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Abstract

Our planet and our species are at an existential crossroads. In the long term, climate change
threatens to upend life as we know it, while the ongoing COVID-19 pandemic revealed that the
world is unprepared and ill-equipped to handle acute shocks to its many systems. These shocks
exacerbate the inequities and challenges already present prior to COVID in ways that are still
evolving in unpredictable directions. As weary nations look toward a post-COVID world, we
draw attention to both the injustice and many impacts of the quiet occupation of near-Earth
space, which has rapidly escalated during this time of global crisis. The communities most
impacted by climate change, the ongoing pandemic, and systemic racism are those whose voices
are missing as stakeholders both on the ground and in space. We argue that significant domestic
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and international changes to the use of near-Earth space are urgently needed to preserve access
to — and the future utility of — the valuable natural resources of space and our shared skies.
After examining the failure of the U.S. and international space policy status quo to address
these issues, we make specific recommendations in support of safer and more equitable uses of
near-Earth space.

1. Introduction and background

1.1. Uses of low-Earth orbit space 1957-2019

Direct human involvement in outer space began with the launch of the Soviet Sputnik 1 satellite
on October 4, 1957, although objects were launched above the Kármán line – one definition of
the limit of outer space – as early as 1944. The United States responded quickly, launching its
first satellite, Explorer 1, on 1 February 1958. Near-Earth orbital space was quickly exploited for
telecommunications purposes beginning in 1958 with the U.S. Project SCORE (Signal Communi-
cations by Orbiting Relay Equipment), the first purpose-built communications satellite. Passive,
long-distance communications were achieved in 1960 using large balloons inflated after reaching
orbit.

Designs for flying satellites in groups with similar orbital characteristics, called “constella-
tions,” were first realized for civilian use with the deployment of the initial Global Positioning
System (GPS) satellite in 1978. Long-term human habitation in low-Earth orbit (LEO) began in
1971 with the launch of the Soviet Salyut 1 space station. Small and inexpensive “CubeSats” were
first launched at the turn of the 21st century. As of late 2021, there were about 29,000 objects
larger than 10 centimeters in size orbiting the Earth (ESA, 2021), of which at least 4,550 were
operational satellites (UCS, 2021).

1.2. Arrival of the satellite ’megaconstellation’ era

Until recently, satellite constellations tended to comprise no more than a few dozen objects. An
example of this is the GPS constellation, consisting of 24 satellites in six orbital planes at an
altitude of 20,180 km GPS satellites are therefore slow in their angular rate of motion across
the sky, allowing for multiple objects to remain above the horizon at any given location on the
Earth. Navigational and communications constellations are usually placed at medium-Earth orbit
(MEO) altitudes to achieve a similar effect.

A new era in the use of LEO space began in May 2019 with the first launch of objects in
SpaceX’s ’Starlink’ satellite system, a planned constellation of 42,000 communications satellites
intended to provide low-latency broadband service with near-global coverage (Freeman, 2020).
Among the stated purposes of SpaceX and its competitors in entering this market is to extend
affordable broadband access to unserved and underserved populations, an increasingly pressing
issue given the ongoing COVID-19 pandemic and the widening digital divide (Milazzo et al.,
2021). However, this premise has been questioned (Rawls et al., 2020). Some authors highlight
concerns about the future of Internet governance given the outsized influence of the home coun-
tries of launching companies and their potential to control global information flows (Voelsen,
2021).

The start of the Starlink project also brought an unprecedented change in the appearance of
the night sky. Bright “trains” consisting of dozens of bright satellites moving together as a group
were seen from the ground in the days and weeks after each launch (Hall, 2019). These objects
soon began to negatively impact the observations of both professional and amateur astronomers
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as well as astrophotographers (Witze, 2020). Starlink also spawned multiple online petitions
seeking interventions by both U.S. regulators and the international community. 1

The astronomical community is highly concerned about the increasing material harm to
ground- and space-based astronomy enterprises. They have begun to engage in constructive
dialogue with satellite companies, which led to certain design modifications by the industry in-
tended to render the satellites less visible from the ground. These mitigation efforts have yielded
mixed results (Cole, 2020; Tregloan-Reed et al., 2020). Meanwhile, more launches took place in
2021 than in any other year since the beginning of the Space Age (Impey, 2021). Based on pub-
lished reports, Federal Communications Commission (FCC) filings and other sources, we count
over 422,000 LEO objects proposed for deployment since 2019, of which over 2,000 have been
launched.

1.3. Known and anticipated impacts of LEO satellite mega-constellations

As LEO space begins to fill rapidly with functional and inoperable satellites, discarded space
hardware, and pieces of debris (‘space objects’), risks to various ground- and space-based activi-
ties quickly rise. Boley and Byers (2021) reviewed these risks, identifying “multiple . . . tragedies
to ground-based astronomy, Earth orbit, and Earth’s upper atmosphere.” We briefly review these
concerns below.

