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Abstract. The threat posed to humanity by global warming has led scientists to question the nature of
their activities and the need to reduce the greenhouse gas emissions from research. Until now, most studies
have aimed at quantifying the carbon footprints and relatively less works have addressed the ways GHG
emissions can be significantly reduced. A factor two reduction by 2030 implies to think beyond increases in
the efficacy of current processes, which will have a limited effect, and beyond wishful thinking about large
new sources of energy. Hence, choices among research questions or allocated means within a given field
will be needed. They can be made in light of the perceived societal utility of research activities. Here, we
addressed the question of how scientists perceive the impact of GHG reduction on their discipline and a
possible trade-off between the societal utility of their discipline and an acceptable level of GHG emissions.
We conducted 28 semi-directive interviews of French astrophysicists from different laboratories. Our most
important findings are that, for most researchers, astronomy is considered to have a positive societal impact
mainly regarding education but also because of the fascination it exerts on at least a fraction of the general
public. Technological applications are also mentioned but with relatively less emphasis. The reduction of
GHG emissions is believed to be necessary and most often reductions within the private-sphere have been
achieved. However, the question of community-wide reductions in astrophysics research, and in particular
the possible reductions of large facilities reveals much more contrasted opinions. In conclusion, semi-directive
interviews appear as a powerful tool, complementary to quantitative surveys, to understand the attitudes of
scientists with respect to the trajectories and the choices that need to be made by scientific communities in
the context of global warming.
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1 Introduction

According to the 6th IPCC assessment report (IPCC 2021), it is now firmly established that human influence,
and more precisely greenhouse gas emissions (GHG), are triggering unprecedentedly fast global warming. To
limit the increase of the temperature below 1.5-2° C, it is necessary to drastically reduce the GHG emission
as for instance defined by the French Stratégie Nationale Bas Carbone [f| and by the European Green Deal E
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The required effort, which involves halving GHG emissions in 2030, is very challenging and will only succeed
if all sectors of society take an active role in the process. In the Astronomical research community, this has
triggered several studies (e.g. [Stevens et al.|[2020) which have attempted to quantify the carbon footprint of
large astronomical meetings (Burtscher et al|[2020; [Wagner et al.|2023)), astronomical institutes (e.g. |[Jahnke
et al.|[2020; van der Tak et al.[2021; Martin et al.|2022)) or the construction and maintenance of large facilities
(Knodlseder et al.|2022). The latter in particular has been found to be the major contributor of GHG emissions
in astronomy. Generally, it has been found that purchases dominate the carbon footprint of laboratories
(De Paepe et al[[2023) and this has important implications regarding the attitude scientists may adopt when
comes the decision to reduce the carbon footprint of their activities. Therefore, a significant reduction of the
GHG emissions of the research activities, i.e. on the order of a factor of about two, would inevitably require
significant cuts in purchases, particularly in large facilities like telescopes and satellites in astrophysics. This
would almost certainly impact our present way of doing astronomy. Moreover, like all human activities, academic
research and in particular astrophysical research is bringing various benefits to human societies, this suggests
that some kind of trade-off must be established between GHG emissions and the social benefits of astrophysical
research. The latter however are not easy to assess. Indeed the importance of the roles, scientists can play in
our societies remains subjective. Whereas numerous studies have quantified the carbon footprint of research
activities, far fewer, have addressed the societal and human aspects of the climat crisis within academia (e.g.
Blanchard et al.|2022)) in spite of their importance to achieve actual emission reductions (Ragueneau & Sabbagh
2024)).

The present contribution attempts to address these issues using the methods of sociology. We present the
results of a series of interviews of astrophysicists, who have been asked to answer questions related to how they
perceive the utility of astrophysics and what would be the impact on astrophysics if serious reductions would
occur. The present paper is a preliminary overview of a scientific work currently being finalized (Hardy et al.,
2024, in prep). In the second section we describe our methods. The third section presents results regarding
the societal benefits of astronomy. Fourth section is devoted to the reduction themselves and their perceived
consequences. Fifth part concludes the paper.

