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1. Introduction 

Solar geoengineering (SG) is a potential approach to reducing global climate change impacts by 

counteracting radiative forcing change driven by increased atmospheric concentration of 

greenhouse gases (GHGs). This negative radiative forcing can be produced in a number of ways, 

ranging from painting roofs white, to modifying cloud properties, to installing mirrors in space. 

Stratospheric aerosol injection (SAI), where small reflecting particles are injected into the 

stratosphere, may potentially be the most feasible and globally effective approach (1). This is also 

why it draws the most attention and stronger disagreements. SAI, henceforth referred to as SG, 

is the focus of this current study. There has been no formal global debate on this topic, with 

current discussion forums confined to conference and workshop meetings with limited 

international and sectoral representation. 

Most people would agree that SG should not be deployed in the near term. For one thing, the 

technology has not reached the stage where it can be seriously considered, since many 

fundamental questions remain unanswered (1). But should we even use resources to research 

SG? In the present study, we explore expert reasoning concerning SG research. 

Looking at information as a commodity that reduces uncertainty, economists would suggest that 

the value of any information is nonnegative. As such, using an extension of the widely used 

dynamic integrated assessment model of climate and economy (DICE), Harding et. al (2022) 

estimate that the value of information about the effectiveness of SG is as large as the value of 

information about equilibrium climate sensitivity (2). They also show that over- and under-

confidence in SG are equally harmful. The recent report from National Academies calls for 

cautious exploration of SG (1), which is a recurring theme in discussions around SG research, 

rooted in concerns around the procedural aspects and consequences of the research. 

In the context of the ongoing climate crisis, research proponents urge governments to evaluate 

all action options, among which is SG (3). They argue that better understanding of not only the 

technical, but also social, political, and economic aspects of technology would improve decision-

making if, and when, SG deployment is ever considered. Some opponents to research, in contrast, 

suggest that SG is either not needed or unacceptable under any circumstance, thereby research 

is unnecessary (4). Others point out that suppressing SG research may not prevent future 
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deployment, but rather would make the potential future deployment less informed and thus, 

more dangerous (5). A related concern, referred to as the “slippery slope,” states that the act of 

research itself increases the likelihood of SG deployment. Opponents are concerned about 

technological and institutional lock-in, where unnecessary and unwarranted deployment 

emerges from research. Similarly, they suggest that research that is currently conducted largely 

by the Global North would only preserve current inequalities in the world (6) and further 

concentrate power among elites (7). This concern is shared by research proponents, who 

encourage capacity building in developing countries and argue for a responsible international 

research program (8). Others further suggest that the research program should include 

safeguards to prevent unwarranted deployment, including explicit conditions under which the 

deployment is justifiable (9). 

Perhaps one of the most common arguments against SG research is the possibility that even 

research would reduce efforts towards emissions abatement (10). The counter-argument states 

that SG research may change the perception of how serious climate risks are, triggering an 

increase in emissions abatement. In addition, proponents suggest that even if emissions 

deterrence were to occur, it would be characterized by increased overall welfare. 

There are some points of agreement between both sides, such as the importance of an 

international governance mechanism that is just and inclusive. However, expectations differ. 

Proponents believe international governance would emerge from multilateral agreements and 

informal scientific cooperation, while some opponents argue democratic and fair governance is 

unattainable. 

Not all opponents argue for unconditional moratorium on research. Instead, they propose a set 

of conditions that must be satisfied for research to be conducted. For example, Bierman and 

Möller (11) suggest that developing countries should lead the discourse on SG research. Jamieson 

(9) calls on the United Nations to govern SG research that otherwise may be militarized or 

securitized. 
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In a nutshell, many concerns regarding SG research are shared by both its opponents and 

proponents; however, they arise from different reasoning and base concerns. In addition, both 

are typically driven by the principle of precaution. Yet, their interpretations and conclusions 

diverge. This warrants an in-depth study of the underlying reasoning about SG research. 

Another important caveat of the debate is the difference in attitude towards in-lab and small-

scale field SG research expressed by some scholars. Thus, the debate is not just between 

opponents and proponents of SG research, but between 3 groups including: (i) those who support 

both types of research; (ii) those who support only in-lab research under current circumstances; 

and (iii) those opposing both types of research. 

In the present paper, we closely analyze the arguments for and against in-lab and small-scale 

field SG research by conducting a survey and a follow-up interview with 20 experts. By in-lab 

research, following (12), we mean computer simulations, chemistry experiments in controlled 

laboratories, but also social and political science research. By small-scale field research, we 

mean activities with trivial and only local environmental impact that is smaller than common 

commercial activities. 

