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ABSTRACT

We are witnessing a new space race. In the past few years, the num-
ber of successful launches to low Earth orbit has been higher than
at any time since Sputnik. Commercial space companies, led by
SpaceX and Blue Origin, have developed reusable rockets that are
fundamentally changing the economics of spaceflight and opening
new markets for recreation and tourism. Large numbers of small
satellites are being deployed to monitor Earth resources and deliver
high speed Internet to developing countries. Meanwhile, a growing
number of countries have built space programs, and a superpower
rivalry between China and America has replaced the traditional
competition between Russia and America. All this activity raises
legal and ethical issues. Space debris is accumulating at a rapid
rate, creating a hazard for humans and hardware in low Earth or-
bit. Currently, there is no real incentive for companies or govern-
ments to mitigate this threat. The ownership of space resources is
not covered by international law and in most countries, spaceflight
is subject to very little regulation. Another concern is the potential
militarization of space by the major powers. As we explore space,
exploitation may be taking precedence over conservation. Hope-
tully, the economic benefits of space will be realized while the ac-
tivity grows ethically and sustainably.

Keywords: space travel, space debris, space race, space law, ethics,
sustainability, commerce, regulation, militarization

El espacio: una frontera cada vez mas congestionada
y disputada
RESUMEN

Estamos asistiendo a una nueva carrera espacial. En los ultimos
afios, el nimero de lanzamientos exitosos a la drbita terrestre baja
ha sido mayor que en cualquier otro momento desde el Sputnik.
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Las empresas espaciales comerciales, encabezadas por SpaceX y
Blue Origin, han desarrollado cohetes reutilizables que estan cam-
biando fundamentalmente la economia de los vuelos espaciales y
abriendo nuevos mercados para la recreacion y el turismo. Se estan
desplegando grandes cantidades de satélites pequenios para moni-
torear los recursos de la Tierra y brindar Internet de alta velocidad
a los paises en desarrollo. Mientras tanto, un nimero creciente de
paises ha creado programas espaciales y una rivalidad de superpo-
tencias entre China y Estados Unidos ha reemplazado la compe-
tencia tradicional entre Rusia y Estados Unidos. Toda esta activi-
dad plantea cuestiones legales y éticas. Los desechos espaciales se
estan acumulando a un ritmo rapido, creando un peligro para los
humanos y el hardware en la drbita terrestre baja. Actualmente, no
existe ningun incentivo real para que las empresas o los gobiernos
mitiguen esta amenaza. La propiedad de los recursos espaciales no
esta cubierta por el derecho internacional y, en la mayoria de los
paises, los vuelos espaciales estan sujetos a muy poca regulacion.
Otra preocupacion es la potencial militarizacion del espacio por
parte de las grandes potencias. A medida que exploramos el espa-
cio, la explotacion puede estar tomando prioridad sobre la conser-
vacion. Con suerte, los beneficios econémicos del espacio se haran
realidad mientras la actividad crece de forma ética y sostenible.

Palabras clave: viajes espaciales, basura espacial, carrera espacial,
derecho espacial, ética, sostenibilidad, comercio, regulacioén, mili-
tarizacion

H 2 A58 S IR AT
LS

BATIEAE WAE— S R 25838 XK JUE, M HHE K
Ty RS KT B O L N i TR DASR B AR AR IR i #8 2 v o DA
SpaceXH1Blue  Origin Y K NVATIR A 7] & 1 A E# 2 4
KT, MIRA BB TR EDE, IR R AR LT R
TN . KB/ TR A R M M BR B3 R F [ J
E IR SR BN . S UCER, R i E SRS T
R, S22 18] (8 2 K I 58 S U 1 e 2 WA S [ 22
B AL sE . PR SiE B # = 51 RE A B, K
PR AR R, T EIE i N SR i R
o HAT, AW BEUG AR IERSIRIERIX —E. K
B EIRI AR E bREESE, mHAERZSHEAK, iR

48



Space: An Increasingly Congested and Contested Frontier

ATRBWEER D S AN EYRE K E T RER KA FE H
o BIWAMRZ RN, FRATBEN e TR . FEKTH
20 G R o RE 8 18 K 25 T BN AT &6 BRI W] K7 48 e 1) [ I 45 LA
S

RREEE, Tk, MR, FESEb

Objective
he goal of this paper is to summa-
I rize some of the implications of
increasing activity in space. The
commercial sector is launching large
numbers of satellites to low Earth orbit,
increasing the amount of space debris
and corresponding hazards to orbiting
hardware and astronauts. A growing
number of governments are develop-
ing space programs, with concerns over
military capabilities in an arena that is
almost completely unregulated.

