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About This Report 

This report is a brief exploration of the status of space governance and how methods of social 
network analysis can evolve future space governance to improve space sustainability. 
Specifically, we applied the lenses of systems thinking and social network analysis to generate 
preliminary insights into emerging challenges to space sustainability. The report presents 
findings and our suggestions for future research that could build on this limited, exploratory 
effort. This research will be of interest to policy analysts investigating ways to develop future 
space governance structures. 
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Summary 

Space is becoming more congested, contested, competitive, and potentially more dangerous. 
New actors, both state and commercial owner/operators, are emerging along with new activities, 
which all vie for the use of space for different purposes and interests. This has exacerbated issues 
related to space debris, dual-use technology, spectrum capacity, national security, and the 
equitable and peaceful use of space. A lack of governance of competing priorities, infrastructure, 
and resource exploration in space has significant implications for global security and prosperity. 
State and nonstate actors agree that space governance is a vital and increasingly urgent policy 
issue, but it remains a collective-action problem without inclusive, multilateral participation.1 

Existing international and national governance institutions are potentially ill-equipped to 
manage the complexities, systemic inequalities, power differentials, geopolitics, and commercial 
dynamics of today and the future.2 Although key international treaties have broad support, they 
lack binding rules, enforcement mechanisms, and adjudicative processes. These deficiencies 
increase the risk of conflict and reduce opportunities for space activities as the domain becomes 
increasingly complex. 

As new actors seek to enter space and new interest-based alliances form, the utility of 
different types of governance is being examined. Older governance institutions and agreements 
are challenged by new regional, bilateral, and multilateral agreements for cooperation on 
activities; interest-based agreements; and new collaborations and cooperation in the civilian, 
military, and commercial spheres. This study was an exploratory analysis of space governance 
viewed from a systems perspective represented by applying social network analysis (SNA). This 
is a departure from viewing space governance through the lens of the global commons (a guiding 
concept that tends to underlie how space governance is approached—notwithstanding that the 
language of the UN’s treaties specifically avoids the use of this term).3 

 
1 See Secretary-General, United Nations (UN), Reducing Space Threats Through Norms, Rules and Principles of 
Responsible Behaviours: Report of the Secretary-General, A/76/77, July 31, 2021. 
2 Bruce McClintock, Katie Feistel, Douglas C. Ligor, and Kathryn O’Connor, Responsible Space Behavior for the 
New Space Era: Preserving the Province of Humanity, RAND Corporation, PE-A887-2, 2021.  
3 See discussion in Chapter 2. UN Resolution 2222 (XXI), the 1967 Treaty on Outer Space (short name), refers to 
the exploration and use of outer space being “the province of all mankind” (UN General Assembly, “Treaty on 
Principles Governing the Activities of States in the Exploration and Use of Outer Space, Including the Moon and 
Other Celestial Bodies,” RES 2222 [XXI], December 19, 1966a, Article I), while Resolution 2223 (XXI) reaffirms 
“the common interest of mankind in furthering the exploration and use of outer space for peaceful purposes” (UN 
General Assembly, “International Co-Operation in the Peaceful Uses of Outer Space,” RES 2223 [XXI), December 
19, 1966b, p. 15); for a discussion of global commons, see McClintock et al., 2021. 
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Approach 
To examine the increasing complexity of space actors and activities, we framed space 

governance as a system. The existing governance framework is derived from the governance of 
earthbound common resources. Some have suggested that the UN Convention on the Law of the 
Sea is a suitable model for space governance,4 while others consider the International 
Telecommunication Union to be a more suitable model.5 However, there are some distinct 
attributes of space exploration, such as emerging markets, uses, and actors, that make it a 
potentially unique operating regime that requires novel approaches to governance.  

Systems thinking and analysis recognize complexity and offer the ability to understand space 
relations as a dynamic system of interacting actors with varying interests.6 This approach allows 
analysis of what happens when an element of the system changes, the effect this has on the 
overall system, and any feedback loops—it facilitates the identification of the links between 
structure and behavior. We applied SNA to help us understand space as a system and explore 
opportunities for achieving sustainable governance options. 

Our approach includes a short literature review, an analysis of key governance instruments, 
and interviews with various space experts, inside and outside of RAND, to identify the diverse 
actors alongside the multiple socioeconomic and political subsystems that reflect relationships 
and power dynamics. We explored the interdependencies of actors operating in these systems via 
SNA over time. 

Findings 
In this preliminary analysis, we identified two potential scenarios in the development of the 

space governance network: hierarchical formation in response to the growth in the number of 
actors and the concentration of influence on a small number of ties that is created by cumulative 
advantage. Our analysis lent tentative support to the second scenario. Along the way, we built on 
the limited research in this area to show the following:7  

 
4 UN Convention on the Law of the Sea, December 10, 1982. 
5 Bruce McClintock, Douglas C. Ligor, Dan McCormick, Marissa Herron, Kotryna Jukneviciute, Thomas Van 
Bibber, Katie Feistel, Akhil Rao, Adi Rao, Taylor Grosso, Michael Fenner, Hanjun Lee, Abdullah Ar Rafee, and 
Tomás Urbina, International Space Traffic Management: Charting a Course for Long-Term Sustainability, RAND 
Corporation, RR-A1949-1, 2023; Jonathan C. Thomas, “Spatialis Liberum,” Florida Coastal Law Review, Vol. 7, 
No. 3, Summer 2006. 
6 Donella H. Meadows, Thinking in Systems: A Primer, Sustainability Institute, Chelsea Green Publishing, 2008. 
7 This effort builds on a foundational analysis on space networks (Svetla Ben-Itzhak, “The Changing Dynamics of 
International Cooperation in Space: Network Analysis of Space Blocs,” paper presented at the 73rd International 
Astronautical Congress, Paris, September 18–22, 2022). 
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• SNA can provide useful visual representation of actors and ties in space governance. 
Initial observations of distinct clusters, concentration of influence, and the influence of 
individual actors were the starting point for additional investigation.  

• Beyond these useful visualizations, statistical analysis of network structure can be used to 
provide evidence for hypotheses drawn from systems and network theories of 
governance.  

• Network analysis can assist in identifying and representing changing relationships 
between actors and the emergence of new patterns over time. 

• Viewing space as a system through SNA can help reveal node-level influence and 
system-level measures of the concentration of influence.  

• Much more work is needed to think through the best way to represent and analyze 
governance networks in space to provide greater insight into existing and potential 
governance systems.  

Areas for Deeper Research 
This preliminary research made it clear that further work is required to understand the 

emerging trends more fully in space exploration. To move beyond visualization and statistical 
descriptions of the network, we recommend more in-depth investigation in the following areas: 

• Further effort is needed to examine how best to represent actors, relationships, and 
attributes over time to assist with examining the potential need for new or modified 
governance arrangements and instruments. This requires the collection and creation of 
new data for use in an SNA. 

• Collecting more data and utilizing more-advanced methodology could help uncover the 
mechanisms that drive space networks, including patterns in the increasing number of 
and interplay between state and nonstate actors in the system, the concentration of 
influence of certain actors, adherence to agreements, and norms of reciprocity.  

• These methodologies could be employed for forecasting the timing, participants, and 
other aspects of future agreements or treaties, offering valuable insights into the 
trajectory of space governance. Other models of social networks—such as those in 
communication networks—have been shown to be highly predictive of future tie 
formation.  

• Further work could assess interventions’ potential effect on the network, aiding in the 
formulation of strategic decisionmaking by comparing how strategic paradigms could 
affect future network structure. 
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Chapter 1. Overview of Space Governance 

Space governance is a system defined by the instruments that actors use to channel their 
interactions. Those instruments include laws, regulations, and norms of acceptable behavior that 
are embedded in legally binding commitments, voluntary guidelines, and agreements.8 The 
development of governance tools reflects interactions among states and nonstate actors, such as 
intergovernmental organizations and space industry associations. Substantively, space 
governance attempts to address a variety of issues, including peaceful uses of space, space traffic 
management, and debris mitigation. In this chapter, we briefly discuss the existing space 
governance instruments, barriers to cooperation, and alternative policy models. 

Existing International Space Governance Instruments 
Legally binding commitments include international treaties and domestic legislation. There 

are five international space treaties today governed under the United Nations (UN):  

• the 1967 Outer Space Treaty (OST)9 
• the 1968 Agreement on the Rescue and Return of Astronauts (ARRA)10 
• the 1972 Space Liability Convention (LIAB)11 
• the 1976 Registration Convention (REG)12 
• the 1979 Moon Agreement (MOON).13  

The OST—the foundational treaty of space law, which designates space as “free for exploration” 
and free of weapons of mass destruction—has 110 states party.14 A full list of relevant UN 

 
8 Bruce McClintock, Katie Feistel, Douglas C. Ligor, and Kathryn O’Connor, Responsible Space Behavior for the 
New Space Era: Preserving the Province of Humanity, RAND Corporation, PE-A887-2, 2021. 
9 UN General Assembly, “Treaty on Principles Governing the Activities of States in the Exploration and Use of 
Outer Space, Including the Moon and Other Celestial Bodies,” RES 2222 (XXI), December 19, 1966a. The treaty 
entered into force in October 1967. 
10 UN General Assembly, “Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return of 
Objects Launched into Outer Space,” RES 2345 (XXII), December 19, 1967. The agreement entered into force in 
December 1968. 
11 UN General Assembly, “Convention on International Liability for Damage Caused by Space Objects,” RES 2777 
(XXVI), November 29, 1971. The convention entered into force in September 1972. 
12 UN General Assembly, “Convention on Registration of Objects Launched into Outer Space,” RES 3235 (XXIX), 
November 12, 1974. The convention entered into force on September 15, 1976. 
13 UN General Assembly, “Agreement Governing the Activities of States on the Moon and Other Celestial Bodies,” 
RES 34/68, December 5, 1979. The agreement entered into force in July 1984. 
14 McClintock et al., 2021, p. 7. The term state party refers to a nation that has both signed and ratified the treaty, 
making the treaty binding as a matter of international law on that nation or party. See UN, “Understanding 
International Law,” fact sheet, circa 2010. 
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treaties and principles is available on the United Nations Office for Outer Space Affairs 
(UNOOSA) website.15 Many countries have national laws, in addition to international treaties, 
related to space governance. Examples of national legislation include Australia’s Space 
(Launches and Returns) Act, Japan’s Basic Space Law, and the United Kingdom’s (UK’s) Outer 
Space Act.16  

