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A DISCUSSION OF DARK AND QUIET SKIES FOR THE SATELLITE INDUSTRY
By Eli Beilinson, Policy Coordinator, Satellite Industry Association

Executive Summary

The night sky is a shared resource, and the satellite industry has a stake in keeping it that way.
Astronomers depend on dark, radio-quiet skies to study everything from the origins of the
universe to black holes, and with hundreds of thousands of new satellites planned for low Earth
orbit over the next decade, that access is under pressure. Bright satellite trails streak across
telescope images, unintended electromagnetic emissions bleed into frequencies reserved for
scientific observation, and growing orbital debris is brightening the sky background at
observatories worldwide. Meaningful investments are already being made to address this, but
without consistent, enforceable standards, mitigation efforts remain uneven and operators who
choose to do the right thing lack a level playing field.

The IAU's Center for the Protection of Dark and Quiet Skies (IAU CPS) has issued concrete
recommendations covering brightness limits, radio spectrum protections, and debris mitigation,
while United Nations Office for Outer Space Affairs (UNOOSA) and the IAU Group of Friends
(GoF) have convened member states around shared standards. Leading satellite operators,
including SpaceX, Amazon Leo, and AST SpaceMobile, have already begun coordinating with
the National Science Foundation (NSF) through the Federal Communications Commission
(FCC) to implement design changes, darkening measures, and precise ephemeris, or celestial
coordinate, sharing.

Connectivity and sustainability are not mutually exclusive, but achieving both requires clear
rules. American leadership on this issue matters. Because satellite designs vary and brightness is
difficult to standardize across missions, voluntary efforts must be backed by enforceable
standards as competing nations expand their space infrastructure. SIA supports operators
engaging proactively with the IAU CPS Industry and Technology Hub, applauds the FCC's
proposed coordination requirements under NPRM Part 100, and encourages continued
participation with the NSF and other bodies to turn best practices into durable, enforceable
standards globally.



Satellites and Optical Astronomy

With rocket launches becoming increasingly affordable, more companies are launching groups of
satellites that work together in orbit to provide global coverage. Major commercial operators
such as SpaceX’s Starlink, Amazon Leo, OneWeb, and Telesat have announced plans to deploy
satellite fleets composed of multiple spacecraft. The next few decades are expected to witness an
unprecedented rise in satellite launches. Over the past 20 years, the number of satellites in orbit
(both geostationary and non-geostationary) has increased significantly.

By 2030, SpaceX has proposed (but not yet received a license) to simultaneously orbit a total of
1.1 million Starlink satellites for broadband connectivity and orbital data center infrastructure,
while Amazon Leo has plans to operate a total of around 53,200 satellites for similar
applications.! Multiple Chinese companies have begun deploying constellations planned to
include hundreds of thousands of satellites, further accelerating the growth in the number of
active satellites in orbit.? How many of these proposals that range from “practical” to
“optimistic” to “unrealistic”” come to fruition remains to be seen.

Since the 1950s, satellites and their streaks have been visible in astronomical images but were
both easily avoidable and easily predictable since there were so few and their positions were well
known.

In May 2019, Starlink launched its first 60 satellites into orbit. Soon after, astronomers noticed
an increased impact constellations would have on their work. Optical astronomers saw an
increase in “streaking,” where an illuminated satellite would pass over an area of observed sky,
leaving a large white line across the image and obscuring individual stars, comets, meteors, and
entire galaxies. In some brighter cases, the white streak creates additional pairs of phantom
streaks in parallel, spanning the entire image, caused by an “echoing” of light in the camera.’

Example of bright trails left by Starlink satellites as seen by the Cerro Tololo Inter-American Observatory in Chile*
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Additionally, an increase in orbital debris further compounds the optical challenges of
interruptions, as sudden, bright reflections from tumbling debris mimic the behavior of energetic
phenomena in deep space. In at least one recorded instance, this has been mistaken for
groundbreaking science and is difficult to rule out without precise knowledge of the locations of
all pieces of debris, the nature of their rotation, or the shape of the piece calculated against their
angle with the sun.’