2 Methods

This study was conducted by a group composed of astrophysicists, biologists, geoscientists and sociologists as
a part of the collective Laboslpoint5 H We carried out 28 semi-structured interviews with french research staff
coming from about 10 astrophysical institutes, between June 2022 and June 2023. Such qualitative methods are
complementaries from quantitative surveys (e.g. Blanchard et al[[2022). Whereas most research-participants
were colleagues to us, we were generally unaware of their knowledge and opinions regarding climat issues,
carbon footprint and the reduction of emissions. Since we had only few refusals, it seems unlikely that our
sample was significantly biased in a sense or another. In a first phase, 14 interviews have been conducted.
Our grid of interviews consisted in 9 questions that were designed firstly to determine participants’ level of
knowledge of the climate crisis, and their commitment to the environmental crisis in general. Secondly, they
sought to determine the perception of the societal usefulness of astrophysics. Finally, the consequences of a
significant reduction of the emissions induced by participants’ personal research, by their institutes and by the
discipline as a whole were posed. The exchanges lasted between half an hour to one hour. In a second phase,
another set of 14 interviews have been carried out. The grid was much more detailed and the interviews were
lasting, on average, about one hour. This second phase allowed to test our first results and to verify whether
”data saturation” (Guest et al.|2006]) was reached. All interviews have been carried out online, after which they
have been transcribed using the software Transkriptor. They have then been coded and analysed. The research-
participants are evenly distributed between man and woman and they are aged between 25 to 68 years. They
represent different fields of astrophysics and have various professional statuses (junior and senior researchers
from CNRS or universities, technical engineers), including three non-permanent and three retired scientists.
A possible bias of our study is that it has been conducted exclusively in France and that there maybe some
cultural specificities. Similar studies need to be undertaken in other countries. The verbatims were translated
from French into English using deepl software.

thttps://labosipoint5.org/
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3 Societal benefits of astronomy

When asked about the usefulness of astronomy toward the society, most interviewees responded positively and
several categories were mentioned. Four of them which have appeared repeatedly during the interviews are
detailed below.

3.1 Research drives technology

One category of utility often mentioned and generally considered obvious in the interviews, are the technological
applications which are consequences of various developments made in astronomy. It is worth stressing that it
has been always regarded as a positive consequence of astronomical research, that is to say the possible negative
impacts that these technological developments may have on the environments are not mentioned.

”So yeah, there’s the usual thing, I'd say that even though it’s fundamental research, there are always some
technological applications. Even if they’re not direct, there are technological applications, when we develop imag-
ing, when we develop uh... we miniaturize something that’s going to be sent up in a satellite, I know that there
have been uh... concrete research applications, that’s all. But that’s not the fundamental goal. And after that,
the fundamental aim is to gain a better understanding of our Universe.”

This is not necessarily restricted to real experiments but also holds for theoretical works and numerical
simulations for instance.

”We have experiments that involve cutting-edge technology, so the link with industry is clear. Beyond in-
strumentation, we also have everything that relates to theory, and with numerical calculations, here there’s also
a clear link with industry. So the link with industry is obvious.”

3.2 Spreading the message that colonizing other planets is unrealistic

Another important message, that is sometimes mentioned, is that colonizing other planets is not a realistic
solution to the climat crisis. Obviously we now know that whereas there is a handful of planets in the Universe,
reaching them is, and will remain for a long time, simply impossible.

"We can get the message across that, yes, there are lots of exoplanets, but there’s only one Earth, so we’ll
never be able to get to the others, so I think we have to stay visible...”

It is suggested that the "no planet B” warning may be used as an invitation to care more about Earth
preservation, not only for us but also for life in general.

”Perhaps the only thing that... that I'm involved in that I think is important from an astronomical point
of view, is to spread the message that there is no Planet B. Because one of the messages is to say, well, be
careful. Because one of the messages is to say, well, we’ve got to preserve the planet, because that’s going to
make human life, and even life in general, difficult on the planet. The planet isn’t going to disappear, but any
form of life is likely to be a bit problematic if we’re not careful.”

3.3 Astronomy as a powerful vehicle for science education

A very important area where astronomy is almost always mentioned as playing a significant, if not drastic role,
is science education. The fascination that astronomy is exerting on students for instance is mentioned as a key
to attract them. Whereas astronomy may contribute to specific scientific fields like climate studies, its border
impact on maintaining curiosity and imagination, in young people is fondamental. By inspiring students and
encouraging a scientific way of thinking, astrophysics may contribute to the development of a more informed
and critically engaged citizenry, which is essential for addressing complex global challenges.