In contrast to international treaties and national regulatory structures, voluntary guidelines 
are nonbinding but were designed to coordinate expectations about behavior on the part of outer 
space actors. Prominent examples of the voluntary guidelines include the Group of 
Governmental Experts on Transparency and Confidence-Building Measures in Outer Space 
Activities’ report, the UN Committee on the Peaceful Uses of Outer Space (COPUOS) 
guidelines for long-term sustainability of outer space activities, and the Consultative Committee 
for Space Data Systems’ Blue Books (recommended standards).17 As these examples indicate, 
voluntary guidelines can not only be developed by state actors, but also by international 
organizations and even industry stakeholders.18 

Although key international space treaties have broad support, they are principle-based and 
lack binding rules, enforcement mechanisms, and adjudicative processes to mitigate or resolve 
conflict.19 More fundamentally, basic terms, such as outer space, debris, interference, 
contamination, and use, have no agreed-upon definition among states. These deficiencies 
increase the risk of conflict and can reduce opportunities for space activities by introducing 
unpredictability and risk into a system. As space becomes increasingly accessible,20 instruments 
must not only stay relevant in the context of a growing mass and assortment of actors but also 
support the governance of the domain in a way that facilitates stability, the sharing in its benefits, 
and the fostering of responsibility for sustaining and preserving it. Although the treaty 

 
15 Office for Outer Space Affairs, UN, “Space Law Treaties and Principles,” webpage, undated-b. 
16 Space (Launches and Returns) Act 2018 (Cth) (Austl.); Basic Space Law, Law 43 of 2008 (Japan); Outer Space 
Act 1986, UK Public General Acts, 1986 c. 38; Office for Outer Space Affairs, UN, “National Space Law,” 
webpage, undated-a.  
17 Group of Governmental Experts on Transparency and Confidence-Building Measures in Outer Space Activities, 
UN General Assembly, Report of the Group of Governmental Experts on Transparency and Confidence-Building 
Measures in Outer Space Activities, A/68/189, July 29, 2013; COPUOS, UN, Guidelines for the Long-Term 
Sustainability of Outer Space Activities of the Committee on the Peaceful Uses of Outer Space, January 2021; 
Consultative Committee for Space Data Systems (CCSDS), “Blue Books: Recommended Standards,” webpage, 
undated. 
18 SpaceX, OneWeb, Iridium, and American Institute of Aeronautics and Astronautics, Satellite Orbital Safety Best 
Practices Guide, September 8, 2022, updated to version 2.0, October 24, 2022. 
19 International treaties are binding on the parties that sign and ratify (or accept or accede to) them. However, 
treaties might lack monitoring and enforcement mechanisms to ensure compliance or to punish parties that breach 
treaty obligations or requirements, unless the parties to the treaty agree to incorporate such mechanisms. See 
Andrew Watson Samaan, “Enforcement of International Environmental Treaties: An Analysis,” Fordham 
Environmental Law Journal, Vol. 5, No. 1, 2011. 
20 Todd Harrison, Andrew Hunter, Kaitlyn Johnson, and Thomas Roberts, Implications of Ultra-Low-Cost Access to 
Space, Center for Strategic and International Studies, Aerospace Security Project, March 2017. 
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instruments might be beleaguered by shortcomings, they remain foundational in terms of both 
the letter and the spirit of the law.  

Emerging Forms of Governance 
More-recent forms of governance emerging alongside new technologies or new uses of 

technology in space are international principles. The first of these was formulated in 1986—the 
Remote Sensing Principles—and the second in 1992—Nuclear Power Principles.21 International 
organizations that collaboratively establish technical standards, in addition to instruments and 
agreements, are playing a role in managing space activities, which can have implications for 
governance. For example, the International Telecommunication Union (ITU) issues detailed 
regulations that allocate radio spectrum among the member states to avoid interference.22 
Correspondingly, states regulate and enforce radio spectrum through domestic law and regulation 
to comply with ITU regulations.23 The system functions relatively well, even though ITU lacks 
enforcement authorities.24  

The substantive differences among the traditional international forms of governance (e.g., 
multilateral or bilateral treaties, majority rule or consensus-based resolutions, declarations, 
agreements, or guidelines) can be described as based on the characteristics of the state actors, the 
nature of the relationships, the form of collaborative instruments or organizations, and the 
relative enforceability of treaties or agreements between actors. Agreements based on geopolitics 
and regional interests are also beginning to emerge through bi- and multilateral state agreements 
of different types—such as memorandums of understanding (MOUs) or the U.S.-led Artemis 
Accords.25 These emerging forms of collaboration generally postdate the five UN agreements 
(except for COPUOS and the Committee on Space Research, which established the UN forum 
resulting in the five UN treaties). As of this writing in early 2025, these are still state-based. 
Svetla Ben-Itzhak referenced these as “blocs” in her 2022 paper.26 New private and commercial 

 
21 UN General Assembly, “Principles Relating to Remote Sensing of the Earth from Outer Space,” RES 41/65, 
December 3, 1986; UN General Assembly, UN General Assembly, “Principles Relevant to the Use of Nuclear 
Power Sources in Outer Space,” A/RES/47/68, February 23, 1993 (distributed at the 85th plenary meeting on 
December 14, 1992). 
22 ITU, “Sharing the Spectrum: A Matter of International Negotiations,” webpage, undated.  
23 See, for example, Federal Communications Commission, “Radio Spectrum Allocation,” webpage, undated.  
24 Yun Zhao, “The ITU and National Regulatory Authorities in the Era of Liberalization,” Space Policy, Vol. 18, 
No. 4, November 2002. 
25 National Aeronautics and Space Administration, “The Artemis Accords,” webpage, undated. 
26 “Space blocs are aggregates of states that pursue shared missions in space” (Svetla Ben-Itzhak, “The Changing 
Dynamics of International Cooperation in Space: Network Analysis of Space Blocs,” paper presented at the 73rd 
International Astronautical Congress, Paris, September 18–22, 2022, p. 1); see also Svetla Ben-Itzhak, “Network 
Analysis of International Cooperation in Space 1958–2023: Evidence of Space Blocs,” Journal of Peace Research, 
April 15, 2024. 
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entrants could either form their own agreements or choose to collaborate with only specific 
nations.27 To distinguish between state-based blocs (or individual states) and private and 
commercial-based entities, we refer to the latter as groups.  

From a governance perspective, the five UN treaties (from the UNOOSA list) are legally 
binding on the states party to that treaty. In contrast, the emerging groups are nonbinding, 
voluntary associations between nations. They may have charters, articles, and MOUs or other 
documents that have rules and guidance, but they are not binding as a matter of international law. 
They typically create a forum for states to cooperate or work together. As noted earlier, they may 
also include nonstate actors more directly—for example, industry representatives may serve on 
committees, subcommittees, or working groups. 

There has been shift in collaboration from the global foundational agreements to groups of 
more regional or interest-based bi- and multilateral agreements, private or commercial actors are 
included in some groups. These new blocs and groups are being created at increasing speed, 
especially since 2018. Because these blocs have evolved so recently, their effects are as yet 
unknown. Space bloc membership can be found on the websites of the respective organizations 
or agreements or of UNOOSA. 

Key Observations 
At the outset, we acknowledged the growing chorus of criticism regarding the inadequacy 

and inefficacy of the existing governance corpus for the modern space context. Although it is 
reasonable to posit that there are deficiencies in the legal instruments themselves, it is the 
contemporary governance dynamics occurring outside of the primary system of treaties that 
might be of most importance for understanding future governance needs. Informal influences are 
proliferating to a much greater extent than envisaged by those that concluded the existing 
governance instruments. This puts greater pressure on the coherence of governance dynamics, 
once embodied more directly in the treaty instruments formulated in a primarily Cold War 
context. The logic is simple: Having more actors means having more-diverse interests, which 
means having more-complex dynamics. 

These diverse interests and complex dynamics are compounded by the existing system of 
international law itself. States are autonomous entities under international law. There is no 
overarching rule-of-law system,28 and there is no democratic accountability among states. 
Although the UN system offers a limited democratic system to debate and develop some rules, 
those rules are unenforceable unless states take it upon themselves to act against violators 
through hard- or soft-power mechanisms. This is not to say that treaties and customary 

 
27 This might be more reflective of a basis in commercial interests or activity than of a basis in norms. 
28 We use rule of law generally to describe a system whose most-powerful actors are subject to the same rules as all 
other actors. See generally Francis Fukuyama, “What Is Governance?” Governance, Vol. 26, No. 3, July 2013, p. 
350. 
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international law do not bind and affect state conduct and behavior.29 There are numerous 
examples of this.30 When treaties and customary laws are successful, states incorporate them into 
their national or domestic legislation and legal regimes. This reinforces compliance and, in many 
cases, makes enforcement mechanisms external to the state unnecessary. 

