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The recent surge of private enterprise-led space activities is driving what is dubbed the New Space revolution.
SpaceX as a frontrunner is working towards colonizing Mars by 2050, with the goal of transforming humans into
a multi-planetary species. These developments and the imaginaries they generate are reshaping the discourse on
planetary sustainability, where celestial bodies like Mars are seen as a solution to the challenges facing our Earth.
Yet, space and its sustainability remain a rather distant concern in earth system governance. In this Perspective,
we argue that the New Space revolution necessitates a corresponding shift in the governance paradigm from
planetary to multi-planetary for a more integrated approach that recognizes the interdependencies of Earth and
space sustainability. We propose a new governance model, earth-space governance, aimed at promoting justice
and integrity for all forms of life in a multi-planetary context.

1. From ‘planetary’ to ‘multi-planetary’

‘Occupy Mars’, Elon Musk tweeted in 2019. Although the idea of
colonizing Mars may still seem like science fiction, the space industry is
expanding at a faster pace than ever, increasing the likelihood of the
idea becoming a reality. Elon Musk is ‘highly confident’ that SpaceX will
land humans on Mars in 2029 (Mack, 2022), with settlements estab-
lished by 2050 (Sheetz, 2020). Their long-term plan is to terraform Mars
into a habitable planet, making humans and human societies
multi-planetary (Musk, 2017; SpaceX, 2022; Williams, 2017). Elon Musk
is not alone in this space endeavour. Over the past decade, there has
been exponential growth in space activities driven by private entrepre-
neurs such as Jeff Bezos and Richard Branson in partnership with the
United States National Aeronautics and Space Administration (NASA)
and other government space agencies. Smaller ventures like Relativity
Space, 2022 and Impulse Space, 2022 are also joining the race to Mars.
Dubbed the New Space revolution (Jakhu et al., 2017; Robinson and
Mazzucato, 2019), these developments are driving a paradigm shift from
‘planetary’ to ‘multi-planetary’. The shift is expected to have
far-reaching implications for, among others, earth system governance
(Biermann, 2014; Burch et al., 2019), which is the focus of our explo-
ration in this Perspective.

We start with an observation that the emerging imaginary of a multi-
planetary society has started to have an impact on the discourse of
sustainability. According to NASA (2014), the developments of new

space activities are geared towards promoting ‘planetary sustainability’
in ‘a multi-planetary society, where the resources of the solar system are
available to the people of Earth’. This framing projects space as a key
part of the solution to sustainability challenges on Earth. Mars is, for
example, portrayed as a future habitat for humanity when Earth be-
comes less hospitable due to global environmental change. Asteroids
and the Moon are seen as limitless sources of minerals needed for global
energy transitions. Even if these plans do not materialize, the imaginary
of a multi-planetary future generated by Elon Musk and others can still
be performative. Their powerful imaginary may steer policy processes,
redirect finances, or project an alternative social order (Tutton, 2018),
with real and immediate implications for sustainability governance on
Earth.

The narrative of a multi-planetary future is powerful and problem-
atic in several ways. While it promises benefits, it overlooks the potential
social and environmental consequences that may not be evenly
distributed. Furthermore, it risks legitimizing space activities by private
enterprises, which could lead to the appropriation of space resources for
the benefit of a select few. For example, Elon Musk announced that
SpaceX, a privately traded company, plans to create its own laws or ‘self-
governing principles’ when establishing a human settlement on Mars
(Cuthbertson, 2020). Although this may not be as straightforward as he
thinks, Musk’s vision raises concerns about the current state of space
governance, which is inadequate and underdeveloped in light of the
rapid growth in space activities.
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We are not the only ones to see this problem. Others have also raised
concerns about the depiction of space as an inexhaustible source of re-
sources and an indiscriminate dumping ground. They call for ‘a more
integrative approach including both our space environment and planet
Earth’ (Losch, 2020, p.1; see also Galli and Losch, 2019). In a similar
vein, Yap and Truffer (2022) have introduced the concept of ‘earth-space
sustainability’ to emphasize the interdependency between sustainability
challenges on Earth and in space. For example, they caution that the
increasing use of space resources, if not properly managed, may rein-
force capitalist structures and worsen social injustice on Earth. In a
multi-planetary society, sustainability on Earth and sustainability in
space will be interrelated. This new perspective necessitates rethinking
core concepts of earth system governance such as planetary integrity
(Kotzé and Kim, 2022), planetary justice (Biermann and Kalfagianni,
2020), and planetary stewardship (Steffen et al., 2011; Chapin and
Knapp, 2015) in view of the anticipated expansion of the anthropo-
sphere from the Earth system to the solar system. The shift from a
‘planetary’ to a ‘multi-planetary’ paradigm will require a new gover-
nance model that integrates Earth with space effectively.