1.3.1. Debris generation

The probability of close approaches, or ’conjunctions’, between space objects in the vicinity of
Earth is a function of many variables, including the volume density of objects and the parameters
of their orbits. When the distance between objects in conjunctions is less than the physical size
of the objects, collisions result. The severity of collisions and the subsequent number of pieces
of orbital debris generated depend on factors such as the masses of the objects and their relative
speeds at impact.

Collisions can be accidental, such as the February 10, 2009 collision between the active com-
mercial Iridium 33 satellite and the defunct Russian military satellite Kosmos 2251 that generated
nearly 2,300 pieces of debris of sufficient size to be tracked from the ground. While collisions be-
tween active objects are rare, debris-satellite collisions are more likely and debris-debris collisions
are very common (Le May et al., 2018).

Intentional destruction of satellites is rarer still. To cite a recent example, on November 15,
2021 the Russian Defense Ministry deliberately destroyed the defunct Soviet Kosmos 1408 satellite
in a test of its antisatellite (ASAT) weapon capability (Balmforth, 2021). The test generated a field
of at least 1,500 trackable debris objects in LEO orbits that threaten the safety of both space
operations and human spaceflight (ACA, 2021). Because Kosmos 1408 was in a polar orbit,
and its fragments spread out over altitudes ranging from 300 to 1000 km, that debris could
potentially collide with any object in LEO, including the International Space Station and the
Chinese Tiangong space station. Because of this test, astronauts on board the International Space
Station had to take precautionary measures in case of debris impact by donning their space suits
and taking shelter (Roulette, 2021). In addition to Russia, the United States, India, and China have
all conducted debris-generating ASAT tests since 1985. For a future scenario involving 65,000
satellites in LEO, Thiele and Boley (2021) found that the probability of one or more satellites
colliding with ASAT fragments less than one cm in size is roughly 30% for a single ASAT test.

1Petitions open as of December 2021 are available on change.org, MoveOn.org and Avaaz.
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The potential for collisions to threaten spacecraft in LEO increases as the number of objects
in LEO increases. Such instances may not only generate debris through collisions, but they can
also threaten the safety of astronauts aboard crewed spacecraft. In late 2021, China reported
two incidents in which its Tiangong space station took evasive action to prevent colliding with
objects in the SpaceX Starlink constellation (Kwan, 2021). 2 Eventually, the consequences of these
collisions may become lethal (Pelton et al., 2020).

Orbital dynamics experts have long noted the potential for such debris-generating events to
yield cascades of further collisions (Kessler and Cour-Palais, 1978), potentially leaving LEO space
inaccessible. We emphasize that the challenge of modeling such nonlinear, unpredictable events
positions us in the primarily reactive stance of managing the consequences of collisions after
the fact. It is therefore far better to avoid the conditions that could precipitate collisions and to
develop systematic reporting and tracking of space objects (Jah, 2020). 3

1.3.2. Optical and infrared astronomy

Because space objects can both directly reflect sunlight and passively emit infrared radiation, they
become moving sources of optical and infrared (OIR) light in the night sky. This light may be
detected by cameras and telescopes, competing with cosmic light and rendering astronomical
images diminished or even useless.

The extent to which satellites interfere with OIR imaging depends principally on their orbital
altitudes, the hour of night, the time of year, the location of the observer on Earth, and the size
of the field of view of a camera or telescope (Bassa et al., 2022). The most significant impacts
are expected in the twilight hours around sunset and sunrise when the Sun remains above the
horizon for objects in LEO orbits while the night sky seen from the ground below grows gradually
darker. Hainaut and Williams (2020) found that for the Vera Rubin Observatory, between 30% and
40% of its sky survey images may be compromised during these times. Trails of light attributable
to Starlink satellites have also appeared in Hubble Space Telescope (HST) images (Ingraham,
2021). A search of the HST data archive using machine learning found more than 2,400 satellite
trails in images, and it is expected that the mega-constellation era will see a large increase in
trails (Martin et al., 2021).

As the latitude of the observer increases, so does the number of satellites that remain in
sunlight at LEO altitudes. If the majority of planned LEO mega-constellations are built, hundreds
of satellites may be visible to the unaided eye in twilight as seen during the summer months from
latitudes at and above 50° (McDowell, 2020; Lawler et al., 2021). Conversely, at low latitudes and
in the middle of the night, few or no satellites will be visible.

