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Abstract 

There has been an explosion of space activities by private enterprises in recent years, driv-

ing what is dubbed the New Space revolution. SpaceX, as a frontrunner, is working towards 

the goal of ‘occupying’ Mars by 2050, with a view to transforming humans into a multi-

planetary species. The prospect of a multi-planetary society begins to impact the discourse 

of planetary sustainability, where Mars and other celestial objects are increasingly framed 

as a solution to earth system transformation. There is an imminent shift in the paradigm 

from ‘planetary’ to ‘multi-planetary’, which will have far-reaching implications for earth 

system governance. This Perspective explores these implications by focusing on the risk of 

increasing fragmentation of space governance through the proliferation of institutions and 

private space actors. We explicate how a few core assumptions of earth system governance 

may be impacted and argue for an expansion of the scope of governance beyond the Earth 

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

‘Occupy Mars’, Elon Musk tweeted in 2019. While the idea of colonizing Mars may still seem 

like a science fiction, the space sector is booming at a faster pace than ever, therefore in-

creasing the likelihood of that idea becoming a reality. Elon Musk is ‘highly confident’ that 

SpaceX will land humans on Mars in 2029 (Mack, 2022), with humans settling 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 an 

exponential growth of space activities driven by private entrepreneurs such as Jeff Bezos 

and Richard Branson in partnership with NASA and other government space agencies. 

Small ventures like Relativity Space (2022) and Impulse Space (2022) are also joining the 

race to Mars. Dubbed the New Space revolution (Clormann, 2021; Robinson & Mazzucato, 

2019), these developments are driving a paradigm shift from ‘planetary’ to ‘multi-plane-

tary’. The shift is expected to have far-reaching implications for, among others, earth sys-

tem governance (Biermann, 2014; Burch et al., 2019), which is the focus of our exploration 

in this Perspective. 

We start with an observation that the emerging imaginary of a multi-planetary soci-

ety has started to have an impact on the discourse of sustainability. According to NASA 

(2014), the 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 has projected space as a key part of the answer to sustaina-

bility challenges here on Earth. Mars is, for example, being portrayed as a future habitat for 

humankind when Earth becomes less habitable due to global environmental change. As-

teroids and the Moon are presented as sustainable and infinite supplies of mineral re-

sources, including those needed for global energy transition. Mars and other celestial ob-

jects in space have, in essence, been perceived as places to be colonized for the benefit of 

humankind. 

This narrative, however, is deeply problematic. The promised benefits are only one 

side of the story; there will be social and environmental consequences, which would most 

likely be unequally distributed across the globe. More fundamentally, the burst of space 
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activities driven by private enterprises is taking place in the absence of an adequate gov-

ernance framework on a multi-planetary scale. For example, in 2020, Elon Musk an-

nounced that SpaceX, which remains a privately traded company, will make its own laws 

or ‘self-governing principles’ when they start establishing a human settlement on Mars 

(Cuthbertson, 2020). While this is not going to be as easy as he might think, Musk is not 

entirely delusional either. The current space governance framework is arguably weak and 

underdeveloped in view of the rising space activities. 

We are not alone in problematizing the emerging discourse on planetary sustainabil-

ity. While expressing concerns over the framing of space as an infinite source of resources 

and a dumping ground with an unlimited capacity, scholars have recently called for ‘a more 

integrative approach including both our space environment and planet Earth’ (Losch, 2020, 

p. 1; see also Galli & Losch, 2019). Yap and Truffer (2022) have proposed the concept of 

‘earth-space sustainability’ to underline the interdependence between sustainability chal-

lenges on Earth and in space. There is no sustainability on Earth without sustainability in 

space, and vice versa. Such an opposing discourse demands us to revisit the notions of 

planetary integrity (Kotze & Kim, 2022), planetary justice (Biermann & Kalfagianni, 2020), 

and planetary stewardship (Steffen et al., 2011) to ones that recognize an imminent expan-

sion of our social sphere from the Earth System to the Solar System. This paradigm shift 

from ‘planetary’ to ‘multi-planetary’, which we are firmly convinced will take place in the 

next few decades, will demand a new governance model that effectively integrates Earth 

with space. 

Here 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 or integrated with space, instead of treating space as separable entities 

from Earth. Following this introduction, we will highlight the interdependencies between 

Earth sustainability and space sustainability. We then briefly discuss how the current space 

governance framework is unable to address sustainability challenges on Earth and in space 

in an integrative manner. We argue that the direction in which space governance is likely 

to evolve does not look promising either, as it is likely to go through increasing fragmenta-

tion through the proliferation of private actors and institutions. We then propose earth-
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space governance as what humanity should strive towards, and offer a first sketch of the 

contours of earth-space governance. 

