fixing 
nitrogen industrially (Morton 2016), 

Anthropocene (Crutzen 2006b, Morton 
2016)), planetary boundaries (van 

Vuuren et al 2025) 

Intermediate scope: typically refers to SRM, 
CDR but also to other deliberate 

interventions in the Earth climate system  

Glacier Stabilization, Inland Sea 
Reflooding (Symes 2024b, ARC 2025) 

Narrow scope: typically refers to SRM & CDR 
deliberate interventions in the Earth climate 

systems  

Stratospheric aerosol injection (SAI), 
iron fertilization  (Shepherd & WGCC 

2009, IPCC 2012) 

Weather 
modification158  

Non-geoengineering lower practical domain. 
Deliberate interventions of the weather 

Mitigating extreme heat waves, 
droughts and hurricanes,  preserving 
fragile ecosystems and biodiversity  

(Symes 2023, 2024b) 

“Unintentional” 
geoengineering 

“Non-deliberate”, “accidental”, 
“inadvertent” geoengineering: includes 

analog physical events to SRM and  
associated climatic effects of deliberated 

interventions with “non-climatic” main aims 

Natural volcanic eruptions, IMO 2020 
regulation of ship  pollution (Yuan et 
al. 2024, Carrington 2024), aviation 
contrails that trap heat (Poll 2024)  

 

 
2.B.2. Unintentional geoengineering: improper uses of the term geoengineering relative to the 
definitions of the Royal Society and IPCC  
 

The importance of the IPCC (2012) and Royal Society (2009) definitions of geoengineering 
(similar narrow scope but compatible with intermediate scope) explicitly distinguishing between 
deliberate and non-deliberate or unintentional interventions, main aim and associated effects, and 
merely physical or physical-intentional stances or points of view of similar objects or systems comes 
from the fact that the term geoengineering is also used in the literature to refer to either to 
“unintentional” physical events in the Earth system analog to SRM (e.g., volcanic eruptions are the 
Earth’s geoengineering experiments) or unintended associated effects of deliberate interventions 
(e.g., climate change as “inadvertent geoengineering”, “accidental geoengineering”, “inadvertent 
geoengineering experiment” (Yuan et al., 2024; Carrington, 2024) or “passive climate intervention 
experiments” (Symes, 2024b)159. 
 

 
158 As the IPCC neutral definition in the pre-AR6 glossary states explicitly, weather modification interventions are out of 
the scope of geoengineering but acknowledges there is an unclear or fuzzy boundary.  
159 This also happens with associated terms such as experiment, like in “natural experiment”, related to volcanos, or 
“passive experiments” (Symes, 2024b). 
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For example, it has been noted early on in the literature of geoengineering research that 
some public health interventions aimed at diminishing air pollution may have an associated effect 
of increasing mean global temperature (Crutzen, 2006a). An exemplary case in the scientific 
literature of the use of the term geoengineering to refer to these unintended associated effects of 
large-scale deliberate interventions refers to the consequences of new International Maritime 
Organization (IMO) regulations160. 
 

The same exemplary case of “non-deliberate”, “inadvertent” geoengineering is also captured 
in the news reporting on this article: 
  

IMO2020 anti-pollution policy as an exemplary case of non-deliberate geoengineering in the 
news. “Yuan said years of shipping pollution followed by a sharp cut was an accidental large-
scale experiment: “We did inadvertent geoengineering for 50 or 100 years over the ocean.” 
(Carrington, 2024). 

 
Finally, Symes (2024b) refers to the IMO2020 exemplary case as “conducting passive climate 

intervention experiments” (emphasis added), not using the term geoengineering but the term 
climate intervention sometimes used as a synonym in scope (NASEM, 2021).  

 
 This “unintentional” or “non-deliberate” geoengineering is an improper use of the term 

geoengineering relative to relative to the definitions of the Royal Society and IPCC and comes with 
important trade-offs, particularly the risks of confusion that such use may generate against the 
economy of language or useful rhetorical function or the reference to analog physical processes to 
compare with deliberate SRM climate interventions (Royal Society, 2025). 
 
2.C. The life cycle of SRM 
 

Authoritative reports on ethics and governance of SRM distinguish ethical issues between 
different stages of the life cycle of an intervention (e.g. EGE, 2024) or activities (UNEP, 2023b) (see 
Table 2.C.1). If authorities are responsible for governing the end product and its consequences, that 
is, large-scale SRM climate interventions, from a practical point of view, they should also have 
responsibility for governing the means or enablers of that end product that may come in smaller 
scales, both research and non-research experiments161. 
 
