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Kostenko, Inesa (2025) Space Forces or Space Governance? Comparative Legal Models
and the Ukrainian Case. Advanced Space Law, Volume 16, 4-15. https://doi.org/10.29202/
asl/16/1

Recent policy statements and legislative initiatives in Ukraine have brought renewed attention to
whether the establishment of dedicated Space Forces is a necessary institutional response to the growing
military use of outer space. The creation of the Space Policy Directorate within the Ministry of Defence
of Ukraine and the introduction of Draft Law No. 13255, proposing amendments to the structure of the
Armed Forces of Ukraine, indicate an emerging interest in formalising military space capabilities. This
article examines whether the creation of Space Forces is a legal necessity or whether alternative models
of space governance offer a more appropriate public law framework.

Employing a comparative legal methodology, the article analyses institutional models adopted in
the United States, China, the United Kingdom, selected EU Member States, and the European Union's
civilian-led space governance system. These models are assessed against the international legal baseline
established by the Outer Space Treaty and relevant scholarly interpretations of the military use of outer
space. The Ukrainian case is then evaluated in light of these comparative experiences, with particular
attention to legality, civilian control, accountability, and institutional design.

Keywords: Space Forces, space governance, military use of outer space, public law, Ukraine,
comparative space law, Outer Space Treaty, civilian control, institutional design.
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Introduction

The institutionalisation of military activities in outer space has recently emerged as a
concrete legal and policy issue in Ukraine. While Ukraine has relied on space-derived services
and partner support amid ongoing hostilities, recent developments indicate a shift towards the
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development of a more structured national framework for military space activities. This shift is
reflected first in the establishment of a dedicated Space Policy Directorate within the Ministry
of Defence of Ukraine and second in the registration of Draft Law No. 13255, which proposes
amendments to the structure of the Armed Forces of Ukraine by introducing Space Forces as a
separate branch. Taken together, these developments raise fundamental questions of public law
concerning legal necessity, institutional design, and governance in the military space domain.

On 30 March 2025, the Ministry of Defence of Ukraine officially announced the
establishment of the Space Policy Directorate during the Space For Ukraine Forum (Ministry,
2025a). According to the Ministry, the primary objective of the Directorate is to consolidate
internal and external capabilities to advance Ukraine’s military space sector. The announcement
described the Directorate as a policy-oriented body tasked with developing the regulatory and
legal framework for military space activities, identifying advanced space technologies, and
acting as a central coordination point for a broad range of stakeholders, including developers,
scientists, entrepreneurs, and international partners (Ministry, 2025a). The emphasis placed
on regulation, coordination, and expertise frames the Directorate as a governance mechanism
rather than as an operational military unit.

Further clarification of the Directorate’s role was provided in a subsequent communication
published by the Ministry of Defence on 14 May 2025, addressing key questions related to
military space activities (Ministry, 2025b). In this document, the Ministry defined the military
space domain as the use of space technologies, infrastructure, and assets to meet military
needs, explicitly excluding the placement of weapons in space. It identified three core military
needs in the space domain: satellite communications, intelligence and reconnaissance, and
early warning of missile threats (Ministry, 2025b). These functions were presented as essential
enablers of command and control, operational planning, and civilian protection.

The same communication elaborated on the institutional logic underpinning the creation of
the Space Policy Directorate. The Ministry declared its readiness to assume a leading role in the
development of Ukraine’s national military space sector, as envisaged under the Law of Ukraine
“On Space Activities,” and described the Directorate as a centre of expertise responsible for
coordinating efforts across the military, civilian authorities, international partners, commercial
actors, and the scientific community (Ministry, 2025b). The Directorate’s tasks were grouped
into three areas: enhancement of the regulatory framework through the preparation of draft legal
acts; provision of technological expertise through cooperation with research and development
institutions; and strategic coordination of space-based support for defence needs, including
contractual arrangements with international and commercial providers (Ministry, 2025b). The
Ministry further indicated that the Directorate would be funded through the reallocation of
existing defence resources and would not entail changes to the overall size of the Armed Forces.

Parallel to these institutional measures, the legislative branch initiated a formal discussion
on the structural incorporation of space capabilities into the Armed Forces. Draft Law No.
13255, introduced in 2025, proposes an amendment to Article 3 of the Law of Ukraine “On
the Armed Forces of Ukraine” by adding “Space Forces” to the statutory list of branches of the
Armed Forces, alongside the Land Forces, Air Forces, and Naval Forces (Verkhovna, 2025a).
The normative content of the draft law is confined to this structural modification and does not
provide detailed regulation of the mandate, functions, command arrangements, or oversight
mechanisms of the proposed Space Forces.

The explanatory note accompanying Draft Law No. 13255 sheds light on the rationale
underlying the legislative initiative (Verkhovna, 2025b). It argues that the creation of Space
Forces would enable Ukraine to acquire organisational, institutional, legal, and military-
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technical capabilities to counter threats characterised as originating from outer space,
particularly in the context of the ongoing armed aggression by the Russian Federation. The
explanatory note further refers to the existence of comparable military structures in other states,
Ukraine’s scientific and industrial potential in the space sector, and the use of satellite services
and space infrastructure in current defence operations as factors supporting the proposed
reform (Verkhovna, 2025b). It also explicitly links the proposed establishment of Space Forces
to the Ministry of Defence’s earlier decision to create the Space Policy Directorate, presenting
the Directorate as an initial step towards the formation of a broader space defence segment.