2. Sustainability in a multi-planetary context 

Sustainability challenges on Earth and in space have become more intertwined than ever. 

There are already policy attempts and media coverage where earth-space sustainability 

has been a key concern. The current COSPAR Planetary Protection Policy is working on the 

issue of contamination with micro-organisms from outer space (COSPAR, 2020). Another 

prominent concern is the carbon footprint resulting from space activities such as the con-

sumption of fossil fuel from rocket launching. Depending on exact payloads, each rocket 

launch could result in approximately 150 metric tons of carbon dioxide, which makes every 

launch equivalent to about three transatlantic flights that carries 50-100 times more pas-

sengers (Whittaker, 2018). This issue has recently gravitated much interests in the public 

domain: The Guardian wrote ‘How the billionaire space race could be one giant leap for 

pollution’ (Gammon, 2021), while the headline of popular science article reads ‘[t]he cost … 

will be paid in carbon emissions’ (Marais, 2021). 

Another example that has turned into a heated debate in recent years is the rapid ac-

cumulation of space debris in Earth’s orbit. Although satellites bring manifold benefits to 

Earth’s development, the increasing density of satellites raises the likelihood of the so-

called Kessler syndrome, which is a cascade of collisions that can be triggered when the 

density of objects in the orbital environment reaches a certain threshold (Adilov et al., 2018; 

Kessler & Cour-Palais, 1978; Kitfield, 2010). If that happens, the chaotic distribution of de-

bris in orbit could significantly impede the use of satellites or access to space more gener-

ally for many generations to come. Space operators are already receiving dozens of colli-

sion 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 have been promoted as either providing in-situ resources for space missions or ad-

dressing sustainability challenges on Earth. For instance, helium on the Moon is actively 

considered as  a new source of energy for Earth’s rising energy demands (Conocimiento, 
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2019). But not only mining the Moon and asteroids will leave permanent scars on these 

celestial bodies, these activities may also adversely impact sustainability on Earth. In par-

ticular, framing the Moon as a source for meeting Earth’s demand can be a distraction to 

the ongoing sustainability transformation policies and reinforce current economic systems. 

Another critical question is whether developing countries would have equitable access to 

space given their less privileged technological and financial capabilities (Butkevičienė & 

Rabitz, 2022). In essence, the pursuit of space exploration and exploitation in the name of 

sustainability may in effect exacerbate environmental and societal challenges both on 

Earth and in space. Developing an integrative governance framework for simultaneously 

addressing sustainability issues within and beyond the Earth System, therefore, becomes 

a fundamental challenge in a multi-planetary era.  

3. Outer space in earth system governance 

In search for an integrative approach to address multi-planetary sustainability, it is perti-

nent to first examine the adequacy of the earth system governance framework in terms of 

its scope. The earth system governance literature has served as the frontier of governing 

earth system transformations in the Anthropocene (Biermann, 2014; Burch et al., 2019). 

Thus far, earth system governance, defined as ‘the collective attempt at bringing our soci-

etal development paths in line with the exigencies of earth system boundaries’ (Biermann, 

2014, p. 47), has left outer space a rather distant concern. As far as planetary sustainability 

is concerned, celestial objects such as the Moon and Mars are seen as detached entities 

with no meaningful interaction with Earth. In a multi-planetary context, however, this will 

have to change. The boundary of Earth as a social-ecological system is expanding, and so 

will the scope of earth system governance.  

While some of the institutions in extant space governance seek to hedge the negative 

effects of increasing Earth-space interdependencies highlighted above, these institutions 

have been insufficient. The Treaty on Principles Governing the Activities of States in the 

Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies of 1967 

(or the Outer Space Treaty) has thus far served as the main governance framework for gov-
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erning the use, occupation, and appropriation of outer space to prevent any claims of sov-

ereignty in space and on celestial bodies, which emphasizes that space activities shall be 

carried out for the benefit of all humankind. However, this treaty has not been updated for 

over five decades, rendering it ineffective and ill-suited for tackling emerging challenges of 

the New Space age, including the well-established issue of space debris (Beck, 2009; 

Goguichvili et al., 2021; Hollingsworth, 2013). The 1979 Agreement Governing the Activi-

ties of States on the Moon and Other Celestial Bodies (or the Moon Treaty) is similarly fo-

cused on governing activities relating to space resources, rather than addressing sustaina-

bility issues that might emerge from such activities. It imposes certain limitations to exploi-

tation activities on the Moon and other celestial bodies only to prevent unrestricted com-

petition over resources among leading spacefaring nations.  