 
Table 2.C.1. Comparison of EGE (2024) four main stages of SRM life cycle with UNEP (2023) three 
main SRM activities related to ethics and governance of SRM, including SRM research. 

 
160 IMO2020 exemplary case of non-deliberate geoengineering in scientific literature. “On January 1, 2020, new 
International Maritime Organization (IMO) regulations on the sulfur content of international shipping fuel took effect … 
[and] reduced the maximum sulfur content from 3.5% to 0.5%. While IMO2020 is intended to benefit public health by 
decreasing aerosol loading … IMO2020 effectively represents [...] [an] inadvertent geoengineering experiment through 
a reverse MCB [marine cloud brightening], i.e., marine cloud dimming through reducing cloud droplet number 
concentration … ” (Yuan et al., 2024, emphasis added, edited). 
161 See Carbajal et al. (2025) for an in-depth discussion. 
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EGE (2024) four main stages of SRM life cycle UNEP (2023b) three main SRM activities 

1) regulating lab-based and other research, e.g. 
model simulations, that aims to test or deploy SRM 
(excluding basic research that is foundational for an 

entire field rather than being SRM-specific);   
2) regulating small-scale outdoor experimentation;   

3) taking decisions on whether and (if so, under 
what conditions) to carry out large-scale 

experimentation or deployment of SRM; and   
4) managing the consequences that could emerge 
after deployment, including how to react if ‘rogue’ 

countries use SRM against the global consensus.  
(EGE, 2024, p. 8) 

1. Indoor SRM research162 
2. Small scale outdoor experiments 

3. Large-scale operational SRM deployment 
(UNEP, 2023b, p. 24) 

 
The life cycle or different stages of SRM interventions are useful to understand the scope of 

the term SRM in different activities that are connected (e.g. lab research, climate modelling, small-
scale outdoor research, large-scale experimentation) and scales (e.g. small, large). Although some 
authoritative reports emphasize large-scale interventions in their definitions of SRM (e.g. Shepherd 
& WGGC, 2009) and the concept of climate intervention implies in itself a large-scale intervention 
(as opposed to weather intervention), our reconstructed scope of SRM includes the concept of life 
cycle to capture all SRM relevant activities in their appropriate scales.  
 

Incidentally, there is a risk in the SRM literature of interpreting EGE’s stages 1 to 3, as 
interacting in a linear way instead as a network of information and knowledge (Kimmelman & 
London, 2015), and assign risks also linearly from activities with less risk (1) to more risk (3) 
(Galbraith, 2021). For example, climate modelling is typically perceived as less risky than other 
stages such as small outdoor research or large-scale experimentation and hence it does not fall 
within the ban or “non-use” proposals (Biermann et al., 2022). However, a world with only SRM 
climate modelling (stage 1 above) without appropriate empirical feedback from small-scale outdoor 
research (stage 2 above) or large-scale experimentation (stage 3 above), is riskier all other things 
considered equal because the climate models can still be used for deployment (stage 3 and 4 above), 
for example in emergency situations, but with less well developed climate models and more physical 
uncertainties163. 

 
2.D. Ethical justification of SRM 
 
2.D.1 Jamieson (1966) ethical justification of intentional climate change (ICC) 
 

 
162 This include “theoretical analyses, estimates of SRM effectiveness and costs, climate model simulations of SRM 
approaches, assessments of the impacts of SRM approaches, model evaluation using volcanic and ship-track analogies, 
laboratory studies of potential injection materials and their reactivities, injector development and social science and 
humanities research” (UNEP, 2023b, 24). 
163 This argument is based on epistemic reason or values. For a similar argument based on non-epistemic values see 
Galbraith (2021). 
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One of the earliest attempts to present an explicit ethical justification of SRM is Jamieson 
(1996)164. Jamieson's primary conclusion based on his principled argument is what he regards as a 
consensus view that “geoengineer the climate” or do intentional climate change (ICC) is ethically 
impermissible at the moment of writing the paper. The secondary conclusion is that research on 
geoengineering or ICC, including what will be regarded as SRM, is ethically permissible if it is carried 
out following principles and ethical considerations outlined in his argument (also referred to as 
“ethical and social issues”). The positive case for geoengineering or ICC rests on the following four 
principles: (1) technical feasibility of ICC interventions, (2) reliable scientific predictability of ICC 
scenario, (3) social and economic preferability of ICC scenario, (4) non serious and systematic 
violation of well funded ethical principles or considerations, including (4.1) democratic-decision 
making, (4.2) prohibition against irreversible environmental changes, (4.3) learning to live with 
nature (non-domination, non-arrogance). 
 

