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Introduction

The International Astronomical Union (IAU) is the international organisation that
represents the astronomical community. The members are professional astronomers
and organizations representing national astronomical communities. The main goals of
the Union are promoting and safeguarding astronomical research, communication,
education, and development through international cooperation®. The International
Astronomical Union embraces the principle of a dark and radio quiet sky, that the Union
considers fundamental for all humanity. Indeed, a dark and radio quiet sky is essential
to advance our knowledge of the universe, and to protect nocturnal wildlife, and it is a
cultural resource for humankind too?. To address the problem of pollution at all
wavelengths of the electromagnetic spectrum from artificial sources, the International
Astronomical Union established a specific commission, that is focused on the reduction
and prevention of sky glows and radio frequency interference on astronomical research
facilities®. In recent years, new actors have emerged on the scene: the satellite
constellations, that are networks of artificial satellite orbiting around the Earth. These
new satellite constellations were born to offer communication services for humankind,
but they pose new challenges and issues to the astronomical community. Indeed,
recent studies pointed out that they can be detrimental for optical and radio

astronomy*56,

Considering the purposes of the International Astronomical Union and considering the

effects on astronomy of the new satellite constellations, the aim of this thesis is to

1 L. Christensen, fifAbout AW, ehttpd:/Mvwndiau.org/administration/about/. Retrieved 29
December 2021.

2. Christensen, il AU St atement on HWI3BPLOI9,t e Constellationso,

https://www.iau.org/news/announcements/detail/ann19035/. Retrieved 29 December 2021.

8 L. Christensen, i Bn¥er-Division B-C Commission Protection of Existing and Potential Observatory
Sites0 JAU, https://www.iau.org/science/scientific_bodies/commissions/B7/. Retrieved 29 December
2021.

4 0. R. Hainaut, A. P. Williams, Impact of satellite constellations on astronomical observations with ESO
telescopes in the visible and infrared domains, «Astronomy and Astrophysics», Volume 636, id.A121,
(2020) 11 p.

SEditori al staff, AVetr ampgac tRudfi n SDthelelr WetaaeCo Rupim st el | at

Observatory, https://www.lsst.org/content/Isst-statement-regarding-increased-deployment-satellite-
constellations. Retrieved 29 December 2021.

6§ Edi tori al staff, i Ra di o Natibnale Radie nAstsonomly nQbservédteeyr e nc e 0,

https://public.nrao.edu/telescopes/radio-frequency-interference/. Retrieved 29 December 2021.
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analyse the actions and the communication regarding the new satellite constellations
of the International Astronomical Union, as the recognized international association of

astronomers.

The structure of this text is as follows. The first two chapters set the frame for the
research question. Particularly, Chapter 1 outlines the main features of the
International Astronomical Union. Instead, Chapter 2 sets the background of the new
satellite constellations. After this part, in Chapter 3, we describe the methodology that
we adopt in this research. Then, in Chapter 4, we present our results. Finally, in the

Conclusions we highlight our findings.



Chapter 1 - The International Astronomical

Union

The International Astronomical Union (IAU) is an international nongovernmental
organization, based in Paris (France). As declared in the first clause of its Statute the
objective of the International Astronomical Union is «to promote the science of
astronomy in all its aspects»’. This Statute entered into force on 21 August 2012, and
it was updated on 31 August 2018. Indeed, the organization promote and safeguard
research, communication, education, and development through international
cooperation. The Union is the internationally recognized authority for the definition of
fundamental astronomical and physical constants, for assigning official names and

designations to celestial bodies and to their surface features?.

The organisation is composed of National Members, Individual Members, Junior
Members and Honorary Members®. Simply put, the adhering people are professional

astronomers from all over the world.

The International Astronomical Union was founded after the World War [, in July 1919,
during the constituent assembly of the International Research Council (IRC) held in
Bruxelles from 18 to 28 July 191910,

The organization was founded ¢o0to facilitat
different countries where international co-oper ati on i s necessary ol
promote the study of astronomy in all its aspect s'& éAs a matter of fact, the
International Astronomical Union changed the way of doing astronomical research.

Indeed, the International Astronomical Union was «to be a sort of parliament of

7 L. Christensen, Al AU S AW, t hitgs:#venviv.jau.org/administration/statutes _rules/statutes/.
Retrieved 26 December 2021.

8 L. Christensen, fiAbout AW, ehttpd://Mwdiau.org/administration/about/. Retrieved 29
December 2021.

9 L. Christensen, Al AU  SIAd,t hitgs:#veviv.jau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

10 A Gasperini, V. Zanini, M. Gargano, Italian astronomers @ IAU: the contribution and the role of the
Italian astronomers inside IAU from the foundation to the second post-war period, Proceedings of the
38th Annual Conference / Societa | t al i ana degl i Storici ;cdtédlbpS.Fi si ca
Esposito, L. Fregonese, R. Mantovani. 1 Pavia Pavia University Press, 2020. i
XVII, 276 p.: ill.; 24 cm (Scientifica. Atti), 205-213, p. 205

11 J. Andersen, D. Baneke, C. Madsen, The International Astronomical Union. Uniting the Community
for 100 Years, Springer, 2019, p. X
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astronomical nations which planned to supervise scientific programs and to rationalise

inter-observatory cooperation»*?.

The governing bodies of the Union are the General Assembly, the Executive
Committee, and the Officers®®. Additionally, to reach its goals in the main areas of
astronomy, the organisation is structured in Scientific Divisions, whose activities may

be organized through scientific Commissions'4 and Working Groups?®.

The official logo of the International Astronomical Union combines the acronyms in
English and in French, that is, Union Astronomique Internationale (Figure 1). This
reflects the history of languages within the organization. Indeed, English was dominant
after 1945; however, up to 1967, some formal speeches at the General Assembly were
delivered in French. From 1988, the General Assembly program was no longer in both
languages. Nevertheless, some formal documents are still in French, since, for the

legal point of view, the International Astronomical Union is a French association?®.

To understand how the International Astronomical Union works, we will briefly analyse

its main features.

Figure 1 i The official logo of the International Astronomical Union. Credit: International Astronomical Union.
Source: IAU website.’

12 A, Saint-Martin, The creation of the International Astronomical Union as a result of scientific
diplomacy, in «The Role of Astronomy in Society and Culture», Proceedings of the International
Astronomical Union, IAU Symposium, Volume 260, (2009) p. 202-206, p.202

13 L. Christensen, il AU S A, t https:#wavdy.jau.org/administration/statutes_rules/statutes/.
Retrieved 26 December 2021.
14 |bidem

15| . Christensen, i AbAutb AU, https://www.iau.org/administration/about/. Retrieved 26 December
2021.

16 J. Andersen, D. Baneke, C. Madsen, The International Astronomical Union. Uniting the Community
for 100 Years, Springer, 2019, p. 145

17 L. Christensen, il AU IAU o hdtms@www.iau.org/public/images/detail/iau_wb/. Retrieved 27
December 2021.
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1.1 The Members

As we anticipated, the International Astronomical Union is composed of National

Members, Individual Members, Junior Members, and Honorary Members.

The National Members, i.e., «organization representing a national professional
astronomical community, desiring to promote its participation in international
astronomy and supporting the objective of the Union»'® are eighty-five (85)°. A
National Member may be organization by which scientists of the corresponding nation
or territory adhere to the International Science Council, or a proper National Society or
Committee for astronomy or a proper institution of higher learning. A National Member
may be part of the International Astronomical Union on a «permanent, interim, or
observer basis by the General Assembly»?°. For instance, Italy is part of the
International Astronomical Union, and the member organization is the Istituto
Nazionale di Astrofisica (INAF). The National Members may resign from the
International Astronomical Union by informing the General Secretary with a written

communication??,

The Individual and Junior Members in total are twelve thousand one hundred thirty-
one (12131) as of 1 December 2021??, of which the Junior Members are eight hundred
ninety-one (891)23. As stated in the Statute of the International Astronomical Union, an
Individual Member is a «professional scientist who is active in some branch of
astronomy»?4, who «may be admitted to the Union by the Executive Committee as an
Individual Member»2%; instead, a Junior Member is a «junior scientist who completed

the PhD studies and who is in the initial phase of the professional researcher career in

18 L. Christensen, il AU S A, t httpls:#éwsvey.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

19 L. Christensen, AiNat i on a lAU,NMegpm/byvevw.isudorg/administration/membership/national/.
Retrieved 26 December 2021.

20 L. Christensen, il AU S A, t httpls:#éwsvey.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

21 |bidem

22 L. Christensen, iGeographical a n dof Iedévidudleand Jiniors Membelsd AW, 0 n
https://www.iau.org/administration/membership/individual/distribution/. Retrieved 26 December 2021.
23| . Christensen, |IA@ Member Statisticsg IAU, https://www.iau.org/public/themes/member_statistics/.
Retrieved 26 December 2021.

24 L. Christensen, il AU S A, t httpls:#wsvey.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

25 |bidem
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some branch of astronomy»?6, and who «may be admitted to the Union by the
Executive Committee as a Junior Member for a period not exceeding 6 years»?’. The
Junior Members category of membership was approved during the XXX General
Assembly in August 2018 in Vienna?®. As a whole, the membership spans ninety (90)
countries. Indeed, twelve thousand one hundred eleven (12111) members are from
adhering countries (99.8% of members), and twenty (20) are from other countries
(0.2% of members). While male members are 78.8%, female members are 21.1%. In
addition, there are four members who have not specified a gender. Fifteen National
Members have 100% male members. The gender distribution is slightly different for

Junior Members; indeed, in 2021, 33% of Junior Members were female.

16000
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% 2 R % R B % % % R

Figure 2 - Membership growth from 1922 to 2021 of total members. Source: IAU website?°.

The National Member with the highest number of members are the Unites States
(2597), followed by France (681), Japan (670), and Italy (653)%C. To have an idea of
how many astronomers are members of the International Astronomical Union
compared to the total, we consider the case of our country. The Istituto Nazionale di
Astrofisica in total has one thousand eight hundred and eighty-eight people, as

researchers and associates (1888)3!. So, around 35% of Italian astronomers are

26 |hidem

27 |bidem

28 | . Christensen, il AU Me mb elAU, Sttpsi/imivvs.iduiorg/public/themes/member statistics/.

Retrieved 26 December 2021.

29 |bidem

80 L. Christensen, iGeographical and Gern daral Diasitdr i JbuutAWporn Mef mbl
https://www.iau.org/administration/membership/individual/distribution/. Retrieved 26 December 2021.

31 Editorial st af f , -Dipfi Anagrafica dipendenti INAF i Database H1 - HR MS @NAF,
https://www.ced.inaf.it/anagrafica/tot-dip.php. Retrieved 27 November 2021.
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members of the International Astronomical Union. If we consider the United States, the
country with the highest number of IAU members, we can compare the number of
members with the members of the American Astronomical Society (AAS), the major
organization of professional astronomers in North America. The members of this
organization are about seven thousand seven hundred (7700)%?, so the members of
the International Astronomical Union are around 34%, comparable to the Italian

percentage.

Lastly, there are the Honorary Members. They are «individuals who have substantially
contributed to the development of astronomical research in their country, who are not
professional astronomers and do not qualify as Individual Member»33. This category
was introduced at the XXX General Assembly held in Vienna in August 2018.

On the website of the International Astronomical Union, there are some statistics about
the membership, from which the Honorary Members are excluded. They are introduced

as follows

To better understand the unique characteristics of our membership, and to address
the needs of our community in a more informed way, the International Astronomical

Union has prepared an analysis of its membership numbers across the globe.3*

The members have grown from the birth of the International Astronomical Union until

nowadays (Figure 2). The organization describes this growth as follows

its membership growth reflects the many societal, political and scientific changes
the world has been through throughout this time span. [ € We can see an expected
general growth, having a clear steepness aroundthemid-s i xti es, with the 0
raceo and t he aAdshiearne nccoeu notfr ineesw and | AUds publ i

the Pluto issue as possible sources for this increase in slope.®

2Edi torial st af fAmericaAstoonomical SoeietyAhdS:0aas.org/about-aas .Retrieved
27 November 2021.

83 L. Christensen, A Ho nor ar JAUMéps:bigurors/administration/membership/honorary/.
Retrieved 26 December 2021.

34 L. Christensen, il AU MembelAU,St ati sticso,
https://www.iau.org/public/themes/member _statistics/. Retrieved 26 December 2021.

35 |bidem
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Regarding the age of the members, we see that most members are between fifty and
sixty years old. Only 23% falls in the range between twenty-five and forty-five years

old, and the 14.5% falls within seventy and one hundred years old®® (Figure 3).

To sum up, the International Astronomical Union has a really international attitude

characterized by growing membership numbers.

25-30 23 34 40.4 59.6

30-35 161 301 34.8 65.2
35-40 321 583 35.5 64.5
40-45 402 872 31.6 68.4
45-50 311 940 24.9 75.1
50-55 293 1057 21.7 783
55-60 243 1091 18.2 81.8
60-65 217 974 18.2 81.8
65-70 162 871 15.7 84.3
70-75 119 842 124 87.6
75-80 105 790 117 88.3
80-85 56 480 104 89.6
85-90 19 172 9.9 90.1
90-95 7 65 9.7 90.3
95-100 2 16 111 88.9

Figure 3 - Total number and corresponding percentages in gender of age range of Active Members. Source: IAU

website®’.

1.2 Administration and Scientific Bodies

The governing bodies are the General Assembly, the Executive Committee, and the

Officers.

The General Assembly consists in all the members, that is, National Members,
Individual Members, and Junior Members. The General Assembly is every three (3)
years and comprises two sessions of five days spread over two weeks. During the
weeks of the General Assembly, a rich program is offered to the participants. This
program includes two series of three Symposia, which last three days, scheduled
respectively in the first and in the second weeks, and from fifteen to twenty more
specialized meeting, called «Focus Meetings», with up to five topics running in parallel.
Additionally, there are the meetings of the Divisions, Commissions, and Working

36 |bidem
37 L. Christensen, il AU MembelAU,St ati sticso,
https://www.iau.org/public/themes/member _statistics/. Retrieved 26 December 2021.
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Groups. The General Assembly approves the Statute and defines the long-term policy
of the organization3®3°, The proceedings of the Focus Meetings are published in the

«Astronomy in Focus» series®.

The decisions of the General Assembly in general are taken by an absolute majority
of the vote cast. Instead, the decisions about the Statute are taken with approval of at
least the two third. The General Assembly elects the Executive Committee, formed by
the President of the International Astronomical Union, the President-Elect, the six Vice-
Presidents, the General Secretary, and the Assistant Secretary. The past President
and the past General Secretary flank the Executive Committee as Advisors. The
Executive Committee implements the long-term policy defined by the General
Assembly41:42,

The daily operations are led by the Officers, i.e., the President, the President-Elect, the
General Secretary, and the Assistant General Secretary. As declared in the Statute,
the Officers «decide short-term policy issues within the general policies of the Union

as decided by the General Assembly and interpreted by the Executive Committee»*2.

The focal point for all the communications concerning the International Astronomical

Union is the Secretariat,, t hat i s hosted at

The scientific activities are structured through nine (9) Divisions, thirty-eight (38)
Commissions, and forty-six (46) Working Groups*. The Divisions and the Commission

publish triennial reports in the «Transactions of the IAU - A» series?.

38 L. Christensen, il AU S A, t htipls:éwsv@.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

89 L. Christensen,i Gener al Assemblies & MUIministrative Meetings
https://www.iau.org/science/meetings/general_assemblies/. Retrieved 26 December 2021.

40 L. Christensen, fAbout AW, ehttpd:/Mndadigu.org/administration/about/. Retrieved 29
December 2021.

41 |, Christensen, il AU S A, t httpls:#éwsvey.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

42 |, Christensen, fiExecuti v,dAUCOmMmMi tteeo
https://www.iau.org/administration/executive bodies/executive _committee/. Retrieved 26 December
2021.

43 L. Christensen, il AU S A, t htipls:#éwsv@.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

44 | . Christensen, il AU S elAU, bttbsa//mvimvaiau.org/administration/secretariat/. Retrieved 26
December 2021.

45 . Christensen, i Sci ent ilAUjhtps:Bwvd.iateosglscience/scientific_bodies/. Retrieved 26
December 2021.

46 L. Christensen, fiAbout AW, ehttpd:/Mndadigu.org/administration/about/. Retrieved 29
December 2021.
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As declared in the Statute, each division «covers a broad, well-defined area of
astronomical science, or deals with international matters of an interdisciplinary
nature»*’. Divisions are created or terminated by the General Assembly, following the
recommendation of the Executive Committee. Each Division has a Steering
Committee, a Division President, who chairs the Committee, and a Vice-President. The
President and the Vice-President of the Division are elected by the General Assembly
following a proposal of the Executive Committee. President and Vice-President are ex
officio members of the Steering Committee.*® Ideally, each Division includes a
comparable number of Members. The list of Divisions was updated the last time at the
XXVIII General Assembly in Beijing (2012), when a new scheme was put into place
«to take into account the evolution of astronomy and to reflect the scientific policy of
the IAU»*°, The list adopted in Beijing is shown in Table 1.

Table 1 - List of Divisions of the International Astronomical Union. Source: IAU website°.

Division A Fundamental Astronomy

Division B Facilities, Technologies and Data Science

Division C Education, Outreach, and Heritage

Division D High Energy Phenomena and Fundamental Physics
Division E Sun and Heliosphere

Division F Planetary Systems and Astrobiology

Division G Stars and Stellar Physics

Division H Interstellar Matter and Local Universe

Division J Galaxies and Cosmology

As we remarked, within the Divisions, the activities in well-defined disciplines may be
organized through Scientific Commissions. Sometimes, in special cases, a
Commission can cover a subject common to two or more Divisions. This is allowed,
and that Commission becomes a Commission of all these Divisions. The Commissions

are created or terminated by the Executive Committee. Each Commission has an

47 L. Christensen, il AU S A, t htipls:éwsv@.iau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

48 |bidem

49 L. Christensen, fi Di v IAS,ihthps:/Avevw.iau.org/science/scientific_bodies/divisions/. Retrieved
26 December 2021.

50 |bidem

15


https://www.iau.org/administration/statutes_rules/statutes/
https://www.iau.org/science/scientific_bodies/divisions/

Organizing Committee and a Commission President, who chairs the Committee. The
Organizing Committee manages the activities of the Commission. In addition, each
Commission has a Vice-President. The President and the Vice-President are
appointed by the Steering Committee of the corresponding Division following the
proposal of the Organizing Committee of the Commission. If the Commission refers to
two or more Divisions, all the Steering Committees of these Divisions appoint the
President and the Vice-President®. In Table 2 there are the so-called Regular
Commissions, in Table 3 there are the so-called Inter-Division Commissions, and in

Table 4 there are the so-called Cross-Division Commissions®2.

Then, there are the Working Groups. They are established by the Executive
Committee, by Divisions or by Commissions, «to undertake certain well-defined tasks
for limited time periods»°®3. Usually, a Working Group ends after three years of activity,
unless it is renewed. However, there are some Woking Groups, called iFunctional
Working Groupsg whose scope and purpose are institutional, and they extend beyond
three years. We can divide the Working Groups as follows: Executive Committee
Working Groups, Division Working Groups, Inter-Division Working Groups,

Commission Working Groups, and Inter-Commission Working Groups.

Table 2 - Regular Commissions of the International Astronomical Union. Source: IAU website54.

Commission Name Parent Division
Al Astrometry Division A Fundamental Astronomy
A2 Rotation of the Earth Division A Fundamental Astronomy
A3 Fundamental Standards Division A Fundamental Astronomy
Bl Computational Division B Facilities, Technologies
Astrophysics and Data Science
B2 Data and Documentation Division B Facilities, Technologies

and Data Science

51 |, Christensen, il AU SAUahttpsi/venvsv.dau.org/administration/statutes rules/statutes/.
Retrieved 26 December 2021.

52| , Christensen, Cammissionso AU, https://www.iau.org/science/scientific_bodies/commissions/.
Retrieved 26 December 2021.

53 L. Christensen, 1A@ Working Group Ruleso LAU,
https://www.iau.org/static/science/scientific_bodies/working groups/iau-working-groups-rules.pdf

54 L. Christensen, i Co mmi $A8,i hitps:#vawvw.iau.org/science/scientific _bodies/commissions/.
Retrieved 26 December 2021.
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B3

B4

B5

B6

C1

C2

C3

C4

D1

El

E2
E3

F1

F2

F3

F4

Gl

Astroinformatics and
Astrostatistics

Radio Astronomy

Laboratory Astrophysics

Astronomical Photometry
and Polarimetry
Astronomy Education and

Development

Communicating Astronomy

with the Public

History of Astronomy

World Heritage and
Astronomy

Gravitational Wave
Astrophysics

Solar Radiation and
Structure

Solar Activity

Solar Impact Throughout
the Heliosphere
Meteors, Meteorites and
Interplanetary Dust
Exoplanets and the Solar
system

Astrobiology

Asteroids, Comets &
Transneptunian Objects
Binary and Multiple Star

Systems

Division B Facilities, Technologies
and Data Science

Division B Facilities, Technologies
and Data Science

Division B Facilities, Technologies
and Data Science

Division B Facilities, Technologies
and Data Science

Division C Education, Outreach and
Heritage

Division C Education, Outreach and
Heritage

Division C Education, Outreach and
Heritage

Division C Education, Outreach and
Heritage

Division D High Energy Phenomena
and Fundamental Physics

Division E Sun and Heliosphere

Division E Sun and Heliosphere

Division E Sun and Heliosphere

Division F Planetary Systems and
Astrobiology
Division F Planetary Systems and
Astrobiology
Division F Planetary Systems and
Astrobiology
Division F Planetary Systems and
Astrobiology

Division G Stars and Stellar Physics
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G2 Massive Stars Division G Stars and Stellar Physics

G3 Stellar Evolution Division G Stars and Stellar Physics

G4 Pulsating Stars Division G Stars and Stellar Physics

G5 Stellar and Planetary Division G Stars and Stellar Physics
Atmospheres

H1 The Local Universe Division H Interstellar Matter and

Local Universe

H2 Astrochemistry Division H Interstellar Matter and

Local Universe

J3 Galaxies at the Epoch of Division J Galaxies and Cosmology

Reionisation

Table 37 Inter-Division Commissions of the International Astronomical Union. Source: IAU website5®.

Commission Name Primary
Division
A4 Celestial Mechanics and Dynamical Astronomy A
B7 Protection of Existing and Potential B
Observatory Sites
E4 Impact of Magnetic Activity on Solar and Stellar E

Environments

H3 Planetary Nebulae H

H4 Stellar Clusters throughout Cosmic Space and H
Time

J1 Galaxy Spectral Energy Distributions J

J2 Intergalactic Medium J

Parent
Division(s)
A F

B, C

E,F, G

G, H
G,H,J

D,G,H,J
B,H,J

5 L. Christensen, Cadinmissionso ,JAU, https://www.iau.org/science/scientific_bodies/commissions/.

Retrieved 26 December 2021.
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Table 4 - Cross-Division Commissions of the International Astronomical Union. Source: IAU website®.

Commission Name Parent Divisions
X1 Supermassive Black Holes, Feedback and Galaxy D, J
Evolution

X2 Solar System Ephemerides A F

Commission B7

For the purposes of our thesis, we are particularly interested in Commission B7
Protection of Existing and Potential Observatory Sites, that is an Inter-Division
Commission. Indeed, it is under Division B Facilities, Technologies and Data Science
and Division C Education, Outreach and Heritage. The Commission deals with the
reduction and prevention of artificial sky glow and radio-frequency interference.
Indeed, the Commission «works to protect existing and potential observatory sites from
pollution at all wavelengths of the electromagnetic spectrum»®’. The work of the

Commission is divided into three (3) Working Groups as follows:

I. Site Protection Working Group, which coordinates and facilitates efforts
focused on professional observing sites.

II. Technical Working Group, which works on spectral output, propagation,
artificial sky glow and radiofrequency interference, and regulatory issues.

[ll. Inter-commission Working Group on Achieving Sustainable Development
within a Quality Lighting Framework. The primary focus is dark sky protection

as part of sustainability in worldwide curricula. This is joint with Commission C1.

The main goals of the Working Group for Site Protection can be summarized as

follows:

1. Develop and share site protection standards for near zones around optical and
radio observatories.
2. Integrate radio protection standards to an even greater extent in optical

observatory planning and operations.

5 |. Christensen, Cadinmissionso ,JAU, https://www.iau.org/science/scientific_bodies/commissions/.
Retrieved 26 December 2021.
57 L. Christensen, AContr ol | i ndAULhAttgs#ivwww.Rwdrglpubticithemes/light pollution/.
Retrieved 26 December 2021.
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3. Provide a forum for astronomer efforts to enhance local and national legal
frameworks for dark/quiet sky protection in the near zones around
observatories (in collaboration with Technical WG).

4. Support the AU effort to obtain UN endorsement of dark/quiet sky protection
of professional observatories through the UN Committee on the Peaceful Uses
of Outer Space

5. Evaluate requests for IAU endorsement of proposals for special protection
status to other entities, such as IDA.

6. Educate professional colleagues about urgency of site protection issues;
provision of supporting materials for their public presentations. Includes

interaction with radio astronomers for site protection against RFI. 58

IDA is an acronym, that is, International Dark-Sky Association, which works to protect
the night sky®°. Instead, the major objectives of the Technical Working Group are as
follows:
1. Provide technical specifications at engineering levels for standards for
outdoor lighting that promote dark sky protection.
2. Inform the broader professional astronomy community about the technical
issues of radio-frequency interference and mitigation efforts.
3. Provide data and access to modelling that maps artificial sky glow by region
and over time and that could provide the basis for assessing impact of new
installations.
4. Provide measurements and other data on the impact of enhanced airborne
dust from mining, construction and other activities in proximity to major

observatories, to provide the basis for voluntary and regulatory controls. &°

Lastly, the goal of the third Working Group «focuses on education, since bringing
awareness to future citizens will help reorient them towards sustainable development,
whil e empowering the worldds 60 million

and ultimately reach local i global authorities to affect change»®.

58 L. Christensen, fi | nDivsionB-C Commi ssi on WG $AUt e Protectiono,
https://www.iau.org/science/scientific_bodies/working groups/288/. Retrieved 26 December 2021.