A paper published by the Royal Astronomical Society estimates that space debris in LEO alone
already brightens the night sky by several percent worldwide, with projections indicating an
increase to roughly ten percent by 2035, equating to a measurable loss of darkness even at the
most remote observatory sites.® The bulk of this debris stems from government and military
activity, particularly ASAT tests like the Chinese FengYun-1C and the Russian Kosmos 1408,
rather than commercial operators, who have a direct economic incentive to keep orbit usable.

Keeping in direct competition with America, China has also rapidly increased its space launches.
Since 2015, China has placed more than 1,300 satellites in orbit.” Their Starlink equivalents,
Qianfan and Guowang, are composed of 108 and 136 satellites, respectively.®,? Studies done on
both constellations have concluded that they are exceeding the IAU’s brightness
recommendation.'?,!! It also appears that neither constellation utilizes brightness dimming
techniques, nor has any Chinese official commented on the future application of darkening
technologies. '?

Satellites and Radio Astronomy

Infrared and radio astronomy enable us to peer into the longest wavelengths of the
electromagnetic spectrum, measuring and bypassing dust and debris, to observe some of the most
extreme processes in the universe, including black holes, quasars, pulsars, and more. But radio
astronomy is still a relatively young science. Humanity has only been listening to the universe at
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radio wavelengths for roughly a century, and we do not yet know what signals, phenomena, or
discoveries lie waiting in the bands we have not yet studied cleanly.

People on Earth already rely on radio astronomy every day. Global Positioning Systems (GPS)
satellites are calibrated to black holes and quasars as fixed reference points, as they are the
brightest objects in the universe.!> Without them, their orbits would gradually drift, resulting in
degraded positional accuracy across navigation, telecommunications, and critical infrastructure.
Climate researchers rely on passive microwave observations across broad radio bands to monitor
atmospheric moisture, sea ice extent, and storm systems; the same spectrum used by satellite
constellations.'* Space weather forecasting, which protects power grids, aviation, and satellite
operations from solar events, depends on radio observatories that are increasingly contending
with rising noise floors.'® Planetary defense, tracking near-Earth asteroids before they become
threats, requires sensitive optical surveys that are directly compromised by satellite streaking.'®
The military and intelligence communities maintain radio quiet zones around deep-space
tracking facilities for similar reasons: clean spectrum is a national security asset.!”

However, this doesn’t mean that radio astronomy is free from interference either.

Satellite constellations generally use the 10-20 GHz frequency range to communicate to ground
stations, but the increasing number of satellites has seen increasing requests to use a broader
range of frequencies.'® The International Telecommunications Union (ITU) regularly updates
spectrum allocation for both radio astronomy and satellite operations, though current protections
cover only narrow designated bands, which are insufficient for the broadband observations
modern radio astronomy requires.

Just as a telescope’s mirror must be wide to collect enough light, a radio telescope must sample
broadly across the spectrum to capture faint, diffuse signals. Narrowing observations to only
protected bands is analogous to covering most of a mirror and may miss natural phenomena
entirely at lost wavelengths. As terrestrial use of the radio spectrum developed alongside the
practice of observing space at radio wavelengths, scientists do not fully know all cosmic
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processes or events that may be visible underneath crowded or terrestrially crowded
wavelengths.

Compounding this, unintentional, out-of-band (OOB) emissions, such as UEMR — unintended
electro-magnetic radiation still present issues to sensitive radio telescopes. UEMR largely refers
to electromagnetic radiation emitted from onboard electronics, which has increasingly leaked
into ITU-protected wavelengths reserved for studying neutral hydrogen and other elements found
in cosmic gas and dust.!” For example, in 2025, members of the Square Kilometer Array
telescope surveyed 112,000 emissions from nearly 2,000 satellites and found that 703 satellites
were operating on frequencies reserved for the study of Deuterium (150.8 MHz).?°
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Example of frequency interrupted by unwanted and spurious emissions (Image credit - Dahlman, et. al)*!

Additional radio astronomy sites have published similar issues detected in their radio telescopes,
similarly streaked through from satellites with onboard radiation leakage. This contributes to a
rising noise floor throughout the radio spectrum, affecting astronomers’ ability to conduct
research of distant objects. One paper finds that studies of the Epoch of Reionization in the early
universe may be hindered by the rising noise floor.??

