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Fig. 1. The USS Hornet, a retired aircraft carrier, currently serves as a 
docked on the San Francisco Bay in Alameda, CA, USA. In April and M
researchers from the University of Washington (Seattle, WA, USA) used the
platform to test a single device for spraying sea salt aerosols into the air, a
that could theoretically brighten clouds, thereby reflecting sunlight and co
area below. The city of Alameda shut the tests down in the beginning o
similar set of experiments using the same technology took place on t
Barrier Reef in Australia in 2021 [4]. Credit: Bill Abbott/Flickr (CC BY-SA 3
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On 17 October 2024, the American Geophysical Union (AGU) in 
Washington, DC, USA, released the Ethical Framework Principles for 
Climate Intervention Research [1], a set of guidelines designed to 
help scientists, funders, policymakers, and private entities research 
and govern geoengineering technologies as ethically as possible. 
Commissioned in 2022 by the AGU Board of Directors and pro-
duced with internal funding only, the document advocates that 
geoengineering research projects fully consider all possible risks 
and benefits—environmental, sociocultural, and geopolitical—and 
include input from any groups such projects might impact. 

Most geoengineering, also called climate intervention and 
broadly defined as altering the environment to mitigate human-
driven climate change, takes the form of solar radiation manage-
ment (SRM)—which entails scattering particles into the atmo-
sphere that reflect sunlight or promote the formation of 
reflective clouds to cool the area below—or carbon dioxide removal 
(CDR), which covers any method that draws the greenhouse gas 
directly out of the atmosphere [2,3]. The field faces a range of eth-
ical concerns, including whether interventions could, particularly 
in the case of SRM, inadvertently make climate conditions worse 
[4]. In the past five years, a few SRM projects have also drawn crit-
icism for lack of transparency and engagement with the govern-
ments and communities in which they occurred [5,6]. The most 
recent example occurred in June 2024 when the city of Alameda, 
CA, USA, shut down experiments by researchers from the Univer-
sity of Washington (Seattle, WA, USA) testing a cloud-brightening 
device on a docked World War II retired aircraft carrier in the 
San Francisco Bay (Fig. 1)  [7]. The opposition to SRM also has sci-
entific backing. Since 2022, more than 500 scientists have signed 
an open letter calling for a total international non-use agreement 
on SRM [8,9]. 

Shuchi Talati, an invited contributor on the AGU framework 
who helped draft and edit its final version, also served on the inde-
pendent advisory committee for stratospheric controlled perturba-
tion experiment (SCoPEx), a now defunct SRM research project. In 
2021, the project’s Harvard University (Cambridge, MA, USA) 
researchers first delayed and then cancelled a scheduled field 
experiment in Sweden after the plan sparked outcry from Swedish 
environmentalists, scientists, and indigenous groups [5]. ‘‘Our ulti-
mate conclusion from that experience is that ad hoc governance 
does not work,” said Talati, executive director of the Alliance for 
Just Deliberation on Solar Geoengineering (Washington, DC, USA). 
To have a chance of proceeding without backlash, Talati and other 
experts believe that geoengineering research should be conducted 
under a coherent, widely accepted set of principles. The new AGU 
framework ‘‘is an important step” in this direction, Talati said. 

Because SRM remains relatively untested, its potential conse-
quences, positive and negative, are largely unknown [4,10,11]. 
And though CDR has received more extensive attention and invest-
ment than SRM, with some technologies proceeding from pilot to 
large-scale demonstration projects, many experts harbor concerns 
that any attention given to geoengineering could be detrimental by 
detracting from the more urgent goal of reducing greenhouse gas 
emissions in the first place [12]. 

Yet as climate change intensifies [13,14], so does interest in 
geoengineering as a backup option, with funding and research cur-
rently on-going at a mostly small scale [3,4,15–18]. Reports from 
organizations including the AGU [10], the US National Academies 
of Sciences, Engineering, and Medicine (Washington, DC, USA) 
[2,19], and the Intergovernmental Panel on Climate Change 
(Geneva, Switzerland) [2,15,20] have indicated that meeting the 
global warming limits set by the United Nations’ Paris Agreement 
will likely require some use of CDR.
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All of this begs the question of how best to consider much 
needed geoengineering research while minimizing its potential 
risks. The AGU’s 27-page framework aims to provide a playbook 
for doing so, with the hope that if geoengineering does eventually 
need to be used at large scale, the outcomes unfold as painlessly as 
possible. 

The framework opens by making the case for ethical geoengi-
neering research, offering a primer on SRM and CDR, and summa-
rizing its own conception and creation, which the AGU said drew 
inspiration from guiding documents for other emerging technolo-
gies with uncertain consequences—among them genetic engineer-
ing, nanotechnology, and nuclear weapons—and from previously 
proposed governance frameworks for geoengineering going back 
more than a decade [1]. 