At the same time, the explanatory note reveals features of the proposed reform that are
particularly relevant from a public law perspective. It acknowledges that the establishment of
Space Forces would require further legislative regulation and corresponding financing from
funds allocated to the security and defence sector, while also recording the absence of public
consultations and the absence of anticorruption and other specialised expert reviews in the
preparation of the draft law (Verkhovna, 2025b). Moreover, the draft law itself remains silent
on key issues, including civilian oversight, inter-agency coordination with civilian space
authorities, and the relationship between the proposed Space Forces and existing defence and
space institutions.

These institutional and legislative developments have been accompanied by policy-
oriented statements reported in the national media, indicating that the government envisages
the creation of Space Forces by the end of 2025 (Ukrainian, 2025). While such reports do not
carry normative force, they form part of the broader political context in which the legal debate
unfolds and illustrate the sense of urgency attributed to the issue by public authorities.

Taken together, the establishment of the Space Policy Directorate, the articulation of
its mandate, and the introduction of Draft Law No. 13255 demonstrate that Ukraine is at a
formative stage in defining its approach to military space activities. This stage is characterised
by the coexistence of governance-oriented instruments and proposals for structural military
reform. The central legal question, therefore, is not whether space capabilities are necessary
for Ukraine’s defence, but whether the creation of Space Forces as a separate branch of the
Armed Forces constitutes the most appropriate institutional and legal response at this stage.
This article addresses that question by analysing Ukraine’s emerging framework through the
lens of public law, with particular attention to institutional design, regulatory coherence, and
accountability, and by assessing whether a governance-based approach may offer a more legally
robust foundation than the immediate establishment of a new branch of the Armed Forces.

1. International Legal Baseline for Military Uses of Quter Space

It is well established that international law applies to activities conducted in outer space.
This principle is expressly affirmed in Article III of the Outer Space Treaty (OST), which
requires States Parties to carry out activities in outer space “in accordance with international
law, including the Charter of the United Nations, in the interest of maintaining international
peace and security” (United, 1967). As Freeland explains, the inclusion of this provision
reflected early concerns that outer space might become an arena of international confrontation
and confirms that the fundamental norms of the international legal order — most notably the
prohibition of the threat or use of force under Article 2(4) of the UN Charter — extend beyond
the terrestrial domain (Freeland, 2016).

At the same time, the OST does not establish a regime of comprehensive demilitarisation
of outer space. Article IV (1) imposes a specific and narrowly framed prohibition, barring
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States from placing nuclear weapons or other weapons of mass destruction in orbit, from
installing such weapons on celestial bodies, or from stationing them in outer space in any other
manner (United, 1967). As Freeland observes, this provision neither amounts to a general ban
on military activities in outer space nor prohibits the placement or use of conventional weapons
(Freeland, 2016: 43). Pobjie likewise emphasises that the Treaty’s most explicit restriction
concerns weapons of mass destruction and that neither the testing nor the use of conventional
weapons in outer space is per se prohibited under the OST (Pobjie, 2024).

Ferreira-Snyman likewise stresses that Article [V OST establishes only limited, specifically
framed prohibitions and that many practical legal challenges arise not from a categorical ban on
military activity, but from the interaction between “peaceful purposes,” dual-use systems, and
the application of general international law to military uses of outer space (Ferreira-Snyman,
2015).

A more restrictive legal regime applies to the Moon and other celestial bodies. Article
IV (2) of the OST requires that celestial bodies be used exclusively for peaceful purposes
and explicitly prohibits the establishment of military bases, installations, or fortifications, the
testing of any type of weapons, and the conduct of military manoeuvres. At the same time,
the provision permits the use of military personnel for scientific research or other peaceful
purposes (United, 1967). This stricter regime, however, is limited to celestial bodies and does
not extend to outer space as a whole.

One of the most enduring interpretative controversies under the OST concerns the meaning
of the term “peaceful purposes.” As Freeland notes, debate over whether “peaceful” should be
understood as “non-military” or merely “non-aggressive” arose almost immediately after the
Treaty’s adoption and remains unresolved (Freeland, 2016). While some commentators have
argued in favour of a non-military interpretation, State practice has long involved the use of
outer space for a wide range of military-related activities. Freeland therefore points to the
potential relevance of subsequent practice as an interpretative tool under Article 31(3)(b) of the
Vienna Convention on the Law of Treaties, while also cautioning that reliance on subsequent
practice in this context remains controversial among space law scholars (Freeland, 2016).

Pobjie similarly highlights the lack of consensus on the scope of the “peaceful purposes”
principle and stresses that the OST’s clearest legal limits concern weapons of mass destruction
rather than military activities as such (Pobjie, 2024). She situates the debate within the broader
framework of treaty interpretation, acknowledging the relevance of both travaux préparatoires
and subsequent practice, while recognising that these interpretative tools have not produced a
uniform understanding of the provision.

In practical terms, contemporary military uses of outer space are predominantly associated
with satellite systems rather than with weapons stationed in orbit. Pobjie identifies intelligence,
surveillance, and reconnaissance (ISR), positioning, navigation, and timing (PNT), and
communications as the core military functions performed by satellites (Pobjie, 2024: 2). These
systems are integral to modern military operations, while simultaneously supporting a wide
range of civilian and commercial activities. As a result, satellite infrastructure is predominantly
dual-use.

This dual-use nature generates complex legal challenges. Satellites may be subject to
both kinetic and non-kinetic interference, including laser-based actions, electromagnetic
interference such as jamming, hijacking, spoofing, or scanning, as well as cyber operations
(Pobjie, 2024: 3). Such interference may produce permanent effects or may be temporary
and reversible. Crucially, there is no agreed definition of what constitutes a prohibited “use
of force” in outer space, and it remains legally uncertain whether temporary or reversible
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interference with space systems — such as jamming or dazzling — meets the threshold of a use
of force under international law (Pobjie, 2024).