For space, international law consists of the five treaties, all of which suffer from gaps, 
ambiguities, and archaisms given the dramatic changes in space technologies, capabilities, 
geopolitics, and activities that have occurred since the 1960s and 1970s. This lack of governance 
allows states to operate in way that can resemble the 16th-century philosopher Thomas Hobbes’ 
state of nature—that is, the hypothetical condition of humankind preceding the formation of 
society and political authority, particularly with respect to such issues as debris, military 
escalation, and resource capture.31 Although many countries have space-related national and 
domestic legislation and regulation, many of the gaps in international law also exist at national 
level. Without a more fulsome and responsive system of international space governance, there is 
little reason to believe that states will create more-rigorous national laws and regulations—not 
when so much is immediately at stake in terms of the competition for resources, commercial 
benefits, and military superiority.32 

In this review, in which we have looked holistically at space governance instruments, we 
have observed the significant and growing influence of factors outside the purview of those 
formal instruments and the need for heightened awareness of how external and informal vectors 
of significant influence interface with those instruments. Some of those factors we view as 
important include the following: 

 
29 The phrase binding customary international law refers to 

‘a general practice accepted as law’. Such practice can be found in official accounts of military 
operations but is also reflected in a variety of other official documents, including military manuals, 
national legislation and case law. The requirement that this practice be “accepted as law” is often 
referred to as opinio juris. This characteristic sets practices required by law apart from practices 
followed as a matter of policy, for example. . . . (International Court of Justice, “Statute of the 
International Court of Justice,” undated) 

States recognize that treaties and customary international law are sources of international law and, as such, are 
binding. This recognition is enshrined, for example, in the Statute of the International Court of Justice. 
30 Examples include long-standing treaty regimes that garner high levels of compliance from states, even when such 
compliance increases costs or otherwise decreases state autonomy, such as the UN Convention on the Law of the 
Sea, December 10, 1982; Convention on International Civil Aviation, Chicago, December 7, 1944 (also known as 
the Chicago Convention), ITU, and the Convention Relating to the Status of Refugees, December 14, 1950. 
31 Douglas C. Ligor and Bruce McClintock, “Nasty, Brutish, and Short—the Future of Space Operations in the 
Absence of the Rule of Law: Addressing Congestion, Contestation, and Competitiveness in the New Space Era,” 
NATO Legal Gazette, No. 42, December 2021. 
32 See generally Sandra Erwin, “U.S. Generals Planning for a Space War They See as All but Inevitable,” 
SpaceNews, September 17, 2021; Anel Ferreira-Snyman, “Selected Legal Challenges Relating to the Military Use of 
Outer Space, with Specific Reference to Article IV of the Outer Space Treaty,” Potchefstroom Electronic Law 
Journal, Vol. 18, No. 3, 2015; and Anel Ferreira-Snyman, “Challenges to the Prohibition on Sovereignty in Outer 
Space: A New Frontier for Space Governance,” Potchefstroom Electronic Law Journal, Vol. 24, No. 1, 2021. 
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• Heightened influence of nonstate actors in space affairs. When the primary space 
governance instruments were developed, the state was the dominating political unit, and 
the instruments and provisions therein were drawn up on that basis. The world has now, 
arguably, entered a period in which private interests represent a significant consideration 
for states and lawmakers. 

• The disproportionate influence of the few spacefaring countries in development of the 
primary governance instruments and the exclusion of others. The space domain is 
dominated by a small number of powerful (and adversarial) spacefaring state actors 
(primarily the United States, China, and Russia), and this domination has impeded the 
development of international governance efforts. 

• The effect and reflection of instruments and associated levers on a stakeholder’s activities 
and intents. Instruments and associated policy levers designed to drive norms and 
behaviors can facilitate or limit space exploration activities and opportunities for 
emerging space entrants in particular because they are based on the original context 
within which they were developed, which presupposes the dominance of nation-states.  

• The proliferation of commercial and private actors in an environment relatively 
unburdened by any regulation. Such proliferation will likely affect the functionality of 
existing governance instruments and result in the development of new norms and—
potentially—binding customary international law. 

• The growth in the number of new entrants producing new connections between different 
types of actors and providing alternative bases on which connections are built (e.g., 
mutual obligation, accountability, competition, cooperation, commercial transactions, 
indirect benefit and participation, the rule of reciprocity). 

• The viability of existing agreements and developing norms in the face of collective 
challenges, such as the proliferation of space debris and the safe extraction of resources. 
Aging governance mechanisms and limited norm-building have failed to keep pace with 
increasing launch rates and technologies that make space increasingly congested, 
contested, and competitive. 

• Ambiguity created by persistently undefined concepts of common heritage and the 
province of humankind, whether formally or informally specified. These ambiguities have 
encouraged exploration but are no longer sufficient to avoid or prevent capable and well-
resourced first-mover states, institutions, and actors from shaping the space domain to their 
advantage (over less powerful states and groups). 

• More-capable states and actors are frequently able to conduct activities and operations 
that take advantage of other gaps and ambiguities in existing instruments. For example, 
the Artemis Accords are a mechanism for developing norms and customs that support the 
private property ownership of extracted and in situ space resources (notwithstanding the 
prohibition against appropriation) based on a first-mover advantage or first-move capture 
approach. 

The tensions between modern space dynamics and existing international legal instruments 
could indicate that a fundamental shift is occurring, promoted by an alternative set of dominating 
forces. This could be largely the newer entrants, such as private and commercial actors, that are 
able to exercise “much discretion in the policies and practices concerning space 
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commercialization”33 and are able to, in effect, reengineer the influence of governance levers 
available to them and to others. Additionally, the more private and commercial space actors 
control resource and capability flows, the greater the potential for increased influence on space 
norms and levers. 

However, an increase the number of actors, activities, and behaviors might help norm 
development, in that there is a broader suite of examples—of both actor and activity types—to 
help discern what is acceptable and unacceptable conduct in space. There is also, arguably, 
significant incentive for newer actors to regulate matters pertaining to security, safety, and 
liability issues and the ongoing pursuit of the space domain for peaceful purposes. It is only 
when the domain is functional and safe that new actors will be able to pursue interests effectively 
and have access to the riches, broadly defined, that space offers. 

As a result, the mechanisms that will fill the void and address ambiguities in existing space 
governance and sustain future global governance in space will emerge from “[t]he evolution of 
intersubjective consensuses based on shared fates and common histories, the possession of 
information and knowledge, the pressure of active or mobilizable publics, and/or the use of 
careful planning, good timing, clever manipulation, and hard bargaining.”34 Indeed, as James 
Rosenau observed, there can be 

no single organizing principle on which global governance rests, no emergent 
order around which communities and nations are likely to converge. Global 
governance is the sum of myriad, literally millions of control mechanisms driven 
by different histories, goals, structures, and processes.35  

At its core, governance addresses the dynamic search for order (as well as legitimate authority) 
in what is effectively dynamic disorder.36 It has always been something that occurs beyond and 
between, as much as within, the associated instruments of law. To apply these characteristics of 
global governance to space, we further explore social network analysis (SNA) in the rest of this 
report. 

 
33 Christina Isnardi, “Problems with Enforcing International Space Law on Private Actors,” Columbia Journal of 
Transnational Law, June 2, 2020, p. 492. 
34 See James N. Rosenau and Ernst-Otto Czempiel, eds., Governance Without Government: Order and Change in 
World Politics, Cambridge University Press, 1992; also see the formulations in Peter Mayer, Volker Rittberger, and 
Michael Zürn, “Regime Theory State of the Art and Perspectives,” in Volker Rittberger and Peter Mayer, eds., 
Regime Theory and International Relations, Oxford University Press, 1993; and Timothy J. Sinclair, “Financial 
Knowledge as Governance,” a paper presented at the Annual Meeting of the International Studies Association, 
March 1993. 
35 James N. Rosenau, “Governance in the Twenty-First Century,” in Kurt Mills and Kendall Stiles, eds., 
Understanding Global Cooperation: Twenty-Five Years of Research on Global Governance, Brill, 2021, p. 16. 
36 Rosenau, 2021, p. 13. 
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Organization of This Report 
Chapter 1 has provided an overview of existing space governance instruments—namely, the 

OST, the ARRA, LIAB, REG, and MOON, as well as barriers to cooperation and alternative 
policy models. We have provided a sketch of the complexity of the modern space domain and 
offered sources for more in-depth analysis beyond the scope of this work. 

Chapter 2 provides an overview of some of the conceptual approaches to governance that 
emphasize the role of different actors, laws, norms, and institutional arrangements, principal of 
which has been the global commons concept. This chapter then proffers a systems perspective 
represented through SNA as a potential means by which to enhance understanding of the actors 
and relationships in space governance, provide visibility of the network structure, and determine 
where power, resources, and reciprocity lie.  

Chapter 3 outlines the methodology for this project, including some of the challenges from a 
network perspective, and identifies the SNA concepts that apply to space governance. These 
include population growth and network density, hierarchies, and management; structural 
tendencies of social networks at the node, group, and network levels; and measures of power and 
influence. This was complemented by interviews with stakeholders to access a variety of 
perspectives on space governance, the actors involved and their relative influence, and whether 
existing agreements and treaties were deemed effective. 

Chapter 4 presents the results of the SNA using the relationships between states and countries 
based on participation in treaties, conventions, or agreements. We also present an overview of 
the roles of organizations according to how these roles promote and maintain space security, 
safety, sustainability, equity, and ethical stewardship. 

Chapter 5 involves a discussion of how this exploratory study has contributed to 
understanding the dynamics and complexity of space governance—specifically, the value of a 
system-based, network perspective that views different aspects of space exploration as a series of 
subsystems within an overarching system. This can allow the interaction of subsystems to be 
mapped and trends tracked over time. 

Chapter 6 provides some of the preliminary findings of this exploratory study on the 
foundational aspects of space governance, how best to apply them to stakeholders and actors and 
their interrelationships and ties, and key areas for further investigation. 
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Chapter 2. Conceptual Approaches to Space Governance Using 
Social Network Analysis 

Given the space governance environment described in Chapter 1, a key question for this 
study was whether approaching space governance from a systems perspective can contribute to 
developing ideas for resilient space governance. Systems thinking has developed to address 
growing interdependencies in an increasingly complex world.37 Systems can be defined as 
“groups or combinations of interrelated, interdependent, or interacting elements forming 
collective entities,”38 while others point to three core components that define a system:39 

• elements or parts 
• interconnections or interactions  
• a function or purpose. 