Early analysis of ethical permissibility of intentional climate change, such as interventions 
falling under the label of geoengineering or SRM, distinguish between two different activities, 
deployment and research on intentional climate change (Jamieson, 1996). Of importance, the main 
reason for ethical permissibility of SRM research165 is the argument of the lesser of two evils. 
According to Jamieson, the Earth system may reach a point where deployment of SRM may be the 
lesser of two evils coupled with the idea that responsible research may imply potential benefits 
under such a scenario. These potential benefits are two-fold and express themselves in the typical 
output of responsible research programs, that is, negative and positive findings. According to 
Jamieson, research allows us to weed out the worst ideas through scientific publication and 
subsequent review (and discussion) and thus gives us options and capabilities to respond to dire and 
unexpected situations. 
 

As of December 2025, almost 30 years later, little has changed in the structure of ethical 
analysis: the main analysis of prohibition of deployment and permissibility of SRM research remains. 
Unfortunately, the case for the lesser of two evils has been growing stronger. As Antonio Guterres, 
the head of the UN head publicly recognized, humanity has practically missed the 1.5°C climate 
target, and that he hopes the overshoot to be “as short as possible and as low in intensity as possible 
to avoid tipping points” (Watts & Xipai, 2025). 

  
2.D.2. Royal Society (2009) justification of SRM deployment 
 

In 2009, the Royal Society considered SRM’s ethical justification within its general 
justification of geoengineering. In case of global failure to make sufficient progress on mitigation, it 
considered large-scale deliberate manipulation to the Earth climate system not a substitute for 
climate change mitigation but as an addition to the portfolio of actions to respond to climate change 
threats or negative impacts, if there are SRM interventions that are safe, effective and affordable. 
This justifies a narrow end or main aim of SRM. In turn, the Royal Society introduces a justification 
for SRM research as means to “investigate whether low risk methods [including SRM interventions] 
can be made available if it becomes necessary to reduce the rate of warming this century” (Shepherd 
& WGGC, 2009, p. 57, edited).  

 
164 His paper was developed while being a visitor in the Environmental and Societal Impacts Group (ESIG) at the US 
National Center for Atmospheric Research (NCAR), and an earlier version of the paper was presented as part of the AAAS 
Symposium on Geoengineering Climate, held in San Francisco in 1994 (Jamieson, 1996). 
165 For simplicity, I will present the argument in terms of SRM but the original scope includes any form of “intentional 
climate change”, geoengineering, climate engineering or climate intervention. 
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SRM interventions’ life cycle including research and potential deployment, should be 

governed not only by technical principles, but also ethical and governance principles. Specifically 
related to SRM, the best case scenario for its ethical justification as a short-term limited use as 
backup to mitigation policies (including CDR) for rapid reduction of global temperatures (scale of 
decades) with appropriate discontinuation in due course, and not as permanent intervention in the 
Earth climate system due to uncertainties related to unknown associate effects166. 

 
It is important to reconstruct the Royal Society’s most probable intended scope for SRM 

interventions to understand the scope of its ethical justification. This methodological ethical 
principle should be generalized to make proper charitable interpretation and avoid errors or 
confusions. In the case of the 2009 Royal Society report, this scope focus on stratospheric aerosol 
injection (SAI) or marine cloud brightening (MCB) as exemplary cases of reflectivity of short wave 
solar radiation but did not include climate interventions that tried to modify emissivity of long-wave 
radiation (e.g. cirrus cloud thinning CCT, or contrail management, CM)167. 