59 Editorial Staff, International Dark-Sky Association, https://www.darksky.org/. Retrieved 29 December
2021.

6] AU Commi ssion C.B7, -2021A8nni al Report 2018
https://www.iau.org/static/science/scientific_bodies/commissions/b7/commission-b7-triennial-report-

2018-2021.pdf
61 |bidem

20

t eai


https://www.iau.org/science/scientific_bodies/working_groups/288/
https://www.darksky.org/
https://www.iau.org/static/science/scientific_bodies/commissions/b7/commission-b7-triennial-report-2018-2021.pdf
https://www.iau.org/static/science/scientific_bodies/commissions/b7/commission-b7-triennial-report-2018-2021.pdf

International organisations

The International Astronomical Union is part of other organizations in different ways.
For the purposes of this thesis, we just need to know that the International Astronomical
Union is an observer organization in United Nations Committee on the Peaceful Uses
of Outer Space (UNCOPUOS) since 19952, and that the Union is in official partnership
with the United Nations Educational, Scientific and Cultural Organization (UNESCO)®:,

To sum up, the International Astronomical Union has a branched and structured
organizations, with divisions, commissions, and working groups, which work to reach

all the objectives of the Union.

1.3 Key activities and Tasks: Research, Education and Public Outreach

The International Astronomical Union promotes and safeguards astronomy in all its
aspect, boosting research, education, and public outreach. In recent years, these
objectives have materialized in the organization of notable events and in the

establishment of internal offices with specific tasks.

On 20 December 2007, the United Nations proclaimed the year 2009 as the
International Year of Astronomy (IYA2009)%*, and the United Nations Educational,
Scientific and Cultural Organization was declared lead agency. The International
Astronomical Union acted as implementing body®®. The event was very successful and
at least eight hundred fifteen million people in one hundred forty-eight (148) countries
participated at the activities®®. After this effort, in 2011, the International Astronomical

Union created the Office of Astronomy for Development (OAD). Then, in 2012, the

62Edit or i al St aff, ACommi ttee on the Peacef uUINOOSAe s of
https://www.unoosa.org/oosa/en/ourwork/copuos/members/copuos-observers.html. Retrieved 26
December 2021.

BEditorial staff, partnershipwith UNESGXthinithe framnéwork af theaDirectives
concerning UNESCOO6s favertmerdat srhg g@n iwzi athi omnosn YNESCD)
https://fen.unesco.org/sites/default/files/list ngos official partners unesco.pdf

64 Various authors, International Year of Astronomy 2009. Final Report. (2010)
https://www.astronomy2009.org/static/archives/documents/pdf/iya2009 final report.pdf p.17
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65Edi torial ot afefsj gmdNEAC| ead agency for the I nternatd.i

UNESCO, http://en.unesco.kz/unesco-designated-lead-agency-for-the-international-year-of-
astronomy-2009. Retrieved 26 December 2021.

66 Various authors, International Year of Astronomy 2009. Final Report. (2010)
https://www.astronomy2009.org/static/archives/documents/pdf/iya2009 final report.pdf p. 18
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Office for Astronomy Outreach (OAQO) was established. On 20 December 2013, the
United Nations proclaimed the year 2015 as the International Year of Light and Light-
based Technologies (IYL 2015)%’. The Union played a central role in the International
Year of Light, for the Steering Committee of the International Year of Light asked the
IAU to organize activities under the Cosmic Light theme «recognizing the importance
of light to astronomy»®8. In 2015, the International Astronomical Union established the
Office of Young Astronomers (OYA). In 2019, the organization celebrated its 100™"

anniversary:

To commemorate this milestone, the 1AU is organising a year-long celebration to
increase awareness of a century of astronomical discoveries as well as to support
and improve the use of astronomy as a tool for education, development and

diplomacy under the central theme "Under One Sky".5°

Lastly, in 2019, the Union launched a call to establish the Office of Astronomy
Education (OAE). The organigram and the main goals of all these offices are outlined

in Figure 4.

From a communication point of view an interesting event is the so-called Pluto Affair.
During the XXVI General Assembly in Prague in 2006 a definition of planet was
discussed. The approved resolution has a side effect: Pluto changed its status from
planet to dwarf-planet. This scientific and technical decision became «one of the most
discussed stories in 2006 i the much hated and loved International Astronomical Union
resolution defining a planet»’°. This is a turning point for the International Astronomical
Union for the increased awareness of the Union, and for its teaching lessons on
communications. The organization was dealing with a very special situation. Indeed,
aware of the ftherdébate aver planet tefinitien, tlrefUnion analysed
possible scenarios, and then decided to «make the process leading to a resolution as
open as possible»’t. The interest of the media was high, before, during and after the

General Assembly, and it is described as follows:

67UnitedNati ons, General Assembly, fAGlobalization an
devel opment . Report of t hitps/Sedocs.orgA/68/MGiAUId2 . 2ed, 20
68 Various authors, International Year of Light 2015. Final Report. (2016)
https://www.light2015.org/Home/About/IYL-Final-Report.html p. 99. Retrieved 27 December 2021.

69 . Christensen, i Ov e tAU-106,\mtéps://www.iau-100.0org/about. Retrieved 26 December 2021.

70 L. Christensen, The Pluto Affair: when professionals talk to professionals with the public

watching, (2007) p. 191

"L lvi p. 198
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The enormous public interest in the planet definition story is perhaps best
illustrated by the large number of cartoon jokes/caricatures appearing in the
international newspapers. It is the first time in many years to my knowledge that

any scientific topic has penetrated so deeply into the public conscious. 2

The Pluto affair had some negative effects. For instance, the International
Astronomical Union was accused to represent only a part of the community.
Nevertheless, this event was considered a positive one. For instance, it was
considered an opportunity to show that science is not static. Additionally, the press
office learned some lessons «especially about the practicalities of setting up a well-
functioning pressroom in response to the crisis, but also about the complex ways that

information is transmitted from scientists to the press»’3.

To summarize, the International Astronomical Union took part to many different

initiatives, and to reach all its goals the Union has different Offices with various tasks.

‘OYA
MISYA

/ Training
advancement

. / | e * 0
f B stronomical | A
Union | for Development
Communication Development

Figure 4 - The Offices of the International Astronomical Union. Source: IAU website.

72 |vi p. 206
73 |vi p. 204

74 L. Christensen, fiAbout AW, ehttpd:/Mndadigu.org/administration/about/. Retrieved 29
December 2021.
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Chapter 21 The Satellites Constellations around
the Earth

An artificial satellite is a man-made object that orbits around another body in space’®.

There are many kinds of artificial satellites with different tasks.

Man-made satellites were the actors of the first years of Space Race between the
Soviet Union and the United States. Indeed, the first artificial satellite to orbit Earth was
Sputnik 1, that was launched on 4 October 1957 by the Soviet Union. The Sputnik 1
was an aluminium sphere with a diameter of 58 centimetres, that carried four long
antennas (2.4-2.9 metres)’®. The launch of Sputnik 1 had a big impact on media’’, and
officially opened the space age’®. Few months later, the satellite Explorer 1 was
launched by the United States on 31 January 1958. Explorer 1 was the first satellite to
carry science instruments. Particularly, on Explorer 1 there was a cosmic ray detector,

that measured the radiation environment in Earth orbit’®.

Years by years, artificial satellites have become more and more important for
astronomy, communication, navigation and global positioning, weather forecasting,
Earth observations, and military activities®>8'. Consequently, the number of satellites
around the Earth has grown continuously. However, in the last years, the number of
satellites has increased steeply. Particularly, the number of active and defunct
satellites in Low Earth Orbit has almost doubled to a total of about five thousand as of

S A Campbel,biWhat i s aNASmtellite?o0,
https://www.nasa.gov/directorates/heo/scan/communications/outreach/funfacts/txt satellite.html,

7/9/2018. Retrieved 27 December 2021.

76 D. Williams, i S p u NASA khttp&:/fnssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=1957-
001B. Retrieved 27 December 2021.

77 P, Caraveo, Conquistati dalla Lu n a . Storia di u n poa Raffaella CortmanEditore,e nza t e
2019, p. 59

78 p. Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,
Springer, 2021, p. 111

79 S, Loff, AExXpl or er NASAQ \higps:Awive.waga,gov/mission_pages/explorer/explorer-
overview.html. Retrieved 27 December 2021.

8 Edi t or i a Batelliget artffidialeq Wikipedia, https:/it.wikipedia.org/wiki/Satellite _artificiale.
Retrieved 27 December 2021.

81  Editorial staf f , i Wh at Ar e Sat e Udiont & s Condgrmesl d Sciehtists, ? 0 ,
https://www.ucsusa.org/resources/what-are-satellites-used, 13/2/2014, updated 15/1/2015. Retrieved

27 December 2021.
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30 March 2021%2. Indeed, some private companies have building satellites
constellations which they plan to complete within the decade®. The main characters
are SpaceX, OneWeb, Iridium, Globalstar, and Amazon®. We can define a satellite
constellation as «a number of similar satellites, of a similar type and function, designed

to be in similar, complementary, orbits for a shared purpose, under shared control»°.

2.1 The Outer Space around the Earth

Satellites can operate in different orbits around the Earth moving a region called outer
space. Outer space has become a new stage for human activities from the fifties during
the Space Race. The outer space is the space above the Karman line, which is defined
as an altitude of around 100 kilometres above the mean sea level on Earth®. The
space under t hi gsthe teaegtiiahamogphere, anditi® under the
jurisdiction of each sovereign state. Instead, the outer space is regulated by

international treaties®’.

The context in which the development of international space law was discussed is the
United Nations Committee on the Peaceful Uses of Outer Space. This Committee has
produced five international treaties and five sets of principles on space-related
activities from the sixties to the nineties. The five treaties are usually referred as the

«five United Nations treaties on outer space»®, and they are as follows:

1. The «Outer Space Treaty», entered into force on 10 October 1967
The «Rescue Agreement», entered into force on 3 December 1968

3. The «Liability Convention», entered into force on 1 September 1972

82 A. C. Boley, M. Byers, Satellite mega-constellations create risks in Low Earth Orbit, the atmosphere
and on Earth, Scientific Report 11, 10642, 2021, p.1

8 M. Young, AStreetlights to satellite®Sky&fTaekcope,g | i ght
https://skyandtelescope.org/astronomy-news/taking-dark-skies-to-the-united-nations/ 22/10/2021.
Retrieved 29 December 2021

84 pP. Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,
Springer, 2021, p. 117-124

85 L. Wood, Satellite constellation networks, Internetworking and Computing over Satellite Networks.
Springer, Boston, MA, 2003, p.13-34, p.13

8% Edi tori al staff, ANIABA hipd:Hdseience.liasa.Gop/edgeespace 24/7/2021.
Retrieved 28 December 2021.

87 A. Lawrence, Losing the Sky, Photon Productions, 2021, p. 79

8Editori aplacset alfafw TirSe at i e Bniteal Nation® Office foriOptér Szace, Affairs,
https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties.html, Retrieved 29 December 2021
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4. The «Registration Convention», entered into force on 15 September 1976

5. The «Moon Agreement», entered into force on 11 July 19848°
Instead, the five declarations and legal principles are as follows:

The «Declaration of Legal Principles», 1963
The «Broadcasting Principles», 1982

The «Remote Sensing Principles», 1986
The «Nuclear Power Sources», 1992

The «Benefits Declaration», 1996%°

o bk 0N PR

The basic framework on international space law is given by the Outer Space Treaty,
formally «Treaty on Principles Governing the Activities of States in the Exploration and
Use of Outer Space, including the Moon and Other Celestial Bodies». The Treaty is
mainly based on the Declaration of Legal Principles Governing the Activities of States
in the Exploration and Use of Outer Space, adopted by the General Assembly in 1963.
In January 1967, the Treaty was opened for the signature by three depository
Governments, that were the United Kingdom of Great Britain and Northern Ireland, the
Union of Soviet Socialist Republics, and the United States of America. The treaty

includes the following principles:

1 the exploration and use of outer space shall be carried out for the benefit and
in the interests of all countries and shall be the province of all mankind;
outer space shall be free for exploration and use by all States;
outer space is not subject to national appropriation by claim of sovereignty,
by means of use or occupation, or by any other means;

i States shall not place nuclear weapons or other weapons of mass destruction
in orbit or on celestial bodies or station them in outer space in any other
manner;

1 the Moon and other celestial bodies shall be used exclusively for peaceful
purposes;
astronauts shall be regarded as the envoys of mankind;

States shall be responsible for national space activities whether carried out
by governmental or non-governmental entities;

9 States shall be liable for damage caused by their space objects; and

89 |bidem
%0 |bidem
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{ States shall avoid harmful contamination of space and celestial bodies. °*

It is worth noting that none of these treaties and sets of principles mentions the
occupation of the orbits around the Earth, or the safeguard of astronomy, or the
features of artificial satellites, as for example the reflectivity®?>. From the sixties to

nowadays, the situation has changed, and many new challenges came into play.

In the satellite constellations story, a key actor is the International Telecommunications
Union (ITU), which is the United Nations specialized agency for information and
communication technologies. The organization was founded in 1865 «to facilitate
international connectivity in communications networks»°3. Nowadays, the International
Telecommunications Union includes one hundred and ninety-three (193) Member
States, and around nine hundred companies, universities, and international and
regional organizations. The organization takes an explicit role in allocate radio
spectrum and satellite orbits. The radio astronomy community has been involved since
its beginnings in the forties in the International Telecommunications Union. There are
two regulations strictly related to the radio astronomy, which define prohibited bands
to protect radio astronomy, and require that

to protect radio astronomy»9,

2.2 The Changes of the Last Few Years

Until few years ago, going to space was a prerogative of national or international space
agencies. Instead, recently, private industries have become the main characters in
space, and a new Space Economy was born®. These companies are the owners of

an increasing number of satellites orbiting around the Earth.

®Editorial staff, ATreaty on Principles Governing t he
Outer Space, i ncluding the Munted Nationd Offe foreOuter Spatee st i a |
Affairs, https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introouterspacetreaty.htmi.

Retrieved 27 December 2021.

92 p. Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,

Springer, 2021, p. 157

® Editorial staff, AAbout I nternat@T@aallTU Tel eco
https://www.itu.int/en/about/Pages/default.aspx. Retrieved 27 December 2021.

%4 A. Lawrence, Losing the Sky, Photon Production, 2021, p. 77

9 P, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,

Springer, 2021, p.15
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Figure 5 - Increase of active satellites from 1957 to 2021. Source: Presentation by Jonathan McDowell®.

We will consider only the following companies for they are the main characters
nowadays: Globalstar, Iridium, SpaceX, OneWeb, Amazon. However, they are not the
uniquely industries involved; in fact, there are other entities which are planning their
own satellite constellations. For instance, Facebook is working on Athena satellite
constellation for internet service®”-°8. For the purposes of our thesis, we are interested
in Low Earth Orbits (LEO), that are Earth-centered orbits relatively near the surface of
our planet. Indeed, they have an altitude between 80-100 kilometres and 2000
kilometres. Particularly, we refer to lower LEO for altitude from 100 kilometres to 600
kilometres, and we call upper LEO for altitude from 600 kilometres to 2000
kilometres®. All the private companies that we consider work with LEO constellations.
This approach is different from that of the classic telecommunications satellites which
operate in higher orbits. They have the advantage of seeing larger part of the surface
of the Earth, and so a lower number of satellites is needed to cover the whole globe.

%J. McDowell, fAStrategic challenges of |l arge satellit
https://planet4589.org/astro/starsim/challenges.pdf
97 L. Matsakis, Facebook Confirms | toés w8atektegnWiredp20/7/2018New | nt

https://www.wired.com/story/facebook-confirms-its-working-on-new-internet-satellite/. Retrieved 29

December 2021.

%BE.Reynolds,iFacebookbés satellite went up in smokEe but it
Guardian, 5/9/2016 https://www.theguardian.com/commentisfree/2016/sep/05/facebook-satellite-
developing-world-mark-zuckerberg-internet. Retrieved 29 December 2021.

99 J. C. Mc Dowell, Low Earth Orbit Satellite Population and Impacts of the SpaceX Starlink
Constellation, in «The Astrophysical Journal Letters», 892:L36 (10pp), 2020, p. 1
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Instead, the new satellite constellations move in lower orbit to reduce the signals
latency, that is, the travel time down to Earth. This choice increases the quality of
service, but it has negative consequences. Indeed, since the satellites are nearer, a
larger number of satellites is needed to cover the entire globe, increasing the crowding

of outer space'®,
The space companies we shall be talking about are briefly described in the following.
Globalstar

Globalstar is a satellite communications company founded in 1991. The company
operates a satellite constellation for satellite phone and communications. The first
satellites were launched in 1998. The satellites are in Low Earth Orbit at about 1400
kilometres above the Earth. In 2005, the company announced that some satellites were
approaching the end of their operational life (seven and a half years). Then, in
December, Globalstar moved these old satellites in a graveyard orbit'%%, The company
has gone through a financial crisis, and in December 2006, Thales Alenia Space
signed a contract for the second-generation of Globalstar constellation, that consists

in twenty-four satellites%?.
Iridium

The Iridium satellite constellation is the first example of satellite networks to provide
global telephony03. At first, Iridium was developed by Motorola; then, the Iridium NEXT
was developed by Thales Alenia Space. The system became operational in 1998, and
the last launch was on 11 January 2019. The satellites have a mass of 689 kilograms,
and they are in Low Earth Orbit at about 781 kilometres of altitude!%4.

The surfaces of the first Iridium satellites, with their solar panels and antennas were
sometimes very bright. Indeed, these satellites focused sunlight on small area on

Earth, and they appeared as the brightest objects in night sky. Sometimes, they could

100 p, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,
Springer, 2021, p.128-129

01 Editori al s t a fWikipediafi Gtips/ferawikipddia.or@/wiki/Globalstar. Retrieved 28
December 2021.
102 |bidem

103 p, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,
Springer, 2021, p. 115

104 Editorial staff, A | r i di um s at el Wikigedia, const el |l ati ono,
https://en.wikipedia.org/wiki/lridium_satellite_constellation. Retrieved 28 December 2021.

29


https://en.wikipedia.org/wiki/Globalstar
https://en.wikipedia.org/wiki/Iridium_satellite_constellation

be seen even during the day. This phenomenon is called Iridium flares. The newest

satellites do not have this problem1%,

One of the Iridium satellites, called Iridium 33, was involved in the first orbital collision.
On 10 February 2009, at approximately 800 kilometres above Siberia, the inactive
Russian communications satellite, called Cosmos 2251, collided with Iridium 33. The
incident produced almost two thousand debris of different sizes of at least ten

centimetres of diameter, and much more smaller pieces!.
Starlink - SpaceX

Starlink is a satellite constellation operated by SpaceX, and it provides satellite internet
access. Compared to the other companies, SpaceX can be considered a pioneer in

this field, and we will analyse a little bit more its features.

The satellites are in Low Earth Orbit, and they have a mass of 227 kilograms or 260
kilograms. Initially, the constellation consisted in twelve thousand satellite, but in 2019,
the Federal Communications Commission approved the addition of thirty thousand
satellites!?’. The first launch of two satellites was on 22 February 2018. The total
satellites launched are two thousand and forty-two (2042), of which one hundred
ninety-six (196) are failed or deorbited and one thousand eight hundred forty-six (1846)
are currently working as of 30 January 20221%8, Usually, the Starlink satellites are
launched in group of sixty satellites. Each satellite has a flat chassis that has the size
of a table, roughly 3 metres by 1.5 metres, where there are several antennas and a
solar panell®®, After the launch of 24 May 2019, a line of sixty dots was visible in the
midnight sky of Leiden in Netherland, where Marco Langbroek filmed a video'!°. The
dots were sixty Starlink satellites launched twenty hours earlier (Figure 6). Indeed, the

105 |hidem

106 B, Weeden, 2009 Iridium-Cosmos Collision. Fact Sheet. Secure World Foundation media, 2010, p.1
https://swfound.org/media/6575/swf _iridium _cosmos_collision fact sheet updated 2012.pdf

107 p, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,
Springer, 2021, p. 152

MEdi torial staff, A WMikpeadia,of Starlink | auncheso,
https://en.wikipedia.org/wiki/List of Starlink launches. Retrieved 3 February 2022.

109 p, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,
Springer, 2021, p. 119

0M. Langobroek, # Pogstraie2d M8/1t2@90,i nk ob
https://vimeo.com/338361997?embedded=true&source=vimeo_logo&owner=17330566. Retrieved 29
December 2021.
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satellites are brighter during the orbit-raising than when they are operational.

Nevertheless, they can still reflect sunlight in the operational orbit.

22:33:22 24/03/19
0093.5 0f3.3

Figure 6 - The Starlink satellites visible in the night sky in this still from a video captured by Marco Langbroek in
Netherlands on 24 May 2019. Credit: Marco Langbroek!**.

To find a way to reduce brightness, in January 2020, SpaceX launched an
experimental satellite, dubbed DarkSat, with an anti-reflective dark coating. This dark
coating can halve the reflectivity of the satellite''2. However, this was not the right
solution because the dark coating causes problems of thermal control. The satellite
can heat up, and a hotter satellite is brighter at infrared wavelengths!'3. Therefore,
SpaceX developed a new solution, and in June 2020 the company launched VisorSat,
a satellite with a visor that shades the antennas of the satellite from sunlight. Starting
from the launch of August 2020, all the satellites launched by SpaceX are equipped
with the sun visors. In addition, SpaceX optimized the orientation of solar panels. As a
result, the brightness of these satellites is 30% less than the previous ones!!4. In this

way, satellites are not visible at the naked eye.

HimMm, Langobroek, 0 feestraie2d M&/t2@180,i nk ob
https://vimeo.com/338361997?embedded=true&source=vimeo_logo&owner=17330566. Retrieved 29

December 2021.

MWEditorial staff, AStudygucenstat mb| dEarekaAleet!pSHLR/20200 v E & g O €
https://www.eurekalert.org/news-releases/550464. Retrieved 28 December 2021.

113 p, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,

Springer, 2021, p. 131

14 lvip. 132
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OneWeb

The OneWeb satellites constellation is developed by the aerospace industry Airbus
and the global communications company OneWeb. Initially, in 2017, the plan was a six
hundred and forty-eight (648) satellites to provide internet service. In March 2020,
OneWeb declared bankruptcy. Then, in November 2020, the company exited the crisis
after being sold to a group of investors led by the Government of the United Kingdom
and the Indian telecommunication company Bharti Global. In January 2021, the
company increased the number of satellites of the constellation to six thousand three
hundred and seventy-two (6372) satellites''®. The first six satellites were launched in
February 2019, and the most recent launch of thirty-six (36) satellites was on 27
December 20216, The operational satellites launched are three hundred and fifty-
eight (358) as of 27 December 2021117, The satellites have a mass of 150 kilograms,

and they are in Low Earth Orbits at approximately 1200 kilometres altitude.
Project Kuiper - Amazon

In April 2019, Amazon announced its Kuiper Project, that is, a Low Orbit satellite
constellation which provides internet connectivity!*®. Then, on 31 July 2020, Amazon
announced that was given permission to launch a constellation of three thousand two
hundred and thirty-six (3236) satellites. Amazon received the authorization from the

Federal Communications Commission!1°,

2.3 New Satellite Constellations and Astronomy

The growing number of satellites has some controversial consequences. We can
divide the impacts of satellite constellations into four area, which are as follows: space

debris, traffic management, impacts on optical astronomy, impacts on radioastronomy.

WEdi torial staff, fAOneWikpedis,atellite constellationo,
https://en.wikipedia.org/wiki/OneWeb satellite constellation. Retrieved 3 February 2022.

116 |bidem

117 bidem

WEdi torial st af fWikipBdauhitgs:den.wilSpediatom/miki/Kuiper Systems. Retrieved

28 December 2021.

WAmazon staff, AfAmazon receives FCC appr oAnmmion,f or Pr o
https://www.aboutamazon.com/news/company-news/amazon-receives-fcc-approval-for-project-kuiper-
satellite-constellation?ots=1&tag=curbedcom06-20&IlinkCode=w50. Retrieved 28 December 2021.
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For the purposes of our thesis, we focus on the two latter, for they are directly related

to astronomy.

Optical Astronomy

The light pollution can be detrimental for astronomical observations at all wavelengths.
The high reflectivity of the surfaces of satellites can be extremely damaging for
astronomical observations. Moreover, the reflectivity of a surface depends on the
wavelength. In other words, a surface can be dark at a wavelength, and bright at a
different wavelength. A recent study conducted by Jonathan McDowell concludes that
the «impacts will be significant for certain types of observation (e.g., twilight
observations and long-exposure observations with wide fields of view), certain
observatories (those at relatively high latitude), and at certain times of year (local
summer)»t?. Similarly, a study by two scientists of the European Southern
Observatory finds that longer exposures are more affected; particularly, «very wide-
field imaging observations on large telescopes (such as those of the Vera C. Rubin
Observatory), for which saturation and ghosting caused by a satellite will ruin the full
exposure, would be severely affected: about 30% of the exposures could be ruined at
the beginning and end of the night. The situation is even worse during twilight (about
50% of ruined images during astronomical twilight). Rubin observatory published a
dedicated report based on an independent study (with different assumptions) indicating
Afa 40% i mpact wnngwtl mgbht (Bbben Observatory

2020). Only nights in the middle of winter would be completely unaffected»??*,

120 3. C. McDowell, The Low Earth Orbit Satellite Population and Impacts of the SpaceX Starlink
Constellation, The Astrophysical Journal Letters, 892:L36 (10pp), 2020, p.8,
121 0. R. Hainaut, A. P. Williams, Impact of satellite constellations on astronomical observations with

ESO telescopes in the visible and infrared domains, in «Astronomy & Astrophysics», 636, A121, 2020,
p. 11
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Radio Astronomy

Radio astronomy dealt with satellite interference for the first time with the first GPS
satellites in the seventies'??. Nowadays, the bands used by the new satellite
constellations to communicate are next to the nominal radio astronomy bands!?3,124,
Radio signals arriving the Earth from an astronomical object usually are very weak,
and they can easily be deleted by man-made signals. Indeed, around radio telescopes
there are the so-called radio quiet zones, where it is not possible to use Wi-Fi
connection, Bluetooth, mobile phones, or laptops!?®. In Figure 7, on the left there is a
radio image of a star, on the right an image of the same star, taken when a satellite

was passing within twenty-five degrees of the position of the star.
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Figure 7 - On the left, there is an image of a star. On the right there is the image of the same star when a satellite
was passing within 25 degrees of the starédés position on the
website!26,

122 M. Koren, Il cielo notturno non sara mai piu lo stesso, il nternazional eo0,
https://www.internazionale.it/notizie/marina-koren/2020/02/22/satelliti-cielo. Retrieved 29 December

2021.