These premises are key reasons for adopting this view to space governance, which can be 
defined as passing the “systems test.”40 

Systems thinking consists of several key elements important to analyzing systems:41 

• identifying key connections between parts of a system 
• identifying any feedback loops and understanding the effect on system behaviors 
• understanding the structure of a system and how it affects system behavior based on the 

interconnectedness between system elements 
• identifying and defining resources, flows, and changes within the system and how 

structure affects resources, flows, and changes within the system 
• understanding the dynamic behavior of the system based on the resources, flows, and 

changes within the system 
• conceptually modeling the system to its most fundamental elements 
• understanding system scale, which includes identifying subsystems or systems of 

systems. 
As defined by these elements, SNA is an appropriate method to examine space governance 

from a systems perspective. 

 
37 Ross D. Arnold and Jon P. Wade, “A Definition of Systems Thinking: A Systems Approach,” Procedia Computer 
Science, Vol. 44, 2015. 
38 Arnold and Wade, 2015. 
39 Daniel H. Kim, Introduction to Systems Thinking, Pegasus Communications, 1999; Donella H. Meadows, 
Thinking in Systems: A Primer, Earthscan, 2009. 
40 Arnold and Wade, 2015. 
41 Arnold and Wade, 2015. 
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Social Network Analysis and Governance 
A social network is a structure made up of a set of social actors (such as individuals, groups, 

organizations, or societies), ties (i.e., relationships), and other social interactions between 
actors.42 SNA is a methodological approach to examine the local and global patterns, influential 
entities, and dynamics of a given network. SNA is an inherently interdisciplinary approach that 
emerged from social psychology, sociology, statistics, and graph theory in the 1950s and had 
become pervasive in the social and behavioral sciences by the 1980s.43 

Unlike methods of traditional behavioral data analysis that compare how actors are similar or 
dissimilar to each other across attributes, SNA focuses on relationships among the actors (i.e., 
seeing how actors are located or embedded in the overall network) and on the patterns and 
implications of these relationships (i.e., how the whole pattern of individual choices influences 
more-holistic patterns).44 Unlike individualistic, variable-based approaches to social science, 
SNA includes the assumption that actors make decisions and act in light of the behaviors of other 
actors—their behaviors are interconnected, influenced by and responsive to each other based on 
their relationships.45  

Social networks are constructivist in part, in that perceptions, beliefs, and actions are affected 
by the socially constructed relations between actors through structural mechanisms. This might 
include the differences between direct and indirect or between intense and superficial 
interactions. Structural relations are dynamic processes—they continually change because of the 
interactions of constituent actors. There is a feedback mechanism of action and response. SNA 
deals with structure, so network structure is important in understanding social networks and how 
the characteristics of relations “may be used to interpret the social behavior or the actors 
involved”46 in the network. 

There are two key components of network data: nodes (i.e., actors) and edges (i.e., ties or 
relations). Actors may be individual natural persons or collectivities, such as informal groups and 
formal organizations, while relations are a “specific kind of contact, connection, or tie between a 

 
42 Stanley Wasserman and Katherine Faust, Social Network Analysis: Methods and Applications, Cambridge 
University Press, 1994.  
43 Linton C. Freeman, The Development of Social Network Analysis: A Study in the Sociology of Science, Empirical 
Press, 2004. 
44 Robert A. Hanneman and Mark Riddle, Introduction to Social Network Methods, University of California, 2005. 
45 David Knoke and Song Yang, Social Network Analysis, SAGE Publications, 2008. 
46 J. Clyde Mitchell, “The Concept and Use of Social Networks,” in J. Clyde Mitchell, ed., Social Networks in 
Urban Situations: Analyses of Personal Relationships in Central African Towns, Manchester University Press, 1969, 
p. 2. 
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pair of actors” creating a dyad of two actors. These relations can be directed (initiator and 
receiver) or nondirected (there is mutuality in the interaction).47 

Scholars in the social sciences have employed SNA to study economic, political, 
interactional, and affective relations among actors, including in new areas, such as conflict and 
cooperation. A large part of this study was focused on determining how best to represent the 
structure of space governance through relational data. This included identifying the appropriate 
actors and types of relations. 

Application of Social Network Analysis to Governance 

SNA is increasingly being used in the field of environmental governance practice as a way to 
identify and coordinate diverse environmental stakeholders (such as community groups, 
scientists, policymakers, and business interests) and as a means of facilitating the diffusion of 
knowledge and building best practices.48 SNA has been used to understand governance in 
contexts as varied as forest biodiversity collaboration,49 river management,50 and endangered 
species conservation.51 However, some scholars, such as Michael Scott, have argued that the 
application of SNA in such cases is problematic because it is based on the assumption that 
network structure is the key independent variable in environmental governance. In doing so, 
according to Scott, SNA ultimately embeds the status quo of hegemonic environmental 
governance.52 

Scott noted two core analytical approaches to SNA: structuralist and connectionist. The first 
focuses on the structural position of actors within networks and how ties might be utilized to 

 
47 Knoke and Yang, 2008, p. 8. They noted, 

network analysis takes into account both present and absent ties, and possibly also variation in the 
intensities or strengths of the relations. A configuration of empirical relations among concrete 
entities identifies a specific network structure, the pattern or form of that network. Structures can 
vary dramatically in form, ranging from isolated structures where no actors are connected, to 
saturated structures in which everyone is directly interconnected. More typically, real networks 
exhibit intermediate structures in which some actors have more extensive connections than others. 
A core theoretical problem in network analysis is to explain the occurrence of different structures 
and, at the actor level, to account for variation in linkages to other actors. The parallel empirical 
task in network research is to detect and represent structures accurately using relational data. 

48 Michael Scott, “Re-Theorizing Social Network Analysis and Environmental Governance: Insights from Human 
Geography,” Progress in Human Geography, Vol. 39, No. 4, August 2015. 
49 Riikka Borg, Arho Toikka, and Eeva Primmer, “Social Capital and Governance: A Social Network Analysis of 
Forest Biodiversity Collaboration in Central Finland,” Forest Policy and Economics, Vol. 50, January 2015. 
50 J. M. Fliervoet, G. W. Geerling, E. Mostert, and A. J. M. Smits, “Analyzing Collaborative Governance Through 
Social Network Analysis: A Case Study of River Management Along the Waal River in the Netherlands,” 
Environmental Management, Vol. 57, February 2016.  
51 Kazushige Yamaki, “Applying Social Network Analysis to Stakeholder Analysis in Japan’s Natural Resource 
Governance: Two Endangered Species Conservation Activity Cases,” Journal of Forest Research, Vol. 22, No. 2, 
2017. 
52 Scott, 2015. 
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influence or change the network; the second focuses on viewing the network as a possible 
conduit for resources with a view to achieving mutual trust and support among stakeholders. 
Scott suggested that SNA itself contributes to “building stakeholder commitment to common 
rules and definitions of environmental problems, which may reduce transaction costs and aid ‘the 
establishment of conflict resolution mechanisms.’”53 This perspective on SNA treats the 
network-based analysis as a tool to achieve governance outcomes, which indeed would be a tall 
order for any mechanism. 

In the context of this project, we have taken both structuralist and connectivity approaches. In 
the first instance, SNA is designed to elicit the structure of actors and relationships in space 
governance and participation in space exploration—as much as possible, based on publicly 
available information, such as international agreements. Second, visibility of the network 
structure will provide an understanding of where power, resources, and reciprocity lie. Mapping 
the relationship between actors over time could provide information useful for understanding 
how relationships, and therefore power and resources, are changing and to facilitate thinking 
about the likely future changes and implications for governance. 

Several structural arrangements for governance have been identified based on SNA, 
examples of which are shown in Figure 2.1. These structures, or other variations thereof, can 
occur as subsystems; for example, the five UN treaties discussed in Chapter 1 could be thought 
of as the primary governance system, and emerging noninternational agreements would be 
viewed as subsystems in this framework. Identifying the type of governance structure can assist 
with determining how power dynamics (e.g., influence based on network centrality, 
connectivity), for example, might play out within the system and subsystems. Ultimately, 
structural diagrams highlight relationships that cannot be clearly represented through traditional 
modes. The structural approach can provide insights into how connected countries are, which 
actors dominate or most influence space governance through the breadth and strength of their 
connections (and associated attributes), and where relationships have the potential to change and 
have diverse effects because of new space activities and agreements. 

 
53 Scott, 2015, p. 453. 
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Figure 2.1. Example Governance Structures 

SOURCE: Adapted from Alex Derr, “Network Governance Structures Infographic,” Visible Network Labs, July 17, 
2020. 
NOTE: Derr noted that network governance refers to the decisionmaking processes and norms that influence network 
management. He suggested that a “network can make rules as a group, or defer to a single member.” The figure 
shows four examples of network governance structures. These structures can be deliberately selected by a group of 
actors acting as a network, or mapping of a network with an unknown structure can assist in identifying the structure 
by applying network statistical analysis to identify network structure through clusters, centrality, and other 
characteristics. A backbone organization is one created by actors in the network specifically to manage 
decisionmaking for the group. 

If one assumes that the number of actors participating in space is increasing, as is the 
diversity of uses and investment, SNA can assist with understanding where and what types of 
governance interventions might be needed in addition to those already in existence.54 Ultimately, 

 
54 SNA could be used to answer such questions as the following:  

• Do existing international treaties reflect existing norms for the peaceful use of outer space?  
• Are new and diverse uses of space accommodated in existing governance instruments?  
• Does grouping actors based on commercial or military ties change the types of governance instruments 

needed?  
• Who is being excluded from space activities and the associated benefits? 
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this report is intended to inform space stakeholders about an alternative approach to perceiving 
governance and how the structure of relationships and the associated attributes can influence 
change. 