 
2.E. Abandonment of the term geoengineering in the current authoritative reports on SRM 
 

The term geoengineering, originally used in the policy report of the Royal Society (2009) and 
the IPCC (2012) in their neutral definitions, was associated with a negative connotation from early 
on, especially in the community of climate scientists and environmentalists (Jamieson, 2014; Singer, 
2016; Morton, 2016). Currently, the term geoengineering has been either replaced in recent 
authoritative reports and ethical guidelines by alternative umbrella terms with more neutral 
attitudinal connotation such as climate engineering (COMEST, 2023) or climate interventions (e.g. 
AGU [Williams et al.] 2024; NASEM, 2021) but with a similar scope. Because of the different 
characteristics and risk-benefit profiles of the two main categories, CDR & SRM, they have been 
analyzed separately (e.g. EGE, 2024; Royal Society, 2025). Jamieson (2014) partly anticipated and 
justified these changes and the subsequent abandonment of the term geoengineering in current 
authoritative reports based on his terminological analysis 

 
  

 
166 “SRM methods should not be applied unless there is a need to rapidly limit or reduce global average temperatures. 
Because of uncertainties over side effects and sustainability they should only be applied for a limited period and 
accompanied by aggressive programmes of conventional mitigation and/or CDR, so that their use may be discontinued 
in due course.” (Shepherd & WGGC, 2009, pp. 58-9). 
167 For example, contrail management (CM) looks to minimize the creation of condensation trails by airplanes, a non-
CO2 contribution to global warming. We could imagine that this type of SRM could be implemented indefinitely as in 
comparison to SAI or MCB only as temporary. However CM could only contribute to a fraction of the needed global 
cooling and it does not seem able to replace other SRM interventions such as SAI or MCB. 
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Annex 3 - Chapter 3168  

Table 3.1. English language search strategy in PubMed, including keystring used, database searched, 
number of articles returned and number of relevant articles. 

Keystring used Type of 
article 

Database/search 
engine searched 

Articles 
returned 

Relevant 
articles 

“SRM” OR 
“Solar*radiation*modification” OR 

“Solar*geoengineering 

Titles OR 
Abstract 
OR Topic 

OR 

PubMed 16,768 

 

Following title 
and abstract 
checks, 23 
deemed 
relevant. 

Following full 
text check, 6 

included 

“SRM” OR 
“Solar*radiation*modification” OR 

“Solar*geoengineering” AND 
“Health” OR “Public*Health” 

Titles OR 
Abstract 
OR Topic 

OR 

PubMed 3,676 

 

Following title 
and abstract 

checks, 0 
deemed, as 

they had 
already been 

included. 

“SAI” OR 
“Stratospheric*aerosol*injection” 

Titles OR 
Abstract 
OR Topic 

OR 

PubMed 8,396 Following title 
and abstract 
checks, 15 
deemed 
relevant. 

Following full 
text check, 3 

included. 

 
168 Main contributors: Marcos Agustoni and Maria Florencia Santi. 
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Keystring used Type of 
article 

Database/search 
engine searched 

Articles 
returned 

Relevant 
articles 

“SAI” OR 
“Stratospheric*aerosol*injection” 
AND “Health” OR “Public*Health” 

Titles OR 
Abstract 
OR Topic 

OR 

PubMed 2,199 Following title 
and abstract 

checks, 0 
deemed, as 

they had 
already been 

included. 

("geoengineering"[Title/Abstract] 
OR "solar radiation 

management"[Title/Abstract] OR 
"SAI"[Title/Abstract] OR 

"SRM"[Title/Abstract]) AND 
("health"[Title/Abstract] OR "public 
health"[Title/Abstract] OR "mental 

health"[Title/Abstract]) 

Titles OR 
Abstract 
OR Topic 

OR 

PubMed(second 
review from July 

2025) 

902 Following title 
and abstract 

checks, 7 
deemed 
relevant. 

Following full 
text check, 0 

included. 

("geoeng*" OR "solar geoeng*" OR 
"solar radiation modif*" OR "solar 
radiation manag*" OR "SRM" OR 
"climat* intervent*" OR "climat* 
geoeng*" OR "climat* engin*" OR 

"climat* cool*" OR "SAI" OR 
"stratospher* aerosol injection" OR 
"injection of stratospher* aerosol*" 

OR "stratospher* injection of 
reflective particl*" OR "atmosphere* 

stratospher* aerosol injection" OR 
"stratospher* aerosol*" OR "sulf* 

geoeng*") AND ("health*" OR 
"human health" OR "public health" 

OR "mental health") 

Titles OR 
Abstract 
OR Topic 

OR 

PubMed (second 
review from July 

2025) 

7,187 After 20 pages 
with no 

results, the 
search was 
abandoned. 