The combined effect of reflected sunlight from myriad space objects can elevate the brightness
of the night sky itself. Kocifaj et al. (2021) found that even before the launch of the first Starlink
satellites, space objects already contributed enough diffuse light to raise the brightness of the
night sky approximately 10% above an assumed natural background level. If the population of
debris objects increases as expected in the coming decade, then the number of LEO objects in
2030 will be a factor of about 25 times higher than it is now. That could potentially raise the
brightness of the night sky seen over much of the world to a level comparable to that seen in
and near cities with moderate amounts of light pollution. Unlike individual satellite streaks, this
effect cannot be removed with software; it is an omnipresent phenomenon no matter how remote

2The incidents were reported to the United Nations Office for Outer Space Affairs in “Note verbale dated 3 Decem-
ber 2021 from the Permanent Mission of China to the United Nations (Vienna) addressed to the Secretary-General,”
(A/AC.105/1262, 3 December 2021).

3See also Jim Bridenstine Testimony, Senate Space and Science Subcommittee Hearing, October 21, 2021.
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or high the viewing location, impacting astronomical deep-sky exposures, astrophotographers,
night-sky tourism, cultural sky traditions and more.

1.3.3. Radio-frequency interference

Communications satellites serve as relays of information between widely separated points on
the ground. They serve this purpose by receiving radio transmissions from the ground and
rebroadcasting them in other directions. Their function is therefore directly enabled by the ability
to not only receive but also to emit radio energy, which has the potential to cause radio-frequency
interference (RFI).

RFI is more regulated than other aspects of satellite operations and has been for decades. Al-
most a century ago, the world identified the radio spectrum as a shared resource requiring inter-
national coordination to properly manage for the benefit of all. The International Telecommunica-
tion Union Radiocommunication Sector (ITU-R) is the United Nations-recognized body that man-
ages both the international radio-frequency spectrum and allocation of satellite orbits. Its mission
is “to ensure the rational, equitable, efficient and economical use of the radio-frequency spectrum
by all radiocommunication services, including those using satellite orbits” (ITU-R, 2021). The
modern telecommunications network depends crucially on controlling and limiting RFI in order
to ensure the trouble-free operation of its radio links.

Radio astronomers have long sought to locate their telescopes in isolated, rural “radio-quiet
zones”’ to limit the influence of RFI. Satellites disrupt this approach because essentially nowhere
in the world is shielded from their influence. It remains a problem even when satellite transmis-
sions are limited to narrow beams, as radio telescopes can receive satellite transmissions from
multiple directions. Given their exquisite sensitivity to radio energy, the instruments attached to
such telescopes are highly vulnerable to radio energy emitted by satellites, which can damage or
even destroy their delicate detectors.

Even in better circumstances, satellite radio transmissions can have severe impacts on radio
astronomy, rendering some observations extremely difficult, if not impossible (Combrinck et al.,
1994). Certain parts of the radio spectrum are therefore reserved for radio astronomy access
in order to ensure that radio astronomers can continue to use them for purposes of scientific
research. Transmissions from the increasing number of communications and navigation satellites
orbiting the Earth run the risk of closing these radio “windows” on the cosmos even under
conditions of proper radio spectrum management.

1.3.4. Additional stakeholders’ engagement with the night sky

The night sky is an extension of the Earth. It occupies half of one’s field of view at night and is
often understood as equally a part of the environment as the land beneath one’s feet. For cultures
around the world, from prehistory to the present, observation of the celestial bodies and their
movements are integrated into many facets of daily life including timekeeping and navigation as
well as spiritual and religious practices. In many Indigenous cultures, traditional knowledge and
ceremonies often have connections to the stars and the concept of relationships between people,
the Earth and the stars is often at the heart of these teachings (Lee et al., 2020; Venkatesan et al.,
2019). As noted earlier, these real-time observations cannot be software-corrected for satellites
and are often conducted toward the horizon or circumpolar skies where such satellites cause
most interference. Hamacher et al. (2020) argue that this "whitewashing of the night sky through
colonial policy" is a form of "ongoing cultural and ecological genocide" that can "erase Indigenous
connection to the stars."
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Some people simply find inspiration in the night sky, whether through quiet contemplation
or the creation of art, storytelling, literature and music. Amateur astronomers access the night
sky for recreation and sometimes contribute to astronomical research, while astrophotographers
use it as a backdrop for aesthetic representations of the nighttime environment. When the night
sky is altered by human activities, connections between people and the cosmos are disrupted.
The addition of dozens or hundreds of artificial objects moving across the night sky exacerbates
such effects, serving as an unwelcome reminder of the ever-expanding reach of technology and
capitalism. Yet, such concerns have largely been ignored in the ongoing debate about how orbital
space should be used.

The Community Engagement Working Group of the recent Satellite Constellations 2 (SAT-
CON2) workshop sought to hear perspectives from diverse constituencies, including individuals
from a number of Indigenous tribes and communities (Venkatesan et al., 2021). Though many
people in such communities may desire increased broadband access, it is clear that there are also
concerns about issues of sovereignty and questions as to whether satellite-based internet access is
necessarily the best option for a given community’s needs. In addition, mega-constellations may
interrupt ceremonial engagement with the stars; erasing the stars is akin to erasing Indigenous
identities and storytelling in what may be a new form of colonization. The resulting recommen-
dations of the Working Group included the need for dialogue, building long-term relationships
with all impacted constituencies, and the "duty to consult" with sovereign Indigenous nations
regarding space activities.