123 3, Gallozzi, M. Scardia, M. Maris, Concerns about ground based astronomical observations:

A step to Safeguard the Astronomical Sky, https://arxiv.org/abs/2001.10952

124 p, Caraveo, Saving the Starry Night. Light Pollution and its Effects on Science, Culture and Nature,

Springer, 2021, p. 114

125 lvi p. 113

26 Editori al staff, i Ra di oNatiéhal e Rpdie Mstrgnomy rObservato,r e nc e 0,
https://public.nrao.edu/telescopes/radio-frequency-interference/. Retrieved 29 December 2021.
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2.4 Growing Numbers, Growing Interests

The increasing number of satellites around the Earth and the related challenges are
discussed within the astronomers and amateur astronomerso commu
Additionally, these issues have been communicated to the general public. It is out of
the goals of this thesis to analyse the diffusion of satellite constellations in different
media, but here we only give the reader some examples to provide an idea of the

spread of the topic.

In the last year, mainstream media have begun discussing the satellite constellations
challenges. Additionally, some books concerning satellite constellations have been

recently published:

- Annette Froehilich, Legal Aspects Around Satellite Constellations, Springer,
2019

- Patrizia Caraveo, Il Cielo é di tutti, edizioni Dedalo, 2020

- Joseph N. Pelton, Scott Madry, Handbook of Small Satellites, Springer, 2020

- Annette Froehilich, Legal Aspects Around Satellite Constellations. Volume 2,
Springer, 2021

- Andy Lawrence, Losing the Sky, Photon Productions, 2021

- Patrizia Caraveo, Saving the Starry Night. Light Pollution and its Effects on
Science, Culture and Nature, Springer, 2021

Moreover, we find three petitions emerged on the internet. The first petition is «Losing
the night sky due to tens of thousands of satellites» by Gaspar B., that is presented as

follows:

When we look up to the heavens, we largely see the same view that captivated
and inspired our ancestors. The constellations, the Milky Way, shooting stars, and
the night sky are woven into the fabric of our society, culture and religion.

We are on the precipice of losing the night  sky.

Right now, SpaceX and other companies are planning to launch tens of

thousands of bright satellites in orbit around the Earth|[ é ] . I n fact,

has already launched 120 satellites, and expects to launch another 60 every other
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week. If this continues, the familiar constellations will be constantly crisscrossed

withthestr eaks of satellites [ é&], -eyehstasHtiswi | |

only a matter of a few years before the sky as we know it 8 and as our

ancestors have known it for millennia & will be irretrievably lost. 127

This petition was published in November 2019, and it has been signed by seventeen
and six hundred-six (17606) people as of 28 December 2021.

The second is «Safeguarding the Astronomical Sky», published in January 2020 by

Stefano Gallozzi, and it is presented as follows:

This is an international appeal by professional astronomers open for subscription

to ask for an intervention from institutions and governments.

Astronomical observations from the ground can be greatly harmed by the ongoing
deployment of large satellite fleets in preparation for the next generation of

telecommunications. 128

This petition has been signed by over two thousand astronomers worldwide.

Lastly, in September 2021, the Societa Astronomica lItaliana (SAIlt) launched the

petition «Uscire arivederle s t e | . &h& petition is presented as follows:

Italians have the privilege of speaking the same language as Dante Alighieri, but
are in danger of not being able to share his own experiences. The three Canticles
of the Comedy end with the word "stars" and in particular the first with "... so we
went out to see the stars". 'Seeing the stars' is becoming an idiomatic turn of
phrase, unattached to any real experience. This is due to the light pollution that
has obliterated the natural night and darkness. SAlt, the lItalian Astronomical
Society, intends to express its deep concern for the new dangers that lie ahead
and invites scholars and enthusiasts to share it near the autumn equinox, a date

on which, taking into account the reform of the Gregorian calendar, corresponds to

the death of Dante 700 years ago. [ é]

connected to the starry sky, it seems to us that it is up to us who love astronomy

127

Gaspar B. , fiLosing t he ni ght sky due

https://secure.avaaz.org/community petitions/en/SpaceX and companies planning to launch const

ellations_of satellites Losing the night sky due to tens of thousands of satellites/. Retrieved 28

December 2021.
128 5. Gallozzi, i As t httosi/astmoromsersappealpvordpeeds.com/. Retrieved 28
December 2021.
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and the night sky to commemorate Dante this year by expressing our concern of

an increasing and uncontrolled pollution of the sky. 1%°

The petition has been signed by ten thousand and one-hundred-three (10103)

people.

In addition to this, the effects of satellites characterize some images of the
Astronomy Picture of the Day. For instance, the image posted on 2 September
2015%0 shows an Iridium flare. Then, the image published on 10 December
2019%! and the one published on 1 June 2021132 show some streaks made by

Starlink satellites.

Finally, we mention the show «LIBRA: una storia futura», organized by the
International School for Advanced Studies (SISSA) in September 2021. LIBRA

imagines a future world where the sky is blighted by internet satellites®3.

With the previous examples, we would underline how the theme of satellite

constellations is becoming an influential topic.

129 gocieta Astronomical t al i an a, fUscire a riveder l e stell eé. .

https://www.change.org/p/autorit% C3%A0-preposte-uscire-a-riveder-le-
stelle?recruiter=1226235107&recruited by id=7b78f090-15ff-11ec-988f-

434ad459d0bc&utm_source=share petition&utm medium=copylink&utm campaign=petition _dashbo

ard. Retrieved 28 December 2021.

130 R, Nemiroff, J . Bonnell, fAAstrond®NASA Picture of the Dayo,
https://apod.nasa.gov/apod/ap150902.html. 2/9/2015. Retrieved 28 December 2021.

BIR, Nemiroff, J. Bonn¢etlhle, Diadysot,r oSy, Pi cture o
https://apod.nasa.gov/apod/ap191210.html. 10/12/2019. Retrieved 28 December 2021.

R, Nemiroff, J. Bonnt¢etlhle, DiaAysot,r oNnfoSWy, Pi cture o
https://apod.nasa.gov/apod/ap210601.html. 1/6/2021. Retrieved 28 December 2021.
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https://www.sissa.it/calendar-event/sissa-summer-festival-2021-libra-una-storia-futura. Retrieved 28

December 2021.
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Chapter 317 Research Question and Methods

The aim of this thesis is to analyse the communication of the International Astronomical
Union regarding the new satellite constellations. Simply put, since the International
Astronomical Union is the recognized international association of astronomers, and
since the new satellite constellations have impacts on the astronomical research, we
ask ourselves: does the International Astronomical Union do something about satellite
constellations? If yes, what does the IAU do? And how does the Union communicate?

In this Chapter, we present the methodology used to develop this thesis. First of all,
we established the time interval of the study. Then, we designed the research strategy.
The research strategy adopted in this study is made of complementary approaches

usually used in social research.

The study is based on interviews and on three main sources. Particularly, we
conducted some interviews with some key members of the International Astronomical

Union, and we analyse the following sources:

1. The website of the International Astronomical Union
2. The social media of the International Astronomical Union

3. Events organized and calls launched by the International Astronomical Union

The results of all these investigations give a concrete idea of the overall communication

of the International Astronomical Union regarding the satellite constellations.

Here we present how we worked on each source; then, in the next Chapter we present

our findings dividing them into the following sections:

1) Communication

2) General contents on the website

3) General contents on the social media

4) The actions with international organizations
5) Events

6) Call for proposals
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With general contents, we mean things related to the theme of satellite constellations,
where the International Astronomical Union presents the topic, its position, discusses
its arguments, and so on; in other words, contents that are not directly related to a
specific event or a call for proposals.

3.1 The Interval of Time of the Research

As we said in Chapter 2, the space around the Earth is changing, and many private
companies are launching satellites, or are planning their own satellite constellation.
Nowadays the most challenging company is SpaceX, for it has the highest number of
satellites orbiting Earth. Elon Musk, the owner of SpaceX, announced in January 2015
that he had submitted to international regulators all the documents needed to develop
a network of four thousand satellites. This satellite constellations would be in Low Earth

Orbit and would offer a global satellite internet connection within five years!34.

Considering these findings, we decided to fix the following time interval for our study:
from the 15t of January 2015 until the 315 of October 202115,

3.2 The Interviews

To have a deeper knowledge about the communications and the activities (events,
calls, etc.) of the International Astronomical Union we proceeded with some interviews.
We interviewed some members of the International Astronomical Union selected for
their position in the International Astronomical Union. To choose these people, we
studied the website of the Union, particularly, we looked for contents related to

communication and to satellite constellations, to discover who are the persons in

Bp, B. de Selding, ASpaceX To Bui | SPACE.cbf,R0/IR0OIB,ad b and
https://www.space.com/28305-spacex-satellite-internet-seattle.html. Retrieved 29 December 2021.

135 The end of the interval is related to the academic timing of this thesis, and we apply the saturation

principle.
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charge for these fields. We selected three people for their position in the International

Astronomical Union:

1 Lars Lindberg Christensen, who is the Director of Communication of the
International Astronomical Union*36,

1 Piero Benvenuti, who is an active member of the Executive Committee WG Dark
and Quiet Sky Protection!®’. He is the IAU representative to the United Nations
Committee on the Peaceful Uses of Outer Space!®.

1 Connie Walker, who is the President of the Inter-Division B-C Commission
Protection of Existing and Potential Observatory Sites, and the Chair of the
Executive Committee Working Group on Dark and Quiet Sky Protection®.

All these people have been contacted by email to arrange a meeting for the interview.
We prepared a list of questions different for each interviewee, based on his or her
position. Two of the interviews were conducted by a video call (one by Zoom, and one
by Skype), and the one other was conducted by email. For the ones in video call, we
sent the list of questions by email before the interview only to one of the interviewees,
because this person asked for them in advance. We recorded the video interview.
Firstly, we transcribed them literally, then we edited the texts for clarity. For the
interview by email, the questions were sent by email, and the interviewed person asked
by mail. Two interviews were conducted in English, and one in Italian. For this latter,
we added the quotes in the thesis in Italian, followed by a literal translation in English
written in cursive. We asked the interviewed people to sign a document to give consent
to the participation in the research, to the audio recording and to the processing of
personal data, information and statements made during individual interviews in a non-

anonymous way. All the interviewed people signed this document.

136 |, Christensen,iLar s Lindber AUChri st enseno,
https://www.iau.org/administration/membership/individual/11324/. Retrieved on 6 December 2021.

87|, Christensen, i Pi er o BdAUyenut i 0,
https://www.iau.org/administration/membership/individual/4012/. Retrieved on 6 December 2021.

138 |, Christensen,i| AU Representatives IAd Ot her Organizationso,
https://www.iau.org/administration/international org_relations/other organizations/. Retrieved on 6

December 2021.

139, Christensen,i Const ancelkE)lAi ne Wa
https://www.iau.org/administration/membership/individual/13843/. Retrieved 29 December 2021.
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3.3 The Main Sources

Firstly, to have an idea of the communication of the International Astronomical Union,
we interviewed the Director of communication, and we studied the Communication
Concept of the International Astronomical Union. To analyse the Communication
Concept, we focused on the structure of the document and then on the contents. Our
goals were understanding how the International Astronomical Union manages
communication, and particularly understanding if there are specific communication
plans to address the problems created by the satellite constellations. Regarding the
structure we expected to find parts, like the following: contextualization, benchmarking
and SWOT analysis, general objectives, audiences and segmentation, strategy,
messages, media and tools, budget, timing, and evaluation. Then, we moved on to
examine the contents. We wanted to understand which are the goals of the
communication of the International Astronomical Union, for instance awareness
process or call to action. Lastly, we checked if the satellite constellations topic has a
specific part on the Communication Concept. We conducted the analysis of all the

sources in a chronological order, from the oldest contents to the newest ones.

3.3.1 The Website of the International Astronomical Union

First of all, we were interested in have an idea of the general structure of the website4.
We started from the related information collected during the interviews, and then we
briefly analysed the structure and the contents of the website. As a result of these
investigations, to study the communications regarding the satellite constellations, we
decided to focus on the following contents: the press releases, the announcements,

and the themes.

We checked these three sections for the selected years, we collected the press
releases, the announcements, and the themes regarding the satellite constellations,

and we divided them into three groups:

I.  General contents

140 |, Christensen, i | A U hlaUn étips://www.iau.org/ . Retrieved 29 December 2021.
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[I.  Contents related to events

[1l.  Contents related to calls

We worked in a different way on group | and on groups Il and Ill. We started analysing
the general contents to understand the position, the arguments, and the actions of the
International Astronomical Union regarding the satellite constellations. Then, we
focused on the contents related to the actions, i.e., the events and the calls, to
understand how the Union communicates that an event or a call is related to the topic

of satellite constellations.
I. General contents

Firstly, we calculated the frequency, defined here as the number of press releases or
announcements in the chosen interval of time. Secondly, we made a discourse

analysis and a content analysis. Particularly, for each content of group I, we analysed:

- the possible image of the text (coherence with the content, credits),

- the length (number of words, number of characters including spaces),

- the structure and the paragraphs division (number of paragraphs, contents of
each paragraph, coherence of the order),

- possible links in the text or at the end of it,

- other sections at the end of the text, like More information and Contacts.

Then, we computed the presence of the words «satellite» and «satellites» compared
to the total number of words of the text, and we made word clouds, using

https://www.visual-thesaurus.com/wordcloud.php, to find which words are used most

often. To do these word clouds, we exclude some words that do not interest our work.
To choose these words, we made the word cloud with all the words of the text, and
considering the results, we remove the most common words which we are not

interested to. In addition, we make bigram clouds, using https://www.visual-

thesaurus.com/wordcloud.php.

[I. Contents related to events, Ill. Contents related to calls

We analysed these contents to understand how the relation of the event or of the call

with the satellite constellations is expressed in the text. To this end, we briefly studied:
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- the possible image of the text (coherence with the content, credits),

- the length (number of words, number of characters including spaces),

- the structure and the paragraphs division (number of paragraphs, content of
each paragraph, coherence of the order),

- possible links in the text or at the end of it,

- More information and Contacts at the end of the text.

3.3.2 The social media of the International Astronomical Union

To find social media contents about the satellite constellations, primarily we identified
the social media channels of the International Astronomical Union. We collected some
general information about their managing during the interviews, and thanks to the
analysis of the communication concept. The social media accounts are the following:

1. Facebook: fiThe I nternati onal Astronomical
@InternationalAstronomicalUnion14t
2. Twitter: A@AWU org*?2Uni ono

3. YouTube: Al nternationa Astronomical Uni o

For each of these media, we made a short general analysis of the account, and we
checked what follows:

- Birth of the account

- Blue verification badge on Facebook, blue verified badge on Twitter

- Cover photo and/or profile photo

- Number of likes and followers for Facebook, number of followers and following
on Twitter, number of subscribers on YouTube,

- Description of the organization

- Contacts

- Videos, photos for Facebook; lists, moments, topics for Twitter; videos for
YouTube.

“p AU OAO, AThe I nternatildnal Astronomi cal Uni ono,
https://www.facebook.com/InternationalAstronomicalUnion. Retrieved 29 December 2021.

1421 AU OAO, fi A SAUr hdtpsWUtwiiteoaom/IAU _org. Retrieved 29 December 2021.

“3] AU OAO, fdlnternat i onA&l htAss//tivwwoyoutubbeicaméchannglfiyCa31806 |,
NONAO5vIYeNMmtTw. Retrieved 29 December 2021.
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Then, we focused on satellite constellations contents. We found that on YouTube there
are no videos on satellite constellation, so we concentrated on Twitter and Facebook,
studying them separately. We looked for posts in Facebook and tweets in Twitter using
some keywords. These keywords were chosen using the word clouds found during the
text analysis of the website contents and using our knowledge of the topic. We used
the searching tools of each social media to select the contents in the interval of the
study. Then, as for the website contents, we divided the Facebook and the Twitter

contents into three groups, and we studied the groups in a different way:

I.  General contents
[I.  Contents related to events
[1l.  Contents related to calls

l. General contents

For each Facebook post, we analysed the image (coherence with the content, credit),
the text of the post (number of words, number of characters including spaces, structure,
topics, relation with the website), the tags, the hashtags, and we counted the number
of reactions (total number, and single type reactions: Like, Love, Care, Haha, Wow,
Sad, Angry), comments, and shares. If the International Astronomical Union answered
to one or more of the comments, we also analysed the text of the answers, and the

reactions.

Similarly, for each tweet on Twitter, we analysed the image (coherence with the
content, credit), the text of the tweet (humber of words, number of characters including
spaces, structure, topics, relation with the website), the tags, the hashtags and we
counted the number of likes, comments, retweets, quote tweets. If the International
Astronomical Union answered to one or more of the comments, we also analysed the

text of the answers, and the number of likes, comments, retweet, quote tweets.

Il. Contents related to events, lll. Contents related to calls

We wanted to understand if in these contents it is clearly declared the relation of the
topic (events or calls) with the satellite constellations. To this end, we analysed the
texts, the links, and the hashtags to check if satellite constellations are mentioned and
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how, and we checked the coherence of the images of the contents. If the images are
the same as the related web contents, or they were already analysed previously in the

text, we did not repeat our findings.

3.3.3 Events Organized and Calls Launched by the International Astronomical

Union

We are interested in understanding if the International Astronomical Union organized
specific activities regarding the satellite constellations. Thanks to the interviews, the
study of the website and the social media, we found that the International Astronomical
Union is involved in an online workshop in 2020144 |, «Dark and Quiet Skies for Science
and Society», and in a conference in 2021, «Dark and Quiet Skies for Science and
Society 11»4°, and launched a call for a new centre for the protection of the dark sky

from satellite constellation interference in 2021146,

To understand better the communication contents, we wanted to comprehend how and
why the two meetings were organized, and why the Union launched the call for
proposals. To this end, we asked the interviewees questions about it. Then, we focused

on the communication contents.

For the two conferences, we studied the web contents and the social media contents
with the procedures introduced before (group II). Similarly, for the call we analysed the

web and the social media contents with the same procedures (group III).

1441, Christensen, A Conf erence on Dark and Qui AU, Skies f
https://www.iau.org/news/announcements/detail/ann20003/. Retrieved 29 December 2021.

15| Christensen,i Dar k and Quiet Skies for SclAgnce and
https://www.iau.org/news/announcements/detail/ann21043/. Retrieved 29 December 2021.

146 |. Christensen, fi | A U ches Gatl for Proposals for New Centre for the Protection of the Dark Sky
from Satellite Constellation Interferenceo AU, 10/6/2021,
https://iau.org/news/announcements/detail/ann21039/. Retrieved 29 December 2021.
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Chapter 4 - The Communication of the
International Astronomical Union regarding the

new Satellite Constellations

Here, we analyse the communication of the International Astronomical Union regarding
satellites constellations on its website, and on its social media accounts. First of all, we
briefly outline the main features of the approach to communication. Then, we focus on
the contents related to the satellite constellations. For each source, initially we give an
idea of its main features, and then we focus on satellite constellations. We analyse the
contents published on the website to understand the position and the purposes of the
International Astronomical Union, and we analyse how they are communicated on the
social media. Next, we investigate the actions of the International Astronomical Union
within the frame of the United Nations Committee on the Peaceful Uses of Outer
Space. Finally, we focus on the conferences and on the call for proposals for a new
centre related to the satellite constellations. We analyse both the website and the social
media content on the conferences and on the call for proposal to understand if the

connection with satellite constellations issues is clearly stated.

The theme of satellite constellations is big and complex, but the International
Astronomical Union focuses its attention on the impacts on astronomy, as Piero

Benvenuti says:

Quell o delle costellazioni satellitari
importanti riferimenti alle attivita amatoriali, € un'unione di astronomi professionisti

e quindi si occupa soprattutto della protezione di siti astronomici e della possibilita

di fare astronomia.

Satellite constellations are a hot topic. The IAU, although it makes important
references to amateur activities, is a union of professional astronomers, so it deals
mainly with the protection of astronomical sites, and the possibility of doing

astronomy.
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4.1 The Communication of the International Astronomical Union

To have an idea of how the International Astronomical Union manages communication,
we interviewed the IAU Director of communication, Lars Lindberg Christensen. During
the interview, Lars Lindberg Christensen shared with us the last IAU Communication

Concept referred to 2021, which he describes as follows

Wel | , it was about 2012 or s 0, about t hat ti
CommunicatonConcept 6, whi ch andelementay.Ithasijustthecr ude
rational, the mission, target groups, vehicles, workflow, social media strategy, and

the IAU newsletter, as we call it, which is what we send out.

Our study considers a longer period; however, we have a look to this document to have
an idea of the approach to communication. The IAU Communication Concept is long
seven (7) pages, and it has the following sections: Rationale, Mission, Target Groups,
Communication Vehicle and Content, Communication workflow, Guidelines for
submitting IAU News items. The Communication workflow consists of the following
sections: Mission, Objectives, Voice, Language, Content sources, Timing, Channels,
Incoming requests, Branding Promotion of social media channels (on the IAU website,
print material etc.), House rules for the IAU Official Facebook page. The general

mission of the communication is what follows:

IAU wants to communicate IAU-relevant news and information intensively with the

scientists, media and public, also on controversial issues.4’

Particularly, for social media the mission is

Bridge the gap between the IAU and the public on Social Media.14®
This Communication Concept is short and concise. We do not find a contextualization.
In addition, it is not clear how the communication it is monitored and evaluated.
Regarding the evaluation tools on social media Lars Christensen says: «we do track

some of them, but we dondét usse the analytics

It is worth noting that the satellite constellations do not have a specific part on the

Communication Concept, as Piero Benvenuti states: «non abbiamo preparato un piano

“7L . Christensen, fil AU Communication Concepto, p. 1
148 lvip. 3
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specifico di informazione sulla parte satellitare», that is, «we have not prepared a
specific information plan on the satellite part». Moreover, Lars Christensen says: «the
satellites constellations is just one topic among many that the IAU has been

communicating recently».
Lars Christensen comments the overall approach to communication as follows:

| would argue that we don't really care too much about whether or not the 1AU is
popular or not; because that's not the purpose. The purpose is kind of doing our
due diligence to make sure that everyone has access to information, but it's not to
promote the information too much. Even if our metric said we should do more of
this and less of that, we would probably not be able to do it because we wouldn't
have the staff or the content. Thered

informational in our communication approach than being promotional.
And he sums up as follows

| like to think a nimble and communication approach to be adaptable to respond to
the needs as happens in the scientific community and with, of course the IAU
leadership, to communicate openly and transparently and as completely as
possible and to make sure that everything gets stored for the posterity. That's pretty

much the kind of approach | have to communication.

To summarize, the Communication concept of the International Astronomical Union is
a brief document, the Union produces many contents on the website and on the social
media, but apparently without a detailed analysis and evaluation; besides, the satellite

constellations do not have a specific communication strategy.

4.2 The International Astronomical Union and the Satellite Constellations
on the Website

The website is very well-structured and rich of information and references. Lars

Christensen describes it as follows:

| think is a very good website when you look at it as a repository. It is not a very
pretty website, but it has a lot of archives of very important material, that will

continue to grow for posterity, things like images, videos, and publications.
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In fact, the website of the International Astronomical Union has many sections and

contents available for the users. The main pages are the following: News, Science,

Publications, Administration, Training in Astronomy, Astronomy for Education,

Astronomy for the Public, Astronomy for Development.

For the purposes of our study, thanks to the information we have collected during the

interviews, we focus on the following content:

IAU Press Releases, published in the News
IAU Announcements, published in the News
IAU Themes, published in the Astronomy for the Public

Indeed, Piero Benvenuti states

Per quanto riguarda | a comunicazione
merito alle reti satellitari, pud vedere i cosiddetti annoucements e i press release.
Gli announcements sono pil per una comunicazione interna, cioé rivolta alla
comunita astronomica. Mentre il press release &€ un vero e proprio comunicato
stampa che viene inviato alle agenzie di stampa e in pit pubblicato sul sito, si tratta
di notizie molto rilevanti e molto importanti. In breve, i press releases sono per tutti
guanti, mentre gli announcements sono annunci piu limitati alla platea

astronomica.

As for the communication of the International Astronomical Union regarding
satellite constellations, you can see the so-called announcements and press
releases. The announcements are more for an internal communication, that is,
addressed to the astronomical community. While, a press release is a real press
release, that is sent to the news agencies and published on the site too. They are
very relevant and very important news. Briefly, press releases are for everyone,

while announcements are more limited to the astronomical audience.

We check the pages of the Press Releases, of the Announcements and of the Themes

on the website, we select the contents related to the satellite constellations and we

divide them into three groups as follows

General contents
Contents related to events
Contents related to calls for proposals
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In the chosen interval of time for our study we find what follows in Table 5.

Table 5 - The contents about satellite constellations on the website of the International Astronomical Union.

Group Press Announcements Themes
Releases
Quantity (year) Quantity (year) Quantity (year)
General contents 1 (2020) 1 (2019) 1 (2020)
Contents related to events - 3 (2020) -
1 (2021)
Contents related to calls for proposals - 1 (2021) -

In the chosen period (1 January 20157 31 October 2021), these contents correspond

to the 1,5% of the total press releases (16), and to the 1,5% of the total announcements

(388).

It is worth noting that the first document was published in 2019, even if the satellite

constellations have becoming orbiting Earth before. Lars Christens explains that as

follows:

It was hard to know before the first launches that this was real and that the
companies were going to have the funding and that they would be successful with
all technological set up. But it soon became real, and then with the amount of
launches that happened, it became of impressing urgency on the astronomers that
this was a very quickly evolving thing and, by now there is like one thousand and
seven hundred satellites in orbit with many thousands more to come, which makes
it now a quite scary for now perspective. However, it is tricky to send out statement
of behalf of the membership because so many people need to agree, and at the
beginning there were diverging opinions about the importance of this topic. It
depends on many things, the size of telescope, the area of the sky that the
telescope covers, and location and many other things. But it has become clearer
and clearer that it has a significant impact on astronomy, on the telescopes, on the

observations and so on. It will be a big thing.

Here, we analyse only the general contents about satellite constellations.
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The Announcement

Home | About IAU | Member Directory | Site Map | Contact Us | Login
Science Publications Administration Training in Astronomy for Astronomy for Astronomy for
Astronomy Education the Public Development

ann19035 — Announcement

Hom News

Follow the IAU on social media

About the Announcement

f J Id:
3 June 2019 4 4 E ann19035

IAU Statement on Satellite Constellations

Images

Over the past decades, considerable effort has gone into designing, building, and deploying satellites for many important
purposes. Recently networks, known as satellite constellations, have been deployed and are planned in ever greater numbers
in mainly low-Earth orbits for a variety of purposes, including providing communication services to underserved or remote areas

Until this year, the number of such satellites was below 200, but that number is now Increasing rapldly, with plans to deploy
potentially tens of thousands of them. In that event, satellite constellations will soon outnumber all previously launched
sateliites.

