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Aims ' ”" II!
’

» Estimate the carbon footprint of professional Spanish Astronomy within a limited scope

» Compare with the results of the 2020 survey (E. Gonzalez Egea et al.) — effects of the
pandemic (?)

» Survey the opinion of Spanish astronomers about possible actions to reduce our
environmental impact

» Contribute to the collective reflection on the community about the climate emergency
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» Estimate the carbon footprint of professional Spanish Astronomy within a limited scope

» Compare with the results of the 2020 survey (E. Gonzalez Egea et al.) — effects of the
pandemic (?)

» Survey the opinion of Spanish astronomers about possible actions to reduce our
environmental impact

» Contribute to the collective reflection on the community about the climate emergency

Disclaimer
We are not Social Scientists. Design and analysis of the survey was done as well as we could.
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Demographics of the survey

—o— Informe RRHH SEA
B Encuesta

» Survey conducted in March-May 2024.
Announced via sea-anuncios and SEAMOS.
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» Completed by N = 126 individuals (~ 10%
of Spanish Astronomers)?

Fraccion (%)
w
o

» Very probably a biased sample

N
o

» Permanent staff over-represented,
pre-doctoral researchers under-represented
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9Compared to data from the Informe de RRHH SEA 2024 (8 %)
Plantilla Postdoc Predoc tro
Categoria Profesional
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Estimation of the carbon footprint of astronomical research

» Carbon footprint: amount of GH gases than &, vrce o
activity adds to the atmosphere

» Several studies (pre-pandemic) of carbon
footprint of Astronomy in different
institutes/countries (incl. IAC)

» We consider only three areas: commuting,
work travels, supercomputing

» Period considered: 2022 — 2023 [Knédiseder (2024)]
» For reference:

» Spanish average: 5.2tC0O,eq/yr/person
> World average: 4.7tCOeq/yr/person
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» Carbon footprint: amount of GH gases than & e o
activity adds to the atmosphere

» Several studies (pre-pandemic) of carbon
footprint of Astronomy in different
institutes/countries (incl. IAC)

» We consider only three areas: commuting,
work travels, supercomputing

emissions from
buildings (heating)

» Period considered: 2022 — 2023 [Knédiseder (2024)]

» For reference:

» Spanish average: 5.2tCO,eq/yr/person
> World average: 4.7tCOeq/yr/person
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Commuting

» Caris the most used mean of transport for daily
commuting

60| W Metro
m— Autobus

» Car use more prevalent among Staff/Postdocs.
Predocs use more public transport

- Tren
501 mm Coche
- Bicicleta
A pie
- Moto

» Carbon footprint estimate:
~ 0.54tC0Oyeq/yr/person (taking into account
remote work)

Frecuencia relativa a la categoria prof. (%)

> Without remote work: ~ 0.76 tCO,eq/yr/person O Prebocs  estbocs  Plantila (<50) Pt (-30)  Ovos

» 2020 estimate: ~ 0.8 tCOyeq/yr/person

» Remote work reduces commuting emissions by ~ 30%

» BUT: it may induce larger emissions in other areas (e.g. heating/cooling)
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Work travel

» Large dispersion on number of trips/distances/emissions

» Significant differences between professional categories (also gender differences for junior
staff)

» Carbon footprint estimate: 1.46 4+ 0.23tCOyeq/yr/person

Ndmero de viajes anuales Emisiones anuales por viajes (kgCO2eq)
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Work travel: changes from 2020

» 2024 estimate: 1.46 + 0.23tC05eq/yr/person
» 2020 estimate: ~ 5tCOyeq/yr/person

» At face value: reduction of ~ 70%
» ~ 50% reduction in number of trips

» 70% of respondents claim they travel now less than before the pandemic

:Cudl consideras que es la razén o razones

Comparado con antes de la pandemia, ;consideras que ahora principales por las que ahora viajas menos
viajas menos 0 mas? que antes de la pandemia?
[
80 69 %
Facilidad reuniones virtuales _41 %
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©
B 60
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250
<
g 40
° Concienciacién ecolégica _26 %
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220

Cambio trabajo -10 %
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Mas Igual Menos Otro NUmero de respuestas
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Supercomputing I

» ~ 17% of Spanish astronomers are supercomputing users — low number of answers —;
large uncertainty in estimates

» In total: ~ 170MCPUh /yr used by Spanish astronomers (~ 135kCPUh /yr/person )

> Carbon footprint estimate: 1.1575% tCOyeq/yr/person?