The right of self-defence under Article 51 of the UN Charter applies to armed attacks
conducted in or through outer space by virtue of Article III of the OST (United, 1967; Pobjie,
2024). Any exercise of self-defence, however, remains subject to the customary requirements
of necessity and proportionality. Pobjie draws particular attention to the proportionality
requirement in the space domain, noting that kinetic anti-satellite operations may generate
long-lasting space debris with potentially widespread and enduring consequences for other
space users. In such circumstances, even actions undertaken in self-defence may raise serious
proportionality concerns (Pobjie, 2024).

Both Freeland and Pobjie converge on the view that, although existing international law
clearly applies to military uses of outer space, it was not developed with the specific technical
and operational characteristics of the space environment in mind. Freeland argues that the
traditional law of armed conflict, while formally applicable, may be ill-suited to address
challenges such as attribution, the protection of dual-use objects, and the cascading civilian
effects of interference with space systems (Freeland, 2016). Pobjie likewise underscores
persistent legal uncertainty concerning the classification of space operations as uses of force or
attacks, the role of commercial actors, and the application of international humanitarian law to
non-kinetic operations (Pobjie, 2024).

Taken together, the international legal framework permits the military use of outer space,
subject to specific prohibitions and overarching constraints derived from the UN Charter. At the
same time, the absence of a comprehensive and detailed regime governing space warfare places
heightened responsibility on States to ensure that their domestic institutional arrangements and
military doctrines are capable of implementing international legal obligations. This international
legal baseline, therefore, both enables military activity in outer space and delineates normative
limits intended to mitigate escalation and preserve international peace and security in an
increasingly contested domain.

2. Comparative Institutional Models of Military Space Governance

States have adopted different institutional arrangements to organise military-related space
activities. The instruments and sources examined here — domestic legislation, defence policy
statements, and EU governance acts — illustrate a spectrum ranging from the formal creation of
a separate armed service to models based on specialised commands and governance structures.
This comparative overview focuses on institutional design as it appears in the cited primary and
authoritative sources, without assuming that any single model is legally required or universally
transferable.

2.1. United States: Creation of a Separate Armed Service (Statutory Model)

The United States provides a paradigmatic example of a statutory model based on the
formal creation of a separate armed service. In 2019, Congress established the United States
Space Force (USSF) as an armed force within the Department of the Air Force through
amendments to Title 10 of the United States Code (United, 2019). Section 9081(a) expressly
provides that “there is established a United States Space Force as an armed force within the
Department of the Air Force,” thereby conferring a clear legal status on the USSF as a distinct
component of the Armed Forces rather than as an internal command arrangement.
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Section 9081(b) defines the basic composition of the Space Force, identifying the Chief of
Space Operations and the space forces and assets organic to the service. More substantively, §
9081(c) specifies that the Space Force “shall be organized, trained, and equipped” to provide
freedom of operation for the United States in, from, and to space, as well as prompt and
sustained space operations (United States Congress, 2019). Section 9081(d) further assigns
core duties to the Space Force, including protecting United States interests in space, deterring
aggression in, from, and to space, and conducting space operations.

From an institutional perspective, the US model is characterised by a high degree of
legal formalisation. The establishment of the Space Force is not merely declaratory but is
embedded in a detailed statutory framework that defines its existence, functions, and position
within the broader military structure. Importantly, the statute situates the Space Force within
the Department of the Air Force rather than creating an entirely new military department,
thereby combining institutional differentiation with administrative integration (United, 2019).
This legislative architecture illustrates a model in which the creation of a new armed service
is accompanied by explicit legal articulation of mandate and function, rather than being left to
subsequent policy development.

2.2. China: Reorganisation under the Central Military Commission
(Integrated—Centralised Model)

China’s recent institutional developments point to a model of centralised reorganisation
under the Central Military Commission (CMC), rather than the statutory creation of a
separate, service-level “space force” comparable to the principal service branches of the
People’s Liberation Army (PLA).

According to the United States Department of Defense, on 19 April 2024 the People’s
Republic of China announced the dissolution of the PLA Strategic Support Force (SSF)
and the establishment of a new Information Support Force (ISF) directly subordinate to the
CMC (U.S. Department of Defense, 2024). Following the SSF’s dissolution, two previously
subordinate entities — the Aerospace Force (ASF) and the Cyberspace Force (CSF) — were
likewise realigned under the CMC. The report further describes an updated organisational
structure consisting of four “theater-grade services” (the PLA Army, Navy, Air Force, and
Rocket Force) and four deputy-theatre-grade forces or service “arms”: the Aerospace Force,
Cyberspace Force, Information Support Force, and the Joint Logistics Support Force (U.S.,
2024).

A closely corresponding account is provided in PLA Update, Issue 20, published
by the Center for Naval Analyses. CNA reports that on the same date Beijing unveiled
a restructuring of PLA forces responsible for space, cyberspace, electronic, information,
communications, and psychological warfare missions; that the SSF — established in late 2015
to centralise these capabilities — was formally disbanded; and that three new forces were
created in its place: the Aerospace Force, Cyberspace Force, and Information Support Force,
all directly subordinate to the CMC (Center, 2024: 2). CNA further notes that official public
messaging surrounding the reform placed particular emphasis on the ISF and reports that
Xi Jinping characterised it as a “strategic branch” tasked with coordinating the construction
and employment of the PLA’s information systems and integrating them into joint operations
frameworks (Center, 2024).