Table 3.2. English language search strategy Google Scholar, including keystring used, database 
searched, number of articles returned and number of relevant articles. 
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Keystring used Type of 
article 

Database/search 
engine searched 

Articles 
returned 

Relevant 
articles 

“Solar* radiation* 
modification” OR “Solar* 

geoengineering” 

Titles OR 
Abstract OR 

Topic OR 

Google Scholar 18,300 

 

 

Following title 
and abstract 
checks, 29 

deemed relevant. 
Following full text 
check, 4 included 

“Solar* radiation* 
modification” OR “Solar* 

geoengineering” AND 
“Health” OR “Public* 

Health” 

Titles OR 
Abstract OR 

Topic OR 

Google Scholar 2,480 

 

Following title 
and abstract 

checks, 2 
deemed, as they 
had already been 

included. 

“SAI” OR “Stratospheric* 
aerosol* injection” 

Titles OR 
Abstract OR 

Topic OR 

Google Scholar 15,400 Following title 
and abstract 
checks, 17 

deemed relevant. 

Following full text 
check, 1 included. 

“SAI” OR “Stratospheric* 
aerosol* injection” AND 

“Health” OR 
“Public*Health” 

Titles OR 
Abstract OR 

Topic OR 

Google Scholar 8,900 Following title 
and abstract 

checks, 4 
deemed, as they 
had already been 

included. 
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Keystring used Type of 
article 

Database/search 
engine searched 

Articles 
returned 

Relevant 
articles 

("geoeng*" OR "solar 
geoeng*" OR "solar 

radiation modif*" OR "solar 
radiation manag*" OR 

"SRM" OR "climat* 
intervent*" OR "climat* 
geoeng*" OR "climat* 

engin*" OR "climat* cool*" 
OR "SAI" OR "stratospher* 

aerosol injection" OR 
"injection of stratospher* 

aerosol*" OR "stratospher* 
injection of reflective 

particl*" OR "atmosphere* 
stratospher* aerosol 

injection" OR "stratospher* 
aerosol*" OR "sulf* 

geoeng*") AND ("health*" 
OR "human health" OR 

"public health" OR "mental 
health") 

Titles OR 
Abstract 

Google Scholar 
(second review 
from July 2025) 

7,050 After 20 pages 
with no results, 
the search was 

abandoned. 

  

"stratospheric aerosol 
injection" "mental health" 

Titles OR 
Abstract 

Google Scholar 
(second review 
from July 2025) 

107 Following title 
and abstract 

checks, 3 deemed 
relevant. 

Following full text 
check, 0 included. 
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Keystring used Type of 
article 

Database/search 
engine searched 

Articles 
returned 

Relevant 
articles 

"solar geoengineering" 
"public health" 

Titles OR 
Abstract 

Google Scholar 
(second review 
from July 2025) 

857 Following title 
and abstract 

checks, 6 deemed 
relevant. 

Following full text 
check, 1 included. 

"climate intervention" 
"health" 

Titles OR 
Abstract 

Google Scholar 
(second review 
from July 2025) 

4,640 Following title 
and abstract 

checks, 8 deemed 
relevant. 

Following full text 
check, 0 included. 
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Statement on the use of artificial intelligence (AI) tools 
 

Florencia Luna: declares no use of LLMs for generative writing. 
María Florencia Santi: declares no use of LLMs and declares the supervised use of 
https://www.deepl.com/es/translator, and  Chat GPT mostly for style correction and translation. 
Marco Agustoni: declares the use of  Chat GPT for translation. 
Inés Camilloni: declares no use of LLMs for generative writing. 
María Inés Carabajal:  declares no use of LLMs for generative writing and declares the use of 
https://www.deepl.com/es/translator for translation and style correction. 
Timothy Daly: declares no use of AI.  
Francisco Garcia-Gibson: declares no use of LLMs. 
Gian Franco Lisanti: declares the use of Chat GPT for translation and style correction. 
Ignacio Mastroleo: declares no use of LLMs for generative writing, only for searching references 
(Chat GPT, Gemini). 
Paola Buedo: declares no use of AI. 
Julieta Nasi: declares the use of https://www.deepl.com/es/translator, 
https://www.deepl.com/es/write for translation and style correction. 
Hassaan Sipra: declares the use of Google NotebookLM for conducting analysis on over 150 WHO 
publications, including reports, guidances, frameworks, protocols and other technical 
documents. However, no generative writing was used.  
Suchi Talati: declares no use of LLMs for generative writing. 
Julia S. Guivant:  declares the use of https://www.deepl.com/es/translator for translation and style 
correction. 
Cecilia Hidalgo: declares no use of LLMs for generative writing.
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