Our contributions are twofold. First, this is the first study to employ fuzzy cognitive mapping to 

analyze attitudes towards solar geoengineering research. Second, we explicitly distinguish and 

systematically compare attitudes towards in-lab and small-scale field research. In discussions 

concerning SG, these are not always considered separately. In some cases, arguments are put 

forward for/against both in-lab and small-scale field research, although not stated so explicitly. 

The remainder of the paper is organized as follows. The following Section details our 

methodology. Section 3 presents (preliminary) results accompanied by a discussion. The final 

section draws conclusions. 

2. Materials and Methods 

We employ a mixed-method approach as detailed in this Section. We started with a literature 

review, creating a corpus of material from the peer-reviewed and gray literature (Section 2.1). 

Next, we conducted a content and textual analysis to identify key system components 
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(concepts in the terminology of Fuzzy Cognitive Mapping) and their interactions (causal edges in 

the terminology of Fuzzy Cognitive Mapping), to create an initial conceptual model. At this 

point, only the direction of causality was included in the causal edges; neither the sign or 

strength was specified. This conceptual model was used to design a structured survey 

instrument in the form of a series of questions related to each system component and causal 

edges. The model and the accompanying survey were refined in a pilot phase where they were 

tested on, and discussed with, three experts in the field. 

In parallel to the above, we identified a pool of potential participants in the study and created a 

sub-sample (Section 2.2). The participants were asked to complete the survey. Their responses 

were used to construct individual FCMs, primarily by specifying the sign and strength of the 

causal edges. They were also given the opportunity to suggest additional concepts and 

conceptual edges 

After we constructed these individual FCMs, each participant was invited to participate in an 

online interview to review, validate, and, if desired, modify the map. This was done, in part, by 

discussing any inconsistencies between their maps and their answers to specific questions 

related to the overall, i.e., direct and indirect, effects of SG research. We used these final maps 

for our analysis comparing and contrasting across the participants. 

We measure the merits/risks of research in terms of its ultimate net consequences for global 

society in the medium-term (~ 2050) and longer-term (~ 2100). With this, we explicitly 

assume that those who support (oppose) research believe that society would derive a net 

benefit (experience net loss) from it when accounting for both potential positive and negative 

consequences. Because some of those in opposition and support may be conditional on 

developments as time moves forward, we stress that in the context of the current state of 

affairs. 

2.1 Literature review 

We conducted an extensive search of publications in the Thomas Reuters Web of Science using 

the keywords “solar geoengineering” research, “solar radiation management” research, 
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“geoengineering research”, and "climate intervention" research. These keywords were sought 

in the title and abstract. The only filter we implemented in the search is excluding books due to 

the associated complexity of content analysis, albeit we included book chapters. After manually 

excluding non-SAI studies, we arrived at 256 publications that fall into one of the following 

categories: 

I. Focus on or devote substantial attention to the argument(s) for/against SG research. 

II. Focus on SG research governance. 

III. Arguments are stated as part of literature review or discussion. 

IV. Public opinion survey.  

V. Arguments for/against SG research not mentioned or mentioned without significant 

elaboration.  

In an attempt to balance analysis manageability and quality of outcome, we chose to proceed 

with publications from category (I), yielding 59 publications for further deeper content analysis. 

We referred to the broader set of publications when creating the participants pool as detailed 

in Section 2.2. 

As part of content analysis, we derived concepts and relationships from publications. Next, we 

narrowed this down to the set of concepts and statements to be presented to participants by 

categorizing them into a number of themes. We ended up with 22 concepts and 61 

relationships detailed in the Appendices A and B, respectively. To clarify nuances and form a 

shared vocabulary, we specified concepts definitions (see Appendix A). A document with these 

definitions was provided to the participants prior to the survey. In addition, the survey tool was 

equipped with a pop-up information window that could show the concept definition when it 

was pointed to by the participant as they completed the survey. 

2.2 Participants selection 
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Our pool of participants included scholars from academia, government and NGOs, who are 

familiar with SG to an extent that they are able to form an opinion regarding SG research. We 

constructed the pool from the authors of publications in categories I-III from the literature 

review. To ensure that we include those research opponents who have not published on the 

topic, but expressed their opposition in some other form, we added initiators and first 

signatories of a Call for an International Non-Use Agreement on Solar Geoengineering to our 

pool of potential participants (1). After excluding participants of the current RFF workshop, we 

arrived at just above 250 scholars. 

Our sample includes 20 scholars, representing both those who have expressed arguments for 

and against SG research. While we strived to create a geographically-, discipline- and gender-

diverse sample, we caution against attempting to generalize our results to represent the full 

breadth of scholars’ opinions. 