This interpretation is reinforced by the International Institute for Strategic Studies,
which likewise characterises the April 2024 changes as a restructuring that marked the end
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of the PLA Strategic Support Force and redistributed its former responsibilities across newly
established entities. IISS notes that the reform reflects an effort to strengthen centralised
control and streamline the organisation of information- and space-related capabilities under
the authority of the Central Military Commission (International, 2024).

Taken together, these sources support the conclusion that China has opted for a model
of structural redistribution and enhanced central subordination of space- and information-
related functions within the CMC system, rather than the establishment — whether legal or
organisational — of a separate armed service equivalent to the PLA’s main service branches.

2.3. United Kingdom: Joint Command within Defence Structures (Command Model)

The United Kingdom has adopted a command-based institutional model for organising
military space activities, centred on the creation of a specialised joint command rather than
the establishment of a separate armed service by statute.

UK Space Command was officially launched in 2021, following its formation earlier
that year, and is based at RAF High Wycombe (UK, 2022). According to the Ministry of
Defence, the stand-up of UK Space Command represents a key step in operationalising
the space domain within UK defence structures and in protecting UK and allied interests
in, from, and through space (UK, 2022). The official announcement specifies that, once at
full operating capability, UK Space Command will provide command and control of all
Defence space capabilities, including the UK Space Operations Centre, RAF Fylingdales,
the SKYNET satellite communications system, and other enabling capabilities. Authoritative
government guidance further characterises UK Space Command as the defence lead for
space operations, space workforce, and space capability. Institutionally, it is described as a
joint command staffed by personnel drawn from the Royal Navy, British Army, and Royal
Air Force, alongside civil servants and contractors, rather than as a separate service branch
(UK, 2022). The Command brings together three core functions under a single two-star
military commander: conducting day-to-day space operations, developing and training the
defence space workforce, and delivering space capability and equipment programmes (UK,
2022).

UK Space Command operates within a broader defence and governmental space
governance architecture. Official doctrine confirms that military space policy and strategy
remain the responsibility of the Ministry of Defence Space Directorate, while UK Space
Command concentrates on command, capability delivery, and operational integration (UK,
2022). The Command also maintains close institutional links with UK Strategic Command,
the Defence Science and Technology Laboratory, and the UK Space Agency, reflecting an
explicitly integrated civil-military approach to space activities (UK, 2022).

From an institutional design perspective, the UK model differs fundamentally from the
United States’ statutory approach. Space capability is concentrated within a joint command
structure embedded in existing defence hierarchies, without the creation of a new armed
service by legislation. Authority and responsibility are consolidated through command
arrangements, policy guidance, and doctrine rather than through formal service-level
separation. This places the United Kingdom firmly within a command-centred model of
military space governance, in which legal and organisational coherence is achieved through
integration rather than institutional proliferation.
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2.4. European Union and Selected Member States: Programme Governance and National
Defence Arrangements (Governance—Hybrid Model)

At the European Union level, the institutional framework relevant to space activities is
primarily civilian and programme-oriented. The core binding legal instrument in the present
context is Regulation (EU) 2021/696, which establishes the Union Space Programme and
the European Union Agency for the Space Programme (EUSPA) (European, 2021). The
Regulation sets out governance arrangements for EU space programmes, including Galileo,
EGNOS, Copernicus, and GOVSATCOM, and defines the roles of EU institutions, Member
States, and EUSPA within that framework. It does not establish military command structures
or armed forces functions at the EU level.

The security and defence relevance of space is addressed at the EU level through policy
instruments rather than through the creation of military institutions. The EU Space Strategy for
Security and Defence, adopted as a Joint Communication to the European Parliament and the
Council (JOIN 2023) 9 final), articulates a strategic approach to space as a domain of growing
security relevance while remaining situated within the Union’s competence framework
(European, 2023). As a policy document, the Strategy does not create binding obligations
or operational command arrangements, but it seeks to enhance coordination, resilience, and
coherence across civil, commercial, and defence-related space activities at the EU level.

Defence and military organisation in space, therefore, remain primarily within the
competence of the Member States. The sources cited in this article indicate that national
defence arrangements may include specialised commands or structures responsible for military
space activities, developed in accordance with domestic constitutional and administrative
frameworks. France maintains a dedicated Commandement de 1’Espace within its armed
forces, with defined organisational responsibilities for military space activities (Ministére,
2025). Italy has established the Comando delle Operazioni Spaziali (COS), which functions as
a national military command structure for space operations (Ministero, 2020).

Taken together, the EU and Member State arrangements reflect a governance—hybrid
model. At the Union level, space governance is organised through regulatory programmes
and strategic policy coordination, without the creation of supranational military command
structures. At national level, Member States retain discretion to establish military space
commands or other defence-specific institutions. This division underscores that, within the EU
legal order, military space governance is characterised by civilian-led programme regulation at
the supranational level combined with nationally determined defence structures.

3. Institutional Choice and Legal Sequencing
in Ukraine’s Military Space Governance

Taken together, the cited comparative models demonstrate that states have adopted
markedly different institutional pathways for organising military-related space activities. The
United States has established a separate armed service by statute, creating the United States
Space Force (United States Congress, 2019). China, by contrast, has pursued reorganisation
and centralised subordination under the Central Military Commission, including the
dissolution of the Strategic Support Force and the establishment of new forces and service
“arms,” such as the Aerospace Force and the Information Support Force (U.S., 2024; Center,
2024). The United Kingdom has opted for a joint command model, assigning leadership for
defence space operations, workforce, and capability to UK Space Command (UK, 2022). At
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the European Union level, space-related security and defence issues are addressed through
programme governance established by binding regulation and complemented by strategic
policy communication, while Member States retain responsibility for their own national
defence structures, including dedicated space-related commands (European, 2021; European,
2023; Ministére, 2025; Ministero, 2020).