Figure 8 - The Announcement of 3 June 2019. Source: IAU website!4°,

The International Astronomical Union published a general announcement about the
satellite constellations on 3 June 2019: «IAU Statement on Satellite Constellations»*°,
The cover photo of the announcement is an image «of the NGC 5353/4 galaxy group
made with a telescope at Lowell Observatory in Arizona, USA on the night of Saturday
25 May 2019»%°1, There are some diagonal lines across the image which are «trails of
reflected light left by more than 25 of the 60 recently launched Starlink satellites as
they passed through the telescopebds fi
illustration of the impact of reflections from satellite constellations, please note that the
density of these satellites is significantly higher in the days after launch (as seen here)
and also that the satellites will diminish in brightness as they reach their final orbital

altitude»1°2,

149 | . Christensen, il AU St atement on SAWI3BPLO1I9,t e Consteldl
https://www.iau.org/news/announcements/detail/ann19035/. Retrieved 29 December 2021.
150 |bidem

ati

B, Christensen, ATrail slAUn&6I2619by St arl ink satel!]l

https://www.iau.org/public/images/detail/ann19035a/. Retrieved 23 December 2021.
152 |bidem
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Figure 9 - Cover photo of the Announcement of 3 June 2019. Source: IAU website!53,

Figure 10 - Additional photo of the Announcement of 3 June 2019. Source: IAU website!54,

153 |bidem
154] , Christensen, fASatel |l ite tr ackAU 36218, Ger many 20180,
https://www.iau.org/public/images/detail/ann19035b/. Retrieved 23 December 2021.
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In addition, there is another image, that is «composed of 300 short 13-second
exposures taken within 70 minutes from Waldenburg, Germany, on the night of the
Perseids meteor shower 12 August 2018 from 00:577 02:07 CEST. The image has a
field of view of 84°x62°. Most of the dozen of lines are made by satellites reflecting the
sunlight from the Sun below the horizon»'%, In both images, the credits are clearly

indicated, and they are both coherent with the topics of the statement.

The text is divided into five paragraphs, is made of four hundred and seventy-two (472)
words, and three thousand and two hundred twenty-seven (3227) characters including

spaces. The topics of the paragraphs are as follows.

In the first paragraph, one can find a short descriptionabout t he satel |l i tesd i
of the last decades, and about the rapid and ongoing increase of the number of artificial
satellites orbiting the Earth. There is a note in the text, that explains which are the main

companies involved in this process.

[1] Examples of these include the Iridium satellite constellation,

SpaceX's Starlink , OneWeb, Globalstar, Ama z ond s Pr oj eand Kui per
Facebook Athenal®®

The note has links to:

- For «lridium satellite constellatiin»

https://en.wikipedia.org/wiki/lridium satellite constellation

- For «Starlink»
https://en.wikipedia.org/wiki/Starlink
- «OneWeb»

https://en.wikipedia.org/wiki/OneWeb satellite constellation

- For «Globalstar»

https://en.wikipedia.org/wiki/Globalstar

- -For ¢Amazonébés Project Kuipereée

https://en.wikipedia.org/wiki/Amazon (company)#Project Kuiper

In the second paragraph, the International Astronomical Union expresses its concern

about the satellite constellations:

155 |bidem
156 |, Christensen, il AU St at ement on PSAI3BPLO1I9,t e Constell ationsbo
https://www.iau.org/news/announcements/detail/ann19035/. Retrieved 29 December 2021.
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The organisation, in general, embraces the principle of a dark and radio-quiet

sky as not only essential to advancing our_understanding of the Universe of

which we are a part, but also as a resource for all humanity and for the protection
of nocturnal wildlife. We do not yet understand the impact of thousands of these
visible satellites scattered across the night sky and despite their good intentions,

these satellite constellations may threaten both.’
In the text, there are two links:

- For «embraces the principle of a dark»

https://www.iau.org/public/themes/light pollution/

- For «advancing our understanding of the Universe»

https://www.iau.org/static/resolutions/IAU2009 English.pdf

Then, in the third paragraph, the International Astronomical Union explains the
scientific concerns: the s at el | i t ereflections fohtbee lghld of Sun can be
detrimental for ground-based telescopes, and the aggregate radio-signals emitted from
a satellite con interfere with radio astronomy. There is a link for «the first image of a
black hole» to https://iopscience.iop.org/article/10.3847/2041-8213/ab0e85/pdf.

There are two notes:

[2] The largest optical telescope currently under construction (the Extremely
Large Telescope, ELT) has a main mirror 39 metres in diameter. Such ground-
based observatories are essential complements to astronomical satellites,
which are not affected by the reflections. Costs and limitations on size and
weight preclude the launch of particularly large telescopes, and the difficulty in
repairing and maintaining telescopes in space means that the newest, most
revolutionary technologies are implemented on ground-based telescopes
decades before it is prudent to attempt them in space. Both types are

fundamental to astronomy.%8

That has a link to http://eso.org/elt for «<ELT».

[3] The Large Synoptic Survey Telescope (LSST) will have the ability to survey

the entire sky in only three nights.°

157 |bidem
158 |bidem
159 |bidem
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That has a link to https://www.lsst.org/, for «LSST», that is, the Vera Rubin

Observatory.

In the fourth paragraph, the International Astronomical Union, as «a science and
technology organisation, stimulating and safeguarding advances in those areas»,

expresses its recommendations:

Although significant effort has been put into mitigating the problems with the
different satellite constellations, we strongly recommend that all stakeholders in
this new and largely unregulated frontier of space utilisation work collaboratively
to their mutual advantage. Satellite constellations can pose a significant or
debilitating threat to important existing and future astronomical infrastructures,
and we urge their designers and deployers as well as policy-makers to work
with the astronomical community in a concerted effort to analyse and
understand the impact of satellite constellations. We also urge appropriate
agencies to devise a regulatory framework to mitigate or eliminate the

detrimental impacts on scientific exploration as soon as practical.5°

In the last paragraph, the International Astronomical Union states that its «Commission
B7 Protection of Existing and Potential Observatory Sites welcomes the opportunity to
work proactively with everyone involved in these efforts»16L. In the text there is a link

to https://www.iau.org/science/scientific bodies/commissions/B7/.

In addition, there is a More information part, where one can find some general
information about the International Astronomical Union. Lastly, one can find two others

external links162163 and two contacts (Connie Walker, Lars Lindberg Christensen).

In the core text, excluding Notes and More information, the word «satellites» is
repeated five (5) times; instead, the word «satellite» is repeated eight (8) times.
Considering the sum, it corresponds to the 2,8% of the words. To have an idea of the
distribution of the words used in the text, we built a word cloud, excluding the following
words: and, for, to, the, of, to. As we can see from Figure 11, the most common relevant

words seem to be «satellites», «satellite», «constellations», «astronomical», and

160 |bidem

161 [hidem

®WEdi torial staff, fAResponse to SpaceX Starlink Low E:
IDA,29/5/2019, http://darksky.org/starlink-response/. Retrieved 23 December 2021.

3T, Beasl ey, fAStatement on Starlink OKMRA®Gstell ationsd

https://public.nrao.edu/news/nrao-statement-commsats/. Retrieved 23 December 2021.
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«sky». In Figure 12, interesting couples of words are «understand-impact»,
«detrimental-impacts», «soon-practical», «night-sky», «constellations-threaten».

To sum up, the announcement is clear, and well-structured as follows: presentation of
the issue, position of the 1AU, reasons of the concern of the IAU, recommendations of
the IAU. Since it is an announcement, it is directed to the astronomical community;
nonetheless, it has a non-technical language. As we will see, the same day the
announcement was shared on Facebook and Twitter.
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The Press Release

iau2001 — Press Release

Follow the IAU on social media

Images

12 February 2020

Understanding the Impact of Satellite Constellations on
Astronomy

In June 2019, the Union exp concern about the negative impact that the planned

ga. of may have on and on the pristine
appearance of the night sky when observed from a dark region. We here present a summary of the current
understanding of the impact of these satellite constellations.

Foliowing the June 2019, IAU's and the

were asked by the IAU Executive Committee 10 assess the
situation and 1o start discussions with the companies that are responsible for launching and operating the mega-consteliations
In order 1o study measures 1o mitigate their interference

Figure 13 - The Press Release about satellite constellations of 12 February 2020. Source: IAU website64,

In the chosen period, the International Astronomical Union published a press release
about the satellite constellations on 12 February 2020: «Understanding the Impact of

Satellite Constellations on Astronomy»16,
The cover photo (Figure 14) of the press release has the following caption:

Around 19 Starlink satellites were imaged shortly after launch in November
2019 by DECam on the Blanco 4-meter telescope at the Cerro Tololo Inter-
American Observatory (CTIO) by astronomers Clara Martinez-Vazquez and
Cliff Johnson. The gaps in the satellite tracks are due to the gaps between the
DECam CCD chips.16®

The credits are clearly expressed, and the image is coherent with the topics of the
press release. The text is divided into fourteen paragraphs, is made of one thousand
and sixty-five (1065) words, and six thousand and nine hundred nine (6909) characters

including spaces.

1641, Christensen, A Under standing the | mpact of 3$Mitellite Cons
12/2/2020, https://www.iau.org/news/pressreleases/detail/iau2001/. Retrieved 12 December 2021.

165 |bidem

166 | . Christensen, fAStarl ink satell it elAd, d42/2{2626, way t o parking o
https://www.iau.org/public/images/detail/iau2001a/. Retrieved 12 December 2021.
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Figure 14 - Cover photo of the Press Release of 12 February 2020. Source: IAU website!®’.

The topics of the paragraphs are as follows. In the first one, the press release cites the
announcement published in June 2019 about the satellite constellations, where the
International Astronomical Union expressed concern about the «negative impact»'6®
of the planned satellite constellations. Finally, the first paragraph presents the content

of the press release:

We here present a summary of the current understanding of the impact of these

satellite constellations.*°

It is worth noting that the topic is presented with the following words: «concern about

the negative impact», «<impact». There are no external links in this paragraph.

Then, the press release expresses how the International Astronomical Union works

after the statement of June 2019:

| A UGommission B7 Protection of Existing and Potential Observatory Sites and
the Executive Committee Working Group Dark and Quiet Sky Protection were
asked by the IAU Executive Committee to assess the situation and to start
discussions with the companies that are responsible for launching and operating

the mega-constellations in order to study measures to mitigate their interference.”

167 |bidem

168 |  Christensen, A Under standing the | mpact of 3$Mtellite Cons
12/2/2020, https://www.iau.org/news/pressreleases/detail/iau2001/. Retrieved 12 December 2021.

169 |bidem

170 |bidem
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There are three external links:

- For «statement of»:

https://www.iau.org/news/announcements/detail/ann19035/

- For «Commission B7 Protection of Existing and Potential Observatory Sites»:

https://www.iau.org/science/scientific bodies/commissions/B7/

- For «Executive Committee Working Group Dark and Quiet Sky Protection»:

https://www.iau.org/science/scientific bodies/working groups/286/

It is worth noting that the press release states that the goal of the study is find
«measures to mitigate their interference»'’t. So, for the International Astronomical

Union the satellite constellations interfere astronomical observations.

The third paragraph explains what the Commission B7 did. The Commission B7
requested the input of astronomers of organizations «skilled in modelling the
frequency, location, and brightness of satellite mega-constellations»’2. These are the
Vera Rubin Observatory, the University of Michigan, the Calar Alto Observatory
(CAHA), the European Southern Observatory (ESO) and the European Space Agency
(ESA). In the following the results are presented. The press release points out that

The results of the simulations, given the large number of parameters involved
and the associated assumptions and uncertainties, are to be considered

preliminary.'’®
In this paragraph, there are five links:

- For «Vera C. Rubin Observatory»:

https://noirlab.edu/public/

For «U. Michigan»:
https://umich.edu/

For «CAHA:
https://www.caha.es/

For «<ESO»:
https://www.eso.org/public/
For «<ESA»:

171 |bidem
172 |bidem
173 |bidem
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https://www.esa.int/

Then, there is a bullet list made by five paragraphs, where the results are presented.
In the following, we report some relevant sentences of the bullet list:

The vast majority of these will be too faint to be visible to the naked eye.

At the moment it is difficult to predict how many of the illuminated satellites will be
visible to the naked eye.

The interference with the uncontaminated view of the night sky will be particularly
important in the regions of the sky close to the horizon and less evident at high

elevation.

The global effect depends on how long the satellites are in this phase and on the

frequency of the launches.

Apart from their naked-eye visibility, it is estimated that the trails of the constellation
satellites will be bright enough to saturate modern detectors on large telescopes.

Wide-field scientific astronomical observations will therefore be severely affected.

In theory, the effects of the new satellites could be mit
large numbers of trails could create significant and complicated overheads to the

scheduling and operation of astronomical observations.*’*

To sum up, the results suggest a serious impact on astronomical observations

from the International Astronomical Union point of view.
There is only one link in these five paragraphs:

- For «SpaceX»:

https://www.spacex.com/

There are three notes with external links related to the studies of the mentioned
organizations (ESO, University of Michigan, Calar Alto Observatory). In the

notes, there are three links:

- For «On the Impact of Satellite Constellations on Astronomical Observations
with ESO telescopes in the Visible and Infrared Domains»:
https://arxiv.org/pdf/2003.01992.pdf

- For «press releasex:

174 |bidem
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https://www.eso.org/public/news/eso02004/

- For «Presentation to the US National Science Foundation Astronomy and
Astrophysics Advisory Committeex»:

https://www.nsf.gov/attachments/299316/public/12 Satellite Constellations a

nd Astronomy-Pat Seitzer.pdf

After this part, a short paragraph informs that the findings and the actions of the
International Astronomical Union about the topic are summarized in «a specific IAU
Theme»'’, There is a link that connects the user to the theme

(https://www.iau.org/public/themes/satellite-constellations/), published on the same

day.

Then, in the tenth paragraph, the International Astronomical Union clarifies that the
focus has been on optical wavelengths, and the effects on radio and submillimetre
wavelengths are «still under investigation»'’®. It is interesting to notice that here the
following words are used in the text: «worrisome», «negative impact», and «mitigating

measures». There are no links in the paragraphs.

The eleventh paragraph expresses one of the main messages about the astronomical
heritage «communicated on the IAU-UNESCO website»'’’. Indeed, a key point is the
«protection of the uncontaminated view of the night sky from dark places, which should
be considered a non-renounceable world human heritage»'’®. In this paragraph, there
is a link that connects the user the IAU-UNESCO website about heritage of astronomy

(https://www3.astronomicalheritage.net/index.php).

In the next three paragraphs, the press release points out what the International
Astronomical Union will do about satellite constellations. Particularly, «the IAU, in close
collaboration with the American Astronomical Society (AAS), will continue to initiate
discussions with space agencies and private companies that are planning to launch
and operate currently planned and future satellite constellations»17°. In addition, «the
IAU will regularly present its findings at the meetings of the UN Committee for Peaceful
Uses of Outer Space (COPUOS)»0. This is important to bring the problem to the

175 |bidem
176 |bidem
177 |bidem
178 |bidem
179 |bidem
180 |pidem
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attention of the world representatives. Finally, the satellite constellations «will be
included in the program of the IAU/UNOOSA/IAC Conference Dark and Quiet Skies
for Science and Society»'8! of October 2020. It is worth noting that International
Astronomical Union notes that «there are no internationally agreed rules or guideline
on the brightness of orbiting manmade objects»82, but the IAU considers this topic

«becoming increasingly relevant»'83, In these three paragraphs there are three links:

- For «<AAS»:
https://aas.org/
- For «COPUOS»
https://www.unoosa.org/oosa/en/ourwork/copuos/index.html
- For «IAU/JUNOOSA/IAC Conference Dark and Quiet Skies for Science and

Society»

https://www.iau.org/news/announcements/detail/ann20003/

The topic is presented as follows: «the impacts of satellite constellations»,

«increasingly relevant».

In the last paragraph, the International Astronomical Union expresses its idea about
the technological progress, that is «only made possible by parallel advances in
scientific knowledge»'®4. The press release ends stating that preserve and support the
progress of fundamental science like «astronomy, celestial mechanics, orbital
dynamics and relativity»®i s i n everybodyo6s iasttoeomgisd .
fundamental science that helps technological progress useful for everybody, so we
have to preserve and support it. Additionally, there is a More information paragraph
with some information about the International Astronomical Union; then, there are three

contacts (Piero Benvenuti, Connie Walker, Lars Lindberg Christensen).

In the core text, excluding Notes and More information, the word «satellites» is
repeated fourteen (14) times; instead, the word «satellite» is repeated seven (7) times.
Considering the sum, they correspond to around 2% of the words. Then, we built a

word cloud, excluding and, for, to, the, of, to, to have an idea of the distribution of the

181 |bidem
182 |bidem
183 |bidem
184 |bidem
185 |bidem
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words used in the text. As we can see from Figure 15, the most common relevant
words seem to be «constellations», «astronomical», «satellite», «satellites», «night»,
«dark» and «sky». In Figure 16, the most interesting couples of words are

«uncontaminated-view», «illuminated-satellites», «negative-impact».

To sum up, the press release is clear, and well-structured, as follows: presentation of
the topic, summary of the current understanding of the impact, goals of the
International Astronomical Union to address the problem of the impacts of the satellite
constellations. It is worth noting that the press release presents many different matters
related to the satellite constellations, and it offers many references. Since it is a press
release, it is more an external communication instead of being directed to the
astronomical community. Indeed, it offers much information with a non-technical
language, except for the first two paragraphs of the bullet lists which are a little bit more
complicated. As we will see, the same day the announcement was shared on

Facebook and Twitter.
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Figure 15 - Word Cloud of the Press Release of 12 February 2020.
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The Theme

Science Publications Administration Training in Astronomy for Astronomy for Astronomy for
Astronomy Education the Public Development

Home Astronomy for the Public Them:

Satellite Constellations
Quick Links

1. Introduction

2. Protecting our Dark and Radio-quiet Skies
3. Frequently Asked Questions

4. More Information

5. Notes

Figure 17 - The Theme about the Satellite Constellations on the IAU website published on 12 February 2020.
Source: IAU website!8®,

In the chosen period, the International Astronomical Union published a specific theme

about the satellite constellations on 12 February 2020: «Satellite Constellations»187.

The themes on the website of the International Astronomical Union are part of the
section «Astronomy for the Public». This section includes nineteen (19) topics related
to astronomy and to the International Astronomical Union, that are «triggered by the

most frequently asked questions that the IAU received over the years»188,

There are three photos in the theme. They all have a detailed captions and credits.
They are coherent with the contents of the theme since they present astronomical
images where the impacts of artificial satellites consist in straight lines trails. The first
two images are the same as the announcement of 3 June 2019, and the third one is
the same of the press release of 20 February 2020.

The text is made of one thousand and nine hundred sixty-three (1963) words, and
thirteen thousand and three hundred twenty-two (13322) characters including spaces.

186 |  Christensen, fA Satel | it elAQd222020,l | ati ons o,
https://www.iau.org/public/themes/satellite-constellations/. Retrieved 15 December 2021.
187 |, Christensen, fA Satel |l it elAQd222020,l | ati ons o,

https://www.iau.org/public/themes/satellite-constellations/. Retrieved 15 December 2021.
188 |. Christensen, @A Astr onomy IAW httpst//laeorghublicithenes/., Retrieved 15
December 2021.
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The theme consists in five parts:

Introduction
Protecting our Dark and Radio-quiet Skies
Frequently Asked Questions

More Information

a > wn e

Notes

The first part is made of one paragraph. It presents the topic and the reasons why the

International Astronomical Union published the theme.

In this IAU Theme, we respond to the growing interest and concern of various
astronomy-related communities regarding the deployment of satellite
constellations. Additionally, we summarise what we can do, as an international
community, to work toward solutions to help mitigate the negative impact to

astronomy of satellite constellations.8°

At the end of this part, there is a link that connects the reader to the IAU Statement on

the topic (https://www.iau.org/news/pressreleases/detail/iau2001/, for «IAU

Statement»). The following words are used here: «scientific concerns», «growing

interest and concern», and «impact».

The second part is divided into two paragraphs. Here, the theme expresses the position
and the deeds of the International Astronomical Union about the satellite

constellations:

The International Astronomical Union (IAU) is concerned about the impact of
satellite constellations on astronomical investigations. [ é ] AW and other
organisations like the American Astronomical Society (AAS) are trying different
avenues to address the impact of the brightness and growing number of these

satellites.1®°

The International Astronomical Union points out that it will need time to understand the
impacts of the growing numbers of satellites. Nevertheless, astronomers are trying to
simulate what will happen, and the International Astronomical Union is concerned

because the IAU «embraces the principle of a dark and radio-quietsky, [ é] ae

18 |. Christensen, @A Satel |l it elAQd2122020,1 | ati onso,
https://www.iau.org/public/themes/satellite-constellations/. Retrieved 15 December 2021.
190 |bidem
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that should be protected»*°!, that is fundamental for science and for all the inhabitants
of the Earth. It is interesting to note that the International Astronomical Union works
together with other organizations, and that the IAU makes efforts to discuss with
SpaceX concerning possible solutions to minimize the impacts of satellite
constellations. The following words are used here: «concerned», «effects of thousands
of additional satellites», «the impact of the brightness and growing number of these

satellite», and «impact of passing satellites». In this paragraph there are three links:

- For «lIAU»
https://www.iau.org/

- For «<AAS»
https://aas.org/

- For «SpaceX»

https://www.spacex.com/

In addition, when the theme explains the possibility of reducing the brightness of
Starlink satellites, there is a note which explains that SpaceX is testing an

«experimental darkening treatment»1°? (note number one Figure 18).

Then, in the third paragraph, there are answers to the frequently asked questions,

which are as follows:
Q1: What are satellite constellations? [ é ]
Q2: What are the scientific concerns regarding satellite constellations? [ € ]
Q3: What is the | AUb6s position on [S&]Jarl ink an

Q4: What is the IAU doing in regard to Starlink and other satellite

constellations? [ é ]

Q5: Following the first efforts by the IAU and the AAS, what concrete steps are

currently implemented to arrive at solutions to the brightness of the satellites?%

Each question has a clear and rich answer with links and references. It is worth noting

that in question 3 and in question 4 the stress is on Starlink; indeed, there is «Starlink

191 |bidem
192 |pidem
193 |bidem
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and other satellite constellations» instead of just satellite constellations. Now, let us

analyse each one as follows.
1. What are satellite constellations?

The answer is divided into two paragraphs. The first one gives a little background: in
the past decades considerable efforts have been made for developing atrtificial
satellites, but in the last few years many satellites networks have been deployed and
planned in a growing number. There is a note which gives some examples; it is note
number two. Instead, in the second paragraph there is an easy definition of satellite

constellations:

A satellite constellation is a number of similar satellites, of a similar type and
function, designed to be in similar, complementary, orbits for a shared purpose,

under shared control.1%*

For this definition there is a reference in note number three (Figure 18). Then, the
theme lists the purposes for these satellite constellations, giving some examples:

navigation, geodesy, satellite telephony, and Earth observations (Table 6).

Table 6 - Examples of purpuses of satellite constellations introduced in the Theme.

Navigation and geodesy GPS, Galileo, GLONASS
Satellite telephony Iridium
Earth observations DMC, PlanetLabs

After that, the theme explains that «recently, companies are planning large scale
constellations in low- and mid-Earth orbits to provide global satellite internet, or Internet
of Things to connect machines and systems together directly»'®, and goes on
explaining that a constellation with a high numbers of satellites at a low altitude will
reduce signal latency, that is the time taken to signals to move from ground based
infrastructure proving internet to the satellite and from the satellite to one user. The

answer ends predicting that the number of satellites will grow in the coming decades.

2. What are the scientific concerns regarding satellite constellations?

194 |bidem
195 |bidem
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The scientific concerns are essentially two, and the answer is divided into two

paragraphs as follows.

Inthe firstone,r e f | e and brightnesddissues are explained. In addition, the theme
talks again about the number of satellites that is rising. There are two notes (Figure
18). One explains the relevance of the collaboration between ground-based and
space-based telescopes for astronomy; it is note number four. The second one gives
a reference and some information about the under-construction Vera Rubin

Observatory; it is note number five.

In the second paragraph, interferences between aggregate radio signals emitted by
satellites and radio astronomy are explained. In addition, there are two examples of
astronomical research that were possible only thanks to the safeguard of radio sky.
These examples are the first image of a black hole and the studies about the formation
of planetary systems.

The following words are used here: «detrimental», «a main concern», «rising number»,

«the sheer number», and «difficult to mitigate».
3. What is the | AUbs position on Starlink an

Here, The International Astronomical Union clearly declares its position about the
satellite constellations, which «can pose a significant and debilitating threat»*° for
astronomy. The answer can be divided into three parts as follows. In the first one, that
is made by only one sentence, the International Astronomical Union clarifies its nature

and its goals. This is like a precondition for the next part:

The IAU is a science and technology organisation, stimulating and safeguarding

advances in those areas.*®’

Secondly, the answer expresses the position of the International Astronomical Union,

with a sentence written in bold:

the IAU strongly recommends that all stakeholders in this new and largely
unregulated frontier of space utilisation work collaboratively to their

mutual advantage.®®

196 |bidem
197 |bidem
198 |pidem

70



Thirdly, there are additional reasons that help the read to understand the position of
the International Astronomical Union. Indeed, satellite constellation are described as
possible causes for debilitating threat, and it is clearly state that it is necessary to
analyse the impact of satellite constellations, and to devise a regulatory framework.

The following words are used here: «mitigating the problems», «unregulated frontier»,
«significant or debilitating threat», «impact», «mitigate or eliminate the detrimental

Impacts».

In this answer, there are no external links, but there are four links to other answers that
explain some ideas expressed here briefly. Particularly, when the text refers to the
efforts done in mitigating the impact of satellite constellations, there are a link to answer
four and a link to answer five; in addition, when the text refers to the effects of satellite

constellations on astronomy, there is a link to answer two.

4. What is the IAU doing in regard to Starlink and other satellite constellations?

In the answer to this question, there is a bullet list that explains what the International
Astronomical Union is doing regarding the satellite constellations. The bullet list is

made up seven bullets, which we can summarize as follows.

1. The Commission B7 Protection of Existing and Potential Observatory Sites
of the International Astronomical Union invited a group of astronomers to
analyse and discuss the effects of the number and brightness of satellites.
The goal is to put into writing the studies as research papers and white
papers for future steps.

2. The International Astronomical Union has supported the efforts of the
observatories observing the brightness and the frequency of satellites
networks.

3. The International Astronomical Union, together with the America
Astronomi cal Society and t he Nat i
Optical-Infrared Astronomy Research Laboratory, was planning a workshop
in April 2020 to «help to solve the issue of brightness of the satellite mega-
constellations». It is announced that SpaceX and OneWeb had expressed
the interest in attending the workshop.