Background

pace travel is ascendant. For the
Sﬁrst half century of human efforts

to escape the Earth’s gravity, the ac-
tivity was the hegemony of the world’s
two superpowers: the United States and
the Soviet Union (Hardesty & Eisman,
2007). The rivalry derived from the Cold
War, and it saw the Soviet Union achieve
early landmarks in space travel—the
first satellite, the first human in orbit, the
first spacewalk, the first soft landing on
the Moon—but the United States recap-
tured the momentum with the first hu-
mans to land and walk on the Moon in
1969. Cooperation was exemplified by

the International Space Station, which
has been continually occupied for 23
years by astronauts that represent 21 dif-
ferent nations (Catchpole, 2008). China
has a well-funded and very ambitious
space program, with a dozen launches
to Earth orbit each year, a successful lu-
nar rover, and plans for a space station
and a Moon base. Other countries with
growing aspirations in space include
India, Brazil, Japan, and Arab Emirates
(Oniosun, 2023).

However, the most dramatic
progress is within the commercial sec-
tor. SpaceX and Blue Origin have led
the effort to lower the cost per kilogram
launched to Earth orbit with reusable
rockets. There are over three dozen
private space companies, but these two
were founded by billionaires who in-
vested substantially from their own for-
tunes to sustain the development phase
where there is no significant revenue
stream (Davenport, 2019). SpaceX was
founded in 2002 by Tesla CEO Elon
Musk, and it achieved several land-
marks for a private company: the first to
put a liquid propellant rocket in orbit,
the first to launch and recover a space-
craft, the first to send a spacecraft to the
International Space Station, and the first
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to reuse a booster with vertical takeoff
and landing. Rockets in the Falcon 9
family have flown over 270 times, with
a 99.3% success rate. Starship, which is
designed for orbital and interplanetary
travel, is the largest and most powerful
rocket ever flown (Reddy, 2018). Blue
Origin was founded in 2000 by former
Amazon CEO Jeff Bezos, and the com-
pany has followed a quieter and more
incremental approach to orbital flight.
New Shepard is its reusable rocket for
space tourism and New Glenn is its
heavy lift vehicle. Along with SpaceX,
Blue Origin has a contract to provide
lunar lander services for NASA’s Arte-
mis program (Gudmundsson, 2018).
The world space economy was worth
nearly half a trillion dollars in 2021,
and more spacecraft were put into orbit
in the first half of 2022 than in the first
half century of space exploration (Space
Foundation, 2022).

Results
The Problem of Space Debris

One result of the burgeoning space
activity is a growing amount of space
debris. Space debris is the detritus of
our activity is space, chunks of metal
that serve no useful purpose, includ-
ing abandoned launch vehicles, defunct
satellites and spacecraft, and fragmenta-
tion debris. Nearly 16,000 satellites have
been placed in Earth orbit, of which half
are still functioning and 2,000 are de-
funct. There are 36,500 pieces of debris
larger than 10 cm, and an estimated 1
million between 1 cm and 10 cm and
130 million between 1 mm and 1 cm
(European Space Agency, 2023). Mov-
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ing at speeds of up to 17,500 mph, even
a fleck of paint can damage a spacecraft.
Optical telescopes and lasers can track
large pieces of debris from the ground,
but orbital radar is required to track
the many small pieces (Muntoni et al.,
2021). The number of orbiting space-
craft has doubled in the past decade and
it will increase dramatically in the next
decade as a hundred companies plan to
launch “constellations” of small satellites
(Curzi et al., 2020). SpaceX, OneWeb,
Amazon, and others aim to deliver high
speed internet to developing countries,
with 20,000 small satellites projected
by 2030 and 60,000 by 2040 (Witze,
2019). The collision rate will inevitably
increase and there is a cascading effect
even without any additional launches.
A possible, bleak outcome is that an ex-
ponentially increasing amount of debris
will render low Earth orbit unusable
(Lessler & Cour-Palais, 1978).