These variations are directly relevant to the Ukrainian debate because they demonstrate that
the establishment of “Space Forces” represents only one possible institutional configuration
among several legally viable options. The comparative evidence therefore frames the central
analytical question of this article: whether, at the present stage, Ukraine’s emerging military
space framework should be consolidated through the creation of a new branch of the Armed
Forces, as envisaged by Draft Law No. 13255, or through the further development of governance
mechanisms centred on the Ministry of Defence’s Space Policy Directorate.

Ukraine’s current trajectory in the military space domain is characterised by the parallel
emergence of these two approaches. On the one hand, the Ministry of Defence has established
the Space Policy Directorate and defined it as a centre of expertise intended to consolidate
internal and external capabilities, develop regulatory and legal frameworks, and coordinate
across a broad range of stakeholders in the space ecosystem (Ministry, 2025a; Ministry,
2025b). The Directorate is not presented as an operational command, but rather as a policy and
coordination mechanism responsible for regulatory drafting, technological expertise, and the
strategic coordination of space-based support for defence needs, including engagement with
international and commercial providers. The Ministry has further indicated that the Directorate
will be funded through internal reallocation within the existing defence budget and will not
affect the overall size of the Armed Forces (Ministry, 2025b).

On the other hand, Draft Law No. 13255 proposes a succinct amendment to the Law of
Ukraine “On the Armed Forces of Ukraine” by adding “Space Forces” to the statutory list of
branches of the Armed Forces (Verkhovna, 2025a). The explanatory note presents this initiative
as necessary to enable Ukraine to acquire organisational, institutional, legal, and military-
technical capabilities to counter threats characterised as originating “from outer space” and
explicitly links the proposed establishment of Space Forces to the earlier creation of the Space
Policy Directorate (Verkhovna, 2025b). At the same time, the draft law itself does not define
mandate, functions, command arrangements, or oversight mechanisms, while the explanatory
note records the absence of public consultations and anticorruption expertise in the legislative
process (Verkhovna, 2025b).

Read together, these instruments do not simply express a policy preference for expanded
space capability. They raise a question of institutional design and legal sequencing: whether the
Ukrainian framework should prioritise the creation of a new service branch or the consolidation
of governance structures capable of producing legal clarity, coordination, and accountability in
a domain characterised by technical complexity and legal uncertainty.

International law does not determine domestic institutional form, but it does shape the
requirements that national governance arrangements must satisfy. The Outer Space Treaty
permits military uses of outer space, subject to specific prohibitions and to the overarching
constraints of the UN Charter, including the prohibition on the use of force, as incorporated
in Article III (United, 1967). Scholarly analysis highlights persistent uncertainty surrounding
dual-use systems, non-kinetic interference, attribution, and proportionality in the space
domain (Freeland, 2016; Pobjie, 2024). These characteristics translate into concrete domestic
governance demands: institutional arrangements must be capable of supporting lawful
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decision-making in situations where legal thresholds are contested, and operational effects
may be difficult to predict or control.

Comparative experience underscores that institutional durability depends less on formal
labels than on coherence between institutional structure and regulatory substance. Where states
have created separate armed services, this choice has been supported by explicit legislative
architecture. Where governance-based or command-based models prevail, competence has
been concentrated within detailed policy and administrative frameworks that coordinate actors,
allocate responsibility, and ensure accountability. Against this background, the Ukrainian
Space Policy Directorate appears, based on the available sources, to be the most developed
institutional instrument currently in place. By contrast, Draft Law No. 13255 introduces a
significant structural category without yet supplying the legal detail ordinarily required to
operationalise civilian control, oversight, and inter-institutional coordination. The resulting
asymmetry reinforces the importance of legal sequencing: the order in which governance
capacity and structural reform are pursued matters for the coherence and legitimacy of the
resulting framework.

Conclusions

This article examines whether the establishment of Space Forces is a legal necessity for
Ukraine or whether a governance-oriented approach offers a more appropriate public law
framework at the present stage of institutional development. The analysis demonstrates that
Ukraine’s engagement with the military space domain is unfolding along two parallel but
insufficiently aligned tracks: the creation of a governance-focused Space Policy Directorate
within the Ministry of Defence and a legislative initiative to formally add Space Forces as a
new branch of the Armed Forces.

International space law does not mandate any specific domestic institutional model. What
it does require is that military space activity be conducted within a legal environment marked
by general international law constraints, technical uncertainty, and the pervasive dual-use
character of space systems. In such a setting, domestic institutional effectiveness depends less
on organisational symbolism than on the capacity to generate legally constrained, coordinated,
and accountable decision-making.

Comparative practice confirms that states have adopted diverse institutional solutions,
ranging from separate service branches to command-based and governance-centred
arrangements. The decisive factor across these models is not formal structure, but the degree to
which institutional form is supported by detailed regulatory architecture capable of allocating
competences, ensuring oversight, and managing interaction with civilian and commercial
actors.