Unintended emissions take several forms, including harmonics, intermodulation distortion, and
spectrum bleeding. Technical detail on each is provided in the appendix.

The upcoming World Radiocommunication Conference in 2027 is considering one agenda item
aimed at these unintended emissions. Agenda Item 1.18 proposes “possible regulatory measures”
that protect bands above 76 GHz, primarily used for Earth exploration-satellite service and radio
astronomy, from “unwanted emissions of active services”.?> This agenda item updates previous
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resolutions (Res.750 WRC-19, Res.712 WRC-23) to “cover compatibility scenarios previously
not addressed.”?*

In response, international stakeholders advanced the concept of Dark and Quiet Skies through
collaboration between scientists, industry experts, and policy professionals. In 2022, 150
members from these groups approached the United Nations with a plan to coordinate mitigation
efforts by establishing the International Astronomical Union Center for the Protection of Dark
and Quiet Skies (IAU CPS), which will be discussed in detail later.?

Domestic Policy Contributions

In the United States, several agencies have begun addressing the intersection of satellite
operations and astronomical access, though the framework remains incomplete.

The FCC regulates satellite licensing under the newly adopted Part 100 rule, which governs non-
geostationary orbit systems but does not include specific brightness requirements tied to
astronomy. However, operators applying for licenses under these new rules would be required to
describe coordination efforts with the NSF, National Radio Astronomy Observatory (NRAO), or
other relevant scientific bodies regarding their spacecraft's impact on radio astronomical
research.?¢

Satellite operators have been working with astronomers to solve these issues. SpaceX, AST
SpaceMobile, and Amazon Leo have entered voluntary coordination agreements with the US
National Science Foundation (NSF) and the FCC to minimize the impact of satellites on optical,
radio, and even infrared astronomy.?”**?° Working with the NSF NRAO, the partnership aims to
achieve the IAU’s recommendations through design changes, attitude maneuvering techniques,
providing high-precision location data to astronomers, and preventing out-of-band emissions.

NASA has raised concerns about orbital debris from a different angle, as the growing population
of defunct satellites and fragmentation debris is measurably brightening the night sky,

compounding the impact of active constellation satellites and affecting both scientific and human
spaceflight operations.*? A recent study published by NASA Ames also flags that at least 73% of
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images between May and September 2025 collected by the SPHEREX telescope, a satellite itself
at 700km, have at least one satellite streak in them.>'

Tracked objects in low Earth orbit, by type
Objects are subtracted from the time series after they have reentered the Earth's atmosphere. Not all objects

are tracked: in 2021, the European Space Agency estimated there were more than 130 million space debris

objects larger than 1 millimeter.
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Note: Low Earth orbit® is defined by a point of closest approach to Earth below 2,000 kilometers. Debris are assigned to the launch date of the
original object from which they were separated

1. Low Earth orbit A low Earth orbit (LEO) is an Earth-centered orbil with an altitude of 2,000 kilometers or less (approximately one-third of Earth's
radiusl. This is the orbit where most artificial objects in outer space five, LEOs arc often used for satcllitcs, including those for comrmunication, Earth
observation, and space stations due to their proximity to Earth's surface, facilitating shorter communication fimes and detailed surface imaging.

Types of orbital debris hazards over time (Image Credit — Our World in Data)3?

As the past years have seen a decrease in orbital debris, these efforts reflect a growing domestic
recognition of the problem, but no single agency currently holds comprehensive authority over
the full range of impacts. Closing that gap will require interagency coordination alongside the
regulatory progress already underway.

Response from the Satellite Industry

Several SIA member companies have taken steps to increase cooperation with federal agencies
to reduce their impact on the astronomical community. Amazon, Planet, and AST Space Mobile
are all collaborating with the US National Science Foundation (NSF). Additionally, all of those
mentioned are members of the IAU’s Center for the Protection of Dark and Quiet Skies (IAU
CPS), showing their commitment to creating dark and quiet skies:

