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Forging a sustainable future for astronomy
The climate crisis is no longer a prediction for the future, it is happening here and now. Astronomers have realized 
that they need to become part of the solution and are working towards reducing their own carbon footprint as well 
as communicating an astronomical perspective.
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The climate crisis is real and humans 
are causing it1: the urgency of 
these scientific facts is becoming 

increasingly clear. Developing nations such 
as low-lying Bangladesh have experienced 
the impacts of climate change with 
devastating floods in recent years2, while 
richer nations in the global north suffer 
record wildfires3, heatwaves and floods. 
Indeed, a study4 conducted earlier this year 
by the Yale Program on Climate Change 
Communication found that internationally, 
a large majority of people have understood 
that everyone is vulnerable in a deteriorating 
climate, and encourages immediate and 
significant action. And yet, current climate 
action is too little and too slow to reduce 
emissions quickly enough to keep within 
1.5 °C of global heating, the goal of the 2015 
Paris Agreement. More awareness, and 
more action, is essential. Fundamentally 
it is governments and corporations that 
must act, but actions by individuals and 
groups have power too, especially when 
they come from wealthy people whose 
contributions to greenhouse gas emissions 
are disproportionally large (Fig. 1).

The carbon footprint of astronomers is 
substantial, too. For instance, the average 
emissions associated with visiting a single 
in-person conference are similar to the 
annual per capita emissions of developing 
countries5. And yet astronomers can 
contribute to solving the climate crisis in 
two key ways. Firstly, by demonstrating 
how global collaboration is possible without 
burning fossil fuels, and secondly, through 
communicating the climate crisis from an 
astronomical perspective6–8.

Discussing, and reducing, our own 
emissions as astronomers is vital for a 
number of reasons. The most fundamental 
is the moral argument: we know that our 
emissions are causing harm, so reducing 
them is the ethical choice. But we also need 
to reduce emissions for our own discipline’s 
sake9 (Fig. 2). Countries signing up to 
net-zero targets necessitate the need to 
perform carbon-neutral research; the sooner 

we prepare, the better we will manage the 
transition for our own discipline. Finally, we 
need to reduce emissions in order to make 
ourselves credible actors in the much larger 
societal fight against the climate crisis. How 
can we convincingly tell the general public 
and policy makers that ‘there is no planet B’ 
while hopping onto the next intercontinental 
flight for a conference at a fancy location?

To support both climate action within 
astronomy and to help astronomers 
communicate the climate crisis, the 
grass-roots organization Astronomers for 
Planet Earth (A4E) was founded in 2019. 
In two years, A4E has rapidly grown to a 
global organization connecting more than 
1,100 research astronomers, astronomy 
educators, and students7. A4E members 
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Fig. 1 | Who is responsible for carbon emissions world-wide? The richest 1% (income >US$109,000) 
of the population produce 15% of emissions and the 10% richest (>US$38,000) produce 48% of 
emissions. This shows that our lifestyle has the highest impact on our planet; wealthy people therefore 
have the highest imperative to change behaviour. Data taken from ref. 28.
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have organized several events, such as 
sessions and workshops at several major 
conferences including the annual meetings 
of the American and European astronomical 
societies as well as a special symposium in 
collaboration with the Astronomical Society 
of the Pacific; a webinar series that educates 
astronomers about the science of climate 
change; and numerous public lectures that 
share the astronomical perspective on our 
‘pale blue dot’. A4E has also run campaigns 
to call for climate action within astronomy 
and beyond, most notably the recent open 
letter to astronomy institutions that has 
been signed by about 3,000 astronomy 
professionals to date.

In the last year, a number of studies have 
been published analysing and quantifying in 
detail the carbon footprint of various entities 
of astronomical research: observatories10–13, 
institutes14,15 and conferences5. The main 
sources of CO2 are electricity (for operating 
telescopes, computing, data transport/
storing), flights (especially intercontinental), 
purchases (computers and other equipment), 
buildings (mostly heating and cooling), and 
materials for construction (mostly steel and 
concrete) (Fig. 3). The relative contribution 
of each varies both regionally (for example, 
due to differences in the carbon intensity 
of the local electricity generation) and per 
institute (for example, institutes in central 
Europe are more easily accessible by train); 
significantly larger emissions also tend to be 
generated by senior astronomers14. The total 
footprint per astronomer from work-related 

activities depends on all these factors and 
ranges between about 5 and 40 metric 
tonnes of CO2 equivalents per year14–16. This 
can be compared to the European Union’s 
‘Fit for 55’ pledge, which implies emissions 
of about 3 tonnes per person per year for 
both work and private emissions until 2030.

Now that we have first estimates for 
the extent and the breakdown of our 
carbon footprint, we are empowered 
to eliminate it17,18. How quickly must 
astronomers act, and where should we 
begin? These questions were at the centre 
of a special session at this year’s European 
Astronomical Society annual meeting, held 
virtually at the end of June. The challenge 
is to find a reduction path that is both 
significant and in agreement with the 
goals described by the Paris Agreement, 
while being fair both on a global level 
(richer countries need to decarbonize 
faster) as well as on a community level, 
where early-career researchers may have 
different communication needs than 
more senior colleagues who have already 
built their networks. Ideally, not only 
emissions for a certain activity are taken 
into account, but the full life-cycle of the 
project or instrument must be considered 
and emission budgets must be defined and 
reduced, such as has recently been done for 
the planned facilities Giant Radio Array 
for Neutrino Detection (GRAND)10, the 
Atacama Large Aperture Submillimeter 
Telescope (AtLAST), as well as the Square 
Kilometre Array Observatory (SKAO)11.