4. The International Astronomical Union, together with the Instituto de

Astrofisica de Canarias and the United Nations Office for Outer Space
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Affairs, was planning a conference in October 2020. One of the topics was
the impact of satellite constellations.

5. The Commission B7 proposed a Focus Meeting at the XXXI IAU General
Assembly in August 2021.

6. The International Astronomical Union was involved at the conference of the
American Astronomical Society in January 2021 in a special session on
«Challenges to Astronomy from Satellites».

7. The International Astronomical Union has been peripherally involved in
«constructive conversations» with SpaceX thanks to the efforts of the
American Astronomical Society. It is interesting that this exchange is
described as «educational and illuminating for both groups». Besides,
conversations with OneWeb had begun too.

In this detailed and concise bullet list, there are many links (nine) that connect the

reader to external sources:

- For «<AAS»
https://aas.org/

- For «IAU Commission B7 Protection of Existing and Potential Observatory
Sites»

https://www.iau.org/science/scientific bodies/commissions/B7/

- For «<Nati onal Science F o u n d-#nfrared mMsétrenomiiat i on a
Research Laboratory»
https://noirlab.edu/public/
- For «IAC»
https://www.iac.es/en
- For «xUNOOSA»
https://www.unoosa.org/
- For «<COPUOS»

https://www.unoosa.org/oosa/en/ourwork/copuos/index.html

- For «Dark and Quiet Skies for Science and Society conference (5-8 October
2020)»
https://www.iau.org/news/announcements/detail/ann20003/

- For «XXXI IAU General Assembly»
http://www.iauga2021.org/
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- For «Challenges to Astronomy from Satellites»

https://aas.org/comms/committee-light-pollution-radio-interference-and-space-

debris

The following words are used here: «impact of the brightness and the growing number
of these satellites», «issue of the brightness», «issues», «impact», «the issues and the

efforts for mitigating».

5. Following the first efforts by the IAU and the AAS, what concrete steps are
currently implemented to arrive at solutions to the brightness of the satellites?

The answer describes the steps taken to find solutions to the issue of the brightness
of satellites following the efforts of the International Astronomical Union and the
American Astronomical Society. The answer explains the two steps with a bullet list

made up of two bullets, which can be summarize as follows.

1. In January 2020, SpaceX launched DarkSat, a satellite with a different dark
coating. The satellite was observed by several observatories. In addition, there
are studies to evaluate and to mitigate the frequency and the brightness issues.
The results will be shared with SpaceX.

2. SpaceX is working on a software to help observatories to avoid Starlink
satellites. However, there are some issues: some observatories may be not
equipped to support this software, and if the number of satellites becomes too
high, the software may not be enough. The American Astronomical Society, with
the assistance of the International Astronomical Union, discussed with SpaceX
to plan passages in order to not interfere with the astronomical observations. In
addition, SpaceX may be able to study the attitudes of their satellites over the

most impacted observatories.

In the text there is a link to question four, when it refers to the efforts of the International
Astronomical Union and the American Astronomical Society. Moreover, there is a link

to number one (Figure 18).

The following words are used here: «issues», «impact», «impacted», «impacted

observatories», «affected».

Taken as a whole, all the answers to the Frequently Asked Questions are rich of

information, dense, and concise.
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After the Frequently Asked Questions, there is the More Information section about the
groups of the International Astronomical Union related to dark and quiet sky topics,
which are: the «Commission B7 Protection of Existing and Potential Observatory Sites
(Inter-Division B-C Commission)»1% and the working group «Executive Committee WG

Dark and Quiet Sky Protection»?%, The Commission is introduced as follows.

Reduction and prevention of artificial sky glow and radio-frequency interference is
a priority goal of the IAU. Commission C.B7 was established on the basis of its

proposal to address these critical issues.?%!

There is a link that connects the user to the description of the Commission on the
website of the International Astronomical Union

(https://www.iau.org/science/scientific bodies/commissions/B7/). Instead, the

following refers to the working group:

Reduction and prevention of artificial sky glow and radio-frequency interference is
a priority of the IAU. The Working Group on Dark and Quiet Sky Protection is a
continuation and transformation of the Working Group on the International Year of
Light 2015. It focuses on the protection of the sky for astronomical observations at
all wavelengths. It includes collaborative efforts with the IAUT UNESCO initiative

of World Heritage astronomical sitesa n d U N E St@rliyht Destinations.?%?

In this text, there are four links, the first one connects the reader to a description of the
Working Group on the website of the International Astronomical Union, and the others

are external links:

- For «Working Group on Dark and Quiet Sky Protection»

https://www.iau.org/science/scientific bodies/working groups/286/

- For «International Year of Light 2015»

https://www.light2015.org/Home.html

- For «World Heritage astronomical sites»

https://www3.astronomicalheritage.net/

- For «Starlight Destinations»
https://starlight2007.net/

199 |bidem
200 |pidem
201 |bidem
202 |pidem
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Taken as a whole, the text allows us to understand that the International Astronomical

Union is working together with other astronomical national and international

organizations and the Union has established a dialogue with private companies

involved. Moreover, the text makes us realize that the International Astronomical Union

has two groups which are established to address issues related to the protection of

dark and quiet sky.

After the More Information section, there are some links useful to deepen the topics

presented in the theme. The links are as follows:

For «lIAU Statement on Satellite Constellations»
https://www.iau.org/news/announcements/detail/ann19035/

For «<AAS Works to Mitigate Impact of Satellite Constellations on Ground-Based
Observing»

https://aas.org/posts/advocacy/2019/12/aas-works-mitigate-impact-satellite-

constellations-ground-based-observing

For «Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space, including the Moon and Other Celestial Bodies»
https://www.unoosa.org/oosa/en/ourwork/spacelaw/treaties/introouterspacetre

aty.html
For «Guidelines for the Long-term Sustainability of Outer Space Activities»

https://www.unoosa.org/res/oosadoc/data/documents/2018/aac_1052018crp/a
ac_1052018crp 20 0 html/AC105 2018 CRP20E.pdf
https://www.youtube.com/watch?v=LGBuk2BTvJE
https://www.youtube.com/watch?v=z9hQfKd9kfA

https://celestrak.com/cesium/orbit-
viz.php?tle=/satcat/tle.php?INTDES=2020%2D001&satcat=/pub/satcat.txt&orb
its=20&pixelSize=3&samplesPerPeriod=90
https://www.youtube.com/watch?reload=9&v=QEIUdMiColU

Then, there are the Notes (Figure 18), where there are the following links:

For «experimental darkening treatment»

https://www.spacex.com/sites/spacex/files/starlink media kit jan2020.pdf

For «Iridium satellite constellation»

https://en.wikipedia.org/wiki/lridium satellite constellation
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- For c¢SpaceXb6s Starlinke
https://en.wikipedia.org/wiki/Starlink (satellite constellation)
- For «<OneWeb»

https://en.wikipedia.org/wiki/OneWeb satellite constellation

- For «Globalstar»
https://en.wikipedia.org/wiki/Globalstar

- For ¢Amazonébés Project Kuipere
https://en.wikipedia.org/wiki/Amazon (company)#Project Kuiper

- For «Vera C. Rubin Observatory»
https://www.Isst.org/news/vro-press-release

Notes
[1] On this flight, SpaceX Is also testing an experimental darkening treatment on one satellite to further reduce the albedo of the body of the satellites.
[2] Examples of these include the Iridium satellite constellation, Space X tarlink, OneWeb, Globalstar, Amazon’s Project Kuiper, and Facebook's Athena.

[3] Wood, Lloyd, Satellite constellation networks, Internetworking and Computing over Satellite Networks. Springer, Boston, MA, 2003, p.13-34

[4] Such ground-based observatories are essential complements to astronomical satellites. Costs and limitations on size and weight preclude the launch of particularly large
telescopes, and the difficulty of repairing and maintaining telescopes in space means that the newest, most revolutionary technologies are implemented on ground-based
telescopes decades before it is prudent to attempt them in space. Both space-based and ground-based telescopes are fundamental to astronomy.

[5] The Vera C. Rubin ( rvatory will have the ability to survey the entire sky every three nights.

Figure 18 - Notes at the end of the Theme about satellite constellation on the website of the International

Astronomical Union. Source: IAU website2%3,

In the core text, excluding More information, Links, and Notes, the word «satellites» is
repeated twenty-two (22) times; instead, the word «satellite» is repeated twenty-six
(26) times. Considering the sum, that is forty-eight (48), it corresponds to around 3%
of the words. To deepen the distribution of the words used in the text, we built a word
cloud, excluding: and, for, to, the, of, to, like. As we can see from Figure 19, the most
common relevant words seem to be «constellations», «astronomical», «astronomers»,
«satellite», «satellites», «efforts», «thousands» and «observations». In Figure 20, the
most interesting couples are the following: «impact-satellite», «solutions-brightness»,

«scientific-concerns», «efforts-iau», «brightness-satellites».

To sum up, the theme is clear, and well-structured. This theme is rich of information,

and it gives an overview about the satellite constellations, and about the position of the

203] ., Christensen, fiSatel | it elAQd2122020,1 | ati onso,
https://www.iau.org/public/themes/satellite-constellations/. Retrieved 15 December 2021.
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International Astronomical Union regarding the satellite constellations. The theme
presents many different matters related to the satellite constellations, and it offers
some links to other references. There are few technical terms, for instance «geodesy»,
«signal latency», «two-line elements», but the text as a whole has a comprehensible
vocabulary. As we will see, the theme about satellite constellations was shared on

Facebook and Twitter.
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4.3 The International Astronomical Union and the Satellite Constellation

on Social Media

As we anticipated, the International Astronomical Union has three social media
accounts: a Facebook page, a Twitter profile, and a YouTube channel. The social
media are managed by the Office for Astronomy Outreach OAO?%* of the International

Astronomical Union, as Lars Christensen says:

The Office for Astronomy Outreach, OAQ, is managing our social media channels,
so they get content from me, and also, they invent their own educational content,
but the scientific content, typically comes from me.

For each social media, we briefly analyse the account, and then we focus on the
contents related to the satellite constellations. The numbers that we mention here, as
number of reactions, comments, likes, retweets, and so on, are update as 29
December 2021.

4.3.1 YouTube

The International Astronomical Union has a YouTube channel, called «International

Astronomical Union IAU»2%, The organization joined YouTube on 29 August 2018.

The profile image is the logo of the International Astronomical Union, and the header
image is an astronomical image. There are no captions and credits for these images.
The profile picture is the same as the other social media; instead, the header photo is
different from Facebook and Twitter. In the about section, there is a short description

of the International Astronomical Union:

Founded in 1919, the International Astronomical Union (IAU) promotes and

safeguards the science of astronomy through international cooperation. This is the

204 | . Christensen, ioOf fice for A sitps:/dvve.isuyorg/Public/r Retmievdéd d December
2021.

2051 AU OAQOrmn ndtlindreal Ast rlaU btips:/evew.youtlibeicanvicbannel/UCc319g-
NONAO5vIYeNMmtTw. Retrieved 11 December 2021.
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official YouTube account of the IAU. Subscribe to receive the latest videos from
us. 206

In addition, there is a link to the website of the International Astronomical Union. The
channel has one thousand and five hundred ninety (1590) subscribers, and twenty-

eight thousand and twenty-four (28024) views.

© YouTube )

AU International Astronomical Union IAU

HOME

Uploads A
° ‘
o~/
»
o 101
Gablean moons. First Place Galilean moons. Thard Prace Aurorae (tme-tapees), TNrd Gallean moons. Second Aurorae (tme-spres
Place Prace

Awrorse (tme-tapses), First

e Second Place

Figure 21 - The YouTube channel of the International Astronomical Union. Source: IAU YouTube channel?%’.

The International Astronomical Union uploads thirty-nine videos, of which four are past
live streams?%. There is only one playlist, «Under One Sky: Astronomy around the

World», with seventeen (17) videos?®.

The channel has not posted yet in the community?!°, and the channel does not feature

with other channels?1l,

206 AU OAO, Al nternati onAdbloulsht,r onomi cal Uni on
https://www.youtube.com/channel/UCc3199-NONAO5vIYeNMmtTw/about. Retrieved 11 December
2021.

2071 AU OAO, il nstterronnact miocnesll, htt@s/wevwnydutube.com/channel/UCc319g-
NONAO5vIYeNMmtTw. Retrieved 11 December 2021.

2% AU OAO, Al nternati oin\ddeosAlBU, r onomi cal Uni on
https://www.youtube.com/channel/UCc319g-NONAO5vIYeNMmtTw/videos. Retrieved 11 December
2021.

201 AU OAO, Al nternati ohRll ayAldMlytomno,mi cal Uni on
https://www.youtube.com/channel/UCc319g-NONAO5vIYeNMmtTw/playlists. Retrieved 11 December
2021.

20 AU OAO, Al nternati oin@dmnuwriAthyn®d,mi c al Uni on
https://www.youtube.com/channel/UCc319g-NONAO5vIYeNMmtTw/community. Retrieved 11
December 2021.

21 AU OAO, Al nternati onChlanMmsédlisoon,omi cal Uni on
https://www.youtube.com/channel/UCc319g-NONAO5vIYeNMmtTw/channels. Retrieved 11 December
2021.
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YouTube contents regarding the satellite constellations

On the YouTube channel of the International Astronomical Union there are no videos
about the satellite constellations, as confirmed by Lars Christensen during the

interview.

4.3.2 Facebook

The International Astronomical Union created a Facebook page on 12 May 2014. The
Facebook page has the following name: «The International Astronomical Union». It
has the blue verified badge, that confirms that it is «an authentic Page for this public
figure, media company or brand»?'2. Nineteen thousand four hundred (19400) people
like the page, and twenty-one thousand one hundred forty-three (21143) people follow
the page. As profile picture, the page has the logo of the International Astronomical
Union, and as a cover photo and astronomical photo with the logo of the organization.
The profile picture was published on 13 December 2018, and it has one hundred and
one (101) reactions 1 of which seventy-eight (78) like, twenty-two (22) love, and one
(1) wow, and five (5) shares. The cover photo was published on 17 April 2017 and is a
detail of «a broader image of the Carina Nebula, a massive star formation region in the
southern skies. The original image was taken in infrared light using the HAWK-I camera
on ESOO06s Very ©b&Afthe efideot the slesaigtien there are the link to
the original source and the credit. The cover photo has sixty-seven (67) reactions 1 of

which fifty-six (56) like, eight (8) love, and three (3) wow, and fourteen (14) shares.

The International Astronomical Union is an international non-governmental
organization, and this is declared in the Facebook page. In the section About, it
possible to find the address of the legal domicile of the organisation. Here, there is a
short description of the organization:

2Edi torial staff, AHow do | r eRpeelkoskiHelaCentre,r i fi ed badge
https://www.facebook.com/help/1288173394636262/?locale=en _GB. Retrieved 29 December 2021.

213 JAU OAO, Cover photo, IAU,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.240607692797126/63079259377

8632. Retrieved 1 December 2021.
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Founded in 1919, the International Astronomical Union (IAU) promotes and

safeguards the science of astronomy through international cooperation. 214

Then there is a longer one in Additional information, followed by a long description of
the rules of the page. Lastly, there are some additional information in additional contact
info: a link to the website, a phone number, an email address. On the page, there are
many photos related to the posts, but there are only three albums?'>. Eight (8) profiles
left an opinion about the page, and the rating is 4.5 out of 5%16. There is only one video,

posted in 201427, The page is not currently running ads.

&Ij A[]IJ The International

Astronomical Union ©

@InternationalAstronomicalUnion - ¢ 4.5 (80
reviews) - Non-governmental organisation (NGO)

© Send Message

Hil Please let us know how we can help.

Home About Photos Reviews More ¥ |b Like Q

Figure 22 - The upper part of the Facebook Page of the International Astronomical Union. Source: IAU Facebook?8.

24 AU OAO, IAAbout o,
https://www.facebook.com/InternationalAstronomicalUnion/about/?ref=page internal. Retrieved 1
December 2021.

251 AU OAO, iABhot os o,
https://www.facebook.com/InternationalAstronomicalUnion/photos/?ref=page internal. Retrieved 1
December 2021.

26 AU OAO, nIRE vi ews 0,
https://www.facebook.com/InternationalAstronomicalUnion/reviews/?ref=page_internal. Retrieved 1
December 2021.

271 AU OAO, IAUMor ebo,
https://www.facebook.com/InternationalAstronomicalUnion/videos/?ref=page _internal. Retrieved 1
December 2021.

28] AU OAO, ifiThe I nternatildnal Astronomical Uni ono,
https://www.facebook.com/InternationalAstronomicalUnion. Retrieved 1 December 2021.
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Facebook contents regarding the satellite constellations

To find contents about the satellite constellations, we use the following keywords,
checking the contents posted from 1t January 2015 to 31 October 2021

Satellite, constellation, dark skies, UNOOSA, UN, Starlink, Amazon, Athena, OneWeb,
SpaceX.

As we said, the keywords are selected choosing the most frequent words in the two
main contents of the website (the Announcement of 3 June 2019, the Press Release
and the Theme of 12 February 2020). To these words, we add UN and UNOOSA, that
are involved in two conferences related to satellite constellations, the name of the main
satellite constellation (Starlink) and the name of the main companies and one

constellation involved in this issue (Amazon, Athena, OneWeb, SpaceX).
We find twenty-six (25) posts, and we divide then into the three groups:

I. General contents: 4
[I. Contents related to events: 17

[1l.  Contents related to calls: 4

Table 7 - The contents about satellite constellations on the Facebook account of the International Astronomical
Union.

Group 2019 2020 2021
General contents 1 3 -
Contents related to events - 8

Contents related to calls for proposals - 4

As on the website, the first contents related to the satellite constellations were
published in 2019. Here, we analyse the General contents, the others will be analysed

in the dedicated sections.
l. 3 June 2019

The image of the post, whose credit is clearly indicated, is the same of the

announcement on the website which the post refers to?1°.

29] Christensen, il AU St at e nlalh3/6/201®, Sat el | ite Constell
https://www.iau.org/news/announcements/detail/ann19035/. Retrieved 29 December 2021.
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fourteen (814) characters including spaces. The main text is as follows:

We have issued a statement on behalf of the International Astronomical

Union (IAU) expressing our concern over #SatelliteConstellations such as

SpaceX's #Starlink, the #lridium satellite
constellation, #0OneWeb, #Globalstar, A ma ZProjectKuiper, and
Facebook #Athena.

The IAU embraces the principle of a dark and radio-quiet sky as not only
essential to advancing our understanding of the Universe of which we are a
part, but also as a resource for all humanity and for the protection of nocturnal
wildlife. We do not yet understand the impact of thousands of these visible
satellites scattered across the night sky and despite their good intentions,
these satellite constellations may threaten both.?2°

The International Astronomical
Union
3 June 2019 @

TAU

We have issued a statement on behalf of the
International Astronomical Union (IAU)
expressing our concern over
#SatelliteConstellations such as SpaceX's
#Starlink, the #Iridium satellite constellation
#0OneWeb, #Globalstar, Amazon's
#ProjectKuiper, and Facebook #Athena.

The IAU embraces the principle of a dark and
radio-quiet sky as not only essential to advancing
our understanding of the Universe of which we
are a part, but also as a resource for all humanity
and for the protection of nocturnal wildlife. We
do not yet understand the impact of thousands
of these visible satellites scattered across the
night sky and despite their good intentions, these
satellite constellations may threaten both.

Read our statement at the following link

htty €si.in/i39mF

Credit: Victoria Girgis/Lowell Observatory See
less

Q=0 24 )1 comments 296 shares

The text of the post has one hundred and seventeen (117) words, and eight hundred

Figure 23 - Post on the IAU Facebook page about the satellite constellations published on 3 June 2019. Source:

IAU Facebook page??'.

220 |AU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/10743314327

58077. Retrieved 1 December 2021.
221 |AU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/10743314327

58077. Retrieved 1 December 2021.
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The text is divided into two paragraphs. The first paragraph presents the statement of
the International Astronomical Union, which expresses concern over satellite
constellations and gives examples of them. The second clearly expresses the position
of the International Astronomical Union about dark and radio-quiet sky, and the
concern about the impact of «thousands of these visible satellites scattered across the
night sky»??2, Then, there is a link that connects the user to the IAU website
announcement about the IAU statement on satellite constellations. The announcement
was published on the website on 3 June 2019, and the Facebook content was

published the same day.
The post has seven hashtags, that are as follows:

#SatelliteConstellations, that refers to the main theme.

#Starlink, #ProjectKuiper, #Athena are the name of some satellite
constellations.

#lridium, #OneWeb, #GlobalStar are the name of some private companies that

have satellite constellation.

The post has two hundred and forty-five (245) reactions 1 of which one hundred and
ninety-three (93) like, sixteen (16) love, four (4) wow, twenty-four (24) sad, and eight
(8) angry, two hundred and ninety-six (296) shares, and twenty-one (21) comments.

The International Astronomical Union did not answer to any of these comments.

Il. 12 February 2020

The image of the post, whose credit is clearly declared, is one of the images used on
the website to address the problem of the impact of satellite constellations??3. It is
coherent with the content of the post.

The text of the post has fifty-one (51) words, and three hundred and ninety (390)

characters including spaces. The main text is as follows:

#lAUnews What will be the impact of the planned mega-constellations of

communication satellites on astronomical observations and on the pristine

222 |bidem

222, Christensen, fAStarlink satell it elAd,a42/2t2626, way t o par king

https://www.iau.org/public/images/detail/iau2001a/. Retrieved 12 December 2021.
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appearance of the night sky? After expressing concern in June 2019, IAU took

steps to assess the situation.??

The International Astronomical Union

U
tA 12 February 2020 - &

#|AUnews What will be the impact of the planned mega-constellations of communication satellites on astronomical
observations and on the pristine appearance of the night sky? After expressing concern in June 2019, IAU took steps to
assess the situation.
Here are some preliminary findings VIR
Credit: NSF's National Optical-Infrared Astronomy Research Laboratory/CTIO/AURA/DELVE

P
Ou®

Figure 24 - Post on the IAU Facebook page about the satellite constellations published on 12 February 2020.
Source: IAU Facebook page??.

The content is about the press release published on the website about the steps taken
by the Union after expressing concern in June 2019. The text is short and clear. Then,
there is a link that connects the user to the press release published on the same day
on IAU website??8. The press release on the website is rich of information; anyway, the
content just introduces the topics only with an open question.

The post has only one hashtag:
#IAUnews, that is a general one.

The post has seventy (70) reactions (forty-three like, seventeen sad, and ten angry),
fifty-five (55) shares, and five (5) comments, of which only three are available. The

Union did not answer to the comments.

224 |AU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/12773775457

86797/. Retrieved 20 December 2021.

225 |1AU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/12773775457

86797/. Retrieved 20 December 2021.

226 Christensen, fiUnder standing the | mpact of 3$Mtellite Cons
12/2/2020, https://www.iau.org/news/pressreleases/detail/iau2001/. Retrieved 12 December 2021.
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Il. 16 June 2020

The image of the post, whose credit is clearly indicated, is published in other contents
on the website and on the social media. The text of the post has one hundred and six
(106) words, and six hundred ninety-five (695) characters including space. The main

text is as follows:

People interested in mitigating the impact of satellite constellations on
astronomy are welcome to join the first two days of the Satellite Constellations

Workshop 1, organised by the National _Science _ Foundation

(NSF)'s NOIRLab and American Astronomical Society. IAU members in the
IAU Commission B7 and IAU Executive Committee WG Dark and Quiet Sky

Protection will take part. The workshop will take place between 29 June and
2 July 2020.2%7

The International Astronomical
Union
16 June 2020 - @

TAU

People interested in mitigating the impact of
satellite constellations on astronomy are
welcome to join the first two days of the Satellite
Constellations Workshop 1, organised by the
National Science Foundation (NSF)'s NOIRLab
and American Astronomical Society. IAU
members in the IAU Commission B7 and |AU
Executive Committee WG Dark and Quiet Sky
Protection will take part. The workshop will take
place between 29 June and 2 July 2020.

The online conference will be held via Zoom

Attendees must register by 22 June 2020 to

receive a unique Zoom link the workshop

More information and registration can be found
here: htt W fe 3

Image credit: NSF's NOIRLab/CTIO/AURA/DELVE
See less

O W 40

/ i e
D Like . Comment @~ Share

Figure 25 - Post on the IAU Facebook page about the satellite constellations published on 16 June 2020. Source:
IAU Facebook page??8.

The content promotes a workshop about satellites constellations, and it is addressed

to people «interested in mitigating the impact of satellite constellations on

227 |bidem

228 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/13777911390
78770. Retrieved 1 December 2021.
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astronomy»??°, The content communicates that IAU members of the Commission for
protection of existing and potential observatory sites, and of the Working Group for

dark and quiet sky protection will take part to a workshop on satellite constellations.

Then, the text gives general information to attend, and there is a link?*° for more

information and registration. There are no hashtags.

The post has forty (40) reactions i of which thirty (30) like, one (1) love, one (1) wow,

and eight (8) sad, thirteen (13) shares, and zero comments.

V. 19 August 2020

The image of the post, whose credit is clearly indicated, is present on the website
theme too. The text of the post has forty-five (45) words, and three hundred fifty-seven

(357) characters including spaces. The main text is as follows:

#lAUpublications #DarkSkies4All The IAU has expressed concern about the

negative impact that the planned mega-constellations of communication satellites
may have on astronomical observations and on the pristine appearance of the

night sky when observed from a dark region.?3!

The text is short and clear. The link connects the user to the IAU website Satellites
Constel |l at 3% The them& bnethm evebsite was published on 12 February
2020; instead, the content was published on Facebook on 19 August 2020. Comparing
the Facebook text to the website Satellite Constellations theme, we can state that the

Facebook content is a plain summary.
The post has two hashtags:
#IAUpubblications, that is a general one.

#DarkSkies4All, that is related to the topic, and is a condensed message.

229 |pidem

20Edi tori al staff, iSat el AASt hitps:Caasosgtsatellite-eonsielatiors-114  Wor k s h «
workshop. Retrieved 1 December 2021.

231 |bidem

2821, Christensen, fiSatel | it elAQd2122020,1 | ati onso,

https://www.iau.org/public/themes/satellite-constellations/. Retrieved 15 December 2021.
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The post has fifty-nine (59) reactions of which forty (40) like, one (1) love, three (3)
wow, eleven (11) sad, and four (4) angry, forty-three (43) shares, and eight (8)
comments. The International Astronomical Union did not answer to any of these

comments.

The International Astronomical Union

£ 19 August 2020 -

#|AUpublications #DarkSkies4All The IAU has expressed concern about the negative impact that the planned mega
constellations of communication satellites may have on astronomical observations and on the pristine appearance of

the night sky when observed from a dark region
Read more here: htt

Image credit: NSF/NOIRLab/CTIO/AURA/DELVE

Ou® s ents 43 share

Figure 26 - Post on the IAU Facebook page about the satellite constellations published on 19 August 2020. Source:
IAU Facebook page?®:.