‘‘We are working from a totally crowded slate here,” said Sikina 
Jinnah, professor of environmental studies at the University of 
California, Santa Cruz (Santa Cruz, CA, USA). Jinnah has worked 
on designing SRM governance guidelines since 2016 and served 
on the SCoPEx advisory committee alongside Talati. ‘‘When I heard 
AGU was producing another governance document, I thought to 
myself, ‘Oh, really? What can they add?’” But the size, reach, and 
reputation of the AGU gives this framework extra weight, she said, 
and its design sets it apart. ‘‘I appreciated that it did not go quite as 
broad as many other frameworks have, but rather, really focused 
on five pillars deeply.” 

As Jinnah noted, the bulk of the report dives into five principles: 
① responsible research, ② holistic climate justice, ③ inclusive 
public participation, ④ transparency, and ⑤ informed governance. 
‘‘Responsible research” stresses that research projects must never 
frame geoengineering as an alternative to reducing greenhouse 
gas emissions. It also calls for research projects to publicly justify 
themselves, thoroughly weighing all potential risks and benefits 
of exploring the geoengineering strategies in question. Researchers 
should also consider in advance how to recognize and avert nega-
tive impacts that might crop up, the document advises, halting
work if necessary.

‘‘What you do not want is a slippery slope” when pursuing 
research with such huge uncertainties, said John Moore, professor 
of glaciology and climate research at the University of Lapland in 
Rovaniemi, Finland. Though not involved in the AGU framework’s 
creation, Moore previously led a government-funded geoengineer-
ing research program in China [9,21] that has since ended. His cur-
rent research focuses on geoengineering strategies for preserving 
polar ice sheets, such as undersea curtains to shield glaciers from 
warming waters [22]. ‘‘You want a sticky slope, and that means 
you do the research to find the red flags,” Moore said. 

Risks to consider include ‘‘termination shock,” or the potential 
for temperatures to rapidly rise if an active climate intervention 
suddenly ceases, and ‘‘revenge effects,” that is, unintended nega-
tive impacts of climate meddling. Some studies suggest large-scale 
SRM could send ripples through the global climate system that 
might, for example, reduce crucial rainfall in India [23]. The worry 
is that such scenarios could exacerbate geopolitical strife, espe-
cially if one country’s climate intervention triggers negative 
impacts across international borders. ‘‘For any country, the condi-
tion of its weather and climate is a security issue,” said Duncan 
McLaren, a research fellow at American University’s Institute for 
Responsible Carbon Removal (Washington, DC, USA) and another 
of the framework’s invited contributors. 

Risk assessment is important for conceptual research as well as 
for field testing, McLaren said, because it lowers the odds of a pro-
ject ever provoking that degree of controversy in the first place. 
‘‘These things do not become a problem just because they are out-
doors or just because they would release more than 10 kg of some-
thing,” he said. ‘‘We should be equally concerned about having 
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ethical guidance for modeling research and for early-stage lab 
research.” 

To avoid such political issues, the second principle, ‘‘holistic cli-
mate justice,” asks researchers and funders to consult with social 
scientists and ethicists to determine whether a given intervention 
might unfairly transfer climate impacts onto disadvantaged 
groups, future generations, and other species. That mandate dove-
tails with the third principle, ‘‘inclusive public participation,” 
which entails including people the research might impact in the 
process of designing the research itself. It also means obtaining 
free, prior, informed consent from indigenous peoples that might 
be affected, as required by international agreements [24]. 

Jinnah said these parts of the document interested her the most 
but left her wondering how balancing so many different voices 
would work in practice. ‘‘What does it mean to have your perspec-
tive represented? Is it a veto, or is it being represented in a delibe-
rative process?” Still, she said she appreciated the report’s detailed 
attention to justice in governance. ‘‘That is a really hard-fought 
lens to see in a report like this—it is pretty impressive that it is 
included.” 

The framework’s creators heeded their own advice, incorporat-
ing a great deal of input from a wide range of voices. When drafting 
the report, AGU staff leaned on an advisory board of more than 40 
geoscientists, social scientists, ethicists, economists, policymakers, 
and other experts, appointed by AGU’s president and representing 
a diversity of genders, geographical locations, and career stages. To 
widen the net, they also held a global summit, and four engage-
ment workshops open to the global public, as well as a scattering 
of events at relevant meetings and conferences around the world. 
From June to August of 2023, an open comment period brought 
in an additional 55 pages’ worth of public feedback on an early ver-
sion of the report. Throughout the entire process, AGU also con-
sulted with representatives from more than 45 governments, 15 
intergovernmental organizations, and 80-plus non-governmental 
organizations. Lastly, drawing on all the gathered input and recom-
mendations from the advisory board, AGU invited 11 more experts, 
including Talati and McLaren, to revise and edit the document into 
its final form. 