The foregoing suggests that earth system governance remains exclusively Earth-cen-

tric in its approach to governing space activities. The focus of existing governance institu-

tions remains on managing geopolitical and distributional tensions surrounding access to 

space resources and any benefits that might be derived from the use of such resources. The 

ultimate purpose is sustainable development on Earth, while space is considered some-

thing detached and ‘out there’ that can be exploited with little negative consequences on 

Earth. But when humans start ‘occupying’ the Moon and Mars, the sphere of governance 

concern will need expansion to include space in a more meaningful manner. 

4. Increasing fragmentation and privatization of space governance 

While the boundary between Earth and space remains firm in the architecture of earth sys-

tem governance, space governance is under increasing risks of institutional fragmentation, 

due to the ramp-up of the colonial mind-set dominating the current New Space revolution 

and the concomitant proliferation of private actors.  

More specifically, a variety of state and non-state actors have started to shape their 

own leeway to tap into new commercial opportunities. In particular, we have witnessed the 

rise of minilateralism, or smaller blocks of countries forming alliances based on shared in-

terests. For instance, the United States changed their national legislations on the rights of 
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private commercial companies to allow private mining on the Moon or asteroids and legal-

ize commercial profiting from such activities (Butkevičienė & Rabitz, 2022). In 2020, the 

United States put forward a ‘shared vision for principles’ to govern civil exploration and use 

of the Moon, Mars, comets and asteroids in a framework called the Artemis Accords, which 

are subsequently signed by over 20 countries. Although the new framework affirms the 

importance of compliance with the Outer Space Treaty, the Accords also risk fragmenting 

the global space governance framework to the extent they deviate and represent commer-

cial interests. These leading  spacefaring nations are, in effect, driving the development of 

space governance, with a view to facilitating commercialization of space (Nelson, 2020). 

The fragmentation of space governance is furthermore exacerbated through privati-

zation of governance, with proposals to adapt the international space law for accommo-

dating the increasing role of private space enterprises (Yuan, 2021). Leading the New 

Space race are state agencies in the United States and the European Union, who have 

strong tendencies to partner with private actors in their space missions for strategic rea-

sons (Al-Rodhan, 2012). As a consequence, these states are increasingly becoming depend-

ent on technological innovations of the private sector. For instance, the United States gov-

ernment and NASA are contracting companies such as SpaceX, Blue Origin, and Dynetics 

for their missions near and on the Moon when it comes to producing lunar landers and de-

veloping resource mining technologies (Chang, 2020).  

Due to the growing reliance on private actors for both finance and technology, com-

panies are increasingly empowered to shape institutions and legitimize their space activi-

ties, from space tourism in low Earth orbit to building settlements on Mars. For instance, 

the Artemis Accords and the United States’ Commercial Space Launch Competitiveness 

Act allow private companies (under the jurisdiction of a participating state) to commer-

cially profit from space-based resource mining (US-Congress, 2015). Under such conditions, 

companies may transport resources back to Earth for trading purposes, which could disrupt 

future supply flows of minerals on Earth (Yarlagadda, 2022). In other words, institutional 

fragmentation leaves major cracks through which private actors can shape their own rules 

regarding exploitation and commercialization of space resources, implications of which are 

likely far-reaching. The example of SpaceX declaring to make its own ‘self-governing prin-

ciples’ on Mars is another case in point. The issues of fragmentation and privatization of 
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space governance are mutually reinforcing. A new ‘Wild West’ could emerge beyond 

Earth's orbit, with leading spacefaring nations and a handful of wealthy billionaires ruling 

a multi-planetary society legitimized with their self-designed institutions. 

Such a scenario might unfold faster than expected due to the ongoing institutional 

fragmentation of Earth’s orbital environment, which serves as the ‘gateway’ to space. Pri-

vate companies from the satellite sector, for example, have already started taking ad-

vantage of the weak and fragmented governance architecture. They engage in forum 

shopping, i.e., to ‘shop’ among nation states that have more lenient regulations for satellite 

launch. Some events already indicate that state agencies tend to steer institutions to work 

in favour of companies from their respective countries. For instance, when several compa-

nies (e.g., Viasat, Hughes, Dish Network, OneWeb, and Kuiper Systems) filed a claim to the 

United States’ Federal Communications Commission against the placement of Starlink sat-

ellites in a lower orbit, the Commission dismissed the claims and granted permission for 

Starlink to follow through its corporate plan (a total of 12,000 satellites), for reasons such 

as improving the speed and latency of Starlink (Brodkin, 2021).  