4.3.3 Twitter

The International Astronomical Union joined Twitter on May 2014. The name of the
account is Astro Union @IAU_org?3*. The account is verified «<b ecause it ds not

government, news, entertainment, or another designated category»23°,

The profile photo is the logo of the International Astronomical Union, and it is the same
as the Facebook page. The header photo is an astronomical photo with the logo of the

International Astronomical Union, and it is the same as the Facebook page.

233 |JAU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14315618737

01696. Retrieved 1 December 2021.

24 AU OAO, 1 Ast r o I|AUn httpso/twitter.com/IAU org. Retrieved 29 December 2021.

2Z5Editori al Staff, il nf or riwitter, lottpsi//help.twdtér.com/managinaqxt v er i f i ¢
your-account/about-twitter-verified-accounts. Retrieved 3 December 2021.
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There is a there is a link to the website of the International Astronomical Union and a

short description of the International Astronomical Union:

Founded in 1919, the International Astronomical Union (IAU) promotes and

safeguards the science of astronomy through international cooperation.23¢

The account has fourteen thousand five hundred forty-two (14542) followers and
follows one hundred and twenty-two (122) accounts. The International Astronomical
Union published three thousand eight hundred thirty-five (3835) tweets, two thousand
nine hundred twenty-seven (2927) photos and video. The International Astronomical

Union did not follow any topics?3” and has not create any moments?3 or lists2%,

< Astro Union @
3,816 Tweets

TAU

Astro Union @
@IAU org

&  Following

Founded in 1919, the International Astronomical Union (IAU) promotes and
safeguards the science of astronomy through international cooperation.

& iau.org Joined May 2014

123 Following  14.4K Followers
Figure 27 - The IAU Twitter account. Source: IAU Twitter4,
Twitter contents regarding the satellite constellations

To find contents about the satellite constellations, we use the same keywords as for
Facebook, checking the contents posted from 15t January 2015 to 31 October 2021:

Satellite, constellation, dark skies, UNOOSA, UN, Starlink, Amazon, Athena, OneWeb,
SpaceX.

We find twenty-four (24) tweets, and we divide then into the three groups:

261 AU OAO, i A dAUr hdtpsWUtwiiteocord/IAU org. Retrieved 29 December 2021.

2871 AU OAO, AU, btps:/wstér.com/IAU org/topics. Retrieved 29 December 2021.

238 |JAU OAO, i ™M me n tAY) ohttps://twitter.com/IAU org/moments. Retrieved 29 December 2021.
2391 AU O Rishso LAY, https://twitter.com/IAU org/lists. Retrieved 29 December 2021.

20 AU OAO, i A SAUr hdtpsWtwitteoaod/IAU org. Retrieved 29 December 2021.
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I. General contents: 4
[I. Contents related to events: 16

[1l. Contents related to calls: 4

Here, we analyse the first group, General contents, the others will be analysed in the

dedicated sections.

Table 8 - The contents about satellite constellations on the Twitter account of the International Astronomical Union.

Group 2019 2020 2021
General contents 1 3 -
Contents related to events - 7
Contents related to calls for proposals - 4

l. 3 June 2019

The image of the tweet is the same of the statement published on the website, which
the tweet refers to?*1. The tweet is made of twenty-eight (28) words, and two hundred
and fifty-nine (259) characters including spaces. At the end, there is a link which
connects the user to the announcement about the statement on the website. Among
all the topics of the statements, the tweet quotes or tags only the name of the main
satellite constellations (Starlink, Project Kuiper, Athena), the companies involved
(Iridium, OneWeb, Global Star, Amazon, Facebook) and one company owner (Elon
Musk).

The post has four hashtags, that are as follows:

#SatelliteConstellations, that refers to the main theme.
#Starlink, #ProjectKuiper, #Athena are the names of some satellite

constellations.

The tweet is short but has a big impact: it has four hundred and forty (440) like, three
hundred and fifty (350) retweets and forty-nine (49) quote tweets. Additionally, the
tweet has many replies. However, the International Astronomical Union did not answer

to any of these replies.

21l . Christensen, ATrail slAUN#GI2619by St arlink satellites:
https://www.iau.org/public/images/detail/ann19035a/. Retrieved 23 December 2021.
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Astro Union &
! @IAU_org

We have issued a statement on behalf of the
International Astronomical Union (IAU) expressing our
concern over #SatelliteConstellations: @elonmusk 's
#starlink @IridiumComm @oneweb @Globalstar
@amazon 's #ProjectKuiper @facebook 's #Athena
socsi.in/rmjac

12:49 PM - Jun 3, 2019 - Orlo

350 Retweets 49 Quote Tweets 440 Likes

Figure 28 - Tweet on the IAU Twitter account about the satellite constellations published on 3 June 2019. Source:
IAU Twitter account?#?

Il. 12 February 2020

The tweet has an image related to the topic, and it is the same as the press release,
which the tweet refers to. The image is coherent with the topic of the tweet. The photo
does not have any captions, and the credit is not indicated. The tweet was posted the

same day as the press release, and as the Facebook post.

The tweet is made of twenty-nine (29) words, and two hundred and twenty-two (222)
characters including spaces. At the end, there is a link which connects the user to the
press release about the topic on the website. The press release on the website is rich

of information; anyway, the tweet just introduces the topics with an open question.

The tweet has a good impact: it has one-hundred and twenty-one (121) likes, one-
hundred-two (102) retweets and twenty-eight (38) quote tweets. Additionally, the tweet

242 |IAU OAQO, https://twitter.com/IAU org/status/1135498830986862592. Retrieved 29 December
2021.
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has many replies. However, the International Astronomical Union did not answer to

any of these replies.

Astro Union §
1

tAU

#AUnews What will be the impact of the planned
mega-constellations of communication satellites on
astronomical observations and on the pristine
appearance of the night sky?

102 Retweets 28 Quote Tweets 121 Likes

Figure 29 - Tweet on the IAU Twitter account about the satellite constellations published on 12 February 2020.
Source: IAU Twitter account?*3,

Il. 16 June 2020

The image is coherent with the content of the tweet, and it is already used on the

website and in other social contents. There is no caption, but the credit is indicated.

The tweet is made of thirty-seven (37) words, and two hundred and sixty-eight (268)
characters including spaces. The text is divided into two main paragraphs. Firstly, it is
introduced the content: a workshop about satellite constellations organised by the
American Astronomical Society and the
Then, there are some information for the registration, and there is a link to the American
Astronomical Society website, where the reader can find more information about the

workshop. There are three tags, but only one of them is correct. Indeed, the @NFS

243 |JAU OAQO, https://twitter.com/IAU org/status/1227639239120244738. Retrieved 11 December
2021.
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connects the user correctly to the Twitter account of the National Science Foundation;

instead, @noirlab and @AAS lead to wrong accounts. The post has no hashtags.

The tweet has nineteen (19) likes, ten (10) retweets and one (1) quote tweet. The tweet

has no replies.

Astro Union @
TAU - @iy org

The public is welcome to part of the Satellite
Constellations Workshop 1, organised by @NSF
oirlab and @AAS.

Attendees must register by 22 June. More information
and registration can be found here:
ow.ly/HW6S50A8GWD

Image credit: NSF’'s NOIRLab/CTIO/AURA/DELVE

Figure 30 - Tweet on the IAU Twitter account about the satellite constellations published on 16 June 2020. Source:
IAU Twitter account?#4,

IV. 19 August 2020

There are no images in this tweet. Indeed, it is not clear the reasons why there is written
«Image credit: NFS/NOIRLab/CTIO/AURA/DELVE»?%,

The tweet is made of thirty-one (31) words, and two hundred and sixty-five (265)
characters including spaces. The tweet deals with the concern expressed by the
International Astronomical Union about the «negative impact»?#¢ of the satellite
constellations. There is a link to the theme about satellite constellations on the website

of the International Astronomical Union. The theme on the website is dense and rich

244 1AU OAO, https:/twitter.com/IAU org/status/1272855208058662912. Retrieved 20 December
2021.

245 |bidem

246 |bidem
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of information; however, the tweet just introduces the topics with quite generic

sentence. There are no tags. The post has two hashtags:
#IAUpublications, that is a generic one.
#DarkSkies4All, that is related to the topic, and it sound like a slogan.

The tweet has seventeen (17) likes, nineteen (19) retweets and three (3) quote tweets.
The tweet has only one reply, and the 1AU did not answer.

Astro Union §

tAU
#IAUpublications # «Skies4All The IAU has
expressed concern about the negative impact that

planned satellite constellations may have on
astronomical observations and the night sky.

Read more here:

Image credit: NSF/NOIRLab/CTIO/AURA/DELVE

AL

Figure 31 - Tweet on the IAU Twitter account about the satellite constellations published on 19 August 2020.
Source: IAU Twitter account?7,

In addition to these tweets, on 8 May 2020, the International Astronomical Union
replied in a conversation between two Twitter users who tag the International
Astronomical Union?#8, The reply is easy and polite («You can see our latest statement
regarding satellite constellations here»?4%). There is a link that connects the reader to
the press release published on the website of the International Astronomical Union on
12 February 2020. The text is made of ten (10) words, and seventy-three (73)
characters including spaces. There are no hashtags or tags. The tweet does not have

any reaction.

247 |AU OAO, https:/twitter.com/IAU org/status/1296060605389049857. Retrieved 20 December
2021.

248 |[AU OAQO, https://twitter.com/IAU org/status/1258595228967034880. Retrieved 20 December
2021.

249 |bidem
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4.4 The International Astronomical Union and the UNCOPUOS on the

Satellite Constellations

As we anticipated, the International Astronomical Union «embraces the principle of
dark radio-quiet sky as not only essential to advancing our understanding of the
Universe of which we are a part, but also as a resource for all humanity and for the
protection of nocturnal life»?*. The International Astronomical Union considers the sky
a cultural heritage for all human beings. To raise awareness about the need to preserve
dark and quiet skies, the International Astronomical Union developed the «Dark and
Quiet Skies project», which is conducted by the Office for Astronomy Outreach?>!.
Additionally, the Union established the Commission B7, called «Commission
Protection of Existing and Potential Observatory Sites»?°2. In the words of Connie
Walker, one of the main goals of the Commission is «to make tangible progress in
stopping the encroachment of artificial sky glow and radio-frequency interference on
major astronomical research facilities». Moreover, there is a Working Group on Dark
and Quiet Skies, which «focuses on the protection of the sky for astronomical
observations at all wavelengths»?%2, The theme of satellite constellations lies in this

area. In the words of Piero Benvenuti:

Il problema della dei satelliti si inquadra nel tema piu generale dell'impatto e

delle interferenze sull'astronomia di tutte le sorgenti artificiali. Prima del 2015

guando non c¢c'erano tutti i nanesemnteprincipate i che ci
era quello provocato dalle cosiddette ALAN, cioe Artificial Light At Night. La
sigaALANsta a indicare proprio | 6ingqguinamento
principalmente si riferisce a luci urbane. Su questo tema, IAU ha da tempo una
commissione, o meglio, c'é un vero e proprio working group che riporta
direttamente all dexecutive committee che si

250 | Christensen, il AU St atement on SAWI3BPLO1I9,t e Constellationso

https://www.iau.org/news/announcements/detail/ann19035/. Retrieved 29 December 2021.

251 | Christensen, fiDar k and IAQuhitps:#ww®.lau.oegfpudblic/darkskiesawareness/
Retrieved 23 December 2021.

252 |, Christensen, i Bner-Division B-C Commission Protection of Existing and Potential
Obser vat olAy, ht®s:/mewsiau.org/science/scientific_bodies/commissions/B7/. Retrieved 29
December 2021.

253 |, Christensen, fiExecutive Committee WG DBUkKk and Qui et

https://www.iau.org/science/scientific_bodies/working groups/286/ Retrieved 23 December 2021.
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|l e ho dett o, guesto tema  affrontato dall

parlare di impatto dei satelliti.

The problem of satellites is part of the more general theme of the impact and
interference on astronomy of all artificial sources. Before 2015 when there were
not all the satellites that there are now, the main pollution was that caused by
the so-called ALAN, i.e., Artificial Light At Night. Indeed, the acronym ALAN
indicates the light pollution from artificial lights and mainly refers to urban lights.
On this issue, IAU has long had a commission, or rather, there is a real working
group that reports directly to the executive committee that deals with this issue.
As | told you, this issue has been addressed by the IAU since before we started

talking about the impact of satellites.

As we said, Piero Benvenuti is an active member of the Executive Committee Working
Group Dark and Quiet Sky Protection?>*, and he is the IAU representative to the United
Nations Committee on the Peaceful Uses of Outer Space?®®. He is a key figure to
understand the relation between the International Astronomical Union and the United
Nations Committee on the Peaceful Uses of Outer Space, and to understand how the
conferences of October 2020 and October 2021 were born. Indeed, regarding satellites
constellations Piero Benvenuti says «io mi sono impegnato sulla parte istituzionale»

(«I have committed myself to the institutional part»).

To address the general issue of impacts and interference of artificial sources to
astronomy, Piero Benvenuti, when he was General Secretary (2015-2018)2%, firstly
contacted the Unites Nations Educational, Scientific and Cultural Organization
(UNESCO). As we said, the International Astronomical Union collaborates with

UNESCO regarding the cultural heritage of astronomy?%7.

Quando sono intervenuto in questo ambito come segretario generale, ho guardato
un po' a quali organismi internazionali ci appoggiavamo come Unione Astronomica

Internazionale per capire con quali potevamo collaborare per avere un aiuto a

2% |, Christensen,iPi er o BdAUvenuti 0,
https://www.iau.org/administration/membership/individual/4012/. Retrieved 6 December 2021.

2551, Christensen, il AU Representatives AW, Ot her Organizationso,
https://www.iau.org/administration/international_org_relations/other organizations/. Retrieved 6

December 2021.

2% |, Christensen,i Pi er o BdAUyvenuti o0,
https://www.iau.org/administration/membership/individual/4012/. Retrieved 6 December 2021.

257 Editorial staff, i Por t al to the HeUNEB@G3e of Astronomyo,
https://wwwg3.astronomicalheritage.net/. Retrieved 23 December 2021.
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difenderci da queste forme di inquinamento luminoso. Fino ad allora i contatti
erano stati con | 6UNESCO, con il qual e contir
cultural heritage del cielo. Cosi, ho preso contatti con UNESCO per capire quali
azioni potevano intraprendere per difendere il cielo e la visibilita del cielo
dall'inquinamento luminoso. Ho appreso che UNESCO non ha giurisdizione sul
cielo e sullo spazio: si occupa solo di quello che sta sulla terra. Per quanto riguarda
quello che sta in cielo, pud definirlo come un valore culturale da mantenere, ma

non puo fare niente di piu.

When | spoke in this area as General Secretary, | have a look at the international
organizations we relied on as the International Astronomical Union to understand
with which we could collaborate to help defend ourselves from these forms of light
pollution. Until then the contacts had been with UNESCO, with which we continue
to collaborate on the cultural heritage part of the sky. So, | contacted UNESCO to
understand what actions they could take to defend the sky and the visibility of the
sky from light pollution. | understood that UNESCO has no jurisdiction over heaven
and space: it only deals with what is on Earth. As for what is in heaven, UNESCO

can define it as a cultural value to be maintained but cannot do anything more.

As a result, Piero Benvenuti, turned to another United Nations office: the United
Nations Office for Outer Space Activities. As we said, since 1995, the International
Astronomical Union is an observer organization at the Committee on the Peaceful

Uses of Outer Space?®2,

Dato che con UNESCO non era possibile portare avanti azioni concrete, mi sono

rivolto a un altro ufficio dell 6ONU: UNOOSA, (
Space Activities, perché tutto sommato il cielo & spazio esteriore. In particolare, mi

sono messo in contatto con il direttore gener
Simonetta Di Pippo.

Since it was not possible to carry out concrete actions with UNESCO, | turned to

another UN office: UNOOSA, which is the United Nations Office for Outer Space

Activities, because all in all the sky is outer space. Particularly, I got in touch with

the Director of the UN office, the Italian Simonetta Di Pippo.

8Editori al staff, ACommi ttee on the Peaicefsud, Uses of
UNOOSA, https://www.unoosa.org/oosa/en/ourwork/copuos/members/copuos-observers.html.
Retrieved 26 December 2021.
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With the Committee on the Peaceful Uses of Outer Space things went the right way,
and in 2017 Piero Benvenuti brought to the attention of the Scientific and Technical

Subcommittee the issue of pollution from man-made sources.

D''accordo con Simonetta di Pippo, nel 2017

da sorgenti artificiali all'attenzione del comitato tecnico-scientifico. A quell'epoca,

pero, i satelliti non costituivano un problema, cioe c'era qualche idea ma non era

po

ancora chiaro quale sarebbe stato | d&6i mpatt o,

enormedisatelit i . Al |l 6epoca, si parlava di sat el
era che sarebbero stati alcuni, ma non una cosa come centomila. Ho presentato e
portato avanti questo problema, chiedendo al comitato di interessarsene e facendo
un po' appello al fatto che I'astronomia non & una disciplina fine a sé stessa, ma e
scienza di base, perché il cosmo e un laboratorio insostituibile e quindi anche loro,
che si occupano di attivita spaziali, dovevano essere coscienti che bisognava
aiut ar e | 0 a s tedire @aimiae tuth gligeffetti gegativi che le attivita
portavano.

In agreement with Simonetta di Pippo, in 2017, | brought the problem of pollution
from artificial sources to the attention of the Scientific and Technical
Subcommittee. At that time, however, satellites were not a problem, and it was not
yet clear what the impact would be, which is mainly due to the huge number of
satellites. At the time, there were only few telecommunications satellites, we
imaged that their number would increase, but not something like a hundred
thousand. | presented and carried out this problem, asking the Subcommittee to
take an interest in it and making a little appeal to the fact that astronomy is not a
discipline for its own sake, but it is basic science, because the cosmos is an
irreplaceable laboratory and therefore they too, who deal with space activities, had
to be aware that it was necessary to help astronomy to progress and eliminate all

the negative effects that the activities brought.

Piero Benvenuti explains that thanks to his efforts, the Committee approved the
organization of a conference to address the problem of the negative impact of artificial

lights and pollution on astronomy.

Con un pod di fatica, s onldilcomitaioshadppravatta c on v i

ti

nc

| 6organizzazione di una conferenza congiunt :

sull 6i mpatto negativo delle attivit”™ arti

un lungo negoziato per trovare dove organizzare la conferenza.
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With a bit of effort, | managed to convince them and in 2017 the committee
approved the organization of a joint conference organized by the UN and IAU on
the negative impact of artificial activities on astronomy. After that, a long

negotiation began to find the place to organize the conference.

Piero Benvenuti tells that at the beginning the candidates were Mexico and Chile. Chile
seemed to be right place, unfortunately for internal reasons Chile abandoned the
project. Finally, the conference took place in Spain as a United Nations event. In the

opinion of Piero Benvenuti, this is a key point:

Di conferenze sulla difesa del cielo ce ne sono state tantissime, anche in Messico,
per esempio, con la collaborazione dellUnesco. A tutte queste conferenze
partecipavano, sostanzialmente, astronomi e astronome e naturalmente erano tutti
d'accordo a difendere il cielo, ma non riuscivano a fare niente di pil che una
dichiarazione, che &€ molto importante, perd rimane pezzo di carta finché non la si
porta a un ente diverso. Quindi la differenza sostanziale di questa conferenza che
stavamo organizzando era proprio il fatto che
Infatti, i risultati della conferenza sarebbero stati portati a un forum internazionale
dove ci sono i cosiddetti policy-makers, cioé persone che riferiscono ai loro
ministeri e quindi possono avere una certa influenza.

There have been many conferences on the defense of the sky, for instance, in
Mexico with the collaboration of UNESCO. All these conferences were attended,
essentially, by astronomers and of course they all agreed to defend the sky.
However, they could not do anything more than a statement, which is very
important, but it remains a piece of paper until you take it to a different level. So,
the substantial difference of this conference that we were organizing was precisely
the fact that we were organizing it with the United Nations. Indeed, the results of
the conference would have been taken to an international forum attended by the
so-called policymakers, that is, people who report to their ministries and therefore

can have some influence

As already remarked, SpaceX launched two test satellite on 22 February 2018 and the

first group of sixty Starlink satellites on 24 May 20192°. While the number of satellites

Editorial staff, nMikpadia,of Starlink | auncheso,
https://en.wikipedia.org/wiki/List_of Starlink launches. Retrieved 3 February 2021.
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was growing, it became clear that this could be a threat to astronomy. Piero Benvenuti

says

Nel frattempo, fra il 2017 e il 2019 & emerso in tutta la sua importanza e rilevanza
il problema dei satelliti e delle costellazioni satellitari con Space X che ha
cominciato a lanciare i propri satelliti con un piano di lanciarne complessivamente
guarantamila.

Meanwhile, between 2017 and 2019 the problem of satellites and satellite
constellations emerged in all its importance and relevance with Space X that began

to launch its satellites with a plan to launch a total of forty thousand.

Consequently, the satellite constellations needed to be part of the conference, and it

happened:

Allora a quel punto, come IAU e come ufficio ONU di Vienna, abbiamo inserito

nelle problematiche da discutere alla conferenza anche i satelliti.

So, at that point, as IAU and as UN office in Vienna, we included satellites in the

issues to be discussed at the conference.

Working with this United Nations office is very important to address the issues out of
the scientific community, and particularly

government. Indeed, Piero Benvenuti says

Nel comitato sono tutti politici, diciamo tecnici-politici: portare queste notizie a
livello di questo comitato significa arrivare a una platea qualificata dal punto di vista
politico costituita da almeno a un centinaio di paesi. E questo ¢é il motivo principale
per cui celiuasth strada. s

All the members of the committee are politicians, let's say technical-political:
bringing these issues to the level of this committee means reaching a qualified
audience from the political point of view consisting of at least a hundred countries.

And this is the main reason why the IAU has chosen this way.

The International Astronomical Union underlined the importance of this way of acting
in some subsequent documents. Particularly, as declared in the press release about
the impact of satellite constellations published on the website on 12 February 2020,
«the IAU will regularly present its findings at the meeting of the UN Committee for
Peaceful Uses of Outer Space (COPUOS) bringing the attention of the world
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Government representatives to the threats posed by any new space initiative on

astronomy and science in general»?®?, Additionally, as we can read in the
announcement about the conference of October 2020, the «involvement of COPUQOS

Is particularly important, since it is the natural international forum through which these
matters should be brought to t he?dntfacteast i on ¢
we will see, the conference was organized in October 2020 by the United Nations

Office for Outer Space Affairs and the Government of Spain, «in endorsement of a

proposal made by the International Astronomical Union»262,

The results of this conference would be presented to the 58" meeting of the Scientific
and Technical Subcommittee of the United Nations Committee on the Peaceful Uses
of Outer Space. Indeed, as we will see the conference produced a report that the
International Astronomical Union considers a «cornerstone of the necessary
international actions to protect the dark and quiet sky»263, Additionally, an executive
summary based on the report was written in the form of a Conference Room Paper,
and this last document was the one to present. When the International Astronomical
Union announced the publication of the Report on 11 January 2021, the announcement

stated

In April 2021, an executive summary of this report will be presented to the United

Nations Science and Technology Sub-Committee (STSC) of the Committee on the
Peaceful Uses of Quter Space (COPUQOS). COPUOS requested this meeting and
the recommendations with the goal of protecting the science of astronomy. The
feedback from the COPUOS STSC will be used to finalise the report, which will
then be presented at the full COPUOS meeting in August 2021.2%4

The way this document was presented is very interesting, and Piero Benvenuti tells

the process as follows

%0 ., Christensen, fiUnderSaaeldinget @enst melAkl2/P/2080ns on As
https://www.iau.org/news/pressreleases/detail/iau2001/. Retrieved 12 December 2021.

%61, Christensen, fAMeeting on the Dark and Quiet Skie:
https://www.iau.org/news/announcements/detail/ann20012/. Retrieved 21 December 2021.

262 |pidem

%63, Christensen, Al AU Launches Call for Proposals f ol
from Satellite Constellation Interferenceo, I AU, 10/ 6
https://www.iau.org/news/announcements/detail/ann21039/. Retrieved 29 December 2021.

%4 . Christensen, fAReport Published Following Worksho,j]

Soci éAUyld/1/2021, https://www.iau.org/news/announcements/detail/ann21002/. Retrieved 21
December 2021.
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Siccome io ho partecipato diversi anni a questi meeting, sapevo come funziona,

allora prima del vero meeting che dura due settimane ed € una cosa complicata,

ho organizzato un incontro informale preliminare. Questo perché il tempo a

di sposi zione durante il meeting  pochissi mo e

aria fritta. L 6 | tredicimhaamenabti, tche asdngoronda @na c i r ¢ a

novantina di paesi, anche se ufficialmente gli stati membri sono meno. Per ogni

stato membr o, | 61 AU ha una persona di riferi
riferimento. Allora, attraverso questa rete di membri nazionali, abbiamo fatto capire

che era importante prendere contatti con le delegazioni che avrebbero partecipato

al 6i ncontro a Vienna per poterle informare pr
avuto un certo successo, perché una trentina di delegazioni hanno ricevuto il

messaggio e si sono attivate. Una settimana pt
organizzato un incontro informale online con questa trentina di delegazioni per

presentare in anticipo quello che avremmo portato a Vienna. Questo ha avuto

molto successo perché alla fine di questa trentina al meeting una ventina ha preso

la parola e nel proprio intervento ha menzionato la rilevanza di queste

raccomandazioni che abbiamo portato. E questo é stato gia un grande successo.

Since | have attended these meetings for several years, | know how it works. So,
before the meeting that lasts two weeks and it is a complicated thing, | organized
a preliminary informal meeting because the time available during the meeting is
very little and if there is no prior preparation it is thin air. The 1AU currently has
about thirteen thousand members, who come from about ninety countries,
although officially the member states are fewer. For each member state, the 1AU
has a contact person or even a reference committee. Then, through this network
of national members, we made it clear to them that it was important to contact the
delegations that would participate in the meeting in Vienna to inform them on the
subject before the meeting. We were successful because about thirty delegations
have received the message. A week before the meeting in Vienna we organized
an informal online meeting with these thirty delegations to present in advance what
we would bring to Vienna. This was very successful because at the end of this
thirty at the meeting about twenty took the floor and in their speech mentioned the
relevance of these recommendations that we brought. And this has already been

a great success.