2.3 The survey  

The majority of the questions in the online survey were aimed at identifying the sign and 

strength of the 61 relationships identified in the literature review (Section 2.1). These questions 

had the same general structure, in which we asked the participant how an increase in one 

concept would directly influence a second concept. Their responses used the following 7-point 

Likert scale, as well as an option to indicate “I don’t know”: 

strongly decrease – decrease – somewhat decrease - no effect - somewhat increase – increase – 

strongly increase. 

Questions were categorized into blocks treating a single concept as a target concept. That is, 

each block evaluated how other concepts directly affect the target concept. The end of each 

block included an open-ended question inviting the participant to add more factors in the 

following form: 

“Please indicate other factors, if any, that you believe have significant direct impact on 

CONCEPT NAME“. 
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The blocks were sequenced backwards: from societal risk to in-lab and small-scale field 

research. 

To elicit participants’ overall impression of in-lab research and small-scale field SG research, we 

introduced three additional blocks of questions. The first of these asked whether a participant 

supports or opposes research under current circumstance (and how strongly), with a follow-up 

inquiry into conditions under which the participant potentially changes his/her mind. The scale 

here is as follows: 

“Strongly support - Support - Somewhat support - Neither support nor oppose - Somewhat 

oppose - Oppose - Strongly oppose”. 

The second block asked for a view on the ultimate net societal impacts of the two types of 

research. In a perfect-case scenario this would match the outcome of the individual fuzzy 

cognitive model. As noted earlier, the responses played a key role in the follow-up interview. 

The third block included questions that bring insights on desirability and necessity of SG as 

perceived by respondents. For this, we inquired about participant’s perception of technical and 

economic feasibility of keeping temperature below 1.5°C and 2°C (without overshoot) using 

mitigation and CDR only.  

A final block requested some basic demographic information. A subset of the participants’ 

responses to these questions have been used in subsequent analysis, but any identifying 

information has not been included here or elsewhere. 

3. Results and Discussion 

Please note, few of the interviews have been scheduled, but only 2 interviews conducted 

(henceforth referred to as respondents A and B). Which is why, for now, here we briefly offer 

observations for only 2 validated maps. 

Respondents A and B each co-authored more than 2 publications and participated in SG 

discussions for more than 7 years. Please see Table 1 for their basic demographic information. 
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Both respondents indicated their strong confidence that it is not technically and economically 

feasible to keep global temperature below 1.5°C above pre-industrial levels without overshoot 

using mitigation (including Carbon Dioxide Removal) alone. Yet, they disagreed on the feasibility 

of staying below 2°C (again, no overshoot, mitigation+CDR only); B suggested it is not possible, 

while A somewhat agreed that it is feasible.  

Both respondents expressed strong support for in-lab research; respondent B strongly opposed 

small-scale field research while A supported it. The latter responses are somewhat in line with 

their views on staying below 2°C. To further explore the reasoning behind their similar (distinct) 

attitude towards in-lab SG research but distinct attitude towards small-scale field SG research, 

we refer to the individual FCM results for the following 3 scenarios: 

I. An increase in in-lab SG research. 

II. An increase in small-scale field SG research. 

III. Deployment without research. 

An increase in in-lab SG research. Both respondents A and B suggested societal net risk would 

be reduced in both 2050 and 2100 as a result of in-lab SG research. However, the pathways that 

brought them to this conclusion are not identical. Respondent B suggested that in-lab research 

may increase public concern about climate change whereas respondent A expected no effect. 

Neither A nor B believed that the in-lab research would increase the likelihood of SG 

deployment, but both suggested that if deployment were to occur it would somewhat decrease 

mitigation efforts. 

An increase in small-scale field SG research. Respondent B strongly opposed small-scale field 

SG research, citing an increased possibility of an international conflict. With this, they indicated 

that they would support small-scale research only under transparent, public oversight, 

international participation including by LDCs/SIDS, prior consent of local communities, and if 

extensive public education research occurs before research. In contrast, respondent A did not 

believe that small-scale research necessitates additional regulations. Instead, existing 

environmental impacts assessment procedures are sufficient.  
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Deployment without research. Respondent B associated deployment without research as 

increasing societal risk, mediated through the potential for international conflict. Respondent A, 

in contrast, suggested that even reckless deployment would ultimately bring net benefit to 

society primarily due to reduced climate change, but also to the increased understanding of SG 

as a result of deployment. 

Looking ahead, responses from other participants, for whom we have yet been able to hold the 

follow-up interviews, indicate that there are some who believe that it is economically and 

technically feasible to stay below 1.5°C with mitigation and CDR alone. That is, SG is not 

necessary. We look forward to continuing our analysis. 

 

Participant 
(code) 

Gender Country Institution type Discipline 

A M The UK Academia Climate science, social sciences 

B F The USA NGO Social sciences 
Table 1. Respondents background data. 
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