In this Perspective, we put forward the concept of earth-space
governance, which we define as an integrative governance model that
aims to achieve sustainability for life in all forms in a multi-planetary
context. This integrative sustainability governance model approaches
Earth as situated in and integrated with space, instead of treating space
as a separable entity from Earth. After this introduction, we explore the
concept of sustainability in a multi-planetary context by highlighting
how sustainability on Earth and sustainability in space are increasingly
intertwined. We then discuss the worrying signs of development in space
governance, which is expanding and fragmenting at the same time
through the proliferation of private actors and institutions. We propose
earth-space governance as a new model that is more fit for purpose for a
multi-planetary future and outline research directions ahead.

2. Sustainability in a multi-planetary context

Sustainability challenges on Earth and in space have become
increasingly intertwined. There are some policy attempts and media
coverage where earth-space sustainability is a key concern. The COSPAR
Planetary Protection Policy, for instance, discusses the issue of bi-
directional contamination with microorganisms between Earth and
other celestial bodies (COSPAR, 2020). The carbon footprint of space
activities is also being debated. Space rockets emit approximately 150
metric tons of carbon dioxide per launch, which is equivalent to three
transatlantic flights carrying 50-100 times more passengers (Whittaker,
2018). This has caught public attention, with media outlets such as the
Guardian reporting on ‘how the billionaire space race could be one giant
leap for pollution” (Gammon, 2021) with ‘the cost ... paid in carbon
emissions’ (Marais, 2021).

The accumulation of space debris in Earth’s orbit has become a
heated topic of debate in recent years. Although satellites bring
numerous benefits, the increasing density of satellites poses a significant
risk known as the Kessler syndrome, a chain reaction of collisions that
can be triggered when the density of objects in orbit reaches a critical
level (Adilov et al., 2018; Kessler and Cour-Palais, 1978; Kitfield, 2010).
If that happens, the chaotic distribution of debris in orbit could signifi-
cantly impede the use of satellite services and access to space for future
generations. Space operators are already receiving dozens of collision
warnings each day, and the number of these alerts is expected to grow
rapidly in the coming years (Greenbaum, 2020; Krag, 2021).

Beyond Earth’s immediate orbital environment, mining activities on
other celestial bodies are being promoted as solutions to sustainability
challenges on Earth and as resources for space missions. For instance,
helium on the Moon is actively being considered as a new source of
energy to meet the rising energy demands on Earth (Conocimiento,
2019). However, these activities not only leave permanent scars on ce-
lestial bodies but may also perpetuate Earth-bound extractivism and
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create new sustainability problems. Framing the Moon as a solution to
meeting Earth’s demands risks distracting the ongoing sustainability
transformation policies and reinforcing the dominant economic models.
Moreover, concerns have been raised about whether developing coun-
tries will have equitable access to space, given their limited technolog-
ical and financial capabilities (Butkeviciene and Rabitz, 2022).

In sum, pursuing space exploration and exploitation in the name of
sustainability may exacerbate environmental and societal challenges
both on Earth and in space. Developing an integrative governance
framework to address sustainability issues within and beyond the Earth
system is, therefore, a fundamental challenge in the era of multi-
planetary activities.

3. Expansion and privatization of space governance

Despite efforts by space governance institutions to address the
increasing interdependency between Earth and space, space governance
has been inadequate in the face of new challenges. The Outer Space
Treaty of 1967 is the primary framework for governing the use, occu-
pation, and appropriation of outer space, aiming to benefit all human-
kind by ensuring access to space and equitable sharing of benefits
derived from space activities. However, this treaty, which has not been
updated in over five decades, is no longer effective in addressing the
emerging challenges of the New Space age, such as the regulation of
space debris (Beck, 2009; Hollingsworth, 2013; Goguichvili et al.,
2021). The Moon Treaty of 1979 was originally designed to ‘prevent the
disruption of the existing balance of [the Moon’s] environment’ as well
as potentially harmful consequences on Earth. However, only 18 parties
have signed it as of 2023, whereas major spacefaring nations like the
United States, China, and Russia are not among them.

