




































































































































































































































































The odds of seeing any particular auroral display are similarly decreased as the night-sky background
brightens. This phenomenon is readily evident to aurora watchers impacted by the presence of
moonlight, which even at relatively small lunar phases can quickly wash out faint auroral displays and
those that are close to the horizon. Fainter aurorae (International Brightness Coefficients® | and Il)

have surface brightnesses comparable to that of airglow, and thus would be rendered invisible under a
modest amount of sky brightness from any source. If the background were routinely elevated, whether
from terrestrial skyglow or the diffuse glow of space objects, it would sharply reduce the potential to see
the aurorae at moderately high northern/southern latitudes, reducing the number of nights a year when
the phenomenon might be visible.

Figure 2. Starlink trails from objects deployed during Flight 6 are seen in this panoramic view of the night sky. Photo by Mike Lewinski,
licensed under CC BY 2.0.

2.4. Other skywatchers and broad implications

This type of stakeholder may not have any specific scientific, cultural, hobby-related or religious
connection to the night sky. They may not engage in astrotourism or participate in amateur astronomy,

19 A classification system introduced by Seaton, M. J. (1954) Excitation processes in the aurora and airglow 1. Absolute intensities,
relative ultra-violet intensities and electron densities in high latitude aurorae. Journal of Atmospheric and Terrestrial Physics, 4(6), 285, https://
dol.org/10.1016/0021-9169(54)90060-4 and extended in Hunten, D. M. (1955) Some photometric observations of auroral spectra. Journal of
Atmospheric and Terrestrial Physics, 7, 141, https://doi.org/10.1016/0021-9169(55)90121-5.
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but they think of access to the night sky as something that adds value to their lives and may contribute
positively to their overall sense of wellbeing.?’ They don't necessarily have any equipment to view the
night sky, and typically do so with their unaided eyes. And they may have a sense that what makes

the night sky special is that it is (literally) above Earthly concerns and that the value they perceive is
independent of whether they understand any of it. In that way, its value is largely aesthetic, like visual art.
Butitisn’t seen as a luxury or a frivolity; research suggests that people are willing to exchange things of
value for access to nighttime darkness.?

What we all stand to lose as the night sky brightens around the world is the initial attachment to these
ideas; in other words, if people never experience something first hand, it is less likely that they will
assign it value, much less take any action to protect it when threatened.?? In the case of both terrestrial
light pollution and enhanced night-sky brightness attributable to space objects, viewers may see an
unwelcome reminder of the extent to which humans have modified and transformed Earth, often for the
worse. Although spotting individual satellites or the International Space Station can be entertaining or
inspiring to some viewers, a steady stream of swarming artificial lights in the night sky diminishes the
experience by making them routine or even perhaps annoying. A future transformation of the night sky
in this way threatens to fundamentally rewrite the story of the relationship between humanity and the
night sky, yet there has been virtually no outreach to this global community of night sky stakeholders.
Often these communities are invisible to policymakers and have no seat at the tables around which
policy decisions are made affecting the night sky; some authors have suggested that this amounts to a
form of “astrocolonialism,”? while others have labeled it “cultural genocide”.*

That this concern exists, requiring the attention of stakeholders through events like SATCON2, begs

the question of who should bear the burdens associated with this fundamental paradigm shift in our
approach to the use of orbital space near Earth. These are not old issues on newly expanded scales;
rather, they are entirely new uses of near-Earth space whose scope and consequences we have barely
begun to understand. Most launches now take place from US territory and are thus governed by US law
and space policy; however, communities impacted by private commercial activities in space are being
told to accept the consequences of these activities while the industry carrying them out faces a weak
regulatory environment in the same regard. For example, it is arguable that a significant burden has
already been placed on astrophotographers, whose work is adversely affected after the launch of only a
few percent of the planned total of nearly 100,000 objects in LEO this decade.

It is clear at this point in time that we do not have a full accounting for all of the known and potential
harms associated with a vast increase in the number of LEO satellites expected in the 2020s. It may be
further argued that the current international space policy framework is inadequate to address these
concerns, and combined with the advent of low-cost commercial launches it has led to a sense in which

20 For one well-studied example, see Blair, A. (2016). Sark in the Dark: Wellbeing and Community on the Dark Sky Island of Sark. Sophia
Centre Press. http://sophia-project.net/SophiaProjectNews/issues/2016-voll10-sark-in-dark.php. .

21 Simpson, S. N., &Hanna, B. G. (2010). Willingness to pay for a clear night sky: use of the contingent valuation method. Applied
Economics Letters, 17(11), 1095, https://doi.org/10.1080/00036840902817508.

