The Missing Ingredients for a Polycentric
Governance System of Orbital Debris

Jean-Frédéric Morin* and Cynthia Couette

Abstract

The pollution of Earth’s orbits by debris represents a pressing environmental problem.
Recognizing that geopolitical factors hinder the adoption of a multilateral solution, sev-
eral experts advocate for a polycentric governance system, inspired by Elinor Ostrom'’s
work. This article assesses the viability of such a proposal. It finds that the global network
of space organizations exhibits some of the structural characteristics of a polycentric sys-
tem. However, arrangements concluded among these organizations fail to promote sus-
tainability norms, and interviews with key stakeholders reveal the absence of several
favorable factors for a sustainable polycentric governance system. The article concludes
that a polycentric structure alone does not guarantee the emergence of sustainable gov-
ernance. As orbital space is a relatively “easy case” for applying polycentricity theory to
the global commons, this research serves as a reminder about the limitations of polycen-
tric approaches in global environmental politics.
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The proliferation of space debris is unsustainable. Earth’s orbital space is pol-
luted with defunct satellites, abandoned fuel tanks, and fragments from satellite
collisions. The crash of the satellites Iridium 33 and Cosmos-2251 in 2009
alone generated thousands of pieces of debris. Some estimates suggest that there
are currently more than 1.1 million debris larger than one centimeter orbiting
Earth, collectively weighing more than 13,000 tons (European Space Agency
[ESA] Space Debris Office 2024). This pollution already necessitates frequent
avoidance maneuvers by satellite operators and is poised to worsen with the
expanding space industry. Some analysts even fear that a chain reaction of
collisions will create an exponential surge of new debris (Kessler and Cour-
Palais 1978).

The ramifications of such space pollution are profound. Even small debris,
such as bolts, pose significant risks due to their high velocities in low Earth
orbit. The damage created by debris could have catastrophic consequences, as
satellites are essential for telecommunications, weather forecasting, navigation,
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2 o Polycentric Governance System of Orbital Debris

Earth observation, and geolocation.1 Our daily reliance on these satellites
extends to activities such as agricultural planning, flight navigation, maritime
transport, access to the internet, television broadcasting, bank transfers, and
natural disaster management. Collisions may also diminish societies’ ability
to address other environmental problems, as satellites play an essential role
in monitoring atmospheric pollution, deforestation, ocean health, ozone
depletion, and climate change (United Nations 2021).”

Recent studies suggest that Ostrom'’s lessons on polycentric local resource
management can be applied to orbital debris to foster more sustainable space
governance (Johnson-Freese and Weeden 2012; Kurt 2015; Lambach and Wesel
2021; Migaud et al. 2021; Nordman 2021; Shackelford 2014; Tepper 2014;
Weeden and Chow 2012). However, most of these studies are theoretical and
provide only anecdotal evidence. This article takes a step further by empirically
assessing the polycentricity of the space governance system. To conduct this
empirical assessment, we establish a clear distinction between the structural char-
acteristics, the expected emerging properties, and the favorable factors of a polycentric
system that manages common-pool resources sustainably.

Using a combination of network analysis, content analysis, and interview
data, this study finds that, while the outer space governance system embodies a
polycentric structure, sustainability norms governing orbital debris have not yet
emerged from it. It further argues that this nonemergence could be explained by
the absence of several favorable factors observed in well-functioning polycentric
systems. At a time when polycentricity is presented as a potential model for
various global environmental challenges (e.g., Lofthouse and Herzberg 2023),
this finding is a useful reminder that a polycentric structure alone is not suffi-
cient to ensure sustainability.

The article is divided into four sections. This first section reviews the liter-
ature and underscores the necessity of an empirical investigation. The second
presents the results of a network analysis of space arrangements and establishes
that space governance has the structural characteristics of a polycentric system.
The third section relies on content analysis and finds that norms addressing
orbital debris have only modestly emerged from this governance system. The
fourth part draws on interview data to explore some of the missing favorable
factors in an effort to explain why this governance system, despite its structural
characteristics, has so far failed to manifest the emerging properties of a well-
functioning polycentric system.

1. A recent study estimates that “debris will cause negative damage of approximately 1.95% of
global Gross Domestic Product (GDP) in the long term if no debris is remediated at all”
(Nozawa et al. 2023, 101580).

2. Wilson and Vasile (2023) call the “space sustainability paradox” the situation whereby the
increasing use of space to address social and environmental problems on Earth contributes
to an unsustainable number of orbital launches.
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Applying Polycentricity Thinking to Orbital Debris

A sustainable space governance system would mitigate, monitor, and remove
orbital debris in a manner that reduces the risk of collision over time. Various
technical and policy solutions are available to address the problem of orbital
debris. These include requiring operators to deorbit their satellites immediately
after their mission and actively removing large debris with service satellites
(International Risk Governance Center [IRGC] 2021; World Economic Forum
2023). However, these solutions have not been widely implemented due to
many space actors’ reluctance to incur these associated costs. This situation cre-
ates a collective action problem whereby the interests of individual space actors
conflict with those of the space community as a whole.

The resolution of this collective action problem is complicated by the fact
that Earth’s orbital space is a common-pool resource, as its consumption is both
nonexcludable and rivalrous (Ostrom 2003).> Orbital space is nonexcludable
because space law treaties guarantee free access to it, including for debris-
emitting satellites. It is also rivalrous since each additional space object
decreases the number of available orbital slots, increases congestion in orbit,
and reduces safe orbiting options for future spacecraft. In this context, space
actors have incentives to continue using Earth’s orbits unsustainably, as each
reaps the full benefits of its activities while sharing the added risks with others
(Byers and Boley 2023; Lawrence et al. 2022).