7For students, physics 1sn’t necessarily what attracts them most these days. But astrophysics is what con-
tinues to attract them. And often physics students, even if they don’t all end up becoming astrophysicists, are
attracted by this research and it helps develop a scientific spirit that is sometimes lacking at the moment. So
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there you go, I can also see that, once again, we can study very specific areas where it could be interesting for
studies on climate, on planetary atmospheres or things like that, I'm not sure that it’s where it has the most
concrete impact, but I think it’s important to maintain, let’s say, scientific curiosity and ways of thinking.”

3.4 Astronomy to question our place in the Universe

The role of astronomy in questioning man’s place in the universe is mentioned. The frequency and insistence
with which its importance is underlined is remarkable. Its perceived significance is such that the consequences
it may have on education and environmental crisis awareness are sometimes mentioned.

”One thing I'm becoming increasingly aware of... when I give talks in schools or for associations, for example,
when I’'m asked to give a talk to the general public, is the... the strength of people’s need to, let’s say, to... to
know where they stand. And when I think about the history of astrophysics, we know that prehistoric man was
already observing the stars, and we can think of the Carnac alignments and so on. I think there’s... I feel that
among children in classes, for example, as well as in the history of the discipline... uh... or in conferences for
the general public with adults, there’s a strong need to know where we are in the Universe, and I see a link that’s
quite... not... perhaps strong with this new awareness of the fact that we’re on a small planet that’s not at all
mfinite as we... well, we knew it wasn’t infinite, but we thought its resources were infinite and that we weren’t
going to come up against those limits any time soon.”

4 Consequences for astronomy of substantial reductions of its green house gas emission

When asked about the climate crisis, all interviewees express their deep concern and the need to react appro-
priately. Whereas there is a diversity of knowledge regarding the crisis, its consequences and the actions that
must be undertaken, are generally advanced and accurate.

4.1 Reduction of GHG emissions at the individual level

At the personal level, both at work or in their private life, research-participants described a variety of attitudes,
including adjustment in housing (improved insulation, use of heat pumps, etc.), dietary changes (local or vege-
tarian consumption, reduced meat consumption), adoption of waste management practices, change in modes of
transportation (from reduced travel to use of electric bicycles and changes in shopping habits).

”Yes, that’s right, 1’d say on both points, on my professional activities and on my lifestyle it’s what I've...
what I think I understand about climate change that’s led me to make changes. In my professional life, I've
started to... much less, so I don’t buy many new things, just to reduce my overall consumption, my contribution
to overall consumption, so I almost only buy used things and I repair them. I haven’t stopped eating meat, but
I've reduced it enormously. And um... I hardly ever fly on vacation any more. For my leisure trips, I've had
to do it once in 5 years. As for my professional activity, I cycle to work as much as I can to avoid using the
car every day. I still own a car because I'm the father of 3 children and without a car I haven’t yet found any
good alternatives for taking my three young children with me when I travel around France. On the other hand,
in terms of my professional activity, I'm still... the reduction isn’t drastic, because I'm still going to conferences
by plane, even if for short journeys, what I’d call short, which are therefore in France and Europe, I now take
the train on journeys where I used to take the plane, even if it’s longer, within reason, let’s say that I haven’t
made any train journeys lasting more than 6 or 7 hours.”

4.2  Perceptions and consequences of GHG reductions for astronomy

When it comes to the possibility of substantially reducing GHG emissions on a disciplinary scale, reluctance
is often expressed. The importance of fundamental research is expressed and the point is often made that
it should not be sacrificed. It is sometimes argued that the GHG emissions remain small, if not negligible,
compared to other human activities. It is sometimes argued that it should not be the research in astronomy
doing the largest efforts to reduce GHG emission but, for example, the company presidents or the richest persons.

"Well, that would be a shame! (laughs), it would be a shame... Because we’re here to try and make progress,
to accumulate knowledge, so uh... cutting back on research is a bit of a shame. And then, well, reducing travel is
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true for... I'd say for people who have permanent jobs, but it’s also important for young people to travel. We’ve
seen that during the two years when they’ve hardly been able to travel, it’s been difficult for them to create links
with people, to meet people from other countries, and that’s important too.”

"Should we stop science and fundamental science for ecological reasons? That’s more the question I'm
asking. Should we stop sending satellites to study things that we study, which I find extremely important and
interesting. They don’t have a direct interest in saving the planet, but science in general, for me, is capable of
doing that. So I think we shouldn’t... Well, how should I put it... At the moment, I think it’s unforgivable to
stop all fundamental sciences just... I wouldn’t say just to save the planet but... How to put it? We can’t stop
everything. We need to slow down, we need to consume less...”