22 Amel, E., et al. (2017). Beyond the roots of human inaction: Fostering collective effort toward ecosystem conservation. Science,
356(6335), 275, https://doi.org/10.1126/science.aal1931.

23 SpaceX’s Satellite Megaconstellations Are Astrocolonialism, Indigenous Advocates Say, Vice, 5 October 2021 (https:/www.vice.com/
en/article/k78mnz/spacexs-satellite-megaconstellations-are-astrocolonialism-indigenous-advocates-say)

24 Hamacher, D.W.,, de Napoli, K. & Mott, B. Whitening the Sky: light pollution as a form of cultural genocide, arXiv:2001.11527 (10
January 2020)
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near-Earth space is the new Wild West where the priority of access is determined by who is the first to
arrive. To the extent that near-Earth space represents a kind of commons, as implied by the language

of the OST?, there is now a strong possibility of a tragedy of that commons in which individual users of
that space, unhindered by social strictures or meaningful international regulation, simply act in their
own self-interest and diminish the resource through their largely uncoordinated activities.? Debate

over the nature of this commons and the sustainability of its use has fragmented the participants into
idealist and conformist factions?, further muddying the waters as we collectively search for some kind
of fair and amicable agreement on the shared use of the resource of near-Earth space. However, all sides
seek regulatory clarity and certainty, which seems to be the best hope for achieving some kind of
consensus moving forward.

25 Resolution adopted by the United Nations General Assembly, 2222 (XXI). 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/outerspacetreaty.html)

26 See, e.g., Hardin, G. (1968), The Tragedy of the Commons. Science. 162 (3859): 1243, https://doi.org/10.1126/science.162.3859.1243.

27 Verstegen, S. & Hanekamp, J. (2005), The sustainability debate: Idealism versus conformism—the controversy over economic growth,
Globalizations, 2 (3): 349

90


https://noirlab.edu/satcon2/
https://noirlab.edu/satcon2/
http://space-track.org

3. Survey of the Amateur Astronomy
Community Regarding Impacts of Satellite
Constellations

The primary authors of this section are:

Douglas N. Arion, PhD

Executive Director, Mountains of Stars

Professor Emeritus, Carthage College

Lifetime member, International Dark Sky Association

Member, Light Pollution, Radio Interference, and Space Debris Committee, American
Astronomical Society

Kristine Larsen, PhD

Secretary and Past President, AAVSO

Board of Trustees, Springfield Telescope Makers
Editor, Astronomical League Reflector magazine
Professor, Central Connecticut State University

The members/attendees of the Amateur Astronomy Subgroup are:

Rick Gering (Naperville (IL) Astronomical Association, USA)
Stella Kafka (American Association of Variable Star Observers, USA)

3.1. Overview

Our working group pursued input from as wide a range of constituencies as possible regarding their
views about the impact of large satellite constellations. This report summarizes information gleaned
from the amateur astronomy community. As this is an international community, it seemed best to utilize
a survey that could be broadly disseminated across the world, relatively rapidly accumulate information
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that could be analyzed, and provide quantitative and open-ended qualitative information on viewpoints
and attitudes.

3.2. Data Collection

A survey was created using the Google Forms tools, which was viewed as the quickest and easiest way

to generate an instrument that could be broadly distributed and be compatible across many software
platforms across the world. The survey questions are shown in the appendix. As the goal was to “take
the pulse” of the amateur astronomy community as broadly as possible, and to allow for some level

of analysis, the survey asked several key demographic questions: the primary type of observing of the
respondent (visual, astrophotography, both); the level of participation in research activities; and the
home country. Questions asked about the degree to which the observing activities of the respondent
were impacted by satellite constellations, and the degree to which these satellites affected their
appreciation of the night sky (each using a 5-level Likert scale). Open-ended questions for comments and
a totally optional opportunity to supply an email address completed the survey.

The link to the survey generated by Google Forms was posted on as many sites and distributed as widely
as we could to reach a broad constituency of amateur astronomers across the world. The distribution
was as follows:

e The website and Facebook page of the Mountains of Stars public science education and
outreach program?

e Through the Night Sky Network, posted by the Astronomical Society of the Pacific both in
their newsletter and on their social media sites

e Through the American Association of Variable Star Observers (AAVSO), via their online
Forum and social media

Posted to the Astronomical League for distribution to member clubs
Posted to the Cloudy Nights online forum

The e-mail lists of several astronomy clubs, including the Springfield Telescope Makers and
the Amateur Telescope Makers of Boston.

In each case, the postings also asked recipients to further distribute the survey link as broadly
as possible.