Space experts have proposed different governance solutions to address this
problem. These proposals can be grouped into three categories (Morin and
Richard 2021). The first group advocates for stronger hierarchical regulations,
including calls for a new binding, multilateral treaty on orbital debris and the
creation of a specialized UN agency (Gupta 2016; Hollingsworth 2013;
Imburgia 2011; Tan 2000). The second category suggests leveraging market
mechanisms to allocate orbit slots more sustainably. Proposals from this second
group include the territorialization of orbits and tradable debris licenses (Buchs
and Bernauer 2023; Cooper 2003; Elhefnawy 2003; Hudgins 2002; Salter 2017;
Salter and Leeson 2014; Taylor 2011). A third approach—which this article crit-
ically assesses—is cultivating a polycentric governance system for orbital debris
(Johnson-Freese and Weeden 2012; Kurt 2015; Lambach and Wesel 2021;
Migaud et al. 2021; Nordman 2021; Shackelford 2014; Tepper 2014; Weeden
and Chow 2012). In a polycentric governance system, cooperative arrangements
governing common-pool resources are not hierarchically organized around a
single, central authority but instead involve interconnected decision-making
centers, independent from each other (Ostrom et al. 1961, 831).

Ostrom (1990) observed that governance systems with a polycentric struc-
ture often display emerging properties conducive to the sustainable manage-
ment of common-pool resources. In such systems, decision-making units can
independently innovate, learn from failures, and self-correct. These lessons are

3. Orbital space can also be described as a congested public good.
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then shared among interconnected units, fostering adaptability. This adaptabil-
ity could enable more sustainable self-management of common-pool resources
compared to centralized or market-driven approaches. Ostrom and her col-
leagues have found multiple empirical examples of polycentric systems that
govern common-pool resources in a sustainable manner, from lobster fishing
in Maine to irrigation systems in Iran and mountain grazing in Switzerland
(Ostrom 1990).

While Ostrom'’s research focused primarily on local commons, a similar
logic can potentially apply to certain global commons (Cox 2014; Dietz et al.
2003; Fleischman et al. 2014; Ostrom 1999, 2010b; Stern 2011). It is often
argued that polycentricity is more challenging at the global than at the local
level since international relations are associated with a larger number of actors,
a dilution of shared meta-norms, higher discount rates, more diffused interests,
and higher transaction costs (Keohane and Ostrom 1995, 413). However, none
of the obstacles is particularly pronounced for the case of orbital debris. Outer
space governance involves fewer users than some local polycentric systems for
watersheds or fisheries. Moreover, all space actors are bound together by the
uncontested meta-norms provided in the Outer Space Treaty. They all favor
low discount rates since they invest massively with long-term objectives in
mind. Their collective interest in self-restraint is clear since several space actors
that are responsible for the generation of debris are also among the primary
victims of congestion and collision. They also frequently conclude bilateral
agreements among themselves, suggesting manageable transaction costs.
Ostrom’s framework was developed around renewable resources, and usable
slots in Earth’s orbits can be conceptualized as analogous to renewable
resources because they become available to host new satellites once the previous
ones are deorbited.* Ostrom (2010b, 2012) and other scholars following in her
footsteps (e.g., Cole 2015; Dorsch and Flachsland 2017; Jordan et al. 2018;
Nordman 2021) believe that the lessons of polycentric governance can provide
useful guidance for the more complex issue of climate change. In the gover-
nance of climate change, there are countless polluters, norms are hotly con-
tested, discount rates seem high, negative externalities do not primarily affect
polluters, transaction costs restrict negotiations, and the resources used are non-
renewable. In comparison, the management of orbital debris is a much easier
case for the application of a polycentric framework to a global common, with
lower structural obstacles.

Ostrom (2010a) did not view polycentric governance through rose-
colored glasses. She warned against the “perverse and extensive uses of policy
panaceas” (Ostrom 2007, 15181). While a polycentric structure can lead to sus-
tainable resource management, it often comes at the cost of redundancies, inef-
ficiencies, and ambiguities (Blomquist and Schroder 2019). Even when

4. That said, some debris will not deorbit on a human timescale and requires active removal, a
process that is not well conceptualized by Ostrom’s framework.
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sustainability is achieved at the system level, failures often persist at the unit
level, generating inequities. Polycentricity might even exacerbate power
asymmetries, as powerful actors can navigate complex systems more easily than
weaker actors (Morrison et al. 2019). Nevertheless, despite these shortcomings,
Ostrom (1999) believed that polycentricity is often a more feasible and realistic
option than centralized or market-based alternatives. Her empirical approach
led her to conclude that abstract solutions conceived by theorists are rarely
applicable in practice. She advocated for cultivating imperfect solutions from
the messiness of social, historical, and political realities rather than imposing
an ideal order on communities.

This pragmatic approach motivates an increasing number of space experts
to advocate for a polycentric governance system for orbital debris. They argue
that a global arrangement on debris, based on either regulations or the market,
is “unlikely to materialize” (Kurt 2015, 306), “not a realistic option” (Lambach
and Wesel 2021, 5), “extremely limited” (Johnson-Freese and Weeden 2012,
77), and “no longer feasible” (Tepper 2019). This is because institutionalizing
centralized regulations or a global market would require nearly universal sup-
port to function properly. If just a few states refuse to participate in a newly
established regime, space companies could relocate to these recalcitrant states
to benefit from “flags of convenience” and avoid costs associated with debris-
mitigation measures. In the last fifty years, power politics has prevented the
adoption of multilateral treaties related to outer space and this unfavorable
geopolitical context will likely persist or worsen. According to several space
governance experts, applying the lessons of polycentricity to orbital debris is a
more politically feasible alternative to centralized regulations or a global
market.