Amazon Leo: Amazon Leo operates on the Ka band, outside of the ITU protected bands for
radio astronomy services. On top of coordinating with the NSF, which manages several US
scientific ground-based telescopes, to take steps to mitigate satellite interference, Amazon
has worked with the IAU CPS since its inception, and is a co-chair of the IAU CPS Industry
and Technology Hub, which serves as an avenue for satellite operators and manufacturers to
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learn about the issues facing the astronomy community.** Following the IAU CPS
recommendations, Amazon Leo has implemented brightness reduction measures such as
deploying a custom-made dielectric film for all LEO satellites. In addition, Amazon Leo is
deploying ground-based observatories to measure LEO satellite brightness, to calibrate in-
house reflectivity models, and to continuously improve brightness mitigation measures.>*

Planet: Through close collaboration with the IAU CPS, astronomer partners, and the NSF,
Planet has been researching the use of retroreflective surfaces on its Pelican and Tanager
fleets to maintain a visual magnitude of 7.0 or fainter during operational phases of the
mission. They have also incorporated attitude control maneuvers and spacecraft orientation
to reflect sunlight away from Earth during times of high reflectivity throughout orbital dusk
and dawn. Planet also routinely publicly provides its ephemeris data for all satellites so
astronomers can efficiently anticipate and adapt their observations if needed.

Telesat: Telesat’s Lightspeed will operate in Ka band, outside of the ITU protected bands
for radio astronomy services. The satellites have been designed with a goal to exceed the
IAU’s brightness recommendations by minimizing the amount of reflective surfaces on their
spacecraft.>> By operating at an altitude between 1,315 and 1,335 km, Telesat predicts a
60% brightness reduction compared to lower altitudes.>® Additionally, the higher operational
altitude compared to other satellite constellation, combined with the use of Optical Inter-
Satellite Links (OISLs), reduces the number of satellites required for global coverage and,
consequently, the likelihood that they will leave streaks in observations. Telesat will also
make accurate ephemeris data available to the astronomy community, so that observations
can be planned adequately or possible effects of satellites during observations can be
considered. In 2023, Telesat joined the IAU’s Industry and Technology Hub to foster further
collaboration with other companies in the goal of protecting the night sky.*’

AST SpaceMobile: AST SpaceMobile has partnered with the NSF to work toward
achieving the IAU’s best practice guide in both the optical and radio visibility.*® Design-
wise, the improvements in resolution from the large phased arrays of their satellites allow
AST to precisely target around sensitive areas like radio observatories.** Additionally, their
spacecraft orbit at an altitude of 700km or lower to ensure a higher orbital speed, thus
reducing the amount of time they spend in sunlight.*’
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Iridium: Iridium's first-generation satellite constellation was the source of "Iridium flares,”
brief, intensely bright reflections caused by the satellites' large, flat main mission antennas
catching sunlight at precise angles.*! With Iridium’s NEXT constellation, the company
redesigned the antenna architecture specifically to eliminate the flares, replacing the highly
reflective trapezoidal panels with a lower-profile design that dramatically reduces specular
reflection toward Earth.*? Iridium NEXT operates at approximately 780 km altitude, and the
constellation's polar orbital configuration, combined with the reduced reflectivity of the new
antenna design, has lowered its optical impact on ground-based observation.*’

International Policy Bodies

While the U.S. and individual satellite companies are taking positive steps, a level playing field
is essential to promote dark and quiet skies. As such, international efforts are important.

The United Nations Office for Outer Space Affairs (UNOOSA) convened as part of a five-year
agenda item to discuss potential solutions and mitigation measures for satellite brightness.**
Proposed items included increasing the accuracy of optical brightness and position predictions by
establishing measurement research laboratories, supporting the development of materials and
technologies that reduce optical, infrared, and radio brightness, and supporting general research
to understand the long-term impacts for all industry shareholders.*> Above all, they encouraged
international cooperation, emphasizing the need for coordinated global regulatory procedures so
that technological advancement in the satellite sector proceeds alongside shared standards,
transparency, and sustainability.*®

Another international body supporting these enterprises is the IAU Group of Friends (GoF).
Created during the IAU Symposium 385 in 2023, the GoF offers membership to any UN member
that wishes to contribute to the pursuit of Dark and Quiet Skies.*’ Discussions focus on the
development of best practices and their adoption by relevant stakeholders, the promotion of
global awareness of the issues facing the astronomical community, and efforts to bring topics to
the UN Committee on the Peaceful Uses of Outer Space Scientific and Technical Subcommittee
to gain broader support.*®
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Additionally, the IAU CPS acts as a bridge between the satellite industry and astronomers by
allowing an open forum for all stakeholders to communicate.*” Their Industry and Technology
Hub (ITH) freely enlists satellite constellation operators to learn about the IAU’s best practice
guide while fostering the development of mitigation techniques.’® SIA member Amazon Leo’s
Chris Hofer is one of the ITH co-chairs working to direct other companies in leading the charge
to keep our skies both connected and quiet.’!