Since the International Astronomical Union has the observer status in the committee
and subcommittee of the United Nations office. It was decided to ask some member

states to present the Conference Room Paper, as Piero Benvenuti says
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Ad aprile 2021, abbiamo presentato questo Conference Room Paper, ma non lo
abbiamo presentato come IAU: abbiamo deciso di farlo presentare da un certo

numero di delegazioni e con facilita abbiamo trovato il Cile, la Spagna e la

Sl ovacchia, poi a questi si sono aggiunti | a

In April 2021, we presented this Conference Room Paper, but we did not present
it as IAU: we decided to have it presented by some delegations and we easily found

Chile, Spain and Slovakia, then Jordan and Ethiopia.

Finally, the Conference Room Paper was presented by Chile, Ethiopia, Jordan,

Slovakia, Spain and IAU?%%, Piero says that they also tried with the United States:

Avevamo tentato, e sarebbe stato un colpo grosso, di avere anche gli Stati Uniti,

pero & complicato.

We had tried, and it would have been a big shot, to have the United States as well,

but it is complicated.

Indeed, the United States are in a delicate position regarding the satellite
constellations, since one of the main actors is the American SpaceX, whose Starlink
satellites launches are approved by the Federal Communications Commission.
Nevertheless, at the same time, the United States are involved in financial support for
astronomical facilities potentially in danger in the opinion of the International
Astronomical Union. For instance, the National Science Foundation, that is an
independent federal agency?%¢, and the Unites States Department of Energy?%’ support
the Vera Rubin Observatory, that the International Astronomical Union considered in
danger because of the high reflective surfaces of the satellites, as declared in the
statement of 3 June 2019 («Although most of these reflections may be so faint that
they are hard to pick out with the naked eye, they can be detrimental to the sensitive

capabilities of large ground-based astronomical telescopes, including the extreme

265 «United Nations/IAU/Spain Dark and Quiet Skies for Science and Society online workshop, held from
5to 9 October 2020. Recommendations emanating from the workshop regarding satellite constellations,
artificial light at night and radio signals were gathered in a conference room paper submitted by Chile,
Ethiopia, Jordan, Slovakia, Spain and IAU (A/AC.105/C.1/2021/CRP.17)», Report of the Scientific and
Technical Subcommittee on its fifty-eighth session, held in Vienna from 19 to 30 April 2021, UNOOSA,
https://www.unoosa.org/oosa/en/oosadoc/data/documents/2021/aac.105/aac.1051240 0.html
Retrieved 24 December 2021.

%6Editorial staff, MAAbout t N&, MNpst/ivwevmst.dov/dout/.e nc e
Retrieved 24 December 2021.

%"Edi torial st af f USfedartment ef Enefgy, Sci enceo,
https://www.energy.gov/science/office-science. Retrieved 24 December 2021.
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wide-angle survey telescopes currently under construction»?%8). As a result, the United
States did not sign the Conference Room Paper; however, they presented another

document, as Piero Benvenuti says

Dopo una settimana di incontri e negoziati, gli Stati Uniti hanno deciso insieme al
Canada e al Giappone di presentare un altro Conference Room Paper, molto
breve, che semplicemente proponeva che questo tema fosse inserito nella agenda
ufficiale del prossimo meeting. Tuttavia, questa proposta é stata subito bloccata
dalla Russia e dalla Cina, con la scusa che Cina e Russia avevano bisogno di piu

tempo per pensarci.

After a week of meetings and negotiations, the United States decided together with
Canada and Japan to present another Conference Room Paper, very short, which
simply proposed that this issue should be included in the official agenda of the next
meeting. However, this proposal was immediately blocked by Russia and China,

with the excuse that China and Russia needed more time to think about it.

Let us remember that during the meetings of the Committee, decisions are taken in
consensus. As a result, the joint proposal was not approved. However, as Piero

Benvunuti says

I'l Scientific and Technical Subcommittee nel |
Vienna, UNOOSA, assieme a IAU deve continuare a lavorare sul tema, ascoltando
tutte le parti interessate; quindi, sia le compagnie che lanciano i satelliti, sia gli
astronomi, e il prossimo anno deve ritornare al comitato presentando i risultati di

questa discussione

The Scientific and Technical Subcommittee in the final report said that the Vienna
office, UNOOSA, together with IAU must continue to work on the issue, listening
to all stakeholders, so, both the companies that launch the satellites, and the
astronomers, and next year must return to the committee presenting the results of

this discussion.

As we will see, after the online workshop of October 2020, another conference was
planned for October 2021. The following important step was the Committee from 25

August until 3 September 2021. Piero Benvenuti took part to this meeting.

268 | . Christensen, il AU St at ement on PSAI3BPLO1I9,t e Constell ationsbo
https://www.iau.org/news/announcements/detail/ann19035/. Retrieved 29 December 2021.
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Ad agosto ho partecipato al meeting del COPUQS, vero e proprio, e ho relazionato
su quello che era successo nel frattempo, di
conferenza stava procedendo molto bene, che era vero, e ho proposto di nuovo di
portare questo tema al prossimo febbraio sotto un punto in agenda specifico in
pratica riprendendo la proposta di Stati Uniti, Canada e Giappone che era stata
bocciata da Russia e Cina. Naturalmente in tutto questo tempo io non ho fatto altro
che cercare di contattare Russia e Cina.

In August | took part to the COPUOS meeting, and | reported on what had
happened in the meantime, saying that the organization of the conference was
proceeding very well, that it was true, and | proposed again to bring this issue to
next February under a specific agenda point in practice taking up the proposal of
United States, Canada and Japan which had been rejected by Russia and China.
Of course, in all this time | have done nothing but try to contact Russia and China.

It is worth noting that Piero Benvenuti tells all his efforts to reach the goal. Before the
meeting he tried to negotiate with China and Russia. Finally, the proposal was
accepted, and at the session of the Scientific and Technical Subcommittee from 7 to

18 February 2022259 the issue will be discussed.

As we will see, the International Astronomical Union in June 2021 launched a call for
proposals to establish a new Centre for the Protection of the Dark Sky from Satellite
Constellation Interference. In the announcement where the call was presented, the

International Astronomical Union states

269 «The Committee, at its sixty-fourth session, endorsed the recommendation of the Subcommittee in
which it had encouraged the Office for Outer Space Affairs to engage with all relevant stakeholders,
such as the International Astronomical Union (IAU) and others, on the matter of dark and quiet skies as
it related to the mandate of the Committee and its Subcommittees, and to present the outcomes of that
engagement, including findings for furthering the discussion on the matter, to the Subcommittee for
consideration at its fifty-ninth session, in 2022. In that regard, the conference on dark and quiet skies
for science and society to be organized by the Office jointly with the Government of Spain and IAU,
planned to be held in October 2021, could provide input to a focused discussion on opportunities for
international cooperation on the item (A/AC.105/1240, para. 233, and A/76/20, para. 128). The
Subcommittee will have before it a report on the United Nations/Spain/IAU Conference on Dark and
Quiet Skies for Science and Society, held online from 3 to 7 October 2021 (A/AC.105/1255) and a note
by the Secretariat containing a summary of discussions on dark and quiet skies for science and society
(A/JAC.105/1257)» fiAnnotated provisional agendao (A/AC.105/C.1/L.392), UNOOSA,
https://www.unoosa.org/documents/pdf/copuos/stsc/STSC 2022 agenda edited.pdf. Retrieved 24
December 2021.
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The STSC agreed on the relevance and urgency of the issue and has encouraged
UNOOSA, in collaboration with the IAU, to continue the discussion with all

stakeholders and to report its findings to the next STSC meeting in 2022, 270

In addition, it is worth noting that one of the goals of the Centre is to supply
«suggestions for possible international regulations governing LEO satellites to the I1AU

Officers, in support of their pursuing the matter at COPUQOS level»?L,

To sum up, the relation with the United Nations Office for Outer Space Affairs is very
productive, and the International Astronomical Union continuously makes efforts to
address the issues of satellite constellations and pollution from artificial sources at the
UNOOSA level, for the Union believes in the importance of addressing these problems

t o w ogoverdngests.

45 The International Astronomical Union and the Satellite Constellation:

The Conferences

The International Astronomical Union was involved into two conferences with the
Instituto de Astrofisica de Canarias and the United Nations Office for Outer Space
Affairs, along with its Committee on the Peaceful Uses for Outer Space. The first one,
«Dark and Quiet Skies for Science and Society Conference», was held in October
2020. While the second one, «Dark and Quiet Skies for Science and Society I

Conference», was held in October 2021.

The International Astronomical Union expressed its own intentions in planning the first

conference in the press release published on the website on 12 February 2020272 and

210 Christensen, fil AU Launches Cal ICerfreforthe PratqotiorschthesDark $ky
from Satellite ConslaAUel0b/20R1l, on | nterferenceo,
https://www.iau.org/news/announcements/detail/ann21039/. Retrieved 29 December 2021.

271 |bidem

212 «the specific theme of the mega-satellites will be included in the Programme of

the IAU/UNOQOSA/IAC Conference Dark and Quiet Skies for Science and Society, which will be held in
Santa Cruz de La Palma, Canary Islands, Spain, on 5i 8 October 2020.», L. Christensen,

fiUnder standing the I mpact of SalAlg12/2202@ Const el
https://www.iau.org/news/pressreleases/detail/iau2001/. Retrieved 12 December 2021.
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in the theme published on the website on 12 February 2020%73. In these two
conferences, the specific theme of the satellite constellations was included in the

programme.

For both the conferences, there were Local and Scientific Committees. Piero Benvenuti

describes the organization as follows:

Avevamo un Scientific Organizing Committee di una quindicina di persone che

rappresentavano un po' i vari gruppi di AU, perché c'erano i vari chair dei vari

gruppi e altre persone. Poi,c 6era una specie di executive c(
persone, che noichi amavamo Ai fab fiveo, fiThe faboul o
sono il sottoscritto, Connie Walker, Casiana Mufioz Tuién, che e vicedirettrice

del Il 61l stituto NaziJoséM Ralrigdez EshbimosaCchenl'attuale

segretario generale di IAU, e Natha | i e Ricard, che —~ invece | a
Vienna. Il comitato scientifico si riuniva, in avvicinamento alla conferenza, ogni
settimana e co0s3 an c hEontihviaemxaerianirdi dnche@domoo mmi t t e e .

la conferenza.

We had a Scientific Organizing Committee of about fifteen people who represented
the various groups of IAU, because there were the various chairs of the various
groups and other people. Additionally, there was a kind of executive committee of
five people, which we called "the fab five, "The fabulous five". These people are
me, Connie Walker, Casiana Mufioz Tufidn, who is deputy director of the National
Institute of the Canaries, and José M. Rodriguez Espinosa, who is the current
secretary general of the IAU, and Nathalie Ricard, who is working at the UN in
Vienna. The scientific committee met every week in the run-up to the conference,

as did the executive committee. We continue to meet even after the conference.

It is worth noting that both the two conferences were free for participants, and for Piero

Benvenuti there were some journalists too:

Erano aperte a tutti senza spese di iscrizione, perché questa € la politica del'ONU.

C'erano anche giornalisti che seguivano.

213 «The 1AU, the Instituto de Astrofisica de Canarias (IAC) and the United Nations Office for Outer

Space Affairs (UNOQOSA), along with its Committee on the Peaceful Uses of Outer Space (COPUQS),

are planning the four-day Dark and Quiet Skies for Science and Society conference (57 8 October

2020). Topics will include issues like the impact of LEDs and satellite constellations on astronomy as

well as our right to view a starry night sky», L. Christensen, @A Sat el | i t elAQd2122020,l | at i ons
https://www.iau.org/public/themes/satellite-constellations/. Retrieved 15 December 2021.
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They were open to everyone without registration fees, for this is the policy of the

UN. There were also journalists who followed.

The two conferences were promoted on the media of all the organizers. This is very
important to be able to reach people out of the scientific community. The website of

the ONU office was particularly useful in this sense in the opinion of Piero Benvenuti:

C stato fondamentale ripetere gli annunci
sono letti da una audience ampia, non solo dagli astronomi, come i0 mi aspetto

che accada per i sito dell 61 AU. 1 sito
delegazioni del COPUOS e attualmente al COPUOS siedono circa cento
delegazioni, quindi sono circa cento paesi.

It was crucial to repeat the announcements through the UN channels, because

those are read by a wide audience, not just astronomers, as | expect to happen for

the IAU website. The UN website is also followed by all COPUQOS delegations and

currently about hundred delegations sit at COPUQOS, so they are about one

hundred countries.

Now, we briefly discuss the organization and the contents of the two conferences, and
we focus on the communication of them on the media of the International Astronomical

Union.

Dark and Quiet Skies for Science and Society Conference, 2020

The Conference should have been hosted by the Instituto de Astrofisica de Canarias
at Santa Cruz La Palma in Canary Islands (Spain) form 5 to 8 October 2020. However,
following the coronavirus emergency, the conference became an online workshop from
5 to 9 October 2020. More than nine hundred and fifty people took part in the workshop.
In the opinion of Piero Benvenuti, an online workshop instead of a conference in

presence gave the opportunity to a greater number of people to attend the meeting:

Il risultato & stato che invece che avere un centinaio di partecipanti come avremmo
avuto a La Palma in presenza, abbiamo avuto circa novecento sessanta iscritti. Di
fatto, alle sessioni della conferenza in media hanno partecipato tra i trecento e i

quattrocento partecipanti, che € un numero notevole.
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The result was that instead of having a hundred participants as we would have had
in La Palma in presence, we had about nine hundred and sixty members. In fact,
the conference sessions in the average were attended by about three-four hundred

participants, which is a considerable number.

The workshop presented the initial results of the studies of five working groups, the

topics are as follows:

Protection of dark sky oases
Light pollution impact on the bio-environment
Protection of existing and future astronomical observatories

Impact of satellite constellations

o b~ 0N PR

Protection of radio astronomy

As we can see, one of the topics is the specific theme of satellite constellations, which
was discussed on 8 October 2020. Piero Benvenuti really believes that this

organization with the working groups was powerful to deepen all the topics:

L a conferenza online del 2020 N stat a i mpo
organizzata in modo molto diverso dalle conferenze normali e cioé abbiamo messo

in piedi dei gruppi di lavoro divisi in cinque tematiche

The 2020 online conference was very important because we organized it in a very
different way from the normal conferences and that is we set up working groups

divided into five themes

Following the online workshop and the comments received from the participants, the
working groups wrote a long report, published at the beginning of 2021. The report is
a text of two hundred and eighty (280) pages, and it is available online on the website
of the International Astronomical Union?"*. Piero Benvenuti describes this process as

follows:

Il rapporto della conferenza € un librone di duecentottanta pagine, fra di noi lo
chiamiamo fthe booka Questo rapporto € il lavoro di circa ottantacinque scienziati,
che hanno lavorato diversi mesi prima della conferenza e hanno preparato un
primo draft preliminare. Abbiamo distribuito prima della conferenza questo draft e

abbiamo chiesto ai partecipanti di leggerlo. Alla conferenza, infatti, abbiamo

2“Edi torial staff, fAPar&éneedadi 8ociS&igd, for
https://www.iau.org/static/publications/dgskies-book-29-12-20.pdf. Retrieved 21 December 2021.
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presentato i capitoli del lavoro fatto chiedendo ai partecipanti di intervenire. Molti
sono intervenuti online e poi abbiamo dato quindici giorni di tempo per scrivere
commenti e aggiunte sul rapporto. E stato un lavoro fatto molto bene a cui hanno
contribuito moltissimi partecipanti, oltre agli autori iniziali. Il contributo dei
partecipanti & stato molto interessante. Da questo grosso rapporto abbiamo
estratto un executive summary nella forma di un documento da presentare a

Vienna al Scientific and Technical Sub-committee, che prende il nome di

Conference Room Paper. Lo abbiamo presentato

annuale del Scientific and Technical Sub-committee. Questo documento
conteneva per ciascuno di questi cinque temi una serie di raccomandazioni che

sostanzialmente erano le stesse raccomandazioni presentate nel librone. Per ogni

t ema, infatti, ci sono una serie di raccomand:

del | 6i natseurl fl draesrt 2z on o mi a.

The report of the conference is a text of two hundred and eighty pages, between
us we call it "the book". This report is the work of about eighty-five scientists, who
worked several months before the conference and prepared a first preliminary
draft. We distributed this draft before the conference and asked the participants to
read it. At the conference, in fact, we presented the chapters of the work done and
we asked the participants to contribute. Many intervened online and then we gave
fifteen days to write comments and additions on the report. It was a very well-done
job to which many participants contributed, in addition to the authors who initially
prepared the report. The contribution of the participants was very interesting. From
this large report we extracted an executive summary in the form of a document to
be presented in Vienna to the Scientific and Technical Sub-committee, which is
called the Conference Room Paper. We presented it last April at the annual
meeting of the Scientific and Technical Sub-committee. This document contained
for each of these five themes a series of recommendations which were essentially
the same recommendations presented in the booklet. For each topic, in fact, there
are a series of recommendations that aim to decrease the impact of interference

on astronomy.
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Regarding the communication, there exist the conference webpage on the UNOOSA
website?’®, and a dedicate website published by the local organizers?’¢. On the media

of the International Astronomical Union, we find what follows:

- On the website: three (3) announcements
- On Facebook: nine (9) posts
- On Twitter: eight (8) tweets

Website

l. 24 January 2020

ann20003 — Announcement

Subscribe to the AU e-Newsletier.

Tweet

Follow the IAU on social media

About the Announcement

Conference on Dark and Quiet Skies for Science and Society 1d:

ann20003

24 January 2020

The IAU, UNOOSA and the IAC to hold a conference on the protection of the sky for astronomy and human
heritage Images

Click to Enlarge

The International Astronomical Union (IAU), the United Nations Office for Outer Space Affairs (UNOOSA) and the Government

of Spain are announcing a Conference with the provisional titie Dark and Quiet Skies for Science and Society. The event is

foreseen to be hosted by the Institute de Asirofisica de Canarias (IAC) at Santa Cruz La Palma, Canary Islands, Spain from 5

10 8 October 2020. The detailed Programme and logistics information will soon be published on the IAU website, on the website

of the UNOOSA as well as on a dedicated website. This is a “save-the-gate” announcement

Figure 32 - The Announcement about the Conference on Dark and Quiet Skies for Science and Society of October
2020 published on 24 January 2020. Source IAU website?’”.

The image of the announcement is the logo of the International Astronomical Union,
that is a very generic image. The title and the subtitle are clear, and they sum up the

content of the announcement.

The text is made of ninety-six (96) words, and five hundred eighty-five (585) characters

including spaces. The text has only one paragraph.

275 Editorialstaf f , A Dar k and Quiet SkiUMBOSA,or Science and Soci
https://www.unoosa.org/oosa/en/ourwork/psa/schedule/2020/2020 dark_skies.html. Retrieved 29

December 2021.

276 Editorialstaf f , fADar k and Quiet SkiA&AsS for Science and Soci
http://research.iac.es/congreso/quietdarksky2020/pages/home.php. Retrieved 29 December 2021.

217, Christensen, fiConf erence on Dark and Qui Y, Skies for Sci
https://www.iau.org/news/announcements/detail/ann20003/. Retrieved 29 December 2021.
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Theannouncement is defined as a ¢ &% indeed, theh e

announcement just says that the International Astronomical Union, the United Nations
Office for Outer Space Affairs, and the Government of Spain are planning a conference
for October 2020 in Canary Islands, and that the detailed program and the logistic
would be published soon on the IAU website, on UNOOSA website, and on a dedicated
website. In the text, there are three links, which connect the reader to the website of
the organizations involved, which are the International Astronomical Union, the
Committee on the Peaceful Uses of Outer Space, and the Instituto de Astrofisica de

Canatrias.

From this announcement, we have an idea of the topics of the conference only from
its «provisional title»?®, that is, «Dark and Quiet Skies for Science and Society». We

are not able to understand that the topics include satellite constellations.

The text is followed by a More Information paragraph, where the reader can find some
information about the International Astronomical Union. Then, there are five contacts
(Connie Walker, Piero Benvenuti, Nathalie Ricard, Casiana Mufioz Tufidn, Lars

Lindberg Christensen).

Il. 2 April 2020

ann20012 — Announcement

Follow the IAU on social media

About the Announcement

Meeting on Dark and Quiet Skies for Science and Society Id:

ann20012

2 April 2020

The IAU, UNOOSA and the IAC to hold webinar or face-to-face meeting on the protection of the sky for
astronomy and human heritage Images

As previously ounced, the United Nations Office for Outer Spa airs (UNOOSA) and the Government of Spain are
arrammg a meeti mg entitied Dark and or Science and Society, in endorsement of a p 0;)05? made by the

(IAU). event will be hosted by the Instituto de As' e Canarias (IAC). The meeting
is scheduled for 6-9 October and will either be held as an online webinar or, if COVID-19 travel restrictions are lifted, as a face-
to-face meeting in Santa Cruz de La Palma, Canary Islands, Spain. A decision for this will be made in July.

Figure 33 - The Announcement about the Conference on Dark and Quiet Skies for Science and Society of October
2020 published on 2 April 2020. Source: IAU website?8,

278 |pidem

279 |bidem

280, Christensen, fiMeet i ng on the Dark and Qu lAE,2/4/3R0, e s
https://www.iau.org/news/announcements/detail/ann20012/. Retrieved 21 December 2021.
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The image of the announcement is a «global view of Earth's city lights»?!, it is a
«composite assembled from data acquired by the Suomi National Polar-orbiting
Partnership (NPP) satellite mapped over existing NASA Blue Marble imagery of Earth
to provide a realistic view of the planet»?82, The image is coherent with the general

topic of the conference.

The text is made of three hundred and seventy-three (373) words, and two thousand
three hundred sixty-four (2364) characters including spaces. The text has six

paragraphs.

The announcement gives some information about the topics, the purposes, and the
goals of the conference. Additionally, the text gives logistic information about the
conference. In the text, there are three links, which connect the reader to the website
of the organizations involved, one link which connects the user to the previous
announcement, and lastly, one link which connects the user to the dedicated website

of the conference.

Figure 34 - Image of the Announcement published on 2 April 2020. Source: IAU website?83,

281 | Christensen, A The Ear AU, 2/4/2020Ni ght o,
https://www.iau.org/public/images/detail/ann20012a/. Retrieved 21 December 2021.
282 |bidem

283 | Christensen, fiThe Ear IAYH, 2/4/2020Ni ght o,
https://www.iau.org/public/images/detail/ann20012a/. Retrieved 21 December 2021.
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It is clear from this text that satellite constellations are one of the subjects of the

conference:

An additional focus of the meeting in October will be the impact of satellite
constell ati ons theaeveatwil praduc@adgcument éhdt describes
the measures that governments and private enterprises can adopt to mitigate the
negative impact on astronomy of technological developments (e.g., urban lighting,
radio broadcasting and the recent deployment of large satellite constellations),

without diminishing the effectiveness of the services they offer to citizens.?8

It is worth noting that it clearly declares the importance of the involvement of the
Committee on the Peaceful Uses of Outer Space:

The involvement of COPUOS is particularly important, since it is the natural
international forum through which these matters should be brought to the attention

of the worl dé&% government s.

The text is followed by a More Information paragraph, where the reader can find some
information about the International Astronomical Union, the United Nations Office for
Outer Space Affairs, and the Instituto de Astrofisica de Canarias. Then, there are five
contacts (Connie Walker, Piero Benvenuti, Nathalie Ricard, Casiana Mufioz Tufién,
Lars Lindberg Christensen).

. 11 January 2021

The image of the announcement is the cover of the «Dark & Quiet Skies report»28, so
it is very coherent with the content. However, in the reduced dimension of the header
photo of the announcement, the image is not so clearly related to the content of the

announcement.

The text is made of three hundred and eighty (380) words, and two thousand four

hundred forty-four (2444) characters including spaces. The text has five paragraphs.

2841, Christensen, fiMeet i ng on the Dark and Qu lAE,2/4/3R0, e s
https://www.iau.org/news/announcements/detail/ann20012/. Retrieved 21 December 2021.

285 |bidem

26, Christensen, fACover olAU DARKRIL, & Qui et Skies
https://www.iau.org/public/images/detail/ann20012a/. Retrieved 21 December 2021.
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The text announces mainly three topic which are as follows. The report of the online

workshop is available. A new conference is scheduled for autumn 2021 («Conference

i Dar k

and Quiet Skies for

Sci

ence

and Soci et

would be presented to the United Nations Science and Technology Sub-Committee of

the Committee on the Peaceful Uses of Outer Space. In the text, there are five links,

which connect the reader to the website of the organizations involved, of the the

National Science Foundation and of the NOIRLab, one link that connects the reader to

the website of the Committee on the Peaceful Uses of Outer Space, one link which

connects the user to the dedicated website of the conference, one link which connects

the user to report, and lastly, one link which connects to the executive summary.

ann21002 — Announcement

11 January 2021

Report Published Following Workshop on Dark & Quiet Skies
for Science and Society

Click to Entarge

From 5 to 9 October 2020, more than 950 people took part in an online Workshop on Dark and Quiet Skies for Science and
Society. Drawing on this event, a report is now available onfine which describes the impact of human activities on the visibility of
the starry sky and the progress of the science of astronomy. Crucially, the document makes recommendations for actions that
local governments can take to preserve dark and quiet skies. These topics will be explored further in the SATCON2 workshop in
Spring 2021 as well as in an in-person follow-up of the Conference “Dark and Quiet Skies for Science and Society” tentatively
scheduled for next autumn in La Palma, Spain
The report addresses three classes of interference: Artificial Light At Night (ALAN), radio wavelength emission and Low Earth
Orbit (LEO) satellite trails. Incorporating suggestions from participants in the workshop, the report has been prepared by more
than 85 experts organised across five Working Groups. The Working Groups focused on, respectively: Dark Sky Oases, Optical
\ Satellite C and Radio

Each Working Group has made recommendations for steps that can be taken to mitigate the particular effects of the human
activities they focused on. Since many of these activities also have important benefits, such as increased safety thanks to urban
illumination and network connectivity provided by satellites, care has been taken to recommend actions that reduce their
negative impacts without compromising their effectiveness for their original purposes. This is essential for the quick
development and implementation of actions to preserve dark and quiet skies. for both scientific exploration and cultural

Tv

Follow the IAU on social media

[y O

eet

About the Announcement

Id:
ann21002

Images

Figure 35 - The Announcement about the Conference on Dark and Quiet Skies for Science and Society of October
2020 published on 11 January 2021. Source: IAU website?®,

From the text it is clear that the satellite constellations are a topic of the workshop

The report addresses three classes of interference: Artificial Light At Night (ALAN),

radio wavelength emission and Low Earth Orbit (LEO) satellite trails. Incorporating

suggestions from participants in the workshop, the report has been prepared by

more than 85 experts organised across five Working Groups. The Working Groups

focused on, respectively: Dark Sky Oases, Optical Astronomy, Bioenvironment,

Satellite Constellations and Radio Astronomy.