Yet, scholars advocating for a polycentric governance system for orbital
debris have not conducted a rigorous empirical assessment of the current
governance system. There is uncertainty over whether the current system is
already polycentric or only has the potential to become so. Studies argue that
polycentricity can, in principle, contribute to the mitigation of debris pollution.
However, without an empirical investigation, it is difficult to evaluate how
much potential the current governance system has and in which direction it
should be steered.

To assess the governance system for orbital debris through the lens of
polycentricity theory, it is useful to distinguish between a polycentric system'’s
defining structural characteristics, expected emerging properties, and favorable factors.
Structural characteristics refer to the architectural features of a polycentric sys-
tem, including the multiplicity and interconnectedness of distinct decision-
making centers (Kim 2020). Emerging properties are the expected outcome of
processes like experimentation and learning that a polycentric structure enables
(Orsini et al. 2020). One of these expected outcomes is the emergence of sus-
tainability norms (Winston 2023). Last, favorable factors are variables that have
been found to facilitate the emergence of these expected outcomes (Ostrom
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1990). This article argues that a polycentric structure alone is not sufficient for a
governance system to exhibit the emergence of sustainability norms, a claim
that is not always acknowledged among enthusiasts of polycentricity for space
governance. The following sections assess successively the structural characteris-
tics, the emerging properties, and the favorable factors of the orbital debris gov-
ernance system.

The Polycentric Structure of Outer Space Governance

A distinctive structural feature of polycentric systems is their composition of sev-
eral interacting governance centers, operating autonomously and at different
levels (Ostrom et al. 1961, 831). Previous studies have found that several gov-
erning bodies do coexist in global space governance, such as the International
Telecommunication Union and the UN Committee on the Peaceful Uses of
Outer Space (Shackelford 2014, 3; Tepper 2014, 683). However, the mere
presence of a variety of governance centers does not automatically qualify a
governance system as polycentric. A governance system can encompass multiple
and diverse organizations and yet remain centralized around a single decision-
making center. Assessing the polycentricity of a governance system requires an
examination of the ordering structure created by the connections linking the
various governance units (Galaz et al. 2012, 24).

We use network analysis to examine the structural dimension of the space
governance system. Following several studies in global environmental politics,
we conceptualize this governance system as a network of actors connected by
shared institutional arrangements, the main building blocks of global gover-
nance (e.g., Galaz et al. 2012; Hollway et al. 2020; Kim 2020; Kinne 2013;
Orsini et al. 2020). To conduct this analysis, we built a list of nodes from a
comprehensive data set of space actors, which includes all organizations
involved in designing, owning, launching, operating, tracking, monitoring, or
regulating space objects (Morin and Beaumier 2024). This encompasses states
(40%), governmental organizations (27%), international organizations (4%),
for-profit entities (21%), universities (4%), and not-for-profit organizations
(3%). The edges list is derived from a compilation of institutional arrangements
concluded between at least two of these space organizations (Morin and Tepper
2023). These arrangements include treaties (17%), contracts (38%), certifica-
tions (3%), memorandums of understanding (30%), and guidelines (12%).?
Each arrangement is an indication of at least minimal shared understandings
and cooperative behavior. Using these data, the space governance system is
made up of 499 space organizations interconnected by 1,831 space arrange-
ments as of the year 2020.°

5. Our collection of arrangements does not include domestic law and regulations, as they do not
voluntarily unite at least two space actors.
6. We look at the year 2020, as data available for later years may not be as exhaustive.
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Kim (2020) argues that polycentric structures are characterized by three
specific network measures: a low centralization score, a high degree of modular-
ity, and a high clustering coefficient. First, the centralization measure’ examines
whether the system is monocentric. A high score suggests a star-shaped gover-
nance structure, while a low score hints to dispersed authority. Second, the
modularity measure helps track to what extent actors have organized themselves
around relatively independent collaborative clusters by examining the forma-
tion of communities® within the network and the extent to which they are seg-
regated from each other. A highly modular governance system implies that
actors within the same structural community are highly interconnected, while
their connections with actors from other communities are limited. Third, the
clustering coefficient” measures the cohesion among actors within these clusters,
an important enabler of information sharing and trust building. A high coeffi-
cient indicates that most actors connected to a given actor also share connec-
tions among themselves.

For each of these three measurements, there is no precise cutoff point or
minimal threshold, as the degree of polycentricity is a continuous variable
(Galaz et al. 2012, 24). Nevertheless, whether values are closer to 0 or 1 pro-
vides useful indicators of the structural characteristics of the governance
network. Using these metrics, we find the scores shown in Table 1 for a space
governance system.

The measures suggest that the space governance system exhibits a polycen-
tric structure as of 2020.'® When breaking down the governance system into one
network formed only by its legally binding arrangements (i.e., treaties and con-
tracts) and another formed only by its legally nonbinding arrangements (i.e.,
certifications, memorandums of understanding, group guidelines, general
guidelines, and others), we find similar tendencies toward polycentricity. Both
types of arrangements contribute to fostering polycentric structures, as they
entail shared understandings, investment, trust, and cooperative behavior
(Galaz et al. 2012, 23). Additionally, a longitudinal analysis of the structure
at every decade until 2020 finds a slight increase in modularity, an increase in
the clustering coefficient, and a decrease in centralization, further marking a
general tendency toward greater polycentricity.

Although a modularity score of 0.038 may appear low for a governance
system, it is actually an intermediary score. Since scores partly depend on the
number of nodes and links in addition to how they are arranged together, we

7. The centralization score quantifies the difference between the most-connected node and all
other nodes, normalized by the theoretical maximum of this score.

8. The term community refers to structural clusters of nodes that are densely connected. The com-
munity detection was done using the cluster_walktrap function of the igraph package in R
(Pons and Latapy 2005).

9. The clustering coefficient represents the ratio of how much adjacent nodes are interconnected
over the theoretical maximum number of connections among them.