For optical astronomy, CPS calls for licensing frameworks that require satellite operators to meet
a visual magnitude threshold ensuring LEO satellites remain invisible to the naked eye, with
these brightness standards applied across the full mission lifetime, including orbit raise and de-
orbit phases.>

On the radio side, CPS urges both the strengthening of existing ITU Radio Regulations to better
shield radio astronomy bands from satellite constellation interference and the extension of
regulatory protection into the broader spectrum that modern radio astronomy depends on,
including enhanced safeguards for radio quiet zones around observatories. Complementing these
measures, the CPS advocates for a global electromagnetic compatibility (EMC) standard
governing unintended electronic emissions from satellites, the proper implementation of the
Outer Space Treaty and its elaborating conventions, and serious consideration of whether
existing environmental legal frameworks should be extended to outer space activities.>

Finally, recognizing the cumulative threat posed by orbital debris, the CPS recommends that
space sustainability regulations limit debris generation and mandate rapid deorbit strategies, with
the explicit goal of keeping the artificial contribution to the diffuse sky background below
10%.%*

Complications Toward Regulation

Translating these commitments into universal standards is technically complex. Satellite buses
vary in shape and surface geometry, reflecting sunlight differently depending on their design,
and a satellite's apparent brightness shifts continuously as its orbital angle relative to the sun
changes. Darkening measures and visors can interfere with other satellite functions, and not all
satellites can adjust their orientation in real time.
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On the radio side, identifying which satellite is responsible for a given anomalous signal is not
always possible since the causes of constellation-related radio noise are not yet fully
characterized, and isolation requires precise orbital data that isn't always available. There is no
single threshold that works for all of astronomy. Some disciplines can mask a satellite streak in
post-processing; time-domain astronomy, which chases transient bursts of light lasting only
seconds, cannot recover a contaminated observation. These complications suggest that voluntary
coordination, while valuable, will likely need to be accompanied by sustained technical dialogue
between operators, astronomers, and regulators to produce durable standards.

Conclusion

The satellite industry has made meaningful investments in protecting dark and quiet skies, and
that leadership deserves a regulatory environment that requires the same of everyone. Without
consistent, enforceable standards, the costs of responsible stewardship fall unevenly and
operators who choose to invest in mitigation are competing against those who do not. Leveling
that playing field is a condition for sustainable growth.

SIA recommends that operators and policymakers act on three fronts:

o Engage with the international community. Operators should proactively engage with
the IAU CPS Industry and Technology Hub, participate in the technical working groups
developing brightness and emissions standards, and support UNOOSA and the TAU
Group of Friends in building shared frameworks across member states.

o Engage with domestic regulatory processes. SIA applauds the FCC's coordination
requirements under NPRM Part 100. Coordination with the NSF, NRAO, and NTIA
should be treated as a standard part of the licensing process, not an afterthought.

e Support U.S. leadership. The United States has an opportunity to set the international
standard for responsible constellation operation. American companies are already doing
this work. Policy should reflect and reinforce that leadership, ensuring that best practices
developed here become the global floor.

The night sky is a shared resource that supports navigation, climate science, planetary defense,
and cultural traditions that predate the space age. Protecting it does not mean slowing the growth
of the satellite industry; it requires a responsible and balanced regulatory environment for all
players involved.



APPENDIX
- Types of OOB Emissions:

- Harmonic emissions occur as a natural consequence of signal transmission. When
a signal is transmitted at a certain frequency, the nonlinearities of amplifiers and
oscillators produce additional frequencies at integer multiples of the original.

- Intermodulation distortion arises when two or more signals pass through a
nonlinear component together, generating a new frequency.