Against this background, the Space Policy Directorate represents the most legally mature
element of Ukraine’s current framework. Its defined focus on regulatory development,
coordination, and expertise directly addresses the governance challenges associated with
military uses of outer space. By contrast, the proposed establishment of Space Forces, while
not legally impermissible, currently lacks the legislative detail required to operationalise
civilian control, accountability, and inter-institutional coherence.

The central conclusion is therefore one of sequencing rather than rejection. A governance-
first approach — consolidating regulatory capacity, clarifying competences, and embedding
accountability mechanisms — offers a more robust public law foundation for any future
structural reform. In the military space domain, where legal uncertainty and strategic risk are
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inherent, institutional effectiveness is more likely to be achieved through careful governance
design than through premature organisational proliferation.
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For all their critical function, spaceports are typically the missing element in legal discussions of space
activities. And yet, it is only because of launch facilities, most commonly spaceports, that the full picture
of space operations becomes intelligible; without such infrastructure, no launch can take place. Despite
their importance, spaceports remain a legal blind area: although foundational outer space treaties refer
to launching facilities, they do not explicitly define or regulate “spaceports,” leaving their governance
largely to national legislation rather than under a unified international space regime. Undoubtedly, in the
New Space era, with hundreds of rocket launches projected, spaceports are increasingly central to space
industry strategy and global access. This makes the topic extremely important, especially since the world's
spaceports are limited in number and geographically concentrated. This paper presents several historical
examples that illustrate the legal complexities that arise when states and companies utilize foreign launch
infrastructure. Moreover, reliance on foreign launch infrastructure can create dependencies in space
activities. This article explores the absence of a clear international legal framework, supported by case
studies, to suggest the important role UNCOPUOS could play in addressing this gap in international
space law, by developing a universal spaceport regime in the future.
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Introduction

We typically focus on the success of a space mission or launch, asking which country
conducted it, which company or agency was accountable for it, and which astronauts and
engineers were involved. However, most of the time, we fail to give due importance to a
fundamental question: where was this mission launched? Why do some countries have
spaceports while others do not? Why do some countries launch their missions from the territory
of another state? Is this disparity merely a consequence of financial capability, or are legal,
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16 Advanced Space Law, Volume 16, 2025



Spaceports: The Missing Link in International Space Law?
by Boudour Mefteh

geographical, political, and strategic factors equally determinative? After all, if airports exist
to facilitate air travel and practically every country operates one or more, could the same
principle be extended to spaceports? For all their critical function, spaceports are typically
the missing element in legal discussions of space activities. And yet it is only because of
launch facilities, most commonly spaceports, that the full picture of space operations becomes
intelligible; without such infrastructure, no launch can take place. This reality has become
even more pronounced with the proliferation of commercial space launches, which multiplied
the demand for reliable access to space. In the early days of space, national spaceports were
used almost exclusively by military and governmental agencies. As commercial space began
to develop, especially in telecommunications, these government-operated launch sites were
later opened to private companies. Today, any spaceport that offers launch services to the
public is considered a commercial spaceport, regardless of ownership by government or private
company (Mineiro, 2008: 762).

At first, we need to keep in mind that “Outer space commercial transportation consists
of three primary actors: (1) Launch Vehicle Manufacturers, (2) Launch Site Operators (i.e.,
Spaceports), and (3) Launch Service Providers.” (Mineiro, 2008: 760) This paper will mainly
focus on the “(2) Launch Site Operators (i.e., Spaceports)”, to keep it simple, may be refer
to as the terrestrial launch and re-entry sites, which are the critical gateways to outer space.
However, a more detailed definition is needed.

Unfortunately, the term “spaceport” is not yet precisely defined by international law (Yu,
2019), and it is not explicitly addressed in the Outer Space Treaty (OST) or in the Liability
Convention; the Corpus juris spatialis instead refers to launch sites as the territory or facilities
from which a space object is launched. In the Oxford English Dictionary, it is defined as
“a base from which spacecraft are launched” (Spaceport, 2025). The Spationary dictionary
proposes a definition that adds “Apart from launch and landing zones, spaceports also comprise
other facilities such as launch control centers, assembly buildings, propellant plants, satellite
preparation facilities, and visitor complexes” (Von der Dunk & Frans, 2025).

According to some national regulations, the United States (U.S), for instance, federal law
does not use the term “spaceport.” Launch sites in the United States that serve commercial,
non-governmental customers are required to obtain a license from the Federal Aviation
Administration (FAA) (Mineiro, 2008: 761). Accordingly, U.S. federal legislation employs the
term “launch sites” rather than “spaceports” and “reentry sites” instead of the word “spaceports”
(49 U.S., 2000). In this order, “Launch site” means “the location on Earth from or at which
a launch takes place and facilities needed at such a location”. Furthermore, “Reentry site”
means “the location on Earth to which a reentry vehicle is planned to return.” While the U.S
does not use the term spaceport in federal legislation, the FAA has come to accept that launch
and reentry sites are most commonly referred to as spaceports (2008 U.S., 2008).

The term spaceport was also defined in the 2018 UK Space Industry Act as “(a) a site from
which spacecraft or carrier aircraft are launched or (as the case may be) are to be launched, or
(b) a site at which controlled and planned landings of spacecrafi take place or (as the case may
be) are to take place” (The Space, 2018, s. 3(2)). It further provides that Spaceport does not
include an at-sea facility which may be moved from place to place without major dismantling
or reconstruction (The Space, 2018, s. 3(3)). This definition is consistent with those previously
discussed, according to which a spaceport is a public space gateway which usually has re-entry
and launch sites. (Mineiro, 2008: 761) Unlike traditional seaports or airports, a spaceport is
defined by its connection to outer space; it includes the boundary between air/terrestrial law
and space law.