We consider this work as providing baseline data to support the exploration of these and 
other governance questions by investigating the relationships between space governance actors 
through formal government-level treaties and agreements. In space, the number and diversity of 
space activities are ever-growing, as is the involvement of diverse actors—state and nonstate—
with different norms, goals, and obligations. By examining the baseline of formal governance 
relationships, one has the opportunity to further add where nonstate (e.g., commercial) actors fit 
into the network structure, how these actors interact with other actors and the effects of these 
relationships. The rules of engagement have perhaps not kept pace with these changes, and the 
known unknowns are arguably, substantively different from those of earthbound activities. 

Social Network Analysis Concepts for Exploring Governance Structure 
Because our network analysis served as the foundational basis for this study, we present two 

hypothetical scenarios of space networks to illustrate key concepts derived from SNA.  

• First, we describe a potential scenario in which the increase in the population in space 
presents the need for a hierarchical structure of actors.  

• Second, we present a scenario in which the development of a highly centralized network 
emerges from the presence of a Matthew effect, or preferential attachment.  

These two scenarios, illustrating two organizing processes, have been found to be common in 
other networks and can emerge into an informal governance system with a high degree of order.  

Network Density and Hierarchical Formation 

As the number of institutions and individuals grows in space, participants might find building 
informal trust and cooperation as a group increasingly difficult. The effort required to manage 
interactions with all participants becomes too large to maintain on larger networks. To 
demonstrate a sense of scale for this problem, we look at three networks of varying sizes, from 
very small (five institutions or individuals, called nodes) to large (100 nodes). If each node has a 
limited capacity to interact with others, there will be an upper limit on the number of ties each 
node can have. In social networks with individuals, this concept is referred to as Dunbar’s 
number,55 a theoretical upper bound on the number of relationships a human brain can handle. 
Although no Dunbar’s number has been identified for institutions, basic intuitions that 
organizations can handle only so much relationship-building with others likely hold. 

 
55 R. I. M. Dunbar, “Neocortex Size as a Constraint on Group Size in Primates,” Journal of Human Evolution, Vol. 
22, No. 6, June 1992. 
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The plots in Figure 2.2 show networks of five, ten, and 100 nodes. If each organization can 
handle only five ongoing, trusting relationships with other organizations, the density of the 
network—the fraction of relationships realized over the number of relationships possible—is 
drastically reduced. (Although the choice of five ties is arbitrary, this trend would hold as long as 
the number of manageable ties remains well below the number of nodes in the network.) This 
could be an important concept in the context of space governance, considering the increasing 
number of states and other entities actively participating in space activities. If a state is 
constrained in its ability to maintain numerous trusting relationships, the overall density of the 
network could decrease, which implies less overall trust in the system. In response to this 
challenge, network actors might seek ways to manage their environment that promote and 
facilitate higher levels of trust and cooperation.  

Figure 2.2. Change in Density with Population Growth, Given a Limit on Tie Counts 

 

NOTE: In each diagram, N is the number of nodes (blue dots), and density is the quotient of the number of 
relationships realized over the number of relationships possible across all nodes. Density is a network-level, not 
node-level measure. So, for example, density in the first plot is 10/([N(N – 1)]/2) = 1. The N – 1 excludes self-ties. 

In response to the challenges of lower overall network density as population grows, one 
common form of social organization is the emergence of social hierarchies.56 By nesting 
individuals within several layers of bureaucratic management, hierarchies allow for cooperation 
across many individuals without requiring trusting relationships between them. Hierarchies have 
formed independently across many human societies as a practical means of coordinating large 
numbers of people. 

To better understand the benefit of hierarchical organization in large networks, consider a 
large social network with each person nested in a hierarchical layer. The lowest layer is made up 
of nonmanaging individuals; above them are their managers, who are themselves managed by a 

 
56 Robert L. Carneiro, “On the Relationship Between Size of Population and Complexity of Social Organization,” 
Southwestern Journal of Anthropology, Vol. 23, No. 3, Autumn 1967. 
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layer above them. At the top sits a single individual. Even if the number of individuals whom 
each manager manages is low, the number of people able to be managed rises exponentially 
(Figure 2.3).  

Figure 2.3. Number of People Who Can Be Managed in a Hierarchy 

 

NOTE: The vertical axis shows the number of people who can be managed, and the horizontal axis shows the 
number of layers of hierarchy. The larger the number of hierarchy layers, the larger the number of people possible to 
be managed. 

Preferential Attachment and Centralization 

Another tendency in social networks is for actors to be connected with those nodes that 
already have many other connections in the network. Albert-László Barabási and Albert Réka 
explored the concept.57 The effect has also been called the Matthew effect58 or cumulative 
advantage. The term describes the phenomenon of creating increasingly large divides between 
actors as they form clusters around nodes that are already highly connected. For example, in 
information-sharing networks, those nodes that have shared information in the past are highly 
likely to be queried again in the future and at increasing rates. Likewise, in the network of space 
agreements, it is likely that being a part of an agreement in the past will increase the chance of 
inclusion in future agreements. Others might seek to follow those nodes with experience or 

 
57 Albert-László Barabási and Albert Réka, “Emergence of Scaling in Random Networks,” Science, Vol. 286, No. 
5439, October 15, 1999. 
58 It is also known as the Matthew effect of accumulated advantage and the Matthew principle and is sometimes 
summarized by the adage “the rich get richer and the poor get poorer,” coined by sociologists Robert K. Merton and 
Harriet Zuckerman in 1968 (see Robert K. Merton, “The Matthew Effect in Science: The Reward and 
Communication Systems of Science Are Considered,” Science, Vol. 159, No. 3810, January 5, 1968). The Matthew 
in the name is from the Parable of the Talents in the biblical Gospel of Matthew. 
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recognize influence in the network and seek to align themselves with a small number of highly 
centralized nodes.59  

In networks with strong preferential attachment, the overall network can emerge to be highly 
centralized. A highly centralized network has one or a few nodes that maintain a large proportion 
of the network’s ties, potentially signaling a high level of influence. Network centralization is 
measured by calculating the distance of the observed network from the maximum centralization 
value. The maximum centralization value depends on the centrality measure used. For example, 
with degree centrality, the maximum centralization of the network the existence of one node 
being the end point of all ties in the network.  

Here, for our measure of centralization, we opted to use eigenvector centrality, which is an 
approximate measure of influence or power in a social network. A high eigenvector score 
indicates that a node is connected to many others that themselves have high scores, suggesting 
high power in the network. High eigenvector centralization means that the network is closer to 
the maximum eigenvector centralization in the network, where eigenvector centrality is 
concentrated on one individual node.  

Summary 
This chapter provided two potential scenarios with concrete hypotheses for the governance 

network in space. In the first scenario, network density falls as the number of actors increases, 
spurring the need for spontaneous hierarchical formation. In the second, centralization increases 
as preferential attachment runs its course, concentrating power in a few nodes in the network. 
These scenarios are two examples of how theories of networks that were developed in other 
domains could be informative for predicting and governing space.  
  

 
59 Centralization is a network-level measure, indicating the degree to which a network is centered around one or a 
few nodes. Centrality is a node-level measure. 
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Chapter 3. Methodology 

The scope of this study was limited by the many elements of space governance that needed 
development to create a foundational social network model. We therefore focused our efforts on 
examining a baseline governance network built on existing governance instruments and 
collaborations.  

Method 
In an effort to build on the foundational work from Ben-Itzhak, which used two periods, we 

mapped the emergence of the space governance corpus over time, with three core periods 
identified:60 

• development of the foundational UN agreements (1958–1979)  
• development of nine non-UN international agreements (1980–1998)  
• creation of regional or interest-based agreements representing non-UN bi- or multilateral 

agreements (1999–2022). 
These periods were selected after reviewing the key characteristics of agreements and treaties 

from the inception of international space governance via the UN to the time of our analysis. 
These characteristics differentiate based on where the main responsibility for governance lies and 
at what level and include, at a basic level, UN global treaties, non-UN global agreements, and 
non-UN bi- or multilateral agreements. The UN is the central governance body for space at the 
time of our analysis in early 2025, facilitating global treaties that have implications under 
international law. Non-UN global agreements outline different responsibilities and obligations 
under international law and are not governed by the UN. A bi- or multilateral agreement can be 
an MOU, or it might create an organization at a regional rather than a global level. We 
determined that these were the primary characteristics underpinning space governance at this 
time. Table 3.1 lists the key treaties and agreements.  

Table 3.1. Longitudinal Timeline of Space Governance Agreements and Blocs 

Year Event 
1958 • Committee on Space Research created 

1959 • COPUOS created 

 
60 Ben-Itzhak published her paper Ben-Itzhak, 2022, during the preliminary stages of our research. We found it 
useful to build on her work in new ways, including robust, theory-driven hypothesis testing of network-based 
theories of social behavior. 
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Year Event 
1963 • Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under 

Water signed 

1967 • OST entered into force 

1968 • ARRA entered into force 

1971 • Agreement Relating to the International Telecommunications Satellite Organization 
signed 

• Agreement on the Establishment of the “Intersputnik” International System and 
Organization of Space Communications signed 

1972 • LIAB entered into force 

1974 • Convention Relating to the Distribution of Programme-Carrying Signals Transmitted by 
Satellite signed 

1975 • European Space Agency created 

1976 • REG entered into force 
• Agreement of the Arab Corporation for Space Communications signed 
• Agreement on Cooperation in the Exploration of Outer Space for Peaceful Purposes 

signed 
• Convention on the International Mobile Satellite Organization signed 

1982 • CCSDS created 
• Convention Establishing the European Telecommunications Satellite Organization signed 

1983 • Convention for the Establishment of a European Organisation for the Exploitation of 
Meteorological Satellites signed 

1984 • MOON entered into force 

1992 • ITU created 

1993 • Asia-Pacific Regional Space Agency Forum created 

1998 • International Space Station created 

2008 • Asia-Pacific Space Cooperation Organization created 

2018 • African Space Agency created 

2019 • Arab Space Coordination Group created 
• Joint Statement of the People’s Republic of China and the Russian Federation on 