1.3.5. Air and noise pollution from rocket launches

Satellite mega-constellations are launched into orbit by conventional rockets. Depending on the
type of fuel the rocket burns, pollutants produced during launch can include the greenhouse
gas carbon dioxide; large quantities of water vapor released into the upper atmosphere, where it
exacerbates depletion of the ozone layer; black carbon particulates; and other harmful materials
(Boley and Byers, 2021; Dallas et al., 2020).

Rockets are launched from facilities that may be located in or near environmentally sensitive
areas and/or human communities. The negative effects of frequent high-decibel noise (Tran et al.,
2018) and air pollution (Jindal et al., 2018) on those human and natural neighbors can be severe.
As the development of LEO mega-constellations accelerates, new “spaceports” from which to
launch them are being proposed and built around the world, often in the face of strong local
opposition (Solon, 2021).

1.3.6. Ecological impacts of satellite mega-constellations

Virtually all life on Earth evolved in the regular cycle of bright days and dark nights. Most organ-
isms are subject to circadian rhythms of behavior, activity, metabolism, and hormone production
that are controlled at least in part by those natural light and dark patterns (Foster, 2021; LeGates
et al., 2014). Until the first Starlink satellites were launched, satellites bright enough to be visible
to the unaided human eye were seen so infrequently that they were generally considered inconse-
quential for living things. The advent of LEO satellite mega-constellations may represent a new
potential threat to their well-being. The circadian rhythms of many organisms are apparently
controlled by low levels of diffuse light integrated over wide angles of sky and relatively long
time periods (Brown, 2016). While individual bright satellites moving across the sky may not
interfere with those natural functions, an artificially brightened sky could interfere with them
very strongly.
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Large numbers of individual satellites could also interfere with seasonal migration and navi-
gation. A wide variety of species from birds to mammals to insects have been shown to navigate
at least partly using the stars and the Milky Way (Dacke et al., 2021; Emlen, 1970; Mauck et al.,
2008; Mouritsen and Larsen, 2001). Effects on these natural behaviors when the real stars are
surrounded or overwhelmed by large numbers of bright, moving “fake stars” remain to be seen.
The problem is so new that results of scientific studies have yet to appear in the peer-reviewed
literature, but concerns are beginning to surface (Lintott and Lintott, 2020). The precautionary
principle dictates that reasonable efforts should be made to understand and mitigate the problem
before irreversible damage is done.

1.3.7. Pollution of the upper atmosphere and oceans from satellite re-entry

Lastly, reentering space hardware currently represents a return of mass from orbit approaching
100 metric tons per year (Pardini and Anselmo, 2019). Ablation and destruction of these mate-
rials during decommissioning and reentry is expected to deposit significant metals in the upper
atmosphere, greatly exceeding the contribution from the natural flux of micrometeoroids (Schulz
and Glassmeier, 2021). It is not currently known what impact this will have on the chemistry or
radiative equilibrium of the upper atmosphere; as a point of reference, the deliberate injection
of aluminum at such altitudes has been proposed as a means of changing the Earth’s reflectivity
to sunlight (Keith, 2000). Given current uncertainties, the proliferation of objects in LEO and
their potential to reenter the atmosphere amounts to a complex, uncontrolled geoengineering
experiment—one that has a significant chance of becoming irrevocably intertwined with climate
change.

There are also myriad, and equally unknown, collateral effects. For instance, particulate mat-
ter resulting from satellite re-entry will eventually fall to the Earth’s surface, mostly in ocean
water, adding more pollutants to already stressed ecosystems (De Lucia and Iavicoli, 2019). And
re-entering satellites and debris that contribute substantial sodium to the upper atmosphere may
raise the brightness of the airglow layer at an altitude of 100 km(Rosenberg, 1966). In a steady
state of re-entries, large satellite constellations may contribute enough sodium to permanently
enhance the airglow, diminishing the visibility of stars from the ground. The situation awaits sys-
tematic studies and modeling to determine how significant this problem may be for astronomy.

2. Acute inadequacy of the policy status quo

Without changes to existing space policies, the current and potential impact of satellite mega-
constellations on human endeavors and the environment is immense in scope and profound in
effect. Importantly, the issues discussed are only those that are currently anticipated and have
begun to attract research interest. However, unexpected developments will likely arise.

The advent of satellite mega-constellations does not merely represent a predictable scaling
up of concerns that existed in the preceding space era. Rather, due to the sheer magnitude of
objects being launched, the rapidly growing space sector is creating entirely new problems, while
simultaneously exacerbating existing issues. Orbital crowding raises collision risks exponentially
(Rossi et al., 1994), while for the first time, astronomers face the prospect of significant data loss
due to satellite trails fouling their images (Martin et al., 2021).