10. Borowitz (2022) conducted a network analysis limited to the space situational awareness sec-
tor and found the existence of multiple clusters.
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Table 1
Polycentricity Scores of the Space Governance System in 2020

Clustering
Centrality Coefficient Modularity

Complete network 0.247 0.975 0.038
Network with only binding arrangements 0.253 0.983 0.024
Network with only nonbinding arrangements 0.259 0.985 0.049

generated 1,000 iterations of random networks with the same number of nodes
and links as the space governance system has. The mean modularity of these
1,000 networks is only 0.0519, suggesting that a score of 0.038 is not exception-
ally low. More importantly, too-high modularity would imply that the clusters
are fragmented, a structural characteristic that is not desirable for a polycentric
system, as connectivity between governance hubs remains essential for learning
and adaptation to be possible at the network level (Jordan et al. 2018, 14).
Overall, these findings support the argument that the space governance system
is highly decentralized, comprising several independent yet interconnected
centers within which actors are closely interconnected.

A close examination of communities within the space governance net-
work, illustrated in Figure 1, reveals that they operate at varying scales. First,
space organizations operating at the same governance level often collaborate
and establish institutional arrangements. For instance, within the three largest
communities, one comprises 69 percent governmental organizations, another
96 percent for-profit organizations, and the third 95 percent states. Organiza-
tions with significant eigenvector centrality (indicating connections to other
highly connected organizations) include NASA, the European Space Agency,
and the China National Space Administration.'" This indicates that global space
governance is not centralized around a single country or world region. Similarly,
the organizations playing pivotal roles in maintaining network cohesion,
demonstrated by high betweenness centrality, are distributed across various
structural communities and operate at different levels. Notable examples
include the European Space Agency, Airbus, and the China Meteorological
Administration. This diversity further underscores that decision-making centers
operate at various scales of governance.

In short, the space governance system exhibits polycentric characteristics in
its components and their organization. In principle, this structure facilitates
experimentation within decision-making units and the sharing of knowledge
among them, potentially leading to network-level adaptation and, possibly,
to the self-management of orbital debris. However, in the following section,

11. For this particular measure, we exclude states from the analysis, as they exhibit exceptionally
high centrality due to their involvement in multilateral treaties.
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The Space Governance System in 2020 and Its Structural Communities
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The visualization of the network was done using the Kamada-Kawai layout from the igraph package in R.

we present evidence that the polycentric nature of the space governance system
did not, in fact, result in the emergence of norms promoting the sustainable
management of debris.

The Nonemergence of Norms Regulating Orbital Debris

This section explores whether the polycentric structure of space governance has
fostered the emergence of sustainability norms related to orbital debris. Scholars
arguing that the outer space governance system has a polycentric architecture
have so far paid scant attention to the norms that polycentricity theory expects
such a structure to favor. For example, Tepper (2022, 487) views polycentric
governance in outer space as “advantageous” but explicitly focuses “on the
architecture of global space governance, and not on the content of the norms.”
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Similarly, Weeden and Chow (2012, 168) write that “it remains to be seen
whether or not the space governance regime has already demonstrated signs
of adaptability” in response to unsustainable practices.

This focus on the governance system'’s structural characteristics rather than
its emerging properties is attributable to the challenges of collecting sufficient
empirical data to assess the governance system as a whole. It is well known that
some institutional arrangements, like the 1967 Outer Space Treaty, do not
explicitly address space debris, whereas others, such as the UN Space Debris
Mitigation Guidelines, do. However, assessing the emergence of norms at the
system level requires a thorough examination of multiple space arrangements. '
Although not all space governance arrangements are expected to tackle orbital
debris, advocates of polycentric governance anticipate that various decision-
making centers would engage in norm experimentation on the issue of orbital
debris, steering the system as a whole toward greater sustainability. One of the
most ambitious empirical efforts to date to map these norms was undertaken
by the American Institute of Aeronautics and Astronautics (AIAA), analyzing
“76 space governance documents” (Oltrogge and Christensen 2020, 435).
However, this AIAA study covers only a small fraction of all publicly available
arrangements.

To fill this gap, we conducted a content analysis of 1,108 space arrange-
ments in force in 2020 and for which the full text was available. We analyzed
this collection of arrangements to identify various sustainability norms relevant
to the governance of orbital debris. We grouped these norms into ten categories:
declarations that the sustainable use of space is an objective, definitions of
debris, commitments to mitigate debris, procedures for debris monitoring, pro-
tocols for on-orbit emergencies, statements regarding liability in the event of
collision, commitments to debris removal, commitments to conduct debris-
related research, a general commitment to cooperate in debris management,
and reference to multilateral institutions involved in debris management (see
the codebook in Supplementary Appendix 1).

Our focus on publicly available arrangements could potentially bias our
analysis. It is reasonable to assume that arrangements showcasing best practices
in the field are more likely to be made public by their respective parties. This
openness not only boosts their reputation but also facilitates the diffusion of
norms that benefit the entire space community. Another bias arises from the
greater availability of recently concluded arrangements compared to obsolete
ones; 37.4 percent of arrangements from our collection were concluded after
2005, at a time when the proliferation of debris was already recognized as a
major risk for the space sector. Consequently, we assume that the 1,108

12. The analysis of institutional arrangements provides a proxy for the emergence of sustainability
norms. We acknowledge that such norms can be informal, unwritten, or implicit. Nevertheless,
considering the rapid proliferation of written space arrangements, we would expect that they
would partly reflect emerging practices.
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Figure 2

Frequency of Each Sustainability Norm Related to Space Debris in Space Arrangements

arrangements from our collection are more likely to incorporate norms related
to orbital debris than missing arrangements.