The absolute minimum emission 
reduction that needs to be achieved in 
Europe is a 55% reduction by 2030 (with 
respect to 1990), in agreement with the 
recent goal in the context of a European 
Green Deal. This goal, however, is a political 
compromise and not compatible with the 
emission reductions required per the Paris 
Agreement, which would foresee emission 
reductions on the order of at least 65%.

In some areas, the path to zero emissions 
is clear: electrical energy must no longer 
be produced by burning fossil fuels, but 
through renewable, preferably local, 
electricity generation. Gains from the use 
of more efficient computing languages19 
will unfortunately not help as Jevons 
paradox applies: efficiency gains usually 
lead to increased consumption; an approach 
of ecological sufficiency is required to 
counteract this trend. Sustainably produced 
electrical energy must power not only all 
current electricity consumption but will 
also be the driver for the electrification of 
heating through heat pumps and part of our 
future mobility needs. Several institutes and 
universities have started to invest in their 
own solar power arrays, although this can 
be tricky for historic monuments20. Remote 
observatories, usually at the sunniest places 
on this planet, can move to green energy 
as ESO has demonstrated for their La Silla 
site21. For their ELT and VLT sites, ESO is in 
the process of commissioning a large solar 
array in the Atacama Desert13. Often the bulk 
of the electricity usage is during daytime 
hours when large air-conditioning facilities 
are required to keep the domes at night-time 
temperature22. Combined with a connection 
to the national grid — which can be fed with 
water and wind power — green energy can 
become available around the clock.

One of the most challenging areas to 
decarbonize is long-distance flights (25–50% 
of the emissions of typical astronomy 
institutes15) as there is simply no alternative 
to burning fossil fuels: battery-driven 
aeroplanes are too heavy for more than 
short-haul transport, whereas synthetic 
fuels (or hydrogen) are too expensive 
and inefficient to produce and will not be 
available in the large quantities required to 
sustain a frequent-flyer attitude. Currently 
the only feasible option is to massively 
reduce our air travel. For national or 
regional trips, train travel is the obvious 
alternative, at least in regions with good 
train networks such as in Europe and parts 
of Asia. The majority of emissions for 
conferences and visits to observing sites 
stems from intercontinental flights14–16, 
however, and these flights cannot easily be 
replaced by any other means of physical 
transport. Despite this, the last 18 months 

Fig. 2 | a wildfire endangers the mcDonald observatory in Fort Davis, texas. Astronomers need 
to reduce their carbon footprint also for their own sake, since ground-based telescopes will become 
unreliable for research in an extreme climate. Credit: John Davis/Stocktrek Images/Getty
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have shown that our discipline can adapt 
to a complete cessation of flights. We do 
not actually need to be present physically 
to effectively communicate with each other. 
In fact, there is an increasing consensus 
that replacing real-life conferences by 
virtual meetings is not just better for the 
environment, but that well-designed online 
conferences can have benefits that reach far 
beyond the carbon footprint: they can be 
more inclusive, accessible, fairer, safer, and 
have higher legacy value too23,24. Yet, for 
many people, meeting others in person is a 
joy and traveling to other places in the world 
is a perk, and a positive aspect of their job 
as an astronomer. While online conferences 
are technically ready24, we must continue 
to develop immersive online conference 
experiences. Societally, however, we may 
need a transition period to normalize a 
culture shift from ‘face-to-face, unless not 

possible’ to ‘online, unless face-to-face is 
a necessity’. While such a culture change 
would typically take several years, A4E 
members seek to accelerate this movement 
since there is no time to waste.

In addition to reducing our own 
emissions, astronomers can and should take 
part in climate communication to highlight 
the severity and urgency of the climate crisis 
to the wider public6, politicians and other 
decision makers25. We should also help 
define ambitious education programmes, 
applicable from primary schools to 
universities, to prepare the next generations 
for the systemic adaptations required to 
fight the climate crisis. Thanks to the wide 
interest from the public in astronomical 
research, we have a reach that extends 
beyond that of many other scientific areas; 
for example, the Event Horizon Telescope 
image of the supermassive black hole in 

M87 made headlines in newspapers around 
the world. We have an obligation to use 
this reach in order to inform and warn the 
wider public of the damage done to our only 
home by continuing to burn fossil fuels. This 
becomes increasingly important given the 
generously funded lobbying activities of the 
fossil fuel industry, which have successfully 
counteracted scientifically informed policies 
that could stop global heating. Precisely 
because we are not climate scientists, we can 
and must use our neutral standpoint and our 
trusted public voice to speak out in support 
for climate science and to call for action6.

As we are yearning for more social 
interaction, we must avoid the calls to ‘go 
back to normal’, but use the change forced 
upon us due to the COVID-19 pandemic 
to define a ‘new, better normal’ that is 
ecologically sustainable, inclusive and 
fair. There is wide-spread agreement that 
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change must be coming both in the general 
population4 and also among astronomers26, 
but individuals still find it hard to reduce 
work-related flights due to the perceived 
damage upon their careers. The number of 
flights that one takes does not necessarily 
correlate with academic success, however. 
While some studies suggest that there 
is a correlation between the number of 
flights and the h-index26, others find that 
the underlying correlation is mainly one 
with salary27. In order to be equitable to 
researchers at all career levels and from all 
countries, it is critical to collectively agree on 
a new path at all levels: institutional, national 
and international. We must embrace virtual 
tools to enhance scientific collaboration, 
advocate for a just transition to renewable 
energy sources, and refuse a return to our 

wasteful practices of the past. We are the 
discipline that understands most keenly that 
there is no planet B (Fig. 4): our actions  
must be consistent with this truth. ❐
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Fig. 4 | there is no planet B. Astronomy is the 
discipline that understands most keenly that there 
is no alternative to planet earth for the survival of 
our species, and our actions must be consistent 
with this truth. Credit: amriphoto/e+/Getty
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