History provides many instances of the pace of technology exceeding human understanding
of its full implications and leading to negative externalities (Nye, 2006). Unequal power relation-
ships and competing views often result in those groups with more social and political power
prevailing in disputes about how technology is used. The history of the use of outer space is

7



Virginia Policy Review, Vol. XV, Issue 1 (Spring 2022), pp. 58–86

dominated by the powerful, while the marginalized are generally ignored (Dickens and Ormrod,
2007). The current, billionaire-funded space race only adds to this historical trend, with these
companies showing little interest in, and even active disdain for, regulatory efforts and the safety
and working conditions of their employees in the Earthly domain (e.g., Siddiqui, 2021), boding
ill for their space initiatives.

The U.S. National Science Foundation and United Nations Office for Outer Space Affairs have
recently convened four conferences of experts to better understand the potential harms associated
with mega-constellations and to seek potential solutions (Walker et al., 2020a; Green et al., 2020;
Hall et al., 2021). In parallel, they examined the current world policy regime and found that
existing policies are limited in their ability to confront and address arising concerns. While
the analysis of the status quo remains in process, we argue that not only are current policies
fundamentally inadequate to deal with the new reality that megaconstellations represent, but
also that their inadequacy is fueling a “Wild West” race to occupy LEO.

2.1. The current international and U.S. policy regimes

International space policy largely descends from the Outer Space Treaty (OST, 1967). The OST’s
main provisions include blanket prohibitions on the deployment of nuclear weapons and making
territorial claims in space, a demand that space is for the exploration and use of all nations equally,
and limits on those uses to peaceful purposes. It permits some military activities in space but
enjoins against unrestricted competition for resources that could result in armed conflict. Parties
to the OST are required to implement its provisions through national laws. Article VI of the OST
requires that state parties to the Treaty “bear international responsibility for national activities
in outer space, . . . whether such activities are carried on by governmental agencies or by non-
governmental entities.” Responsibility is enforced through the accompanying Space Liability
Convention (1972).

However, there are many topics on which the OST is entirely silent, such as the extraction of
natural resources from Solar System bodies. There is little in the way of formal international reg-
ulation and instead more reliance on adherence to uncodified best practice (Rotola and Williams,
2021). Consensus-based policymaking at such high levels generally proceeds at a glacial pace and
cannot keep up with the rapid evolution of technology that has led to uses of space undreamt of
by the framers of the OST.

Because most major commercial satellite operators currently launch from U.S. territory, its
policies de facto govern the activities of many entities in space. The Federal Aviation Admin-
istration (FAA) regulates launch activities, such as securing airspace, but its legal jurisdiction
ends before objects reach “space,” which it defines informally to be an altitude of 80 kilome-
ters (Gouyon Matignon, 2020). 4 For activities in space involving radio communication with
the ground, the Federal Communications Commission (FCC) licenses operations. It further re-
quires that satellite operators specify plans to avoid creation of space debris through responsible
post-mission disposal. 5

The National Environmental Policy Act (NEPA) of 1969 does not expressly prohibit the FCC
from licensing radio transmissions from space to ground, but it does insist that the FCC fairly ex-
amine all of the environmental impacts of doing so. However, the FCC refuses to fully implement
NEPA, and it unilaterally imposes a ‘categorical exemption’ on virtually all satellite operations
from environmental impact review (Ryan, 2020). Furthermore, the FCC does not consider night-
sky impacts in its decisions to license satellite operations.

414 CFR Chapter III.
585 FR 52422.
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FCC resistance to the authority of NEPA has come under scrutiny in the federal courts. 6

Viasat recently sued the FCC in the D.C. Circuit to compel it to apply NEPA review to SpaceX
launches, but the case remains pending. 7 Gilbert and Vidaurri (2021) examined existing national
and international case law, concluding that NEPA should be applied generally to space activities
operating under U.S. jurisdiction.

2.2. Policy implications of LEO space as a global commons

At the heart of this issue is the matter of how the use of outer space is, and should be, governed.
Space is not obviously the province or territory of any one nation. As such, we can look to
terrestrial analogs such as international maritime law codified in the United Nations Convention
on the Law of the Sea (1994) and the political status of Antarctica set forth in the Antarctic Treaty
(1961). Both are rooted in the notion of the common heritage of humanity, which holds that
certain spaces and resources should be held in trust for the benefit of future generations and
protected from unilateral exploitation. They also push back against the common law view of
property and its use as “first in time, first in right” (Buxton, 2004).

In turn, these resource domains are often referred to as “global commons” belonging to no
individual, corporation or nation. The preamble of the OST recognizes the “common interest
of all mankind in the progress of the exploration and use of outer space for peaceful purposes,”
and that “the exploration and use of outer space should be carried on for the benefit of all
peoples.” Consistent with the view of space as a commons, the OST’s Article II forbids territorial
claims in outer space, and Article IX demands “appropriate international consultations” before
undertaking activities in space that “would cause potentially harmful interference with activities
of other States Parties in the peaceful exploration and use of outer space”.