In the absence of adequate space governance, various state and non-
state actors are rapidly expanding their scope of influence in space
through their own ways of governing to gain political interests and
commercial opportunities (Nelson, 2020). To capitalize on new oppor-
tunities, minilateralism is becoming more prevalent as smaller groups of
countries form alliances based on shared economic interests. For
example, in 2020, the United States government introduced a ‘shared
vision for principles’ for the governance of civil exploration and use of
the Moon, Mars, comets, and asteroids through the Artemis Accords
framework. Over 20 countries have since signed the Accords, which
could allow companies from the member states to commercially profit
from space resources. For instance, the United States Commercial Space
Launch Competitiveness Act of 2015 supports a ‘pro-growth environ-
ment’ for its commercial space industry and allows private companies to
transport and sell resources they recovered from space. While the
Artemis Accords recognize the importance of compliance with the Outer
Space Treaty, it also risks further fragmenting the global space gover-
nance framework by prioritizing commercial interests over other con-
siderations. Such an expansion of self-driven space governance has
prompted scholars to argue for an updated international space law that
responds to the growing influence of private space enterprises (e.g.,
Herron, 2016; Yuan, 2021).

The increasing expansion and privatization of space activities also
risk fragmenting the architecture of space governance. Governments in
the United States and the European Union are increasingly collaborating
with private actors, promoting missions that are jointly led by public and
private entities (Al-Rodhan, 2012; Robinson and Mazzucato, 2019). For
instance, the United States government and NASA contracted companies
such as SpaceX, Blue Origin, and Dynetics to develop lunar landers and
resource mining technologies on and near the Moon (Chang, 2020).
Private actors in these leading spacefaring nations have been driving the
New Space revolution since the 2000s, resulting in these states becoming
increasingly dependent on finance and technologies from the private
sector. This growing reliance on private actors gives them increasing
power to shape institutions and legitimize their various space activities,
including space tourism in low Earth orbit.
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The mutual reinforcement of privatization and fragmentation in
space governance is a growing concern. The lack of a cohesive institu-
tional framework provides private actors with opportunities to establish
their own rules and exploit space resources, which in turn leads to
further institutional fragmentation.

The impact of the private sector on the fragmentation of governance
in Earth’s orbital environment, a key gateway to outer space, is already
evident. Private companies from the satellite sector have started taking
advantage of the weak and fragmented governance architecture. They
engage in forum shopping, seeking out states with more lenient regu-
lations for satellite launches. But not all of them get a fair chance in all
processes. There are some instances where state agencies prioritize the
interests of specific companies that align with their political interests.
For instance, the United States Federal Communications Commission
dismissed claims from several companies against Starlink’s placement of
satellites in a lower orbit and approved its corporate plan to launch
12,000 satellites, citing improvements to the speed and latency of the
service (Brodkin, 2021).

To mitigate the impact of commercial space activities, various soft
institutions have been added to the fragmented mix of space governance
structures. These include the Space Debris Mitigation Guidelines from
the United Nations Office for Outer Space Affairs (UNOOSA, 2010), the
Space Sustainability Rating initiative (World Economic Forum, 2021),
and the Net Zero Space initiative launched at the Paris Peace Forum
2021. Although these examples of voluntary institutions share a com-
mon goal of promoting space sustainability, their long-term effective-
ness remains an open question.

The rapid expansion of space governance through privatized rule-
making is likely to allow the rich and powerful to use the broad realm
of space for their own benefits, either at the expense of more sustain-
ability consequences on Earth or severe contestation and environmental
degradation in space. Regardless of which direction the development of
space governance takes, the current trend poses a serious risk to a multi-
planetary future: Governance on Earth may be disintegrated from the
one in space and vice versa, resulting in highly unsustainable conse-
quences as a whole.

The challenges of privatization and fragmentation in space gover-
nance have been widely recognized by scholars (Weeden and Chow,
2012; Tepper, 2019). Various reform proposals have been put forward,
ranging from establishing a centralized International Space Authority
(Zhao, 2004) to adopting a more polycentric governance approach
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(Shackelford, 2014; Morin and Richard, 2021). We acknowledge merit
in many of such policy options. However, we argue that these options
should not be considered in isolation but rather as part of a fundamen-
tally new governance model that recognizes the paradigm shift from
planetary to multi-planetary sustainability in light of the development of
New Space.

4. Towards earth-space governance

We propose ‘earth-space governance’ as a new approach to sustain-
ability governance in a multi-planetary context. This model recognizes
the interconnections between Earth and space sustainability and con-
siders that the scope of ecological and social concerns must now extend
far into space. The proposed governance model explicitly brings sus-
tainability challenges of the rest of the solar system to the forefront of
space governance needs, and integrates earth system governance with
space governance through the recognition of their interlinkages (see
Fig. 1).