%7, Christensen, fAReport Published

Fol

oOwi

ng Wor ksho,j

Soci éAUyld/1/2021, https://www.iau.org/news/announcements/detail/ann21002/. Retrieved 21
December 2021.
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Each Working Group has made recommendations for steps that can be taken to
mitigate the particular effects of the human activities they focused on. Since many
of these activities also have important benefits, such as increased safety thanks to
urban illumination and network connectivity provided by satellites, care has been
taken to recommend actions that reduce their negative impacts without

compromising their effectiveness for their original purposes.?%

The text is followed by a More Information paragraph, where the reader can find some
information about the International Astronomical Union. Then, there are three links
already present in the text (report, executive summary for UN COPOUS, conference
website), and then there are three contacts (Connie Walker, Piero Benvenuti, Lars

Lindberg Christensen).

\ Jgmes
Firryin o

On-line Workshop

Dark and Quiet Skies
for Science and Society

Report and recommendations

@ 100 @ S

Figure 36 - Image of the Announcement of 11 January 2021. Source: IAU website28,

Facebook

After reading the Facebook contents, we conclude that the satellite constellations are
not mentioned. The topics of the conference are presented in generic way, for instance

«This workshop [é] will facilitate discussio

288 |bidem
291, Christensen, fACover olAU DARKRL & Qui et Skies report
https://www.iau.org/public/images/detail/ann20012a/. Retrieved 21 December 2021
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technological developments»2°9291 from 31 August 2020 and 25 September 2020, and
«As an outcome of this event, a report is now available online, which describes the
impact of human activities on the visibility of the starry sky and the progress of the
science of astronomy»2°2 from 11 January 2021. The images used are the same as
the announcements on the website in the first three post and for the last one. Instead,
for the others, there is the image used to promote the event on the conference website

t00293,

l. 24 January 2020

The International Astronomical Union

TAU 4 January 2020 @
#lAUnews Save the date: the conference "Dark and Quiet Skies for Science and Society" will take place in Santa Cruz
de Canarias, Spain from 5 to 8 October 2020, organised by The International Astronomical Union, United Nations
Office for Outer Space Affairs (UNOOSA) and IAC - Instituto de Astrofisica de Canarias
Credit; IAU
O0W 1 11 sha

Figure 37 - Post on the IAU Facebook page about the meeting of 2020 published on 24 January 2020. Source:
IAU Facebook page?®*.

290]AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14173133617
93214. Retrieved 22 December 2021.

291 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14639824704
59636. Retrieved 22 December 2021.

292 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/15567017945
21036. Retrieved 22 December 2021.

298 Editorialstaf f , fADar k and Quiet SkiA&AsS for Science and Soci
http://research.iac.es/congreso/quietdarksky2020/pages/home.php. Retrieved 29 December 2021.

294 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/12628062439
10594. Retrieved 22 December 2021.
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. 30 January 2020

The International Astronomical Union @
30 January 2020 - Q

AUnews Conference on Dark and Quiet Skies for Science and Society.

ANAS IRT1 O fmawe/annotlin monte/AdAataill /ann 20002/
ww.iau.org/news/announcements/detail/ann20003,

Figure 38 - Post on the IAU Facebook page about the meeting of 2020 published on 30 January 2020. Source:
IAU Facebook page?®.

[l. 2 April 2020

The International Astronomical Union
1AU .
April \i

#1AUNews As previously announced, United Nations Office for Outer Space Affairs (UNOOSA) and the Government

ng entitled Dark and Quiet Skies tor Science and Society, in endorsement of a

pro osal made by the ""'—f‘ nat "'V:ﬂ Astron pmical Unior - The event w De hosted Dy |AC " |I\Stltu(0 de
Astrofisica de Canarias

The meeting is scheduled for 6-9 October and will either be held as an online webin

Credit: NASA's Earth Observatory/NO
©0 v

Figure 39 - Post on the IAU Facebook page about the meeting of 2020 published on 2 April 2020. Source: 1AU
Facebook page?.

295 |AU OAO, https://www.facebook.com/InternationalAstronomicalUnion/posts/1267278006796751.
Retrieved 22 December 2021.

2% |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/13171792851
39956. Retrieved 22 December 2021.
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V. 26 April 2020

The International Astronomical Union
26 April 2020 - O

cience and Society" meeting is scheduled for 6-9 October 2020 and will

allow, as a face-to-face meeting in Canary Islands, Spain

Figure 40 - Post on the IAU Facebook page about the meeting of 2020 published on 26 April 2020. Source: IAU
Facebook page?®”.

V. 3 August 2020

Dark and Quiet SkiesSs
| nce and Sociely “ 4

The International Astronomical Union
AU 3 August 2020- @

#lAUmeeting The “Dark and Quiet Skies for Science and Society" workshop will be held online from 5-9 October
2020. A face-to-face conference in Spain is planned for April 2021. The workshop and conference are being
organised by The International Astronomical Union, United Nations Office for Outer Space Affairs (UNOOSA), and
IAC - Instituto de Astrofisica de Canarias

Learn more here: htt W faoW MWV(

O

Figure 41 - Post on the IAU Facebook page about the meeting of 2020 published on 3 August 2020. Source: IAU
Facebook page?®.

297 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/13359601099
28540/. Retrieved 22 December 2021.

298 |[AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14173133617
93214. Retrieved 22 December 2021.
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VI. 31 August 2020

DARK

w - & QUIET
Dark and Quiet S)/klf?;_sﬁs SKIES

2

iet

The International Astronomical Union
Al s
31 August 2020 - Y

#|AUmeeting Registration for the “Dark and Quiet Skies for Science and Society” workshop closes in a month on 30
September 2020. This workshop, organised by The International Astronomical Union United Nations Office for
Outer Space Affairs (UNOOSA) and IAC - Instituto de Astrofisica de Canarias, will facilitate discussion to protect the
night sky while supporting technological developments

Learn more here: http://ow.ly/pKOW50AMYc2
©0 20

Figure 42 - Post on the IAU Facebook page about the meeting of 2020 published on 31 August 2020. Source: IAU
Facebook page?®°.

VIl. 25 September 2020

DARK

‘ 5
Dark and Quiet SKiESSs SﬂIEEST

The International Astronomical Union
25 September 2020 - @

TAU

#lAUmeeting Registration for the "Dark and Quiet Skies for Science and Society" workshop closes on 30 September
2020.

This workshop, organised by The International Astronomical Union, United Nations Office for Outer Space Affairs
UNOOSA) and IAC - Instituto de Astrofisica de Canarias will facilitate discussion to protect the night sky while

supporting technological developments
Learn more here: htty w.ly M250Bbchk
00 A

Figure 43 - Post on the 1AU Facebook page about the meeting of 2020 published on 25 September 2020. Source:
IAU Facebook page®®.

299 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14419281793
31732. Retrieved 22 December 2021.

300 |JAU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14639824704
59636. Retrieved 22 December 2021.
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VIIl. 13 October 2020

DARK

_ _ i : & Quier
Dark and Qweﬁ %k',esq % SKIES

A The International Astronomical Union
)

October 2020 - @

Recordings of the Dark and Quiet Skies Workshop, held with the United Nations Office for Outer Space Affairs and
the Government of Spain, have been posted on the @UNOOSA Youtube page

Watch here: htty

#DarkSkies4All #lAUcommission #DarkandQuietSkies

Q0% 1

Figure 44 - Post on the IAU Facebook page about the meeting of 2020 published on 13 October 2020. Source:
IAU Facebook page®L.

IX. 11 January 2021

A

-
b o
On-line Workshop

Dark and Quiet Skies
for Science and Society

Report and recommendations

. a0 ©

The International Astronomical Union

YAS 11 January 2021 9

#lAUnews From 5-9 October 2020, more than 950 people took part in an online
for Science and S

p on Dark and Quiet Skies

escribes the impact of

human activities on the visibility of the starry sk

Image credit: UNOOSA/ The International Astronomical Union

O 1

Figure 45 - Post on the IAU Facebook page about the meeting of 2020 published on 11 January 2021. Source:
IAU Facebook page3°?,

301 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/14807697421
14242. Retrieved 22 December 2021.

302 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/15567017945
21036. Retrieved 22 December 2021.
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Twitter

Once again, we find that the satellite constellations are not mentioned. The topics of
the conference are presented in generic way, for instance «a webinar or face-to-face
meeting on the protection of the sky for astronomy and human heritage» from 2 April
2020, and «The workshop will facilitate discussion to protect the night sky while
supporting technological developments» from 25 September 2020. The images used
are the same as the announcements on the website in the first three post and for the
last one. Instead, for the others, there is the image used to promote the event on the

conference website too.

l. 24 January 2020 Il. 26 April 2020

Astro Union @
Astro Union § Al GiaUorg
U @iAuorg

The "Dark and Quiet Skies for Science and
Society” meeting is scheduled for 6-9 October 2020

#|AUnews Save the date: the conference "Dark and and will either be held online or, if safety measures
Quiet Skies for Science and Society” will take place in allow, as a face-to-face meeting in Canary Islands,
3 < 2 < Spain. B

Santa Cruz de Cangnas. Spain from 5 to 8 October C”:dh: NASA's Earth Observatory/NOAA/DOD

2020. socs otQa

Credit: IAU

7Re 2Q T 14

Figure 47 - Tweet on the IAU Twitter account about

Figure 46 1 Tweet on the IAU Twitter account about the meeting of 2020 published on 26 April 2020.
the meeting of 2020 published on 24 January 2020. Source: IAU Twitter account3%4,

Source: AU Twitter account303,

303 |AU OAO, https:/twitter.com/IAU org/status/1220709116940816386. Retrieved 22 December
2021.
304 |JAU OAQO, https://twitter.com/IAU org/status/1254364749036388352. Retrieved 22 December
2021.
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1. 3 August 2020

Astro Union @
@IAU org

TAU

#lAUmeeting The "Dark and Quiet Skies for Science
and Society” workshop will be held online from 5-9
October 2020. The workshop is being organised by

@IAU_org, @UNOOSA and @IAC_Astrofisica.

Learn more here: ow.ly/W3bR50AMVHL

Figure 48 - Tweet on the IAU Twitter account about
the meeting of 2020 published on 3 August 2020.
Source: IAU Twitter account3%s,

V. 25 September 2020

g Astro Union @

¥ PIAU org

#|AUmeeting Registration for the "Dark and Quiet
Skies for Science and Society" workshop closes on 30
September.

The workshop will facilitate discussion to protect the
night sky while supporting technological
developments.

Learn more here: ow.ly/t1S150Bbcju

iet Skies’
;

Figure 50 - Tweet on the IAU Twitter account about
the meeting of 2020 published on 25 September
2020. Source: IAU Twitter account3”.

305 |JAU OAO,
https://twitter.com/IAU_org/status/1290266179
873865733. Retrieved 22 December 2021.

306 |JAU OAO,

https://twitter.com/IAU org/status/1300413041
914400770. Retrieved 22 December 2021.

V. 31 August 2020

Astro Union @

@IAU_ org

AU

#|AUmeeting Registration for the "Dark and Quiet
Skies for Science and Society" workshop is open until
30 September 2020. The workshop is being organised
by @IAU_org, @UNOOSA and @IAC_Astrofisica.

Learn more here: research.iac.es/congreso/quiet...

2:40 PM - Aug 31, 2020 - Hootsuite Inc.

13 Retweets 24 Likes

Figure 49 - Tweet on the IAU Twitter account about
the meeting of 2020 published on 31 August 2020.
Source: IAU Twitter account3,

VI. 13 October 2020

Astro Union @

AU

Recordings of the # andQuietSkies Workshop,
held with the @UNOOSA and the Government of
Spain, have been posted online

Watch here: ow.ly/C8Yn50

o

#DarkSkies4All #lAUcommission #DarkandQuietSkies

Figure 51 - Tweet on the IAU Twitter account about
the meeting of 2020 published on 13 October 2020.
Source: IAU Twitter account38,

307 |JAU OAO,

https://twitter.com/IAU _org/status/1309360743
951863810. Retrieved 22 December 2021.

308 |AU OAO,
https://twitter.com/IAU_org/status/1316008376

984383489. Retrieved 22 December 2021.
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VIl. 11 January 2021

S5

#lAUnews From 5-9 October 2020, more than 950
people took part in an online Workshop on Dark and
Quiet Skies for Science and Society. As an outcome of
this event. a report is now available online.

Credit: UNOOSA/ @IAU org

o.uk/NnxHI

Ricpin. e

On-line Workshop

Dark and Quiet Skies
for Science and Society

Report and recommendations

@, AU © 0"

8 Retaccts 4 Quote Tavets 35 Lins

Figure 52 - Tweet on the IAU Twitter account about the meeting of 2020 published on 11 January 2021. Source:
IAU Twitter account®%°,

Dark and Quiet Skies for Science and Society Il Conference, 2021

The Conference should have been both on-line and in presence, hosted by the Instituto
de Astrofisica de Canarias at Santa Cruz La Palma in Canary Islands (Spain) from 3
to 7 October 2021. The in-presence attendance was limited to one hundred and fifty
(150) participants due to the coronavirus emergency. However, due to the volcano
eruption in La Palma, the conference changed into an on-line event. The conference
focused on the implementation of the recommendations drawn up during the online

workshop of October 2020, as Piero Benvenuti says:

Mentre la prima conferenza ha stilato delle raccomandazioni, dicendo per

esempio i satelliti non dovrebbero essere lanciati a un'altezza superiore ai

309 |JAU OAQO, https://twitter.com/IAU org/status/1348606343989645313. Retrieved 22 December
2021.
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seicento chilometri o non dovrebbero avere una luminosita superiore alla
settima magnitudine3° e cosi via. L'obiettivo di questa seconda conferenza
era di discutere quanto facile, quanto difficile fosse implementare queste

raccomandazioni.

While the first conference drew up recommendations, saying for example
that satellites should not be launched at a height of more than six hundred
kilometers or should not have a brightness greater than the seventh
magnitude3!!, and so on. The goal of this second conference was to discuss

how easy, or how difficult it was to implement these recommendations.
The main topics of the conference were:

1. ALAN, Artificial Light at Night
2. Satellite Constellations

3. Radio Astronomy

One of the topics is the specific theme of satellite constellations, which was mainly
discussed on 5 and 6 October 2021. Piero Benvenuti believes that the conference went

well:

La conferenza ha avuto un grande successo, nel senso che gli interventi sono stati

veramente molto molto buoni.

The conference was a great success, in the sense that the speeches were really

very very good.

Regarding the communication, there exist the conference webpage on the UNOOSA
website®'?, and a dedicate website published by the local organizers®'3. On the media

of the International Astronomical Union, we find what follows:

- On the website: one (1) announcement
- On Facebook: eight (8) posts
- On Twitter: eight (8) tweets

810 The magnitude is a measure of the brightness of an object.

311 The magnitude is a measure of the brightness of an object.

312 Editorialstaf f , fADar k and Qui et SkiUNBOSA,or Science and Soci
https://www.unoosa.org/oosa/en/ourwork/psa/schedule/2021/2021 dark_skies.html. Retrieved 22

December 2021.

SBEdi torial staff, ADar k a%dciQuitA®tl ISk, es for Science
http://research.iac.es/congreso/quietdarksky2021/pages/home.php. Retrieved 22 December 2021.
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Website

l. 23 June 2021

ann21043 — Announcement

Subscribe fo the AU e-Newsletier.

Tweet

Follow the AU on social media

About the Announcement

23 June 2021 ‘d;nn21043
Dark and Quiet Skies for Science and Society Il Conference —

Click to Enlarge

The UN Office of Quter Space Affairs, IAC, and the IAU are pleased to announce the Conference, Dark and Quiet Skies for
Science and Society 11, which will take place from 3—7 October 2021 in La Paima (Canary Islands, Spain). The Conference
follows the online Workshop (with the same title), that took place last October. This time the Conference will focus on the

implementation of the recommendations made by the Workshop in its comprehensive Report. Due to persisting COVID-19

restrictions, the in-person attendance will be limited to 150 participants. However, online attendance will also be provided in
streaming mode No Conference far is foresern The kev deadlines are as follows: DB Imana ian uh

Figure 53 - The Announcement about the Conference on Dark and Quiet Skies for Science and Society of October
2021 published on 23 June 2021. Source: IAU website314,

The image of the announcement is the logo of the International Astronomical Union,
and it is a very generic image. The title is concise and clear, and it makes the reader

able to understand the topic of the announcement.

The text is made of two hundred and four (204) words, and one thousand two hundred
sixty-nine (1269) characters including spaces. The text is divided into three

paragraphs.

The announcement gives information about the organizers and the purposes of the

conference.

The UN Office of Outer Space Affairs, IAC, and the IAU are pleased to announce
the Conference, Dark and Quiet Skies for Science and Society I, which will take
place from 3i7 October 2021 in La Palma (Canary Islands, Spain). The
Conference follows the online Workshop (with the same title), that took place last
October. This time the Conference will focus on the implementation of the

recommendations made by the Workshop in its comprehensive Report.31®

814 L, Christensen, fiDar k and Quiet Ski elsllAl),@36/2R¢i ence and Soci e
https://www.iau.org/news/announcements/detail/ann21043/. Retrieved 29 December 2021.
315 |bidem
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Additionally, there are some logistic information, and the key deadlines to propose
abstracts and to attend the conference. In the text, there are five links, which connect
the reader to the other websites for registration and for more information about the
conference, and one link which connects the reader to the report of the workshop of
2020. The text is followed by a More Information paragraph, where the reader can find
some information about the International Astronomical Union. Then, there are five
contacts (Connie Walker, Piero Benvenuti, Nathalie Ricard, Casiana Mufioz Tufidn,
Lars Lindberg Christensen).

Reading this announcement, we have no idea about the specific topics the conference
intended to cover. Particularly, we are not able to understand if the topics would include
satellite constellations.

Facebook

In these posts, the topics of the conference are presented in very generic way only
through the title of the conference in the first two posts (17 and 24 June 2021). Then,
in the following five posts (1 and 14 July, 12 August, 14 and 28 September 2021), the
reader can understand a little bit more looking at the image of the posts, where the
subtitle states «Implementing the recommendations». The images used are the old
cover photo of the previous conference, the IAU logo, as in the announcement on the
website, the new cover photo of the conference, and the conference poster. The image
of the last post of 3 October 2021 is the conference poster, where one can read more
about the conference. Particularly, there are the three main topics, and a short
summarizing text, where different colours are used to stress different parts of the text
(Figure 54).

In all the posts there is a link to the announcement of 23 June 2021 on the website of
the International Astronomical Union or to the conference webpage. In the first post of
17 June 2021, there is the hashtag #DarkSkies4All, that is like a slogan related to the
content of the conference. Instead, in the other posts, the hashtags are very generic
(#lIAUnews, #lAUmeetings). The other institutions involved are tagged only in the

second post of 24 June 2021.
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After reading these posts, we conclude that the satellite constellations are mentioned

only in the image of the last post of 3 October 2021, that is the conference poster316,

T 15 URGENT PROTECTING HUMANTY S RGHT T0 ACCESS AN UNPOLLUTED NIGHT SKY. BOTH FOR 115
CULTURAL VALLE AND FOR THE PROGRESS OF SCENCE. N THE MEETING THE UNITED NATIONS (FFICE FOR

Qure SPACE ArFAIRS (UNOOSA), THE GOVERNMENT OF SPAIN AND THE INTERNATIONAL ASTRONOMICAL
UNion (IAU) HAVE BROUGHT TOGETHER SCENTISTS FROM ALL OVER THE WORLD T0 DEMONSTRATE THAT
TECHNOLOGICAL DEVELOPMENT AND THE PRESERVATION OF DARK SKIES CAN COEXIST.

Figure 54 - Text of the conference poster of October 2021, detail. Source: IAU Facebook page3'’.

l. 17 June 2021

DARK

5ark and ool & QuIET
Dark an Quyef‘;..; 'ﬁ’fﬁ‘ SKIES

The International Astronomical Union

17 June 2021 Q

#DarkSkies4All Registration is open for the next "Conference on Dark & Quiet Skies for Science & Society", hosted
between the IAU, UN, and Spain. The meeting will be held on Santa Cruz de la Palma, Canary Islands, Spain, from 3-7
Oct 2021

TAU

Reqister here

Os

Figure 55 - Post on the IAU Facebook page about the meeting of 2021 published on 17 June 2021. Source: I1AU
Facebook page318,

SEdi tori al staff, ADark and QuietlAGki es for Science
http://research.iac.es/congreso/quietdarksky2021/pages/conference-poster.php. Retrieved 22

December 2021.

317 |JAU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/17444693890

77608. Retrieved 22 December 2021.

318 |JAU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/16695161165

72936. Retrieved 22 December 2021.
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. 24 June 2021

The International Astronomical

Union

24 June 2021 &

#lAUnews United Nations Office for Quter
Space Affairs (UNOOSA) , IAC - Instituto de
Astrofisica de Canarias , and the IAU are pleased
to announce the Conference, Dark and Quiet
Skies for Science and Society II, which will take
place from 3-7 October 2021 in La Palma (Canary
Islands, Spain).

The key deadlines are as follows:

15 July 2021 — Deadline to propose an abstract
and to apply for financial support to travel

30 July 2021 — Notification of abstracts selection
and of award of travel grants

15 August 2021 — Registration deadline for
those attending in person at La Palma

15 September 2021 — Registration deadline for
those attending online

Read more: http://orlo.uk/3jDag

Image credit: The International Astronomical
Union See less

_ 0 . e

Figure 56 - Post on the IAU Facebook page about the meeting of 2021 published on 24 June 2021. Source: I1AU
Facebook page3®.

TAY

. 1July 2021

The International Astronomical Union
1July 2021- &

TAU

#lAUmeetings Abstracts and requests for financial support to the "Dark and Quiet Skies for Science and Society II"
conference must be submitted by 15 July 2021.

The conference will be online and in La Palma, Spain from 3-7 October 2021.
Learn more here: http://ow FrnmJK

Figure 57 - Post on the IAU Facebook page about the meeting of 2021 published on 1 July 2021. Source: IAU
Facebook page3?,

319 |JAU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/16741559727
75617. Retrieved 22 December 2021.

320 |JAU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/16792062822
70586/. Retrieved 22 December 2021.
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V. 14 July 2021

The International Astronomical Union
14 July 2021- @
#|AUmeetings Tomorrow 15 July 2021

‘Dark and Quiet Skies for Science and Society 11" conference.

t day to submit abstracts and requests for financial support to the

The conference will take place online and in La Palma, Spain from 3-7 October 2021

Learn more here: htt

[+

Figure 58 - Post on the IAU Facebook page about the meeting of 2021 published on 14 July 2021. Source: |IAU
Facebook page®?!.

V. 12 August 2021

The International Astronomical Union
12 August 2021 - Q3

1AU

#lAUmeetings For those attending in person at La Palma, 15 August is the last day to register to the "Dark and Quiet
Skies for Science and Society II" conference. The conference will take place online and in La Palma, Spain from 3-7
Oct, 2021

w.ly/HzRH50FHWh
o 2 1 share

Figure 59 - Post on the IAU Facebook page about the meeting of 2021 published on 12 August 2021. Source: IAU
Facebook page®??.

321 |JAU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/16882659380
31287/. Retrieved 22 December 2021.

322 |JAU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/17083321460
24666/. Retrieved 22 December 2021.
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VI. 14 September 2021

VA The International Astronomical Union
U

14 September 2021 - Q
#|AUmeetings Registration deadline for attending online is tomorrow, 15 August. The conference “"Dark and Quiet
Skies for Science and Society II" will take place online and in La Palma, Spain from 3-7 October 2021
'RH
O hare:

Figure 60 - Post on the IAU Facebook page about the meeting of 2021 published on 14 September 2021. Source:
IAU Facebook page®?.

VIl. 28 September 2021

The International Astronomical Union

AU 58 september 2021 @

ircumstances at La Palma, the

line from 3-7 October 2021.

#|AUmeetings Given the growing need for re

conference “"Dark and Quiet Skies for Scie! clusively

w.ly/Hzf
00 1

Figure 61 - Post on the IAU Facebook page about the meeting of 2021 published on 28 September 2021. Source:
IAU Facebook page®?*.

323 |JAU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/17311694804
07599/. Retrieved 22 December 2021.

324 |AU OAO,
https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/17411210894
12438/. Retrieved 22 December 2021.
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VIll. 3 October 2021

The International Astronomical Union

AU 3 Gctober 2021 )
#|AUmeetings Starts today! The "Dark and Quiet Skies for Science and Society from 3 to 8 October 2021
This conference will be held exclusively online
©0

Figure 62 - Post on the IAU Facebook page about the meeting of 2021 published on 3 October 2021. Source: IAU
Facebook page®?.

Twitter

After reading these tweets, we find exactly the same results as on Facebook. So, we
conclude that the satellite constellations are mentioned only in the image of the last

tweet of 3 October 2021, that is the conference poster3?¢, here too.

325 |JAU OAO,

https://www.facebook.com/InternationalAstronomicalUnion/photos/a.241077392750156/17444693890

77608. Retrieved 22 December 2021.

S6Edi t or i alr ks taanfdf ,Quiilet Skies for 9A&GC ence and Society
http://research.iac.es/congreso/quietdarksky2021/pages/conference-poster.php. Retrieved 22

December 2021.
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l. 17 June 2021

Figure 63 - Tweet on the IAU Twitter account about
the meeting of 2021 published on 17 June 2021.
Source: IAU Twitter account®?”,

. 24 June 2021

Figure 64 - Tweet on the IAU Twitter account about
the meeting of 2021 published on 24 June 2021.
Source: IAU Twitter account®?8.

327 |JAU OAO,
https://twitter.com/IAU _org/status/1405526335

754145801 . Retrieved 22 December 2021.
328 |JAU OAO,
https://twitter.com/IAU org/status/1407978627

996786690 Retrieved 22 December 2021.

[I. 1 July 2021

Figure 65 - Tweet on the IAU Twitter account about
the meeting of 2021 published on 1 July 2021.
Source: IAU Twitter account3?°,

IV. 14 July 2021

Figure 66 - Tweet on the IAU Twitter account about
the meeting of 2021 published on 14 July 2021.
Source: IAU Twitter account30,

329 |AU OAO,

https://twitter.com/IAU _org/status/1410555056
257126400 Retrieved 22 December 2021.

330 |JAU OAO,
https://twitter.com/IAU_org/status/1415256018
767040512 Retrieved 22 December 2021.
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