Although the U.S. is a signatory to the OST, current federal policy is "the US. does not view
space as a global commons," and it asserts that "Americans should have the right to engage in
commercial exploration, recovery, and use of resources in outer space". 8 But other branches of
the federal government, including the military, have considered space to be a commons. The Joint
Chiefs of Staff in 2016 issued a statement that the "[p]rosperity of the United States depends upon
its largely uncontested ability to access and use the global commons." 9 Additionally, President
Obama’s Secretary of Defense, Leon Panetta, stressed the importance of protecting freedom of
access to the global commons, including outer space. 10

As the most densely occupied realm of outer space and the only realm in which a continuous
human presence currently exists, it is arguable that LEO space in particular is a de facto global
commons. As such, it risks suffering a “tragedy of the commons,” (Hardin, 1968) in which
resource depletion results from individual users acting independently according to their own
self-interest when their activities are not restricted or regulated.

Regarding the environmental aspects of space, NEPA broadly refers to the “human environ-
ment,” which includes “the natural and physical environment and the relationship of people
with that environment.” 11 Notably, the framers of NEPA placed no strictures on the reach of
the human environment, and in fact note that the term is to be “interpreted comprehensively.”

6For instance, in 2018, the FCC changed its rules to eliminate the application of NEPA, as well as the National Historic
Preservation Act, to its authorization of small-cell networks increasingly relied upon to provide 5G services across the
country. 16 Indian Nations sued the FCC, and a federal court found the FCC’s action unlawful (United Keetoowah Band of
Cherokee Indians in Oklahoma v. FCC, No. 18-1129, D.C. Cir. 2019).

7Viasat, Inc., v. FCC and Space Exploration Holdings, LLC, No. 21-1123 (D.C. Cir. 2021).
8“Encouraging International Support for the Recovery and Use of Space Resources” (E.O. 13914 of April 6, 2020).
9“The Joint Force in a Contested and Disordered World” (Joint Operating Environment 2035, July 14, 2016).

10“Sustaining U.S. global leadership: priorities for 21st century defense” (2012).
1140 CFR §1508.14.
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Some have argued that the human environment extends to the region of space that humans are
capable of accessing physically (Venkatesan et al., 2020). If this is so, then the U.S. Environmental
Protection Agency (EPA) is already authorized by Congress to regulate LEO space under existing
statute despite the FCC categorical exemption (IDA/Mudd Law, 2020).

3. Policy argument and recommendations

LEO is arguably a global commons, and it will be subject to irreversible and multi-faceted harm
though the crowding of hundreds of thousands of new objects being launched into this space.
We advocate for new policies and a reimagined regulatory framework that may help prevent a
rapidly developing tragedy. Only a radical rethinking of space policy might successfully manage
an equally radical and ongoing remaking of space and the night sky, a shared commons rooted
in conquest and claim rather than communities.

For policy ideas, we look to previous efforts that successfully headed off the most dire con-
sequences of rapid technology development, such as the Partial Test Ban Treaty (1963) 12 and
Montreal Protocol (1987). 13 We draw further inspiration from the conclusions of the Dark and
Quiet Skies for Science and Society conference (Walker et al., 2020b) and the final reports from the
SATCON2 Community Engagement Working Group (Venkatesan et al., 2021) and Policy Working
Group (Green et al., 2021).

Our policy recommendations are intended to further the cause of better stewardship of the
LEO environment. Such changes are essential for truly inclusive policies for a diverse range of
space actors. These recommendations are also beneficial for industry, business, and commercial
actors, because commercial space operators seek regulatory certainty and a LEO environment
free from the undue risk of collisions. Individual groups of stakeholders may have differing and
even orthogonal ambitions and practices in near-Earth space, but they share the long-term goals
of the peaceful, sustainable use of the skies and space for scientific, economic, commercial, and
cultural purposes.

The National Space Council recently drew attention to the need for changes to the status quo
in order to achieve a sustainable future in space (Sheetz, 2021). In December 2021, the Council
released its "United States Space Priorities Framework." 14 This framework emphasizes the im-
portance of the U.S. taking a leadership role to better address important issues in the burgeoning
space sector and puts forth the vision that the country will "lead the international community
in preserving the benefits of space for future generations." Space situational awareness, space
traffic coordination, and space debris are mentioned as areas of priority. To accomplish these
and other goals, this framework asserts that "the United States will lead in strengthening global
governance of space activities” and "will engage the international community to uphold and
strengthen a rules-based international order for space." The recommendations we outline here
offer an effective way forward to achieve these goals.