Earth-space governance represents a significant departure from the
current governance models, including earth system governance. While
earth system governance is intended as a comprehensive framework for
research and policy on global environmental change (Biermann, 2014;
Burch et al., 2019), its scope is largely limited to the boundaries of the
Earth system. Earth system governance fails to acknowledge the new
and strengthening interconnections between Earth and space sustain-
ability, and it does not consider space as an integral part of ecological
and social concerns. Although the human-nature dichotomy has eroded
in earth system governance, the classic dichotomy between Earth and
space remains, often depicted as ‘spaceship Earth’ floating in outer
space. Furthermore, gender stereotypes that portray Earth as a
nurturing, feminine entity to be protected, and space as a frontier open
for exploration, exploitation, and competition, persist in current
governance models.

In contrast, earth-space governance challenges the notion of the
Earth system as a closed, isolated system and reckons the expansion of
human activities and ambitions into space. In the new model, such
expansion causes a flow of influence that is no longer solely unidirec-
tional from Earth to space but also increasingly from space back to Earth
(section 2). On the one hand, earth system governance has to start
considering the current expansion of space governance to planet Mars
and other celestial bodies. On the other hand, the expansion and
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Fig. 1. Earth-space governance as a novel governance framework that integrates earth system governance and space governance.
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fragmentation of space governance driven by the proliferation of private
actors and institutions (section 3) urge closer engagement with core
principles of earth system governance. Earth-space governance pro-
motes a governance framework that effectively integrates institutions
for earth-space sustainability. Its goal is to promote a just and sustain-
able future for all life forms on Earth and beyond in a multi-planetary
setting, where environmental responsibility, ethics, and ‘sense of
place’ extend beyond Earth.

In a multi-planetary society where space mining or human settle-
ment on Mars is thinkable and practicable, planetary integrity may need
to be reconceptualized as the current biophysical limits to growth
(Meadows et al., 1972) could be impacted. Additionally, it is crucial to
reconsider planetary justice, as space exploration and exploitation will
create both economic and political winners and losers. The discovery or
introduction of other life forms in space through human interventions
will furthermore raise challenging questions about inter-species justice
that must be addressed.

To achieve a shared sustainability objective, novel political in-
stitutions must address both Earth-bound and space-based challenges.
For instance, restrictions on resource extraction on Earth may incen-
tivize political and commercial interests in space mining. Mining min-
erals on other celestial bodies could affect the energy provision systems
on Earth, alter geopolitical competition for rare minerals, create new
material flows, and disrupt existing supply chains (Klinger, 2017; Yar-
lagadda, 2022; Moore et al., 2022). Some techno-scientific optimists
have even suggested Moon mining as a way to facilitate space-based
geoengineering (Milman, 2023). To govern these interconnected sys-
tems effectively, fragmented institutions must align and integrate across
various levels, ranging from national to global, planetary, and
multi-planetary. Any political institutions responsible for Mars settle-
ments must uphold principles of sustainability and peace on Earth and
avoid perpetuating inequalities or injustices on our home planet.

5. Future research directions

The New Space revolution is shaping a multi-planetary era, which
calls for a rethinking of sustainability governance of the Earth system.
The future governance models should move beyond the ‘Earth versus
space’ mentality, which focuses solely on either Earth or space sus-
tainability in isolation. Instead, an integrated approach that considers
multi-planetary sustainability should be pursued. This shift in focus is
necessary to ensure that space activities promote integrity and justice for
both Earth and space, whose sustainability is increasingly
interconnected.

There are several avenues for future research. Understanding the
rapid development of socio-technical systems, ‘meta-infrastructures’
(Yap and Truffer, 2022), or resource systems across the earth-space
interface is a crucial starting point for exploring governance for
multi-planetary sustainability. In particular, research has to derive a
better understanding of how these developments interrelate or interfere
with the ongoing global sustainability transitions and transformations
(Schot and Kanger, 2018; Kanger and Schot, 2019; Markard et al., 2021).
Identifying the agents leading and shaping these developments, which
are often groups of techno-elites, is another crucial step in addressing
justice-related questions. Earth-space governance research should also
examine the emerging patterns of contestation between actor values,
political and institutional changes, and public policy ideologies that
inform decisions (Dryzek, 2013; O’Brien, 2018; Chapin et al., 2022; Yap
et al, in press) in a multi-planetary context. Addressing future
earth-space sustainability must be at the forefront of the global gover-
nance agenda.
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