There are soft institutions introduced to mitigate the risk of unsustainable commer-

cialization of space. Examples include the Space Debris Mitigation Guidelines of the United 

Nations Office for Outer Space Affairs from 2010 (UNOOSA, 2010), the Sustainable Space 

Rating from the World Economic Forum in 2021 (WEF, 2021), and the Net Zero Space ini-

tiative launched at the Paris Peace Forum in the same year. Despite their shared concern 

over space sustainability, the effectiveness of these emerging voluntary institutions is still 

an open question. On the contrary, they may in fact legitimize an exponential rise in com-

mercial space activities as long as their operators fulfil certain industry expectations. 

The concerns over the fragmentation and privatization of space governance have been 

shared by other scholars (Tepper, 2019; Weeden & Chow, 2012) . Reform proposals abound, 

ranging from establishing a centralized International Space Authority (Zhao, 2004) to 

adopting a more polycentric governance approach (Morin & Richard, 2021; Shackelford, 

2014). We acknowledge the merit in many of such policy options. Yet we argue that it is 

imperative to consider these options not in a piecemeal manner, but under a fundamen-

tally new governance model that is cognizant of the paradigm shift from planetary to 

multi-planetary sustainability in the New Space age. 
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5. Towards integrative ‘earth-space’ governance 

We propose here the concept of earth-space governance as an alternative governance 

model for addressing sustainability in a multi-planetary context. It focuses on addressing 

sustainability challenges on Earth and in space in an integrative way with explicit consider-

ations for their interdependencies. At the core of the proposed model lies a multi-planetary 

stewardship orientation where ethics, sense of belonging, and caring for the 'space' hu-

manity lives in extends beyond Earth. In doing so, the proposed new model expands the 

scope of earth system governance beyond the orbits and the Moon to the rest of the Solar 

System. We outline below three key changing contextual conditions as we shift toward a 

multi-planetary sustainability paradigm. 

Figure 1. Earth system governance, space governance, and earth-space governance. 

 

   Source: Authors. 

New environmental limits and social foundations. The idea of multi-planetary sustainability 

suggests that resources extracted or generated on Earth and on Mars will be used and 

shared for supporting life on both planets. As humans find stronger footholds in space, 

whether through building settlements or exploiting space resources,  humanity's ‘biophys-

ical limits to growth’ (Meadows et al., 1972) also changes. On one hand, the biophysical 
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limits might expand as other celestial bodies could be treated as resources to fuel develop-

ment on Earth. On the other hand, Earth's orbital environment might set the new limits to 

growth if the problem of orbital space debris is not well addressed; future generations will 

not be able to access space. Any change in the biophysical limits would have implications 

for social foundations (Raworth, 2012, 2017). While the 'environmental ceiling' of the Earth 

system remains the same, human exploitation of resources on other planetary systems or 

celestial bodies could impact social equity on Earth. Earth-space governance will have to 

integrate the requirements of social foundations on a multi-planetary scale, such as in 

terms of stable economic incomes, improved living standards, and good-quality access to 

basic needs such as water and energy. Accounting for social justice in an Earth-space era 

helps ensure that the rich are not profiting even more from space resources while the poor 

remain deprived from basic needs on Earth. A key objective of earth-space governance 

would then be to effectively manage trade-offs between different issue regimes of the two 

planetary systems.  

New functional and spatial interdependencies. Human settlement on Mars will create 

new functional and spatial interdependencies between Earth and space. These changes 

beg the question of how socio-technical systems of, for instance, energy and water provi-

sions on Earth and in space may operate in parallel. An example would be that the extrac-

tion of minerals on a celestial body may impact energy provision systems on Earth by al-

tering the geopolitical landscape of sources of rare minerals (Klinger, 2017) or through the 

creation of new competitions, value chains, or flows of raw material supply on Earth 

(Yarlagadda, 2022). New systems in space, as a consequence, may reconfigure future so-

cio-technical systems on Earth. It is therefore imperative to govern a multi-planetary soci-

ety by explicitly considering the new interdependencies between Earth and space.  