Space debris is a modern tragedy
of the commons, a phrase originally as-
sociated with over-grazing of common
land and the planet’s population explo-
sion (Hardin, 1968). A resource that
everyone could benefit from is spoiled
because no party has a strong incen-
tive for conservation or protection.
In space, every sovereign state has the
right to use Earth orbit and no state has
the right to exclude others from using it
(Wang, 2013). Sometimes, the problem
is compounded by bad actors. In 2007,
the Chinese intentionally destroyed
one of their weather satellites, causing
the largest debris cloud ever generated
by a single event, creating 3,500 piec-
es of large, trackable debris and many
more small pieces. Two years later, in a
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more benign but almost equally dam-
aging event, a defunct Russian space-
craft slammed into an Iridium satellite,
adding 2,300 large chunks of debris.
Then, in 2021, a Russian anti-satellite
test targeting one of their own satellites,
generating more than 1,500 pieces of
trackable orbital debris and hundreds
of thousands of small pieces (Drake,
2021). Punishing poor behavior is a de-
sirable strategy, so it was notable in late
2023 when the Federal Communica-
tions Commission in the U.S. fined TV
provider Dish $150,000 for failing to
move one of its satellites into a safe orbit
(O’Callaghan, 2023). Mitigation strate-
gies do exist, but governments have
dragged their feet and private compa-
nies do not want to impact their bottom
line. Large satellites are now built with
de-orbiting mechanisms, and many
small satellites are in low enough orbits
that drag in the upper atmosphere does
that job naturally. Technologies being
considered include lasers, nets, mag-
nets, and harpoons (Ledkov & Aslanov,
2022).

International Competition

The new space race is quite different
from the one that started with Sput-
nik. When the United States and the
Soviet Union raced to put humans in
space and go to the Moon, it was a tech-
nological spear tip of a Cold War cri-
sis with existential overtones. Current
competition has three themes (Pek-
kanen, 2019). Democratization means
that space is not the hegemony of the
world’s only two superpowers but is
engaged in by a growing list of coun-
tries for national prestige or industrial
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benefit (Goswamy & Garretson, 2020).
Examples include Japan, India, Brazil,
South Africa, Turkey, and United Arab
Emirates, many of which have created
their own space agencies. Commercial-
ization is being driven by technology
that offers faster, cheaper, and more
consistent space access. It ranges from
Earth-focused activities from low or-
bit to oft-Earth settlements. Militariza-
tion is a sign of a shifting world order
and new geopolitical rivalries. Space
technologies often have dual uses in
the commercial and military sectors,
exemplified by the Space Shuttle pay-
load, which were roughly equally split
between civilian and military purposes.
China is the superpower with outsized
ambitions in space (Goswami, 2018). It
was the third country to put a person in
space in 2003, ending a 4-year duopoly.
Now, the Chinese routinely launch over
100 spacecraft per year, they have land-
ed two robotic rovers on the Moon and
one on Mars, and they are completing
their own space station.

In the United States, the forma-
tion of a sixth branch of the Armed
Forces, the Space Force, was a sign
that space was viewed as a new arena
for competition and potential conflict
(Ruft et al., 2022). The irony is that pur-
suit of control or dominance in space
is unlikely to make the U.S. safer. This
is an example of the “security dilem-
ma’ in international relations, where
a State, having no aggressive intention
and seeking only to preserve its own se-
curity, takes steps which trigger a fear
reaction in another State, causing that
second State to take its own steps to
preserve its own security from the per-
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ceived threat of the first State (Grunert,
2022). In 2021, the Office of the Direc-
tor of National Intelligence released a
report that said China was working on
an array of technologies to weaponize
space and their aim was to match or
exceed U.S. capabilities to gain military,
economic, and prestige benefits (Gould,
2021). Also in 2021, Defense One sum-
marized the concerns: the secrecy of
China’s military space program, the po-
tential for conflict over the ownership
of lunar sites, and the ways that satellites
could be used to detect and destroy hy-
personic missiles (Defense One, 2021).
The Center for Strategic and Interna-
tional Studies has laid out the threat
and the strategies to avoid them. Their
report, titled “Defense Against the Dark
Arts;” is littered with quotes and images
from the Harry Potter books (Harrison
et al,, 2021).