Developing a Comprehensive Strategic Partnership of Coordination in the New Era 
issued 

2020 • Artemis Accords signed 

2021 • Agencia Latinoamericana y Caribeña del Espacio, or Latin American and Caribbean 
Space Agency, created 

• European Union (EU) Agency for the Space Programme created 

SOURCES: Features UNOOSA data collected in Ben-Itzhak, 2022; data compiled from UNOOSA documents listing 
global space treaties (e.g., Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under 
Water, August 5, 1963), bilateral and multilateral space agreements (e.g., Agreement Between the Government of 
the Russian Federation and the Government of the People’s Republic of China on Cooperation in Establishing the 
International Lunar Research Station, November 25, 2022), and their signatories up to 2023. Non-UN agreements 
and MOUs and their signatories were sourced from agreement websites and those of worldwide space agencies as 
compiled by UNOOSA (e.g., UNOOSA, undated-a). We also sourced background information contextualizing non-
UN agreements from various media organizations (e.g., Oltrogge and Christensen, 2020), nongovernmental 
organizations (e.g., Aganaba, 2021), and official government websites (e.g., Joint Statement of the People’s 
Republic of China and the Russian Federation on Developing a Comprehensive Strategic Partnership of 
Coordination in the New Era, 2019). 
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Although global, regional, and interest-based agreements and treaties form the basis for 
longitudinal analysis as edges, state actors were selected as network nodes and their relationships 
mapped based on being parties to agreements or treaties. Overall, network edges are treated as 
binary unweighted because multiple treaty relationships between country pairs do not appear to 
indicate substantively distinct or stronger ties but rather reflect historical patterns of treaty 
development. Although multiplex networks typically involve qualitatively different types of 
relationships (e.g., friendships, conflicts, kinship ties), the treaties in this dataset are largely 
similar in function and often redundant. Given this, weighting edges by the numbers of treaties 
would not add meaningful differentiation between relationships. 

An initial mapping of the governance network based on the ratification of the five UN 
treaties revealed nodes and ties that formed a nearly complete network, in which almost every 
actor was tied to another one via an agreement or treaty (see Figure 4.2 in Chapter 4). Therefore, 
to make the exploratory sample size manageable, we chose a sample of the 25 states with the 
most objects in space (see Table 3.2).61 This measure of the number of objects in space was used 
as a proxy indicator for the capability and capacity of spacefaring nations. Because we assessed 
network structure in the context of governance, we hypothesized that nations with larger space 
programs might most easily identify any areas of influence. This approach allowed us to include 
more states than just those with launch capability (which, as of 2022, was only 11) while limiting 
the sample size to a number that might better demonstrate trends or provide insights. For the 25 
states with the most objects in space, geographical region and whether the nation had a formal 
space agency were used as the key attributes. We have also illustrated the data in Figures 3.1 and 
3.2. 

 
61 Avery Koop, “Visualized: Which Countries Are Dominating Space?” Visual Capitalist, July 8, 2022. 
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Table 3.2. Countries Selected for Our Sample for Social Network Analysis 

Country Region Space Agencies Space Objects 
United States North America 1 5,534 

Russia Europe other than EU 1 3,611 

China Asia 1 731 

UK Europe other than EU 1 515 

Japan Asia 1 300 

France EU 1 130 

India Asia 1 127 

Germany EU 1 114 

Canada North America 1 82 

Luxembourg EU 1 53 

Italy EU 1 52 

Republic of Korea Asia 1 43 

Brazil South America 1 39 

Australia Oceania 1 36 

Belgium EU 0 36 

Israel Middle East 1 30 

Spain EU 1 29 

Uruguay South America 0 23 

Indonesia Asia 1 21 

Argentina South America 1 20 

Sweden EU 0 19 

Mexico North America 1 18 

Saudi Arabia Middle East 1 17 

UAE Middle East 1 17 

Taiwan Asia 0 17 

SOURCE: Features data from Koop, 2022. 
NOTE: UAE = United Arab Emirates. 
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Figure 3.1. Number of Space Objects, by Nation 

SOURCE: Features data from Koop, 2022. 

Figure 3.2. Countries with Space Agencies 

SOURCE: Features data from Koop, 2022. 

The network was mapped through the ties between nations based on their signatures on 
governance instruments. The network maps in Chapter 4 show where there were mutual 
memberships. After our initial review of the treaties, we organized them into three epochs: 1958–
1979, 1980–1993, and 1994–2022. Although exceptions do occur, the first epoch represents 

Powered	by	Bing

17

5,534
Number	of	Space	Objects

Powered	by	Bing
©	Australian	Bureau	of	Statistics,	GeoNames,	Microsoft,	Navinfo,	Open	Places,	OpenStreetMap,	Overture	Maps	Foundation,	TomTom, Zenrin

0

1
Space	Agency



 23 

primarily UN-led foundational treaties, the second epoch represents treaties that were generally 
international but typically not UN-led, and the third epoch represents a turn from 
internationalism to more interest- or region-based treaties. The network links indicate common 
membership in either a treaty or bloc. Separate networks were drawn for blocs and treaties 
during each period. All analysis was performed in R using the network and sna packages.62 As 
described above, networks included certain countries based on space activity, while ties were 
unweighted. 

For plotting, we used sna’s gplot function. Although the default network-plotting algorithm 
is Fruchterman and Reingold’s force-directed placement algorithm,63 we found the Kamada–
Kawai force-directed placement algorithm64 to be a better option for readability. We saved 
coordinates from a plot of the full network and plotted each region in sequence using the 
coordinates from the full network for that period. We used colors drawn from the RColorBrewer 
package.  

We used statistical network measures in addition to plotting the networks:  

• First, we used eigenvector centrality—a measure of influence in a social network—to 
identify tiers of actors that could correspond to a hierarchy of states. Eigenvector 
centrality measures the extent to which each node is connected to other well-connected 
nodes, a key measure of influence. A higher eigenvector centrality score is interpreted as 
having a higher degree of influence in the network.  

• Second, we used network centralization, a network-level measure of overall 
concentration of centrality onto few nodes.  

Centralization is the difference between the observed network’s centralization and the theoretical 
maximum, where one node is maximally central while all others are peripheral. Centralization 
requires specification of a centrality type;65 here, we used eigenvector centrality, in line with our 
measure of centrality above. All statistics were calculated using functions from the sna package, 
using the evcent and centralization functions.66 

As described in Chapter 2, centralization increases as network density decreases. In our 
study, we noticed that network density appeared to change with time, decreasing particularly in 
the last epoch. To determine whether the centralization measure was different from what one 

 
62 R Project for Statistical Computing, homepage, undated. 
63 The Fruchterman–Reingold algorithm is a force-directed placement algorithm that computes attractive and 
repulsive forces between nodes for placement, aiming for an equilibrium of force. See Thomas M. J. Fruchterman 
and Edward M. Reingold, “Graph Drawing by Force-Directed Placement,” Software: Practice and Experience, Vol. 
21, No. 11, November 1991. 
64 See Stephen G. Kobourov, “Spring Embedders and Force Directed Graph Drawing Algorithms,” arXiv, 
arXiv:1201.3011, submitted January 14, 2012, p. 6. 
65 Centralization is network level (the extent to which a network is centralized). Centrality is person level (person’s 
position within the network). 
66 The latter are additionally described in Chapter 4. 
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could expect given changes in density alone, we thus used a null hypothesis test called the 
conditional uniform graph (CUG) test.67 CUG tests compare an observed statistic with 
permutations of random graphs, conditional on one or more statistics in the observed network. 
Here, we compared centralization of the observed graphs across the three epochs, then compared 
those centralization values with a distribution of 10,000 randomly generated networks of the 
same density. If the observed centralization score is outside the 95-percent middle range of 
randomly generated networks, we consider centralization to be significantly different from what 
one would encounter with random chance. 

Limitations of the Study 
This study was limited by several key factors:  

• First, additional work could confirm preliminary findings in this report, providing 
additional time to undertake fieldwork for the SNA. Ideas for further analysis are 
described in Chapter 5.  

• Second, interactions in space have multiple dimensions, including entities other than 
states, and additional work is needed to provide a complete picture of the space network.  

Further work is needed to identify, clean, create, and apply data for SNA relevant to space 
governance. This would be a very time-consuming endeavor but would be necessary to develop a 
better understanding of space governance across multiple actors, relationships, and timelines. 

  

 
67 Graph is simply another word for network. 
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Chapter 4. Results 

This chapter presents the results of the network analysis based on the relationships between 
states and countries (including Taiwan) based on membership in treaties or agreements.  

Social Network Analysis of Agreements, Treaties, and Space Blocs 
First, we show the preliminary network plots of relationships between all nation-states that 

are members of each of the 20 UN and non-UN international treaties and agreements signed 
between 1958 and 1992. The purpose of a network plot is to gain initial insight into a network’s 
structure and organization, apparent clusters of actors, or other observations that can guide later 
analysis. The network diagram in Figure 4.1 shows the 193 states that have mutual membership 
in the same 16 UN and non-UN international treaties and agreements. Each state or country is 
represented by a circle (node), and the color of the node reflects the geographic region. A line 
between two nodes represents comembership in at least one agreement across the entire time 
series. Because most country pairs share at least one agreement in the time period, the network is 
nearly complete (i.e., almost all potential links are realized). 
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Figure 4.1. Network of Membership in Global Agreements, 1958–1992 

 

SOURCES: Features UNOOSA data collected in Ben-Itzhak, 2022; data compiled from UNOOSA documents listing 
global space treaties (e.g., Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under 
Water, August 5, 1963), bilateral and multilateral space agreements (e.g., Agreement Between the Government of 
the Russian Federation and the Government of the People’s Republic of China on Cooperation in Establishing the 
International Lunar Research Station, November 25, 2022), and their signatories up to 2023. Non-UN agreements 
and MOUs and their signatories were sourced from agreement websites and those of worldwide space agencies as 
compiled by UNOOSA (e.g., UNOOSA, undated-a). We also sourced background information contextualizing non-UN 
agreements from various media organizations (e.g., Oltrogge and Christensen, 2020), nongovernmental 
organizations (e.g., Aganaba, 2021), and official government websites (e.g., Joint Statement of the People’s Republic 
of China and the Russian Federation on Developing a Comprehensive Strategic Partnership of Coordination in the 
New Era, 2019). 
NOTE: ROK = Republic of Korea. Plotted with the R package network. Every country party to any UN treaty or global 
agreement is plotted. Each node represents a country or state, and the colors represent regions, coded using 
UNOOSA’s palette: teal = Africa; yellow = Asia; peach = Caribbean; blue = EU; orange = Europe other than EU; 
green = Middle East; pink = North America; white = Oceania; and purple = South America. Ties in this chart are 
unweighted. A global agreement is an international agreement that consists of most states participating in at least 
one other international agreement. 