New institutional coupling. An integrative earth-space paradigm considers political in-

stitutions in space as a continuity from Earth. More specifically, a multi-planetary view re-

quires coupling of rules and institutions between Earth and other celestial bodies in space 

such as Mars. A clear example of how the two are interrelated is that restricted resource 

extraction on Earth (e.g., deep seabed, the Arctic, and mineral mining in Congo) could fuel 

the interest of commercial companies to mine resources in space. Earth-space governance 
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in this regard would require aligning and integrating the fragmented institutions across dif-

ferent levels and scales, from global to planetary and multi-planetary. Any political institu-

tion for the Mars settlement will have to align with principles that safeguard sustainability 

and peacefulness on Earth. This perspective is particularly important to emphasize that 

powerful actors building settlements on Mars shall not simply shape their own rules and 

institutions, and that any institutional considerations have to account for justice on Earth. 

Beyond the abovementioned changes, an integrative earth-space governance model 

could bear implications to the current sustainability paradigm dominated by the planetary 

boundaries framework (Rockstrom et al., 2009) and the Anthropocene discourse. First, the 

aim of earth system governance in the Anthropocene can be conceived as "buying time for 

life on Earth" to adapt to the earth system changes (Biermann & Kim, 2020). The flurry of 

technological innovation and diffusion over the last two decades as well as socio-technical 

transitions of sectors in many countries have contributed to such humanity progress. How-

ever, techno-optimism is increasingly found to have led to rebound effects or unsustaina-

ble developments over time (Kolbert, 2021; Van Den Bergh et al., 2015). One could assume 

that the current space developments are the continuity of the current economic growth 

model and techno-optimism to delay Earth system deterioration. The role of earth system 

governance in this context, therefore, risks focusing on drawing in resources for Earth and 

'bounding off' negative or undesirable effects from the Earth's environmental limits.  

An integrative earth-space governance model, and perceivable as governing societal 

development and human actions beyond Earth, could  deal with these challenges more 

comprehensively by simultaneously considering the trade-offs, causes, and outcomes 

among the planetary systems. The concept, however, should not be misconstrued as ex-

panding anthropocentrism on a multi-planetary scale where human stressors could alter 

another planetary system. On the contrary, the integrative governance model focuses on 

mitigating the impacts of human actions and finding effective decisions to safeguard the 

sustainability of and justice for all life-beings.  
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6. Governing for sustainability in a multi-planetary context 

A multi-planetary society is looming on the horizon through the New Space revolution. The 

meaning of sustainability in such a society transgressing the limits of the Earth System will 

need to be scrutinized; the architecture of earth system governance will need to be ad-

justed. In particular, the integrity of the Earth System is likely to be severely compromised 

when another planet is projected as Plan B. Societal injustice is likely to exacerbate to a 

multi-planetary scale. Can policies, monitoring, and measurements targeted at transform-

ing societal developments on Earth toward sustainability be effective, with interferences 

from beyond Earth? Current and future institutional arrangements aiming at space sustain-

ability or Earth sustainability in isolation have to proactively relate space developments to 

the planetary integrity of Earth. In so doing, these institutional arrangements must move 

beyond the Earth versus space dichotomy toward aiming for multi-planetary sustainability.  

Future research aiming at tackling this integrative challenge should unfold the com-

plexities of those relevant institutional architectures across different levels and scales, i.e., 

global, planetary, and multi-planetary. To capture the complexities of the challenge, it is 

imperative to understand the development of the different socio-technical and resource 

systems or 'meta-infrastructures' in space, and their potential multi-planetary cascading 

implications. In addition, multi-planetary injustice must be taken into account, to counter 

the growing power of the ultra-rich and identify opportunities for the vulnerable. Bearing 

in mind that the current rapid developments on foreign celestial bodies are mostly driven 

by individual interests, future research have to advance our existing understanding on the 

struggles between personal values and actual political and institutional changes (Chapin et 

al., 2022; O'Brien, 2018) to govern multi-planetary sustainability. Not only we are the first 

generation in human history with the knowledge, capability, and responsibility to alter our 

relationship with Earth (Crutzen, 2006; Steffen et al., 2011), the time has come that we 

should also ensure a sustainable future in a multi-planetary context. Multi-planetary stew-

ardship will become increasingly important as we extend ethics, sense of belonging, and 

caring for the 'space' we live in beyond Earth. We shared our perspective on these chal-

lenges, and we welcome others to join the discussion. 
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