Legal and Ethical Issues

Space is the new “Wild West” There
are very few laws and regulations that
govern what countries or people can do
oft-Earth, or how they do it. The United
Nations Outer Space Treaty of 1967 says
that no country can own the Moon or
any part of it and that celestial bodies
should only be used for peaceful pur-
poses (United Nations, 1967). This trea-
ty was important in prohibiting nuclear
weapons in space, but it says nothing
about companies and individuals, and it
says nothing about how space resourc-
es can and cannot be used. The Moon
Agreement of 1979 held that the Moon
and its natural resources are the com-
mon heritage of humanity, but none
of the major space-faring countries
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have signed it (United Nations, 1979).
Other issues have been tackled with a
“Rescue Agreement” that deals with the
return of astronauts from deep space, a
“Liability Convention” to address dam-
age caused by deep space objects, and
a “Registration Agreement” to keep
track of all objects launched into space.
U.N. oversight continues through the
work of the Committee on the Peace-
ful Uses of Outer Space, which has 112
members, and which meets every year
(United Nations, 2023). This group has
approved 21 non-binding sustainability
guidelines, and for the first time in 50
years is considering new treaties.

Scientists have argued that the
orbital space environment should be
seen as a “global commons,” so wor-
thy of protection (Lawrence et al,
2022). National geopolitical interests
will dominate unless the United Na-
tions acts. The U.S. Congress passed the
Commercial Space Launch Competi-
tiveness Act in 2015, which recognizes
the right of Americans to own any space
resources that they harvest and encour-
ages the commercial exploitation of as-
teroids (Molloy, 2015). In 2020, NASA
rolled out the Artemis Accords, broad
but non-binding principles for peace-
ful cooperation in space (NASA, 2023).
They have been signed by 28 countries,
but not China or Russia. The billion-
aires who run private space companies
are loosely constrained by the Federal
Aviation Administration in low Earth
orbit, but they are unconstrained as
they venture off-Earth, and they have
grandiose plans (Rubenstein, 2022).
Rapidly growing activity in space has
an environmental impact and so its sus-
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tainability is in doubt (Miraux, 2022).
Ethical considerations deserve more
attention than they have been given
so far (Schwartz & Milligan, 2021).
We should embrace stewardship of the
space environment, the rule of law, and
the human rights of those who choose
to live off-Earth. Humanity is at an in-
flection point. Space is a blank slate and
as we write our future there, both utopi-
an and dystopian scenarios are possible.
Hopefully, we can avoid the mistakes
that have tarnished the legacy of civili-
zations on Earth.

Conclusion

ctivity is space is surging. It is
entering a new phase, where
the efforts of governments are

being eclipsed by investment from the
private sector. An analogy can be made
with the development of the Internet
(Impey, 2021). In the pioneering phase
of the Internet, Claude Shannon wrote
the foundational paper on information
theory in 1948 and J.R. Licklider au-
thored a white paper in 1960 that fully
envisaged a worldwide computing net-
work and data in the cloud. The anal-
ogous phase of space exploration was

Konstantin Tsiolkovsky’s treatise on
rocketry in 1903 and Robert Goddard’s
first launch of a liquid-fueled rocket in
1926. In next phase, the nascent activi-
ty is incubated by the U.S. military-in-
dustrial complex. For the Internet, this
was the creation of the ARPANET, the
first computer network, in 1969, and
the development of e-mail around the
same time. For space, it was the forma-
tion of NASA in 1958 and the evolu-
tion of military rockets into the Saturn
V rocket under the leadership of Wer-
nher Von Braun. Subsequently, activity
moves into the civilian research sector.
The modern Internet was facilitated
by the development of the first web
browser in 1990 by Tim Berners-Lee.
Through the 1980s and 1990s, NASA
gained experience in space through the
costly Space Shuttle and International
Space Station programs. Starting in the
mid-1990s, restrictions on commercial
Internet traffic were removed, and the
result was a rapid growth in econom-
ic activity as culture and commerce
were transformed by the Internet. We
are currently witnessing an analogous
transformation of space travel where
the consequences could be equally pro-
found.
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