Advanced Space Law, Volume 16, 2025 17



Spaceports: The Missing Link in International Space Law?
by Boudour Mefteh

The first spaceport in history was the Soviet Baikonur Cosmodrome (1957), from which
Sputnik 1 achieved orbit. Since then, spaceports have slowly proliferated: launch vehicles have
reached orbit from only 27 such sites around the globe (Roberts, 2019). Undoubtedly, today,
with the New Space era and hundreds of rockets launches projected, spaceports are increasingly
central to space industry strategy and global access. This makes the topic extremely important,
especially since the world’s spaceports are limited in number and geographically concentrated.
A report by CSIS indicated that by the end of 2018, a mere 27 spaceports had launched rockets
into orbit (Roberts, 2019). Nevertheless, by late 2023, about 30 new spaceport plans were under
consideration (Bonucci et al., 2023). Currently, operational spaceports are concentrated in only
a few countries, despite growing global interest in launch infrastructure. The United States
has the largest and most widespread network, with an estimated 14 federally or commercially
operated spaceports across nine states. These include well-known facilities such as Cape
Canaveral, Kennedy Space Center in Florida, Vandenberg Space Force Base in California,
and Spaceport America in New Mexico (The Space Economy, 2022; Spaceport, 2025). Russia
and Kazakhstan, for instance, share the use of the Baikonur Cosmodrome under a long-term
lease agreement. In addition, Russia operates Plesetsk for military and polar launches and
Vostochny to reduce its dependency on Kazakhstan (European, 2023). Meanwhile, the Guiana
Space Centre, located in Kourou and built and operated by the ESA together with Arianespace,
serves as the principal orbital launch site on the European continent and has been essential
to European access to space since its establishment (Chemoul, 2018). Similarly, other major
launch sites, including Japan’s Tanegashima Space Center and India’s Satish Dhawan Space
Centre in Sriharikota, currently support both national and cooperative missions (Indian, 2025;
Japan, 2025).

By contrast, many technologically advanced states do not have operational orbital launch
facilities and have to rely on foreign or commercial launch providers, including SpaceX,
Arianespace, and Rocket Lab, for accessing outer space (The Space Economy, 2022; European,
2023). This very uneven distribution of launch infrastructure underlines persistent disparities in
access to orbital space and the need for more transparent international frameworks regarding
spaceport governance and cooperation. In other words, this structural bottleneck, if we may
say so, means that de facto access to space is not truly “for all humankind,” as Article I of the
OST envisions.

Not only this, but reliance on foreign launch infrastructure can create dependencies in
space activities as well. Taking the example of India’s first satellite, in 1975, called Aryabhata,
which was launched not from Indian soil but from the USSR’s Kapustin Yar site (Narayanan,
2025). India was thus both operator and manufacturer of the satellite, but the USSR (as host
of the launch site) shared in the status of “launching State.” On 29 December 2020, French
military satellites, such as CSO-2, were launched from French Guiana on Russian rockets
(Gebhardt, 2020). These cases illustrate how multiple states’ responsibilities intersect and show
that any entity aiming to access space must often navigate foreign regulatory and technical
regimes.

Economically speaking, the scarcity of launch pads can create a seller’s market; about 30
new spaceport projects have been proposed globally (Bonucci et al., 2023), but the winners
will be those offering reliability, good orbits, and cost-effectiveness. Over time, this could
entrench a few “launching states” as gatekeepers, undermining the spirit of common access
under Article I OST as well.

Yet despite their importance, spaceports remain a legal blind spot: although foundational
outer space treaties refer to launching facilities, they do not explicitly define or regulate
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“spaceports,” leaving their governance largely to national legislation. As Mineiro notes,
“However, a meaningful assessment of these provisions must recognize that in many ways,
corpus juris spatialis is inadequate when applied to spaceport operations. To understand these
inadequacies, the treaties should be placed within the historical context of time when they were
drafted. First, commercial spaceports were not in operation when the treaties were drafted,
and the language of the treaties assumes that spaceports will be state owned and operated.”
(Mineiro, 2008: 766)

Under OST Article VI and the Liability Convention, States must authorize their nationals
and continuously supervise their space activities, and they may be liable for damage caused.
But when a national or private operator uses a foreign spaceport, jurisdiction and supervision
become unclear. Who is the launching State, and which State is responsible for the supervision
of operations at the spaceport? Article VI of the OST assigns States responsibility for national
space activities, but it is ambiguous whether this includes preparatory ground-based activities at
a spaceport. Article VIII requires registration of space objects, yet it does not address terrestrial
launch facilities. In practice, spaceports are regulated under domestic aviation, environmental,
or military law, rather than under a unified international space regime.

This dual gap (doctrinal and geographic) raises urgent questions: Whose law applies to
a spaceport? Who bears responsibility for accidents on the pad? How can we ensure safety,
equity, and environmental protection at launch sites? To what extent do existing international
space law obligations on state responsibility and jurisdiction apply to spaceport activities, and
what legal framework is needed to address the resulting gaps?

In order to find some answers, this article undertakes a legal analysis of spaceports. It
first examines the international legal foundations (OST, Liability Convention) and reveals
their gaps. (I) Second, it surveys national spaceport regimes (II), highlighting how countries
license and oversee terrestrial launch activities. It then explores the international geography of
spaceports, creating access irregularities at odds with the OST’s ideal of space as the “province
of all mankind”, along with case studies to illustrate the legal issue. (III) The article also
discusses emerging challenges: environmental impacts on coastal and inhabited launch sites.
(IV) Finally, this article offers some suggestions for the space law community, presenting a
personal perspective that highlights the potential role of the United Nations Committee on the
Peaceful Uses of Outer Space (UNCOPUOS) in developing a universal spaceport regime in
the future (V).