» 2020 estimate: ~ 2tC0,eq/yr/person, but large uncertainty and different
efficiency/emission factors assumed

9We assume 53 W/CPU (Stevens et al., 2020), 160 gCOzeq/kWh for Spain (electricitymap.org)
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electricitymap.org

Summary of estimated footprint q\

» Total estimated footprint (commuting + travel + 8 e L
. iajes
supercomputing): ~ 3.2"% tCOyeq/yr/person

mmm Supercomputacion

2.0

» Significant reduction compared to 2020, but difficult
to quantify

3 B
1.1
. =

2018 -2019 2022 -2023

Emisiones anuales (tCO2eq/pers.)
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Summary of estimated footprint

» Total estimated footprint (commuting + travel +
supercomputing): ~ 3.2"% tCOyeq/yr/person

mmm Transporte al centro de trabajo
Viajes
mmm Supercomputacion

~

2.0

» Significant reduction compared to 2020, but difficult
to quantify

o

Can we trust the 70% reduction in travel
footprint?
» Different biases and/or ways of collecting/analysing
data in 2020 vs. 2024 samples?

Emisiones anuales (tCO2eq/pers.)

3
» Early 2022 still "in pandemic"?

» 2020 over-estimation? (e.g, IAC, 2018; m (05 |
~ 6tC0Ozeq/yr/person (RFI = 2)) 0

2018 -2019 2022 -2023
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Is this the full footprint?

» Our estimate covers a small part of the astronomical research footprint

» Other important contributions:

» Institute’s heating/cooling and electricity consumption

» Purchases

» Observatories: probably the most important contribution (e.g. ~ 15 tCO2eq/yr/person, IRAP,
Martin et al. 2022; ~ 37tC0Oseq/yr/person, world, Knddlseder et al. (2022) )

» Detailed studies needed at the institute level

Office
Employee
Travels
Computing

Netherlands
(1040)

MPIA (Gerr;zagy) Purchase
(320) Observatories

MIT Kavli (USA)
(158)

IRAP (France)
(263)

Australia

(934)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

£C0,e employee™! year~! [Knédlseder (2024)]
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» The survey also included several opinion questions about possible actions to reduce the
footprint of astronomical research

» Main focus on travel and conferences

» Some questions similar to those in 2020 survey — no significant differences observed
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Survey on possible actions to take (Selection)

¢A cuantas conferencias te pareceria adecuado acudir
presencialmente cada afio?

o

» 74% consider 2 (or less) in-person conferences/year appropriate

o
@

o
o

» 76% in favour of making the RC-SEA hybrid (but 74% against
making them fully online)

Fraccién de respuestas
°
S

°

» 60% in favour of including a carbon budget in grants/projects

°
°
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» The most effective action we can take as astronomers to tackle the climate emergency is to
take about it

» 53% of astronomers already talk about climate change when doing outreach/University
lectures

» 78% agrees with SEA organising outreach activities about it

;Te pareceria Util que la SEA organizara o ayudara a Cuando haces divulgacién, imencionas aspectos relacionados
organizar actividades focalizadas en la fragilidad de nuestro con el cambio climatico?
e
planeta y el cambio climéatico? 70 53 %
100 /8%
60
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Other actions

Some other actions proposed (and comments) from answers

» Awareness-raising among the astronomical/research community

» Institutions: energy consumption and general — all the institutions should have a
de-carbonisation plan

» Conferences/travel:

» Discussions about when in person conference/meetings are important, relevance for ECRs
» Sustainability measures in conferences

» Imposed limit on travel

» Remote observing

» Link to light pollution

> ...
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Conclusions

» Important reduction of carbon footprint due to work travel, commuting (and
supercomputing) after the pandemic (but difficult to quantify exactly) —

~ 3.27}% tCOyeq/yr/person

» Work to do: do a more detailed analysis of the survey and share it with the SEA

» This is still a small part of the full carbon footprint of astronomy research — need an
institutional effort to quantify it and make plans for reduction

» Most important action as astronomers: raise awareness, put pressure on institutions, serve
as an example (?)
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EU Climate Targets
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Emission factors assumed l ” I h

Emissions from different modes of transport
Emissions per passenger per km travelled