- Adjacent band interference occurs when the transmitter’s signal is not as sharp as
its band edges, leading to spectrum bleeding.

- Higher altitude reduces apparent brightness; the greater the distance, the less reflected
sunlight reaches Earth's surface. The IAU accounts for this, as its brightness guidelines
set stricter VMAG limits for satellites at higher altitudes, meaning the allowed brightness
drops alongside the actual brightness. In practice, meeting the guideline is just as
challenging at high altitude as at low altitude. And altitude cuts the other way regulatorily
too. Satellites that fail at higher orbits take significantly longer to naturally deorbit,
meaning debris persists for decades rather than years, complicating both space
sustainability rules and debris-related sky brightness limits.

- Apparent magnitude is the measure of the brightness of any celestial object. The
brighter an object is, the lower its magnitude number. For example, the sun has an
apparent magnitude of -26, while our eyes can see stars as dim as +6, allowing us
to see the dimmest visible stars only in the darkest of skies. In August 2023, the
IAU met to discuss recommendations for commercial satellites, where they
recommend that “reflected sunlight should be fainter than 7.0 Vmag +2.5 x
log10(r_orbit / 550 km).”>>

Venus at Hubble
brightest Space
Telescope

I I I I I I I I I I I I
-30 25 20 15 10 5 0 5 10 15 20 25 30

56

53 “CONSOLIDATED RECOMMENDATIONS FOR LOW-EARTH ORBITING SATELLITE
CONSTELLATION OPERATORS TO MITIGATE VISIBILITY IMPACT ON ASTRONOMY.” Centre for the
Protection of the Dark and Quiet Sky, August 2023.

36 McClure, Bruce. “What Is Stellar Magnitude?”” EarthSky, May 7, 2025.



BIBLIOGRAPHY

“2023-Telesat-ESG-Report.Pdf.” Telesat, May 2024. https://www.telesat.com/wp-
content/uploads/2024/05/2023-Telesat-ESG-Report.pdf.

6, May. “NSF and AST SPACEMOBILE ESTABLISH Satellite Coordination Agreement.”
NSF, May 6, 2025. https://www.nsf.gov/mps/updates/nsf-ast-spacemobile-establish-
satellite-coordination.

“About CPS.” Centre for the Protection of the Dark and Quiet Sky. Accessed February 11, 2026.
https://cps.iau.org/about/.

“Ares | Orbital Debris Program Office | Debris Mitigation.” Orbital Debris Program Office.
Accessed June 26, 2026. https://orbitaldebris.jsc.nasa.gov/mitigation/.

“Call to Protect the Dark and Quiet Sky from Harmful Interference by Satellite Constellations.”
International Astronomical Union Center for the Protection of Dark and Quiet Skies,
March 14, 2024. https://cps.iau.org/documents/49/techdoc102.pdf.

Carpineti, Alfredo. “This Is How You Are Using Supermassive Black Holes Every Day without
Even Knowing | Iflscience.” This Is How You Are Using Supermassive Black Holes
Every Day Without Even Knowing, August 22, 2024. https://www.iflscience.com/this-is-
how-you-are-using-supermassive-black-holes-every-day-without-even-knowing-75659.

“Conference Room Paper on the Protection of Dark and Quiet Skies for Science and Society.”
UNOOSA, February 12, 2025.
https://www.unoosa.org/res/oosadoc/data/documents/2025/aac_105¢_12025crp/aac_105c¢
~12025crp _22rev_3 0 html/AC105 _C1 2025 CRP22Rev03E.pdf.

“Connecting the World While Protecting the Skies.” AST SpaceMobile, December 3, 2025.
https://ast-science.com/connecting-the-world-while-protecting-the-skies/.

“CONSOLIDATED RECOMMENDATIONS FOR LOW-EARTH ORBITING SATELLITE
CONSTELLATION OPERATORS TO MITIGATE VISIBILITY IMPACT ON
ASTRONOMY.” Centre for the Protection of the Dark and Quiet Sky, August 2023.
https://cps.iau.org/documents/41/Consolidated Recommendations for Satellite Operato
rs_8.1.2023.pdf.