4.3 Possible mitigation plans and solutions

Several research-participants believe that significant reductions are necessary and a better use of the existing is
often mentioned. This typically consists in exploiting more deeply data both from observations and simulations,
as well as existing instruments. It is also suggested that new algorithms and new approaches will have to be
developed.

” After that, we can imagine missions, perhaps, that pool more... Right now, we have missions that are very
divided by sector, maybe we could group them together more and try to do this more intelligently... And yeah,
the creation of new observatories... Yes, I think we’ll have to limit that after a while and what we were saying,
make better use of the resources already present because there’s already so much to do.”

”You can see the image behind here, of my simulations. But in fact we’ve produced an enormous amount of
data with these simulations, most of which is stored and accessible, and which we haven’t necessarily exploited to
the full. So there’s already a huge amount to be done, both for simulation work and for observation. We have an
enormous amount of data to work with. So there’s already a part of our activity that will perhaps be refocused
on exploiting existing data. And then, I think there will be a series of best practices to put in place, including
some of the very costly simulations we’re doing, which may not be necessary or the right size. There will also be
questions that we won’t be able to answer any more, and where clearly, in order to push certain questions that we
have today in certain fields, we’ll have to look for stronger calculation methods, or else become mathematicians
of genius and find very, very skilful solutions, which for the moment is not emerging. So, unfortunately, we’ll
probably have to forget about these questions for a while. From my point of view, I don’t see any particularly
promising way of answering them, unless we go back to... becoming a mathematician-physicist rather than a
numericist, but I'm not even sure that this would answer those questions anyway. So I think part of the answer
lies in exploiting existing data”.

5 Conclusions

With the goal of understanding how astronomers perceive the trade-off that scientists are presently facing
between the usefulness of their activities and the need to reduce the carbon footprint of our societies, we have
carried out a series of 28 semi-structured interviews of professional astronomers. Astronomy is most of the
time seen as an activity that is useful for the society mainly, though not exclusively, at the educational level
but also regarding the fascination it could exert on at least a fraction of the general public. Most research-
participants believe in the IPCC conclusion and fear global warming and its future consequences. They have
generally adopted solutions such as flight reduction or alternative transportation to car commute. The question
of significant GHG reduction at the scale of the community appears much more controversial, in particular
regarding the possibility to reduce the numbers of large facilities such as telescopes and satellites. The need to
better exploit the existing instruments and data but also to develop new approaches is stressed. Altogether we
conclude that by highlighting resistances and opportunities, semi-structured interviews appear to be a powerful
tool to help the scientific communities in making choices in response to the environmental crisis.

We warmly thank Antoine Hardy for his guidance and his help.



308 SEF2A 2024

References

Blanchard, M., Bouchet-Valat, M., Cartron, D., Greffion, J., & Gros, J. 2022, pLOS Clim 1(9)
Burtscher, L., Barret, D., Borkar, A. P.; et al. 2020, Nature Astronomy, 4, 823

De Paepe, M., Jeanneau, L., Mariette, J., Aumont, O., & Estevez-Torres, A. 2023, bioRxiv
Guest, G., Bunce, A., & Johnson, L. 2006, Field Methods, 18, 59

Jahnke, K., Fendt, C., Fouesneau, M., et al. 2020, Nature Astronomy, 4, 812

Knédlseder, J., Brau-Nogué, S., Coriat, M., et al. 2022, Nature Astronomy, 6, 503

Martin, P., Brau-Nogué, S., Coriat, M., et al. 2022, Nature Astronomy, 6, 1219

Ragueneau, O. & Sabbagh, A. 2024, One Earth, 7, 747

Stevens, A. R. H., Bellstedt, S., Elahi, P. J., & Murphy, M. T. 2020, Nature Astronomy, 4, 843
van der Tak, F., Burtscher, L., Portegies Zwart, S., et al. 2021, Nature Astronomy, 5, 1195
Wagner, S. M., Mingo, B., Majidi, F. Z., et al. 2023, Nature Astronomy, 7, 244



	Introduction
	Methods
	Societal benefits of astronomy
	Research drives technology
	Spreading the message that colonizing other planets is unrealistic
	Astronomy as a powerful vehicle for science education
	Astronomy to question our place in the Universe

	Consequences for astronomy of substantial reductions of its green house gas emission
	Reduction of GHG emissions at the individual level
	Perceptions and consequences of GHG reductions for astronomy
	Possible mitigation plans and solutions

	Conclusions