[l CO2 emissions | Secondary effects from high altitude, non-CO2 emissions

Domestic flight )f« +121g
Long haul flight 4
Car (1 passenger) [y
Bus G
Car (4 passengers) [
Domestic rail e
Coach Tl
Eurostar e
Note: Car refers to average diesel car
Source: BEIS/Defra Greenhouse Gas Conversion Factors 2019 [B[B|C]
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Emissions from work travel - 2020
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Estimation of the carbon footprint of astronomical research

H . Geolog
> Several studies (pre-pandemic) of R -_
carbon footprint of Astronomy in sty goor, uanim, anosol. [N
. . . . Mathematics
different institutes/countries s oo, et s __ I Covvrere,asenaion
I

. Research stay
Computer science
Mootng, workshop

» In Spain: IAC study (A. Mampaso —_— | el
& I. GarCI'a de |a Rosa) Other humanities and sacial sciences . Others

Law, economics, management

Biology

» Survey of French researchers
Health and medical research
(2020): Astronomers are among
those travelling the most
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Distance travelled by plane in 2019 (km)

[Blanchard+ (2022)]
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Demographics of the survey
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Demographics of the survey (institutions)

60
Instituciones con N > 2
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Commuting - extra plots

Frecuencia relativa (%)

Frecuencia relativa a la categoria prof. (%)
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Commuting - extra plots

Desplazamientos trabajo-domicilio (Huella de Carbono semanal)
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Work travel: gender differences

Emisiones anuales por viajes (kgCO2eq)

Plantilla (>50) o€
Plantilla (<50) e
» No clear gender difference for the 5
full sample Postdoc o e -
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junior staff — family care?
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Work travel: distance, length of stay
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rk travel - extra plots

Distribucién de distancias viajes
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rk travel - extra plots |||

Contribucién a la huella de carbono de viajes por medio de transport:
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Reducing the number of (in person) conferences

¢A cuéntas conferencias te pareceria adecuado acudir
presencialmente cada afio?

= Muy de acuerdo En desacuerdo

1.0
De acuerdo == Muy en desacuerdo
Nide acuerdo ni en desacuerdo NSING
«
Sos
Limitar el nimero de conferencias 4]
nf : 3% 1% g
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go.6
o
°
=
504
S
o
o
Limitar el nimero de viajes a 0.2
conferencias/reuniones
haciéndolos virtuales, y solo en 5 % 33%
casos muy justificados asistir 0.0
presencialmente 0 2 a 6 8 10
0 20 80 100 N

60
Porcentaje respuestas
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Conference organisation

s Muy de acuerdo En desacuerdo
De acuerdo m  Muy en desacuerdo
Ni de acuerdo ni en desacuerdo NS/INC

Que las conferencias/reuniones
ofrezcan menu vegetariano o
vegano por defecto y
carne/pescado opcionalmente

Que las conferencias/reuniones
ofrezcan Gnicamente mend 3% 61
vegetariano o vegano

Que los posters en las
conferencias sean Gnicamente 56 % 25%
electrénicos

o
N
o

40 60 80 100
Porcentaje respuestas
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General actions in research

s Muy de acuerdo En desacuerdo
De acuerdo = Muy en desacuerdo
Ni de acuerdo ni en desacuerdo NS/NC

Compensar la huella de carbono

P 29 %
pagando una tasa econémica

Incluir un presupuesto de huella de
carbono en los proyectos del % 1
Ministerio, europeos y similares

Plantear una moratoria en la creacién
de nueva 17 % 5
instrumentacién/telescopios/misiones
en la linea del decrecimiento

0 20 40 60 80 100
Porcentaje respuestas

Its of the SEA sustainability survey 2024 | RC SEA, Granada.



Reuniones Cientificas SEA

Emm Muy de acuerdo En desacuerdo
De acuerdo = Muy en desacuerdo
Ni de acuerdo ni en desacuerdo NS/NC

Reducir el nimero de Reuniones
Cientificas en un 50% (realizar una
cada 3 afios)

37 % 45%

Realizar las Reuniones Cientificas
de forma hibrida (permitiendo la
participacion completa tanto
presencial como online)

Realizar las Reuniones Cientificas |10 g4
de forma 100% online

Limitar los lugares de celebracion
de las Reuniones Cientificas a la 26 % 47 %
Peninsula
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