Dahlman, Erik, Stefan Parkvall, and Johan Skold. “Equipment Loss and Entrapment -
Sciencedirect.” ScienceDirect, July 29, 2016.
https://www.sciencedirect.com/science/chapter/monograph/abs/pii/B9780128193679000
275.

“ESA - about Space Debris.” The European Space Agency. Accessed June 26, 2026.
https://www.esa.int/Space Safety/Space Debris/About space debris.



“Federal Register :: Space Modernization for the 21st Century.” Federal Register, December 5,
2025. https://www.federalregister.gov/documents/2025/12/05/2025-22019/space-
modernization-for-the-21st-century.

Grigg, D., S. J. Tingay, and M. Sokolowski. “The Growing Impact of Unintended Starlink
Broadband Emission on Radio Astronomy in the Ska-Low Frequency Range.”
Astronomy & Astrophysics, July 17, 2025.
https://www.aanda.org/articles/aa/full _html/2025/07/aa54787-25/aa54787-25.html.

Grigg, Dylan, Steven Tingay, and Marcin Sokolowski. “The Growing Impact of Unintended
Starlink Broadband Emission on Radio Astronomy in the SKA-Low Frequency Range.”
arXiv.org, June 3, 2025. https://arxiv.org/abs/2506.02831v]1.

“Group of Friends.” Centre for the Protection of the Dark and Quiet Sky. Accessed February 11,
2026. https://cps.iau.org/group-of-friends/.

Hellbourg, Gregory. “USNCURSI.” United States National Committee for the International
Union of Radio Science, 2026. https://usncursi.org/archive/nrsm/2025/papers/1023.pdf.

Impacts from artificial satellites and debris | rubin observatory, March 31, 2026.
https://rubinobservatory.org/for-scientists/frequently-asked-questions/leo-sats.

“Industry & Technology Hub.” Centre for the Protection of the Dark and Quiet Sky. Accessed
February 11, 2026. https://cps.iau.org/industry-and-technology-hub.

“Introduction to Interference 1.” United Nations Office for Outer Space Aftairs, 2019.
https://www.unoosa.org/documents/pdf/psa/activities/2019/UN_Fiji_2019/IDM/1-05-
1040.pdf.

“Iridium next: The Flash-Free Replacement Constellation.” Orbital Radar, May 29, 2026.
https://orbitalradar.com/blog/iridium-next-replacement-constellation.

Jiang, Linhua, Shu Wang, Bing Zhang, Nobunari Kashikawa, Luis C. Ho, Zheng Cai, Eiichi
Egami, et al. “A Possible Bright Ultraviolet Flash from a Galaxy at Redshift z= 11 |
Nature Astronomy.” Nature, December 14, 2020.
https://www.nature.com/articles/s41550-020-01266-z.

Jones, Andrew. “China Files ITU Paperwork for Megaconstellations Totaling Nearly 200,000
Satellites.” SpaceNews, January 12, 2026. https://spacenews.com/china-files-itu-
paperwork-for-megaconstellations-totaling-nearly-200000-satellites/.

Jones, Andrew. “China Hits 90 Launches as Guowang Deployment Continues, Fengyun-4c
Heads to Geo.” SpaceNews, December 29, 2025. https://spacenews.com/china-hits-90-
launches-as-guowang-deployment-continues-fengyun-4c-heads-to-geo/.

Kocifaj, M., F. Kundracik, and S. Wallner. “Low Earth Orbit Satellite Fragmentation Rates Are
Critically Disrupting the Natural Night Sky Background | Monthly Notices of the Royal



Astronomical Society: Letters | Oxford Academic.” Monthly Notices of the Royal
Astronomical Society, May 22, 2025.
https://academic.oup.com/mnrasl/article/541/1/1.47/8140846.

Koller, Josef. “Amazon Leo Dark and Quiet Skies.” SKAO Indico, December 10, 2025.
https://indico.skatelescope.org/event/1307/sessions/2069/attachments/11242/20024/Kolle
r30Nov.pdf.

Mallama, Anthony, and Richard E. Cole. “Satellite Constellations Exceed the Limits of
Acceptable Brightness Established by the IAU.” arXiv.org, June 30, 2025.
https://arxiv.org/abs/2507.00107.