3.1. Pause new U.S. megaconstellation operations clearances pending results of a comprehen-

sive review of all aspects of impacts on LEO space

For the reasons outlined in Section 1.3, it is clear that there are many unresolved concerns relating
to deploying satellite mega-constellations. A transition from the hypothetical to the concrete is

12Nuclear Test Ban Treaty, July 26, 1963; Treaties and Other International Agreements Series #5433; General Records of
the U.S. Government; Record Group 11; National Archives.

13Charter of the United Nations and statute of the International Court of Justice, Chapter XXVII, Sec. 2a. (Montreal
Protocol on Substances that Deplete the Ozone Layer, Montreal, 16 September 1987).

14https://www.whitehouse.gov/wp-content/uploads/2021/12/United-States-Space-Priorities-Framework-_-December-1-2021.pdf.
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ongoing as we gather more evidence showing the reality of associated harms. There remain
serious and potentially irreversible consequences due to the crowding of LEO space that call
for an approach supported by strong precaution. Stakeholder consultations to date have been
inadequate, politically powerless groups have been left out of the decision-making process, and
the history of technology is replete with examples of hazards associated with rapid adoption of
poorly understood innovations. To find fair, durable, and long-term solutions to these issues, it
is imperative to halt the practice of granting new FCC operations licenses until the problem is
properly studied and regulatory certainty is obtained.

3.2. Subject LEO launches and operations clearances to NEPA environmental impact assess-

ments

It has been argued that the FCC “categorical exemption” to environmental impact review of
space operations runs counter to the implied will of Congress expressed in NEPA. Federal courts
have yet to resolve this tension. While Congress could clarify the intent of NEPA with respect to
its applicability in space, changing the existing FCC policy does not require an act of Congress.
As an executive branch agency, the categorical exemption could be repealed by executive order,
provided that the order is consistent with the FCC’s enabling legislation. 15 As such, we recom-
mend that space be considered a human environment, and thus subject to environmental impact
assessments.

3.3. Set legal thresholds for interference to optical, infrared, and radio astronomy, and fine

operators for failing to meet them

This recommendation takes its cue from models such as the Clean Air Act of 1963 16 and Clean
Water Act of 1972, 17 and their amendments, which tasked the EPA with establishing pollution
standards that require reductions in emissions of hazardous air and water pollutants. Congress
should conclude that the value of public investment in the American astronomy enterprise, as
well as the continued accessibility of LEO space makes both worthy of protection against the
effects of large numbers of satellites and take appropriate action as required to ensure that pro-
tection. Such an approach is a compromise because it would allow for reasonable utilization of
LEO space, much as the Clean Air and Clean Water Acts allow uses that yield some air and water
pollution. Activities that result in pollution exceeding legal limits would be deemed unlawful.
Financial consequences for failing to comply may nudge satellite operators in the direction of mit-
igation, whether that is launching fewer objects, launching into lower orbits, darkening objects,
or other methods.

3.4. Require that satellite operators proactively justify the number of objects in their constel-

lations

The available evidence clearly identifies the number of objects in LEO as a hazard for ground-
and space-based OIR astronomy, RFI, and debris generation. Commercial satellite operators
could achieve similar business goals with fewer objects. This should be incentivized in the fed-
eral review process with preference given to operations clearance requests that entail the fewest
number of objects to be launched. Alternately, insofar as most commercial launches take place

15Communications Act of 1934, 47 U.S.C. 151 et seq.
1642 U.S.C. §7401 et seq.
1733 U.S.C. §§ 1251–1387.

11



Virginia Policy Review, Vol. XV, Issue 1 (Spring 2022), pp. 58–86

from U.S. territory, Congress could take the more aggressive step of simply limiting the total
number of objects it will permit to be launched.

3.5. Create a new oversight agency for LEO space activities

Existing regulatory bodies involved in satellite issues were not created specifically to address
space activities and have many other concerns. Given the increasing pace of launches, as well
as the potential of such activity to impact the environment and impair long-term sustainable
use of LEO, Congress should mandate the establishment of a new regulatory entity dedicated to
civilian space. Such an agency must be freestanding outside of the FAA and FCC, while working
in cooperation with those agencies. We recommend comprehensive legislation consolidating
oversight of the country’s civilian space activities into a single agency tasked with implementing
U.S. space policy and obtaining compliance both with NEPA and U.S. obligations under the
OST. 18

Our model for the creation of this agency is the 1970 reorganization of government approved
by Congress that established the EPA in the absence of an enabling act. 19 In effecting a similar
reorganization, Congress could assign a new agency the launch regulation powers currently del-
egated to the FAA and the operations authority that the FCC claims under the Communications
Act of 1934. 20 Just as the creation of the EPA recognized a need for effective, centralized over-
sight of a federal policy realm whose component pieces were scattered across government, so too
would the creation of a new agency better serve the interests of stakeholders.