As of this writing (19 August 2021) some 564 responses from 37 countries have been collected. A
breakdown of respondents is summarized in Figure 3.

28 https://www.mountainsofstars.org; https:/facebook.com/mountainsofstars
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Figure 3. Breakdown of survey participant backgrounds and their contributions to astronomical research.



3.3. Summary of Results

In aggregate, respondents viewed the impact on their observing activities as moderate, with a mean
value of 2.6 (+/- 1.3) out of 5 and the impact on their appreciation of the sky as moderate, but somewhat
higher, 2.82 (+/- 1.5). The distributions are shown in Figures 4 and 5.

Impact on Astronomy Observing

I I I I ]

Low-1 High - 5

180
160
140
120
100
80
60
40
20

Figure 4. Bar chart displaying the number of survey participants reporting impacts on their observing activities.
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Figure 5.Bar chart displaying survey participants’ perception of impact on their appreciation of the night sky.
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3.4. Open Ended Comments

Respondents were given the option to submit open-ended comments on their view of both satellite
constellations and the potential impact. Comments spanned a wide spectrum. A selection of comments,
covering different viewpoints, are highlighted below:

I’m concerned about the current “gold rush” to populate space with micro satellites before governments
across the globe put some form of control in place. Right now, it seems left to entrepreneurs with the
wealth and means to do so. Commercial interests risk dominating scientific interests and the public good.
There really needs to be some global coordination in this area. This could be a limit on the number of
satellites, minimum standards for albedo and methods for retrieval such as space salvage — possibly a
mix of all. Ultimately the space around our planet should be treated the same as a National Park, with a
balance between usage and conservation.

It’s only the beginning and the real impacts may come when there are tens of thousands in the sky
The sky should be open for everybody worldwide and not only to those who sent up satellites

It's incredible. | am living at a latitude of 54° north ... and there are always up from 30% to 50% of my
photographed single frames "infected" by satellite trails | can’t remove by algorithm ... | have to eliminate
them by hand ... it's terrible

| reject frames to mitigate the effect on stacked final images, but [it] is another source of data reduction
to go with weather, seeing, light pollution etc.

| understand the issues (I'm a satellite engineer at NASA) that a large constellation will have on
professional wide field ground based arrays but for the amateur astrophotographer this really isn't a
problem. | shoot mainly wide field and | have only had the occasional run-in with Starlink. For the most
part I'm just as likely to have a non-Starlink satellite pass through my 3-5-minute exposures. In 2020, |
took more than 123 hours of data. This year, in just six months, | already have more than what | collected
last year. I've rarely even removed a sub-exposure with a satellite trail because the modern pixel
rejection algorithms are so good.

Astronomical research — especially photometry and spectroscopy of transient targets — will be/is being
seriously impacted. Unlike pretty picture astrophotography, in which satellite trails can be removed
through processing, time-series photometry requires all those sub-frames, and cannot tolerate pixel
replacement algorithms to mask the satellites. There are sometimes transient events that happen
before astronomical twilight, well over toward the western or eastern horizon, so the argument that the
satellites will only be visible/detectable for a short period after sunset or before sunrise isn't valid for this
type of research.

| also don't understand why each company needs its own constellation. Seems much more
environmentally responsible to send up a much smaller fleet and share between companies.

I’m concerned with the interference to astronomical observations caused by these satellites. Also
concerning is the amount of space satellites/debris to be managed to keep astronauts and those of us on
the ground safe.
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6/29/2021 Impact of Large Satellite Constellations on Astronomy

Impact of Large Satellite Constellations
on Astronomy

As individuals engaged with the night sky, you are in an important position to help guide
efforts to understand the impact of large satellite constellations on astronomy and enjoyment
of the night sky. Data obtained through this survey will be used to inform the writing of the
SATCONZ2 report - which will be used as part of our effort to address the impacts of satellite
constellations on astronomy.

* Required

1. Inwhat country are you located? *

2. |would characterize myself as: *

Mark only one oval.

) Professional astronomer/researcher
_ Amateur astronomer - primarily visual
| Amateur astronomer - visual + imager
 Amateur astronomer - primarily imager
! Interested stargazer/appreciator of the night sky

) Other:

3. |contribute to research programs, such as variable star light curves, exoplanet
confirmations, supernova searches, etc. *

Mark only one oval.

| Often
Periodically/occasionally
Rarely

! Don't contribute to professional research

httpsz/fdocs google.com/forms/d/ 18 TOE4 5oM_TFY S-nuEldDvQs9cSiRxyoL KinZ B Edrkx sfedit
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