Despite these favorable biases, Figure 2 reveals that few space arrange-
ments promote sustainability norms regarding orbital debris.'* It presents the
percentage of arrangements covering each of the ten sustainability norms listed
earlier. Strikingly, only 6.7 percent of arrangements identify space sustainability
as a shared objective. This is noteworthy, considering our broad interpretation
of space sustainability, which encompasses not only the preservation of the
outer space environment but also the safety of space activities. Only 5.8 percent
of arrangements include a commitment to mitigate debris. Our understanding
of debris mitigation potentially encompasses a wide array of activities, ranging
from improved design of space objects and safe debris release during normal
operations to measures for collision risk reduction and postasset disposal prep-
aration. Less than 3 percent of all arrangements include provisions for on-orbit
emergencies, encompassing assistance to spacecraft and conjunction assess-
ments. Furthermore, only 0.6 percent of all arrangements mention the active
removal of space debris, even as a vague, distant, and aspirational goal.

Some norms are more frequent than others. Notably, 17.7 percent of insti-
tutional arrangements include a statement on liability in the event of a collision.
Arrangements involving public actors more frequently contain provisions on

13. Pic et al. (2023) also found that few space arrangements promote a view of outer space as a
“global commons.”
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12 e Polycentric Governance System of Orbital Debris

liability (17.9%) compared to those among private actors (12.8%). These pro-
visions typically reference the 1971 Convention on International Liability for
Damage Caused by Space Objects. Another relatively common norm pertains
to the monitoring of space objects, addressed in 20.9 percent of institutional
arrangements. This includes provisions related to registration, tracking, traffic
management, or situational awareness. These are well-established practices,
and an increasing number of space organizations offer services in this sector.

To paint a more comprehensive picture of how the space governance sys-
tem tackles orbital debris, we developed the Governance of Debris in Space
(GODS) Index. This index was created by categorizing various coded items into
thematic dimensions, which were then assigned weights according to their rel-
evance in space debris management (for index construction details, refer to
Supplementary Appendix 2). GODS Index scores range from 0 to 1. Figure 3
displays the evolution of orbital debris scores across 1,131 arrangements, seg-
mented by decade starting from 1961.

Almost all arrangements (98.9%) score below 0.5 on the GODS Index,
and 65.4 percent of arrangements have a score of 0. Far-reaching sustainably
norms that were experimented in just a few model arrangements, such as the
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Figure 3
Evolution of the Governance of Debris in Space (GODS) Index from 1961 to 2020
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2012 McGill Declaration on Active Space Debris Removal and On-Orbit Satel-
lite Servicing, have not diffused to other arrangements in the governance system.
Even when we consider nonbinding initiatives from organizations that present
themselves as environmentally conscious, their GODS scores remain remark-
ably low."* For instance, 91.3 percent of all the European Space Agency’s non-
binding arrangements score 0.1 or less, despite the agency claiming that it is
“pioneering an eco-friendly approach” (ESA 2019)."

More disconcerting, there has been only a modest improvement over time,
indicating that the space governance system has adapted only slightly to the
rapid accumulation of orbital debris in recent decades. Despite increasing dis-
cussions about sustainability within the space community (Yap et al. 2023; Yap
and Kim 2023), this awareness has yet to be translated into formalized norms
on orbital debris in institutional arrangements. It appears that the polycentric
structure of the space governance system is an insufficient condition for the
emerging properties that would have allowed for a sustainable self-management
of orbital debris.

Favorable Factors

A polycentric structure does not guarantee the sustainable management of
common-pool resources. Advocates of polycentricity often highlight the chal-
lenges of centralized and market-based solutions in addressing orbital debris,
but they might underestimate the difficulties of making a polycentric structure
work for sustainability.'® However, Ostrom herself did not believe in the spon-
taneous virtues of polycentric structures. She identified eight interacting “design
principles” that can be conceptualized as factors favorable to a sustainable gov-
ernance system: well-defined resources, congruence between norms and ecolog-
ical conditions, participation of community members in decision-making,
trusted monitoring systems, graduated sanctions for rule violators, accessible
conflict-resolution mechanisms, self-determination, and a multiscale gover-
nance system (Ostrom 1990, 90). These factors have been empirically supported
by subsequent research on local resource management (e.g., Baland and
Platteau 2000; Cox et al. 2010) and adapted for global commons governance
(Dietz et al. 2003; Fleischman et al. 2014; Stern 2011). While not deterministic,
they offer a framework for evaluating the potential for sustainable governance of

14. This supports the findings of Marino and Cheney (2023), who analyzed a much smaller num-
ber of arrangements.

15. Thanks to its strategic position in the network of space arrangements (Beaumier et al. 2024),
the ESA could significantly contribute to diffusing space debris norms at the system level by
including them in its arrangements.

16. A few space analysts (Johnson-Freese and Weeden 2012; Lambach and Wesel 2021; Migaud
et al. 2021; Weeden and Chow 2012) discuss factors for the sustainable management of the
Earth orbits. They rely on their own reflections and observations rather than on data collected
from a sample of stakeholders as this article does.
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14 e Polycentric Governance System of Orbital Debris

common-pool resources. Since the preceding section already established that
one of these factors—norms congruent with the ecological conditions—is
unmet in the governance of orbital debris, this section examines the other seven
factors to identify obstacles preventing the polycentric governance structure
from fostering sustainability norms.

This analysis is informed by thirty-one semistructured interviews with
space experts (see Supplementary Appendix 3). Among them, fourteen held
management positions in private companies, eight were senior managers for
governmental organizations, eight worked for intergovernmental organizations,
and four were in the nonprofit sector. They were based in thirteen different
countries. We asked each of these interviewees whether, from their perspective,
Ostrom’s factors were met in space governance. Their perceptions are crucial to
measuring the fulfillment of Ostrom’s principles, which heavily depend on sub-
jective elements, such as legitimacy, fairness, trust, reputation, and shared
understanding. Despite varying viewpoints, there were notable similarities
among interviewees regarding the evaluation of these factors.