As previously outlined, we divided our data into three time intervals: 1958–1979, 1980–
1993, and 1994–2022. We additionally sampled the 25 countries with the most objects in space. 
(For a description of the rationale behind these epochs and node sample, refer to Chapter 3.) 
Figures 4.2 through 4.4 are visual representations of these data aggregations.  
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Figure 4.2. Network of Membership in Primarily Global or United Nations Treaties and 
Agreements, 1958–1979 

 

SOURCES: Features UNOOSA data collected in Ben-Itzhak, 2022; data compiled from UNOOSA documents listing 
global space treaties (e.g., Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under 
Water, August 5, 1963), bilateral and multilateral space agreements (e.g., Agreement Between the Government of 
the Russian Federation and the Government of the People’s Republic of China on Cooperation in Establishing the 
International Lunar Research Station, November 25, 2022), and their signatories up to 2023. Non-UN agreements 
and MOUs and their signatories were sourced from agreement websites and those of worldwide space agencies as 
compiled by UNOOSA (e.g., UNOOSA, undated-a). We also sourced background information contextualizing non-UN 
agreements from various media organizations (e.g., Oltrogge and Christensen, 2020), nongovernmental 
organizations (e.g., Aganaba, 2021), and official government websites (e.g., Joint Statement of the People’s Republic 
of China and the Russian Federation on Developing a Comprehensive Strategic Partnership of Coordination in the 
New Era, 2019). 
NOTE: Plotted with the R package network. Centralization as eigenvector centrality: 0.018 (so all actors have low 
levels of influence, given the homogeneity of the network ties); mean degree: 23.6. Although some countries are near 
the center of this plot, those countries do not have the most ties. In this plot, the algorithm used could not decide 
which actors should go in the center, given that nearly all nodes are connected to all other nodes. The algorithm has 
spaced out countries evenly in the plot, creating a blob. Here, the United States is in the center of the plot, but that 
placement does not indicate that the United States is necessarily situated in the center of the actual network. 
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Figure 4.3. Network of Primarily Non–United Nations Agreements, 1980–1993 

 

SOURCES: Features UNOOSA data collected in Ben-Itzhak, 2022; data compiled from UNOOSA documents listing 
global space treaties (e.g., Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under 
Water, August 5, 1963), bilateral and multilateral space agreements (e.g., Agreement Between the Government of 
the Russian Federation and the Government of the People’s Republic of China on Cooperation in Establishing the 
International Lunar Research Station, November 25, 2022), and their signatories up to 2023. Non-UN agreements 
and MOUs and their signatories were sourced from agreement websites and those of worldwide space agencies as 
compiled by UNOOSA (e.g., UNOOSA, undated-a). We also sourced background information contextualizing non-UN 
agreements from various media organizations (e.g., Oltrogge and Christensen, 2020), nongovernmental 
organizations (e.g., Aganaba, 2021), and official government websites (e.g., Joint Statement of the People’s Republic 
of China and the Russian Federation on Developing a Comprehensive Strategic Partnership of Coordination in the 
New Era, 2019). 
NOTE: Plotted with the R package network. 

What do these figures reveal based on the measures previously discussed: density, 
centralization, and eigenvector centrality? Where are the values of those measures? What do 
those values indicate? 

Figure 4.2 shows the network structure of the 25 countries across the first time interval, 
1958–1979. Like the one in Figure 4.1, the network is close to complete: The initial groups of 
signatories on these agreements included most of the 193 countries. Only Taiwan appears to 



 29 

have fewer memberships in the same treaties as other actors, which likely reflects its unique 
relationship with China. Again, like that in Figures 4.1 and 4.2, a complete network is observed 
in Figure 4.3, which shows the relationships observed in the second epoch (1980–1993). This 
epoch consists primarily of non-UN global agreements. Because most agreements were global 
during these two epochs, we observed no obvious structural characteristics that identify clusters 
or other network features, other than the potential marginalization of Taiwan as a consequence of 
its relationship with China. Although we do not do so here, future work could outline whether 
this marginalization is detectable beyond mere observation of the network plot.  

Figure 4.4 presents the network in the third epoch, from 1994 to 2022. During this period, 
states experienced a relative reduction in global agreements in favor of more regional and 
interest-based agreements. Uruguay, India, and Taiwan are isolates (i.e., none is tied to any other 
state in this period). From a first-look network perspective (i.e., tentative exploration using 
network visualization), a potential split in the network appears. Actors on the right-hand side are 
highly connected through the Artemis Accords (orange lines), while those on the left-hand side 
have a greater number of connections through the International Space Station (teal lines) and the 
EU Agency for the Space Programme (pink lines). China, one of the major three spacefaring 
nations (Russia and the United States are the other two), is connected through regional and 
interest-based agreements to three other countries: to Russia through the bilateral Sino-Russ 
accord68 and to Indonesia and Mexico through the Asia-Pacific Space Cooperation Organization.  

 
68 Joint Statement of the People’s Republic of China and the Russian Federation on Developing a Comprehensive 
Strategic Partnership of Coordination in the New Era, 2019. 
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Figure 4.4. Network of Regional and Interest-Based Agreements, 1994–2022 

 

SOURCES: Features UNOOSA data collected in Ben-Itzhak, 2022; data compiled from UNOOSA documents listing 
global space treaties (e.g., Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under 
Water, August 5, 1963), bilateral and multilateral space agreements (e.g., Agreement Between the Government of 
the Russian Federation and the Government of the People’s Republic of China on Cooperation in Establishing the 
International Lunar Research Station, November 25, 2022), and their signatories up to 2023. Non-UN agreements 
and MOUs and their signatories were sourced from agreement websites and those of worldwide space agencies as 
compiled by UNOOSA (e.g., UNOOSA, undated-a). We also sourced background information contextualizing non-UN 
agreements from various media organizations (e.g., Oltrogge and Christensen, 2020), nongovernmental 
organizations (e.g., Aganaba, 2021), and official government websites (e.g., Joint Statement of the People’s Republic 
of China and the Russian Federation on Developing a Comprehensive Strategic Partnership of Coordination in the 
New Era, 2019). 
NOTE: Plotted with the R package network. 

Figure 4.4 also shows that a firm center holds, consisting of nations connected to both the left 
and right clusters. These central nations consist of major spacefaring countries, such as the 
United States, UK, France, Italy, and Japan. This pattern is consistent with the preferential 
attachment scenario outlined in Chapter 2. Under this perspective, the central nations could be 
exercising outsized power in the management of space, being included in regional and interest-
based agreements while other, less influential nations are left out of these agreements.  
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To further explore the possibility of the preferential attachment scenario, we analyzed the 
centralization of the network over time as described in Chapter 3. Specifically, we used 
eigenvector centralization; a high centralization score means that the network is close to the 
maximum eigenvector centralization in the network (i.e., where eigenvector centrality is 
concentrated in one individual). Eigenvector centrality is appropriate for measuring influence in 
an organization via a node’s connection with other, well-connected nodes. We calculated 
centralization for the three epochs; we then determined whether observed centralization scores 
were robust to changes in density through our null hypothesis test—the CUG tests.  

The first epoch has a centralization of 0.004, a low score (the maximum value is 1). In our 
CUG tests, we found that this value was typical of a random graph, conditional on the density of 
the observed graph: A centralization value of 0.004 is at the 34th percentile of centralization of 
10,000 random graphs with density .98 (.98 density is interpreted as 98 percent of potential ties 
realized). Although the value of 0.004 is difficult to interpret directly, the finding that this value 
is at the 34th percentile of random graphs at similar density suggests that this value is about 
average for graphs of this size and density. The second epoch holds a centralization score of 
0.005, also at the 34th percentile of graphs, again showing about average centralization 
compared to what one would expect given random chance (density remains at about .98 in this 
epoch). The third epoch has a much higher score of 0.14. Although this signals a trend toward 
centralization, we found that this value was at the 80th percentile of centralization scores across 
10,000 random graphs at similar density, below the 95th percentile typically required for 
significance in null hypothesis testing. Although the trend of centralization is upward, we 
concluded that the higher centralization score appears to be attributed to the decrease in density 
in the last epoch: Lower-density networks tend toward higher centralization at baseline (see 
Chapter 2 for a discussion of density and centralization). The lower density of the last epoch—
.48, versus .98 for other two epochs—seems to be main driver of increased centralization in this 
graph.  