Besides representing a broad array of nations, sectors, and fields 
of expertise, those consulted also harbored a wide range of opin-
ions on a variety of topics—including, McLaren said, whether 
SRM should be developed at all, whether governance should 
mostly enable research or constrain it, whether governance was 
necessary for small-scale as well as large-scale research, and how 
to incorporate public and indigenous engagement without exces-
sively hindering research. ‘‘There were—across the AGU itself, its 
advisory board, and author groups—really quite big differences,” 
said McLaren, himself a signatory on the 2022 SRM non-use agree-
ment letter. ‘‘In the end, I was pleased with how we managed some 
of those differences in a collaborative and democratic way.” 

Talati said AGU’s massive reach and membership made it 
uniquely positioned to orchestrate this level of collaboration. 
‘‘AGU, as a science society, is driven by not just scientists but policy 
experts and community engagement experts across different sec-
tors,” she said. ‘‘Understanding what they think is important and 
what principles should be included is a process that AGU had a 
very specific ability to implement.” 

The final two principles, ‘‘transparency” and ‘‘informed gover-
nance,” call for various forms of research accountability, like pub-
licly disclosing all funding, research methods, decision-making, 
and research results; ensuring research proposals undergo inde-
pendent review; and keeping research projects legally compliant. 
This vigilance should apply at every stage of a research project, 
the framework stipulates, from modeling to lab work to field 
experiments, providing frequent opportunities to reassess risks.
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Fig. 2. Cover of the English translation of the Ethical Framework Principles for 
Climate Intervention Research. Commissioned in 2022 by the AGU Board of Directors 
and released in its final form in October 2024, the document is available to 
download in ten different languages and provides a set of guidelines intended to 
help scientists, funders, policymakers, and private entities research and govern 
geoengineering technologies as ethically as possible. Credit: AGU (public domain). 
AGU has been careful to make the framework as accessible as 
possible, stressing that the document (Fig. 2)—available online in 
ten languages—should be adapted to suit different contexts and 
evolve with new knowledge. On the AGU’s website for the 
framework [1], funders, policymakers, and researchers can find 
bespoke one-page summaries with explanations of how the five 
principles apply specifically to them. They may also request brief-
ings on the framework from AGU staff. 

But to what extent researchers, funders, policymakers, and 
private entities actually heed these recommendations—and hold 
each other responsible for doing so—remains to be seen. ‘‘For this 
to be effective, funders have to say, ‘If you want my money, you 
must implement these protections,’” Jinnah said. ‘‘There has to be 
a sense that it is just part of doing business.” 

Talati serves on the oversight committee for the geoengineering 
program at the Advanced Research and Invention Agency, the 
British research funding agency commonly known as ARIA [16], 
and said she expects the framework to have an impact there. ‘‘This 
will absolutely influence some of the guidance we are going to cre-
ate around public engagement, transparency—all of these different 
things that will ultimately guide this research.” McLaren said he 
hopes for a very broad buy-in. Geoengineering, he said, ‘‘is some-
thing that, in the end, will live or die by whether it is effectively 
governed through multilateral, intergovernmental agreements.” 

Whatever the framework’s impact, it may differ from one geo-
engineering method to another. SRM strategies like cloud brighten-
ing remain nascent compared to CDR counterparts like direct 
carbon capture and reforestation, which have received more atten-
tion and funding from a range of nations and companies [15,25]. As 
a result, the AGU guidelines will likely have more impact on how 
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research and policy evolve for SRM than for CDR. ‘‘CDR is so 
advanced, so far down the road, that thinking about new gover-
nance frameworks to impact how CDR research is done seems 
harder,” Jinnah said. ‘‘It is much easier to adopt a framework to 
govern research when that research has not really started yet.” 

That may be just as well. Some experts say SRM strategies 
could, in theory, be relatively cost-effective and fast-acting 
[1,26]. If so, in the absence of globally recognized regulations for 
geoengineering, that means a relatively small number of wealthy 
actors could start scattering particles into the skies without notice 
or oversight, potentially to great effects, both positive and negative 
[1,27]. As more researchers and private actors consider real-world 
tests, McLaren said, we need guardrails in place as soon as possible. 

The AGU framework aims to provide such restraints. And yet, 
establishing guardrails could also remove some of the taboo 
around geoengineering, making it less difficult for scientists to 
study its potential benefits and risks. ‘‘It is almost career suicide 
for junior researchers to get involved,” said Moore. ‘‘This set of 
principles normalizes an evaluation process for talking about geo-
engineering and researching it.” 
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