Meta-Norms Defining Common-Pool Resources

A first favorable factor for a polycentric system to sustainably govern common-
pool resources is a mutual understanding of the nature of these resources and
the delineation of access rights. Clearly defining both the resources and their
potential users is a prerequisite for the development of norms regulating the
sustainable consumption of common-pool resources. Without this shared
understanding, it would be unclear for whom sustainability norms should be
adopted in the first place and what exactly these norms would regulate (Ostrom
1990, 91).

Some interviewees stressed that the 1967 Outer Space Treaty provides a
shared and clear general framework for space activities (Interviewees 5, 9, and
15). It declares the exploration and use of outer space as the province of all
humankind and provides that states are responsible for activities conducted
by their private companies in outer space. The 1972 Space Liability Convention
specifies state liability for space objects launched from their territory, and the
1974 Registration Convention establishes clear rules for the identification of
space objects. Besides a few dissenting opinions, the vast majority of inter-
viewees also considered that the problem of orbital debris is widely acknowl-
edged and understood within the space community. Its origin, extent, and
potential consequences are broadly acknowledged.

Nevertheless, according to several interviewees, confusion persists regard-
ing the allocation of rights and responsibilities in orbital space. Multilateral
treaties do not specifically address orbital debris, which “leaves a lot of room
for interpretation” (Interviewee 5). Similarly, the Space Debris Mitigation
Guidelines of the Committee on the Peaceful Uses of Outer Space (COPUOS)
are considered “very general” (Interviewee 18). Consequently, interviewees
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perceive a lack of a “common language” (Interviewee 2) or “common lexicon”
(Interviewee 8) in governing space debris.'” While some specific obligations
regarding orbital debris are outlined in a few domestic laws and contracts
(Interviewees 3, 5, and 23), they do not apply globally. An interviewee from
the industry reported that some of the countries where they have licenses have
a permissive legal framework regarding orbital debris: “We don't have to do
anything to comply with their rules and regulations, because they don't have
any” (Interviewee 19). This lack of clarity led five interviewees to spontaneously
use expressions such as the “far west” or “wild west,” reflecting the ambiguous
nature of rights and obligations regarding space debris.

Participation of Community Members

Another favorable factor for polycentric systems to be sustainable is the mean-
ingful participation of resource users in the development and revision of
sustainability norms (Ostrom 1990, 93). This participation increases the like-
lihood that norms remain practical, operational, and adapted as circumstances
change and new knowledge emerges. Moreover, users’ participation favors the
perceived legitimacy of sustainability norms, which results in higher rates of
compliance.

Interviewees had mixed views on this matter. Many emphasized that a few
national political environments allow for the voices of the private sector to be
heard when developing domestic regulations (Interviewees 4, 12, 16, 20, 21, 22,
and 23). Private actors can also make their voices heard in some international
settings, such as the International Organization for Standardization, the Euro-
pean Cooperation for Space Standardization, and the International Telecommu-
nication Union (Interviewees 3, 13, 15, 21, and 30). While small start-ups may
lack the capacity to engage directly in policy discussions, they can participate
indirectly through their industry associations (Interviewees 4, 5, and 25).

However, approximately half of the interviewees recognized limitations in
participation. Key platforms for orbital debris governance, such as the Inter-
Agency Space Debris Coordination Committee, exhibit limited openness to
private-sector involvement (Interviewee 7).'® The proliferation of bilateral insti-
tutions further limits opportunities for inclusive and global deliberations. At the
same time, concerns arise that opening multilateral forums, such as COPUOS,
to a greater diversity of users of the orbits could exacerbate imbalances by dis-
proportionately amplifying the voices of wealthier and more powerful organi-
zations (Interviewees 16 and 29).

17. See Pic et al. (2023) for a discussion about the prevailing confusion related to the concepts of
“commons,” “province,” and “heritage” in international space law.

18. Some delegations would include, in the words of Interviewee 25, “hidden observers” from the
private sector.
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Trusted Monitoring Systems

Polycentric systems that govern common-pool resources sustainably typically
have effective and trusted monitoring tools (Ostrom 1990, 94). These tools
are necessary for documenting the fluctuating stock of available resources and
the amount appropriated by specific actors. They should provide precise,
reliable, and trustworthy information to users for them to be able to elaborate
norms that ensure the sustainable use of resources.'”

Three-quarters of our interviewees believed that the current monitoring
systems for orbital debris are inadequate. Several space actors are able to collect
data on the position, velocity, and trajectory of large, artificial space objects.
Through their extensive network of sensors and tracking systems, US Strategic
Command and the EU Space Surveillance and Tracking maintain comprehen-
sive catalogs of orbital debris and share data with selected space operators.
However, the resulting data sets are not systematically verified, shared, and
harmonized, as no actors are effectively “policing” orbits (Interviewees 7 and
29). For example, no global authority is tasked with the mandate to share
information on spacecrafts that have failed to maneuver to a graveyard zone
or deorbit into Earth’s atmosphere at the end of their operational lives. An
intergovernmental space traffic management system could be a more robust
alternative, but interviewees are skeptical that states would agree to share all
their situational awareness data. According to interviewees, such mandatory
disclosure would face resistance owing to concerns about state security
(Interviewees 8, 9, and 13) and sovereignty (Interviewees 7, 10, 11, 15, 25,
and 28).

Some interviewees were more enthusiastic when discussing transnational
initiatives, such as the Space Data Association, explaining that these initiatives
contribute to the circulation and interoperability of data on space object loca-
tions (Interviewee 4, 14, 16, and 27).%° Nevertheless, the data shared by these
nonstate actors remain incomplete. As some interviewees reported, military
organizations still work to keep some critical spacecraft information classified,
weakening monitoring systems more broadly (Interviewees 9 and 13). For
instance, Interviewee 9 recalled a government agency filtering the data they were
allowed to share with the science community to prevent disclosing a spacecraft’s
precise position.

