¥ Universiteit
&) Leiden
The Netherlands

Astronomy and the climate crisis
Burtscher, L.H.

Citation
Burtscher, L. H. (2022). Astronomy and the climate crisis, 1-22.
doi:10.5281/zenodo.6385349

Version: Publisher's Version
License: Creative Commons CC BY 4.0 license
Downloaded

https://hdl.handle.net/1887/3562718

from:

Note: To cite this publication please use the final published version (if
applicable).


https://creativecommons.org/licenses/by/4.0/
https://hdl.handle.net/1887/3562718

Astronomy and the
climate crisis

Leo Burtscher
(Leiden Observatory / Leiden University, The Netherlands)
ASTRO2022, 18 Feb 2022

@LeoBurtscher, @Astro4Earth
astronomersforplanet.earth




What is the climate crisis?

Carbon Dioxide Variations
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The Industrial Revolution Has
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Changes in global surface temperature relative to 1850-1900

a) Change in global surface temperature (decadal average) b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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IPCC AR6 WR1, Figure SPM.1b, p. SPM-7
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worldweatherattribution.org estimate the likelihood of individual extreme weather events in the current vs. pre-industrial climate
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http://worldweatherattribution.org

We need to act now
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‘"What can astronomers do?
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1 Reduce our 6wn carbon emissions anad ead by ‘ .
example. . g

2.Convey the astronomical perspective creating
awe, empathy and a feeling of global citizenship.

_.3.Lend your trusted voice to the public debate.
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- With ~300 employees, this corresponds to ~ 9t CO2eq work-related emissions per employee.
- With 593 refereed/review articles in 2018 (1st + co-author), this corresponds to ~ 4.6t CO2eq per

- This can be compared to 11t CO2eq per German citizen or 1.6t CO2eq per capita in India.

MPIA, Heidelberg @j
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article.

Jahnke et al. 2020



Astronomy research in NL

Raad van de Astronomie ,,Green team“, numbers for 2019

4 % 1-9 kt COZe
10 %

Flying
15 % — @ Electricity —42 %
@® Heating
Commuting
Supercomputing
29 %

- With ~1040 research staff, this corresponds to ~ 4.7t CO2eq work-related emissions per
employee.
- Counting renewable energy as 0 emission.

van der Tak, F., LB et al. 2021



ESO's carbon footprint in 2018

Numbers for 2018

27.9 kt COZe

19 %
. 0
. @ Energy 41 %
10 % — Purchases
@ Business travel
@® Other
30 %

See also the CFHT's carbon footprint project; N. Flagey et al. Nature
Astronomy Sep 2020: 63% electricity at the summit, 25% travel

ESO Annual Report 2020



In summary: our emissions stem mostly from
electricity & flights

Emissions (tCO2e per year per researcher)

[] Electricity
Flights
Offices/heating

[[] Electricity
Flights
Observatories
Offices

[[] Commuting
[[] Others

Australia/ICRAR: total 41.8 tCO,e per researcher MPIA total: 18.1 tCO,e per researcher
(using the same emission model as MPIA)

[] European participants | [] Energy
(90% of trips) | ‘ Purchases

Intercontinental participants | | Travel
(10% of trips) / [ Other

EWASS 2019 conference: 1.5 tCO,e per participant ESO (Annual Report 2020): 27.9 ktCO,e (700 staff)

Carbon budgets for astronomical research activity. The carbon footprint of astronomical research activity as determined for the International Centre
for Radio Astronomy Research (ICRAR) in Perth, Australia (top left), for the Max Planck Institute for Astronomy (MPIA) in Heidelberg, Germany®™ (top right),
for the annual meeting of the European Astronomical Society (EAS) 2019 in Lyon, France® (bottom left), and for the European Southern Observatory (ESO)®
(bottom right).

Stevens+ 2020, Jahnke+ 2020, Flagey+ 2020, Aujoux+ 2021, ESO Annual Report 2020, Burtscher+ 2020, 2021



Institute travel
The long-distance trips matter most.

Garching
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budget for Leiden Observatory staff in 2019

van der Tak, F., LB et al. 2021



Astronomical conferences

A factor ~3000 lower emissions for (more inclusive)
on-line meetings

EWASS 2019 travel emissions (respondents only)
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++fo -~ EAS 2020 (virtual) produced about 588
__laden kg of emissions for 1777 participants —

2020 :or Ewass 2019 it was 1.9 kt for 1240
virtual o rticipants

L. Burtscher et al., Nat. Astro (2020)
A. R. H. Stevens et al., Nat. Astro (2020)



Why should we care?

Figure 6.1. Per capita and absolute CO2, consumption emissions by four global income groups in 2015
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Note: Per capita CO, consumption emissions, and absolute CO, consumption emissions by four global income groups in 2015,
compared with emissions reduction targets for 2030 for limiting warming to 1.5°C. Income thresholds in 2015 are according to USS
purchasing power parity in 2011: 1 per cent > US$109,000; 10 per cent > USS$38,000; middle 40 per cent > US$6,000; poorest 50 per cent
< USS$6,000.

UN Emissions Gap Report 2020, Chapter 6 (S. Capstick et al.)
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is no planet B

xoplanets known to date but there | Is no place Ilke Earth

ESO/ M. Kornrhesser



Total Solar Irradiance (W/m"2)

Facts & Methods

climate communication from the "neutral" ground

Temperature vs Solar Activity

Solar Irradiance Temperature y
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NASA/JPL-Caltech



zSpaceship“ Earth

"Earthrise", Apollo 8







Who are we trying to reach?

Global Warming’'s Six Americas
December 2020

Alarmed Concerned Cautious Disengaged Doubtful Dismissive
@ @ R
< >

Highest Belief in Global Warming Lowest Belief in Global Warming

Most Concerned Least Concerned

Most Motivated Least Motivated

| "N Ciimate Change  ~ VB CENTER for CLIMATE CHANGE
December 2020 (n=1,036) Communication (% comMmuNIcaTION

Similar distribution internationally, see International Public Opinion on Climate Change
(Leiserowitz et al., 2021, Yale Program on Climate Change Communication)
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For astronomers to make a significant contribution to the reduction of climate

ferences

change-inducing greenhouse gas emissions, we first must quantify the sources
of our emissions and review the most effective approaches for reducing them. Sections Figures References

Here we estimate that Australian astronomers’ total greenhouse gas emissions
Abstract

from their regular work activities are 225 ktCO»e yr 1 (equivalent kilotonnes of
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Summary

e The current climate crisis is real, it’'s us, and it’s
bad, but we can still fix it.

 Astronomy is an energy-intensive business. We
can and must reduce emissions for the sake of
our own discipline and to act as role models.

 We are the group that understands most
keenly that ,,there is no planet B®. We should
act accordingly, and communicate this
message.