Mallama, Anthony, Richard E. Cole, Bram Dorreman, Scott Harrington, and Nick James.
“Brightness of the QIANFAN Satellites.” arXiv.org, September 30, 2024.
https://arxiv.org/abs/2409.20432.

McClure, Bruce. “What Is Stellar Magnitude?”” EarthSky, May 7, 2025.
https://earthsky.org/astronomy-essentials/what-is-stellar-magnitude/.

Mroz, Ilsa. “UN/SKAO Workshop Session 3: Satellite Constellation Projects Overview.” SKAO
Indico, June 22, 2024.
https://indico.skatelescope.org/event/1307/contributions/12057/attachments/11253/20062
/Mroz2Dec.pdf.

“NSF and Amazon’s Project Kuiper Establish Satellite Coordination Agreement.” NSF, June 26,
2025. https://www.nsf.gov/mps/updates/nsf-amazons-project-kuiper-establish-satellite-
coordination?ref=broadbandbreakfast.com.

“NSF and AST SPACEMOBILE ESTABLISH Satellite Coordination Agreement.” NSF, May 6,
2025. https://www.nsf.gov/mps/updates/nsf-ast-spacemobile-establish-satellite-
coordination.

“NSF Statement on NSF and Spacex Astronomy Coordination Agreement.” NSF, January 10,
2023. https://www.nsf.gov/news/statement-nsf-astronomy-coordination-agreement.

Peel, M., S. Eggl, M. L. Rawls, H. Qiu, and D. L. Clements. “Understanding the Impact of
Satellites on Radio Astronomy Observations.” arXiv.org, April 15, 2025.
https://arxiv.org/abs/2504.11561.

Prigent, Catherine, Carlos Jimenez, Maurizio Santoro, Oliver Cartus, and Samuel Favrichon.
“Assessing the Combination of Passive and Active Microwave Satellite Observations
(1.4 to 36 GHz) to Estimate above Ground Biomass (AGB) Globally - Sciencedirect.”
ScienceDirect, September 1, 2025.
https://www.sciencedirect.com/science/article/pii/S2666017226000246.

“Qianfan Constellation - 108 Satellites.” SatelliteMap.space. Accessed February 11, 2026.
https://satellitemap.space/constellation/qianfan.



“RESOLUTION 712 (WRC-23).” International Telecommunication Union, 2023.
https://www.itu.int/dms_pub/itu-r/oth/0C/0A/ROCOA0000110054PDFE.pdf.

Roth, Joshua. “Iridium Flare Watch: How to Observe Iridium Flares.” Sky & Telescope, August
11, 2006. https://skyandtelescope.org/stargazing-and-observing/celestial-objects-to-
watch/observing-iridium-flares/.

“Satellite Communications | NOAA / NWS Space Weather Prediction Center.” Space Weather
Prediction Center. Accessed June 26, 2026.
https://www.spaceweather.gov/impacts/satellite-communications.

“Space Threat Fact Sheet.” United States Space Force, December 2025.
https://www.spaceforce.mil/About-Us/Fact-Sheets/Fact-Sheet-
Display/Article/4297159/space-threat-fact-sheet/.

Starlink satellites imaged from CTIO | NOIRLab, November 13, 2019.
https://noirlab.edu/public/images/iotw1946a/.

Supan, Joe. “Starlink Plans to Send 42K Satellites into Space. That Could Be Bad News for the
Ozone.” CNET, July 2, 2025. https://www.cnet.com/home/internet/starlink-plans-to-
send-42k-satellites-into-space-that-could-be-bad-news-for-the-ozone/.

Tomaswick, Andy. “Space Telescopes Are Now Overwhelmed by Satellite Trails - Universe
Today.” Universe Today, June 8, 2026. https://www.universetoday.com/articles/space-
telescopes-are-now-overwhelmed-by-satellite-trails.

“United States National Radio Quiet Zone - Wikipedia.” Wikipedia. Accessed June 26, 2026.
https://en.wikipedia.org/wiki/United States National Radio Quiet Zone.

Waldek, Stefanie. “Asteroid Hunters Worry Megaconstellations Might Interfere with Planetary
Defense | Space.” Space.com, August 31, 2022. https://www.space.com/asteroid-
detection-interference-from-satellites.