In addition to these secrecy challenges, technological limitations hinder
the tracking of small debris. While private companies are developing solutions
for monitoring debris of less than ten centimeters, they sell their proprietary
data to a limited number of clients.

19. Some global commons, such as the ozone layer, are managed sustainably without such a mon-
itoring system (Fleischman et al. 2014).
20. See Borowitz (2022) for a discussion on this global network of data exchange.
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Graduated Sanctions for Rule Violators

Collective sanctions are an essential component of sustainable governance sys-
tems for common-pool resources (Ostrom 1990). Noncompliance with sustain-
ability norms should be sanctioned through legal, political, economic, or social
measures. Without a deterrent mechanism, users would have a strong incentive
to overconsume their shared resources, rendering the establishment of sustain-
able norms meaningless. Sanctions, however, must be consistently applied and
proportional to the offense to maintain the legitimacy of the governance system
and preserve the full participation of one-time offenders.

Nearly all interviewees agreed that a sanction system for rule violators is
lacking. There is no global authority “to give you a fine if you dump something”
in outer space (Interviewee 7),”! and “there is nobody there who can do some-
thing against” harmful behavior (Interviewee 1). Interviewee 3 humorously
observed, “I can launch your washing machine right in the middle of the con-
stellation of Elon Musk no problem!”?? While domestic laws can penalize
nationals for illegal acts, several launch countries do not have a domestic space
law, and some spacecrafts go unregistered (Interviewee 17). Offenders can even
be governmental organizations themselves that also contribute to orbital debris.
Interviewee 25 noted that cases in point are China’s 2007 and Russia’s 2021
antisatellite missile tests, which each generated thousands of trackable debris
pieces. This disregard for space sustainability led to public outrage and diplo-
matic condemnations, but China and Russia were not formally sanctioned by
an international authority, underscoring, as Interviewee 3 stated, that “sanction-
ing is not possible.”

The primary sanction system for orbital debris management hinges on rep-
utation costs. Several interviewees underlined that space actors remain sensitive
to public opinion, making the threat of publicizing nonconformity a consider-
able incentive for public actors (Interviewees 6 and 25) and private actors
(Interviewees 4, 9, and 16). In particular, large, private space firms that
undertake government contracts “cannot afford to be seen as the bad guys”
(Interviewee 9). Leveraging these reputational concerns, some stakeholders are
developing space sustainability ratings to shame violators (Interviewee 16). As
Interviewee 4 noted, these mechanisms work because there are “enough people
to call out” norm violators. To show this mechanism at play, two interviewees
gave the example of how the astronomy community organized itself and
pressured SpaceX into taking some measures to limit the night pollution created
by its Starlink satellites. However, this approach is less effective with small,
private companies that are less vulnerable to public shaming campaigns.
Consequently, as interviewees point out, guidelines and recommendations are

21. 1In 2023, the US Federal Communications Commission issued a fine to Dish Network for fail-
ing to deorbit a satellite.
22. In 2018, Musk himself sent into space a Tesla car he personally owned and used.
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not widely applied, and many space companies fail to comply with postmission
disposal requirements (Interviewees 3, 24, and 20).

Accessible Conflict-Resolution Mechanisms

Disagreements regarding the interpretation of sustainability norms are inevita-
ble among users of common-pool resources. Norms can be ambiguous, and a
changing context requires constant reinterpretation of agreed norms. Therefore
mechanisms should be in place to settle these conflicts at a low cost (Ostrom
1990, 100). Typically, this involves a third party acting as a trusted mediator or
arbitrator. Otherwise, users may not trust their shared governance system to
comply with sustainability norms. This is especially true for less powerful users,
who need reassurance that more powerful users will not exploit their power
advantage to interpret and enforce suitability rules in their favor.

Interviewees largely agreed that no effective dispute resolution mecha-
nisms are in place to resolve conflicts among space actors. Existing frameworks
include the Protocol on the Compulsory Settlement of Disputes of the Interna-
tional Telecommunication Union, the Claims Commission of the 1971 Space
Liability Convention, and the Optional Rules for Arbitration of Disputes Relat-
ing to Outer Space Activities of the Permanent Court of Arbitration. However,
these mechanisms have limited scope and have rarely been used. The most
notorious case of successful dispute settlement was the payment of $3 million
CAN by the Soviet Union to Canada for scattering radioactive debris over north-
ern Canada. This case remains exceptional, and respondents express the view
that most major disputes are resolved through power dynamics rather than legal
channels. This led Interviewee 27, a CEO from the private sector, to conclude
that “if there was nothing, it would be the same.” Similarly, Interviewee 31
argued that “words are nothing in space,” suggesting that any actor who wants
strong enforcement needs to “go out there and enforce [its] policies.” Inter-
viewee 8 encapsulated the sentiment by stating, “We need a good sheriff,
essentially.”

Self-Determination

Ostrom (1990, 101) argued that external political authorities can promote the
development of appropriate sustainability norms by allowing users of common-
pool resources to elaborate some of their own sustainability norms and
acknowledging the legitimacy of such self-regulation. It remains an open ques-
tion whether this factor is highly relevant for managing global commons
(Fleischman et al. 2014).

Most interviewees considered that users of orbital space have the capacity
to build their own institutions. This is evidenced through a variety of intergov-
ernmental, transnational, and international efforts, encompassing certification
processes, guidelines, and cooperative platforms. Interviewees from the private
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sector argued that “the industry is self-regulating” (Interviewee 14) and that “the
community is kind of organizing itself” (Interviewee 4). An illustrative example
is the Consortium for Execution of Rendezvous and Servicing Operations
(CONFERS), which is a multistakeholder process dedicated to developing vol-
untary standards for on-orbit servicing and proximity operations. A number of
interviewees (Interviewees 14, 26, and 28) expressed a preference for user-led
initiatives over governmental regulations, viewing them as more pragmatic
and forward thinking. They argued that private regulations effectively address
the shortcomings of governmental oversight (Interviewees 15, 16, 18, 19, 26,
and 28). However, a few interviewees raised concerns about insufficient recog-
nition that some governments give to norms and standards put forward by non-
state actors, including NGOs and academics (Interviewees 19 and 23).