Another common network scenario, outlined in Chapter 2, corresponds to a hierarchical 
formation in response to less overall trust in the network. Here, we looked at the clusters and size 
of eigenvector centrality across nodes. In contrast to eigenvector centralization, eigenvector 
centrality is a node-level measure of influence in a network. We found that there appeared to be a 
core group consisting of Canada, the United States, the UK, Japan, Luxembourg, Italy, France, 
and Australia, followed by a secondary group consisting of Germany, Mexico, the UAE, Russia, 
and others; with a third, more peripheral group consisting of China, Indonesia, Argentina, and 
three countries unaffiliated. These three tiers in the third epoch hint toward a form of hierarchical 
organization, although further work could confirm this. Additionally, the fact that there are three 
tiers of eigenvector centrality scores strongly suggests that this is a self-governing network, 
commensurate with that identified by Derr described in Chapter 2.  
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Chapter 5. Discussion and Areas for Further Research 

In Chapter 1, several trends were identified that are affecting the existing space governance 
system dominated by the UN treaties and other international agreements. This preliminary study 
has both reinforced the emergence of these trends and shown how SNA might be able to reveal 
where issues are emerging, which actors are involved, and the types of influence and effects on 
governance of emerging or changing actors and relationships.  

Testing Two Governance Hypotheses Using Social Network Analysis 
We hypothesized two potential scenarios in the development of the space network:  

• In the first scenario, the fact that the number of actors in space is increasing reduces the 
density of the network, resulting in the emergence of a hierarchical structure to govern it.  

• In the second scenario, preferential attachment increases the centralization of the 
network, resulting in a small set of highly central actors orbited by a periphery of less 
central ones.  

In this chapter, we discuss the plausibility and implications of each scenario below.  
As described in Chapter 2, a fundamental finding in network theory is the efficiency of 

hierarchies as a solution to the challenges posed by constraints on tie formation and maintenance 
in large populations. Initially, we defined the network as consisting of all notes having any 
shared agreement or treaty in the space network. We found that, in the first two epochs, the 
networks were near-complete, meaning that nearly all possible ties were realized. The concepts 
of population growth and density thus do not appear to be applicable to states in the network of 
treaties and agreements. Such a concept might be more appropriate for other kinds of entities, 
such as private enterprise or other nonstate entities, or in network ties that reflect relationships 
that require ongoing maintenance.  

Although we did not find that density decreased with population, we did find that density 
decreased in the last epoch in the 25-state sample. The reason for this decrease appears to be the 
regionalization and interest-based agreements and treaties that occurred after the initial batch of 
UN and non-UN global treaties. The emergence of these subgroups might reflect ongoing state-
level relationships; the emergence of subnetworks could be seen as a reflection of pragmatism to 
maintain positive social ties rather than competition. Such a perspective is an alternative to the 
often conflictual and competitive social construct associated with the public commons approach.  

On the other hand, although the international space governance system has no central 
government per se, the UN arguably operates in a way the emulates a central, hierarchical 
authority through its management of treaties and its other specialized bodies that influence space 
governance and activities (e.g., ITU, the International Civil Aviation Organization). The number 
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of actors party to UN treaties, either directly or indirectly through nation-states, is large and 
diverse. The increase of new entrants and diversifying of interests and activities are pushing the 
limits of the UN-based governance hierarchy, necessitating the exploration of ways to arrange 
the nodes in the system according to existing and emerging networks of relationships.  

Finally, we found some preliminary evidence of a hierarchical system in the last epoch, 
although more research is needed in this area. The emergence of three tiers of centrality, with the 
third-tier nations connected to only the second-tier nations, is an interesting yet not definitive 
observation. In the last section in this chapter, we suggest additional ways to test for hierarchical 
organization in space networks, through the use of structural equivalence measures or other 
means. 

Preferential Attachment and Centralization 

The emergence of regional, military, and activity- and interest-based agreements and 
collaborations outside of the main UN treaties that provide distinct benefit to an actor could start 
to reflect the tendency for preferential attachment, potentially resulting again in clusters forming 
around highly connected actors. Emerging actors might be drawn to already-central actors for 
various reasons, such as to increase their own connectivity to other space actors, increase the 
legitimacy of their agreements, or borrow from their experience of being involved in past 
treaties.  

We found some evidence in support of this hypothesis. In the third epoch, a set of central 
actors appeared to be included in regional and interest-based treaties and agreements, while 
others were not. A highly central group appeared positioned between two other groups, 
straddling both sets of agreements as central actors between them. On the other hand, we found 
that eigenvector centralization, a measure of the centralization of the network onto one or a small 
group of nodes, does not appear to be above what can be expected given random chance. 
However, high centralization is not a necessary consequence of preferential attachment, so 
further work could confirm or reject this hypothesis.  

Summary of Findings 

These two scenarios are primarily a proof-of-concept foundation for future analysis: 
Research in this area is important but scant.69 Developing a network and governance model was 
the most intensive phase of this study, given the limited number of similar studies beyond the 
Ben-Itzhak report that was published in 2022. To build on this new literature, our study 
incorporated the idea of space blocs identified by Ben-Itzhak into analysis alongside the entire 

 
69 This study began in late 2021, and the Ben-Itzhak report was published in late 2022. See Ben-Itzhak, 2022. Ben-
Itzhak conducted additional research after our study concluded (see Ben-Itzhak, 2024). In a third study, researchers 
analyzed the relative centrality of two actors in the network: China and the United States; see Jean-Frédéric Morin 
and Eytan Tepper, “The Empire Strikes Back: Comparing US and China’s Structural Power in Outer Space,” Global 
Studies Quarterly, Vol. 3, No. 4, October 2023. 
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governance corpus for space toward the end of our project. This allows for a more fulsome 
structural analysis of space governance relations and actors and emerging structures across time.  

Observations from this foundational work include the following: 

• Network analysis can provide useful visual representation of actors and ties in space 
governance. Initial observations of competing clusters, concentration of influence, and 
the influence of individual nodes can be the starting point for additional investigation.  

• Beyond these useful visualizations, analysis of network structure can be used to provide 
evidence for hypotheses drawn from systems and network theories of governance.  

• Network analysis can assist in identifying and representing changing relationships 
between actors and the emergence of new patterns over time. 

• Viewing space as a system through SNA can assist to identify node-level influence and 
system-level measures of the concentration of influence.  

• Much more work is needed to identify the best way to represent and analyze governance 
networks in space to provide greater insight into existing and potential governance 
systems.  

Suggestions for Future Work: Data, Statistical Models, and Forecasting 

In Chapter 1, we identified several trends in space governance that were not addressed in our 
analysis. As we began to model space governance from a systems perspective, it became evident 
that further work is required to understand the emerging trends in space exploration more fully—
activities, interests, collaborations, and exclusions. Although the analysis outlined here was 
primarily descriptive, including more data sources could help further understanding of space 
networks. Including more modes of interactions across different kinds of nodes, such as private 
actors, non-spacefaring nations, commercial actors, and nongovernmental organizations, could 
provide a better, more comprehensive vision of space governance than that developed in the 
analysis conducted thus far. Figure 5.1 provides a visual representation of different kinds of 
actors interacting in multiple modes that could add to the understanding of space networks.  
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Figure 5.1. A More Comprehensive Space Governance System 

 

NOTE: This diagram represents the main elements of a two-mode network. The first mode consists of the 
organizational actors that operate in space within the bounds of the UN treaties. These include governments, 
commercial organizations, and militaries, which are, in turn, guided by the elements of the second mode: instruments 
of governance, including national domestic governance frameworks and bi- and multilateral agreements, all bounded 
within the five UN treaties, which can be considered the foundation of international space governance. The actors 
span the governance instruments to represent that, in an ideal world, spacefaring entities operate according to the 
various instruments of governance of which they are members.  

Further, recent advancements in SNA have yielded powerful tools, such as temporal 
exponential random graph models, relational event models, and stochastic actor-oriented models. 
These tools, combined with available data on the network interactions between commercial 
entities, other forms of international relations (such as nonspace alliances, military power, or 
economic activity), and information on space activity, could be utilized to do the following:  

• Identify driving mechanisms. Including more data and utilizing a more advanced 
methodology can help uncover the mechanisms that drive space networks, including 
patterns in the increasing number of and interplay between state and nonstate actors in the 
system, the concentration of influence of certain actors, adherence to agreements, and 
norms of reciprocity. For instance, one study employed a temporal exponential random 
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graph model on an international sanction network to identify preferential attachment and 
reciprocity as powerful predictors of international relations.70  

• Forecast future agreements. By including these drivers of space networks, statistical 
methodologies could be employed to forecast the timing, participants, and other aspects 
of future agreements or treaties, offering valuable insights into the trajectory of space 
governance. Other models of social networks—such as those in communication 
networks—have been shown to be highly predictive of future tie formation.  

• Evaluate network interventions. As identified in Chapter 1, instruments and levers can 
alter the landscape of competition and cooperation in space. Using prediction software, 
these statistical models can be used to assess an intervention’s potential effect on a 
network, aiding in the formulation of strategic decisionmaking.  

Because statistical models of social networks are designed to account for unique challenges 
presented by network data, model-based analysis of social networks could provide more-robust 
support for the hypotheses outlined in Chapter 2, as well as other hypotheses outlined in Chapter 
1. Building on the preliminary work presented here, future network analysis endeavors could 
develop a road map for space governance.  

 
70 Skyler J. Cranmer, Tobias Heinrich, and Bruce A. Desmarais, “Reciprocity and the Structural Determinants of the 
International Sanctions Network,” Social Networks, Vol. 36, January 2014. 
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Abbreviations 

ARRA Agreement on the Rescue and Return of Astronauts 
CCSDS Consultative Committee for Space Data Systems  
COPUOS Committee on the Peaceful Uses of Outer Space 
CUG conditional uniform graph 
EU European Union 
ISS International Space Station  
ITU International Telecommunication Union 
LIAB Convention on International Liability for Damage Caused by Space Objects 
MOON Agreement Governing the Activities of States on the Moon and Other Celestial 

Bodies 
MOU memorandum of understanding 
OST Treaty on Principles Governing the Activities of States in the Exploration and 

Use of Outer Space, Including the Moon and Other Celestial Bodies 
REG Convention on Registration of Objects Launched into Outer Space 
SNA social network analysis 
UAE United Arab Emirates 
UK United Kingdom 
UN United Nations 
UNOOSA United Nations Office for Outer Space Affairs  
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