3.6. Enable space exploration rooted in cultural competency

The acknowledgment of space as a global commons must include the appropriate entities to
ensure that cultural uses of the night sky are consistently protected. As such, we recommend
that any institution working on matters related to space science and exploration must establish
a cultural ethics and protocol office, or at the very least, identify one or more cultural ethics
liaisons. Such offices would review actions taken regarding space and the night sky and ensure
that such actions are undertaken in a manner that is respectful to the night sky and its related,
diverse cultural practices and traditions. In the United States, where most branches of the federal
government have an office for tribal liaisons, we recommend a long-overdue Office of Indigenous
Affairs or Office of Tribal Relations at NASA.

Additionally, nations and institutions will benefit from a cultural ethics office or liaison(s)
by devising methods to include historically excluded communities in the institution’s work in a
respectful manner in fields where these communities are otherwise poorly represented. This will
help ensure that the voices of these historically excluded communities are present in decisions
regarding space science, exploration, and commerce.

3.7. Press for a kinetic ASAT test ban treaty

Lastly, we argue that the potential for both runaway space debris generation and geopolitical
instability resulting from tests of military weapons in space calls for immediate action. The
United States should press for a Kinetic Anti-satellite (ASAT) Test Ban Treaty. These tests in

18Some authors argue that the United States recognizing ownership of space resources under, e.g., the Commercial
Space Launch Competitiveness Act of 2015, is an implicit act of sovereignty that violates U.S. obligations pursuant to the
Outer Space Treaty. See, e.g., Su (2017) and Koch (2018).

19Reorganization Plan No. 3 of 1970 (35 FR 15623, 84 Stat. 2086).
20The authority for this is Pub. L. 89–554, 80 Stat. 378 (1966), which created 5 U.S.C.
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space are the above-ground nuclear tests of our time, in that they result in the generation of
hazardous debris that crosses all jurisdictional boundaries and threatens the ongoing peaceful
use of outer space guaranteed to all OST parties. Nations have come together before (e.g., the
Partial Test Ban Treaty of 1963) in agreement that such activities threaten the well-being of all
and can be effectively reduced and monitored only through international cooperation.

4. Conclusions and future directions

Considering both the current and anticipated hazards associated with the ongoing crowding of
LEO space by satellite mega-constellations, it is essential to proceed cautiously and intentionally
in order to ensure the long-term sustainability of this shared resource. While it is possible that
significant new regulation of space in one country will simply prompt commercial space opera-
tors to relocate their activities to more industry-friendly venues with fewer regulatory hurdles,
the U.S. remains a lucrative market for satellite communications, and access to that market is
essential to operators’ business plans. Regulation, therefore, remains a powerful tool that may
influence future conditions in LEO space. We advocate for a radical revision of the current regu-
latory patchwork of siloed concerns, narrow legal scope, and more gaps than protections toward
a more integrative policy-regulatory framework addressing the many concerns we have raised
here.

We have also drawn attention throughout this article to a number of issues in the current
landscape of space law and policy that urgently need clarification from experts and governing
bodies. There are numerous areas in the legal and policy arenas that need work, particularly in
connection to Indigenous nations. These include:

• Whether predictions about the contribution of satellites to night sky brightness are correct;
• How night sky impacts vary according to the number of satellites, their orbital heights and

distributions;
• Whether any particular “carrying capacity” of satellites in LEO exists;
• Which satellite designs are effective at reducing or eliminating their impacts on the visibility

of the night sky;
• Legal obligations for state and private actors in space, given existing treaties between

sovereign Indigenous nations and individual states or the Crown;
• How such treaties can be a part of developing inclusive ethical models of space exploration

that honor Indigenous rights and perspectives (Neilson and Ćirković, 2021);
• The interplay in space law and space policy between individual treaties with Indigenous

nations and space treaties such as the OST;
• The question of whether declaring space as a global commons conflicts with sovereign

Indigenous nations’ legal interests and claims as agreed upon in their treaties;
• The need for written agreements between industry, spacefaring countries and Indigenous

nations that respect these treaties and these communities’ sovereignty;
• The need to formalize in legal and regulatory structures the protection of the night sky for

astronomical research and the progress of science; and
• Broad national and international discussion and agreement about the consideration of LEO

space as part of the environment that should therefore be subject to existing environmental
regulatory frameworks.

We believe that the night sky belongs to all people, and that space is an ancestral global
commons that contains the heritage and future of humanity’s scientific and cultural practices
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including the sky traditions of Indigenous communities and historically marginalized groups
worldwide. As we chart a course for our species in the rest of this century and beyond, the choices
we make today for LEO and near-Earth space will set precedents for how they will be used for
decades, and perhaps even centuries, to come. It is not just the planet and our species that face
an existential crossroads, but our collective future in space. Now is the time to make sensible
policy changes as we reimagine and co-create ethical, inclusive, and sustainable approaches for
our shared journey in space.
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