Multiscalar System

The last favorable factor for a sustainable polycentric governance system, accord-
ing to Ostrom (1990), is the coexistence of institutions operating at various
scales of governance. This factor is particularly relevant when dealing with com-
plex and global issues. Having multiple layers of nested institutions allows for a
proper adequacy between the governance functions provided by institutions
and the specific problem being addressed. Additionally, this redundancy favors
some degree of competition among institutions, which in turn motivates them
to be innovative and adaptive.

Interviewees widely acknowledged that the space governance system is
decentralized. Their descriptions varied, using terms such as “fragmented”
(Interviewee 27), “interconnected” (Interviewees 5 and 25), “polycentric”
(Interviewee 7), “multidimensional” (Interviewee 13), “disconnected” (Inter-
viewees 21 and 24), “complex” (Interviewee 23), and “chaotic” (Interviewee
18) to depict the diverse decision-making centers. Several interviewees also
spontaneously highlighted that these centers operate across different governance
levels. They observed that multilateral treaties, domestic laws, and transitional
initiatives not only complement but also mutually influence one another
(Interviewees 3, 6, 9, 17, 23, and 24). Information, norms, and best practices
flow across various levels. There are minimal inconsistencies among these
various initiatives and sufficient scope for experimentation by like-minded
space actors. As a result, national regulations vary significantly from one
jurisdiction to another. Although there is a divergence of opinion among
interviewees regarding whether the absence of a hierarchical, top-down system
is beneficial or detrimental, there is a consensus that multiscalarity characterizes
the outer space governance system.

In summary, the governance system of orbital debris meets some, but not
all, favorable factors of the Ostrom framework. Key missing ingredients are
related to the enforcement of agreed norms: a monitoring system, a sanctions
regime, and a dispute-settlement mechanism. These deficiencies could not only
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hinder compliance with sustainability norms but also deter the development of
such norms. One might question the utility of elaborating norms on orbital
debris if these norms are unlikely to be adhered to. This evaluation, informed
by the subjective perceptions of members of the space community, offers
insights into why the governance system for orbital debris, despite its polycen-
tric structure, has failed to produce ambitious norms regulating orbital debris.

Conclusions

This article makes several contributions to the literature. First, our network anal-
ysis reveals the polycentric structure of the governance system for outer space.
Second, our content analysis of 1,108 arrangements provides evidence that this
governance system has so far failed to adequately address the problem of orbital
debris through the emergence of appropriate norms. Third, our series of inter-
views with forty-eight space experts points to critical institutional deficiencies
within this governance system, emphasizing the need for institutional reforms.
Taken together, these findings serve as a reminder that a polycentric structure
alone does not guarantee the sustainability of a system, echoing Ostrom’s
(1990) original but sometimes forgotten argument.

This conclusion is particularly relevant in light of the growing interest in
applying polycentric approaches to governing other common-pool resources, such
as the climate or the oceans (Tobin et al. 2024). Recent decades have highlighted
the challenges of addressing global environmental issues through multilateralism,
alongside the rise of bilateral and transnational institutions. Global governance
scholars increasingly employ network analysis to map these proliferating institu-
tions. However, analysts sometimes rely on unsubstantiated assumptions about
the benefits associated with certain network topographies. They assume that,
under specific structural conditions, information flows, learning is shared, innova-
tion arises, and norms emerge, even without supporting empirical evidence. How-
ever, the case of orbital debris governance demonstrates that governance systems
with a polycentric structure can nevertheless manage common-pool resources
unsustainably. Much-needed norms do not spontaneously arise from a polycentric
framework. Given that space debris represents a relatively “easy” case for applying
polycentricity theory to global commons, one should be particularly cautious in
assuming its relevance for climate or ocean governance. Compared with orbital
space, these other common-pool resources involve additional obstacles, such as
a larger number of actors, a higher discount rate, resources that are not renewable,
and a greater disconnect between appropriators and negative externalities, making
polycentric governance even more challenging.

However, we should remain prudent when interpreting our results.
Communities that Ostrom found to govern their resources sustainably have
developed their norms and practices over centuries, if not millennia. It is pos-
sible that fifty years of space governance is insufficient for such endogenous
emergence to occur. Additionally, it is possible that the structure of the outer
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space governance system remains insufficiently modular, hindering the auton-
omy of the various decision-making centers in experimenting with new norms.
Alternatively, norms regulating orbital debris may have already emerged
through unilateral decisions, domestic regulations, or informal practices, even
if they are not readily observable in the international arrangements analyzed
in this study.

Paradoxically, central institutions could play a pivotal role in enhancing
the sustainability of polycentric governance systems (Koinova et al. 2021).
Ostrom (1999, 67) herself referred to central institutions, such as assemblies
of users that organize polycentric systems. In the case of space debris, central
mechanisms could be established to pool information and capacities for the
shared monitoring of orbital debris. Another multilateral mechanism could
enforce political or economic sanctions on operators who fail to deorbit their
satellites. The policy literature offers numerous recommendations in this regard
(e.g., IRGC 2021). If monitoring and sanctioning efforts are carried out effec-
tively on a multilateral basis, space actors may be more inclined to develop
norms on orbital debris within their respective bilateral agreements. From this
perspective, multilateral initiatives should be seen not as alternatives but as
facilitators of polycentric governance.
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