I. International Space Law Gaps for Spaceports

Primarily, International law is “the body of legal rules, norms, and standards that apply
between sovereign states and other entities that are legally recognized as international actors.”
(Shaw, 2025). It has treaties, agreements, resolutions, and court judgments governing relations
between states and other international actors. Of the extremely large volume of such law,
a significant subdivision involves activity in outer space. This niche regime, alternatively
referred to as the corpus juris spatialis (Mineiro, 2008: 765), is comprised of five principal
United Nations treaties that collectively establish the common foundations for the peaceful
exploration and use of outer space. These are the Outer Space Treaty (1967), the Rescue
Agreement (1968), the Liability Convention (1972), the Registration Convention (1975), and
the Moon Agreement (1979). The first four have been widely ratified and form the legal basis
for state conduct in outer space (Mineiro, 2008: 765). The Moon Agreement, by contrast, has
a low rate of acceptance and far-reaching implications. It extends the principles of the Outer
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Space Treaty by declaring the Moon and other celestial bodies to be the common heritage
of mankind and calls for an international regime to manage and control their exploitation
and development as resources. Although it adopts a progressive approach to equity and
sustainability, few states have ratified it, and major space powers such as the United States
and China have not. Accordingly, any country that has ratified the above-mentioned treaties
is obligated to conduct its space activities consistently with its obligations under international
law. Building on this, while spaceports themselves are not explicitly regulated by international
treaties, licensed launch facilities must ensure that the space activities conducted from them
comply with the relevant provisions of corpus juris spatialis (Mineiro, 2008: 766). In other
words, although the treaties do not govern the port as infrastructure, they contain provisions
on state responsibility, liability, and registration that are relevant and should be considered by
states when licensing, regulating, or operating such facilities, as well as by private operators.

As mentioned in the introduction, these treaties were composed decades before the
emergence of commercial spaceports. Their phrasing generally assumes that launch sites would
be state-owned and state-operated. At the time, reusable launch vehicles and commercial space
transportation, particularly the transport of private passengers for profit, were not yet practical.
Consequently, the current treaties do not explicitly address these new activities. This gap
creates regulatory and legal vacuums that affect both established and emerging spacefaring
nations (Mineiro, 2008: 766).

The Outer Space Treaty is the constitutional charter of space law. It proclaims that “the
exploration and use of outer space... shall be carried out for the benefit and in the interests
of all countries” and that outer space is “free for exploration and use by all States” (OST,
1967). It also provides that “States Parties to the Treaty shall bear international responsibility
for national activities in outer space, including the activities of non-governmental entities”
(OST, 1967). Add to that, the OST’s Article VI requires each state to authorize and continually
supervise any space activity it undertakes or that is undertaken by its nationals. These
provisions assume a space activity clearly occurs “in outer space,” yet say little about pre-
launch activities on Earth (Mineiro, 2008: 767). In other words, does “space activity” legally
begin only at the moment of liftoff, or does it include integration, fuelling, testing, and range
clearance on the ground?

This question highlights a doctrinal gap; under a traditional reading, Article VI of the
OST imposes state obligations once a rocket “ventures beyond Earth.” However, many argue
that state supervision should extend to preparatory activities on the ground. For instance, if a
private company tests a new engine or fuels a rocket at a spaceport days before launch, should
the licensing state bear responsibility for those actions? Conceptually, the answer could be
yes, since space activity can be understood as a continuous process rather than being limited to
the moment of liftoff (Mineiro, 2008: 768). Just as air law treats aircraft maintenance and air
traffic control as part of air operations, space law could recognize that launch-site operations
fall within state responsibility.

Article VII of the OST similarly raises questions; It establishes that each launching State
is internationally liable for damage caused by its space objects on the Earth’s surface, in the
air, or in outer space. By definition, that begins once a rocket is “launched” (though “launch”
is not defined, practically meaning liftoff), and before this point, are not covered by Article VII.
Therefore, incidents like a rocket mishap during integrated testing at the pad are not carefully
addressed by Article VII’s liability. It may fall under Art. VI’s broad responsibility clause, but
again, only if one reads “space activities” to include pre-launch operations. Some commentators
argue that a literal reading of the OST means Article VI responsibilities start at liftoff, leaving
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spaceports out of the treaty framework. This is the “missing link” in space law: the terrestrial
launch sites where space activities begin.

Add to the above, Article VIII of the OST stipulates that every space object must be
registered by one of its launching states, with details including the launch site. This implicitly
acknowledges the importance of the facility. Yet registration happens after launch, and the
treaty does not extend jurisdiction to the pre-launch facility.

The notion of “launching State”, central to the Liability Convention, further illustrates
the gap. Article I of the Liability Convention defines a launching State as (a) “A4 State which
launches or procures the launching of a space object,” or (b) “A State from whose territory or
facility a space object is launched” (Hassanabadi, 2014). Importantly, this definition explicitly
includes the state whose launch facility is used. In one view, this should bring spaceport-
hosting countries into the liability regime for damage caused by launches from their soil.
Indeed, international law treats all implicated states as jointly and severally liable for surface
damage (Hassanabadi, 2014). For instance, if a Soyuz launch from Kourou involves France,
the host state, Russia, the launcher provider, and a payload nation, all three could be considered
“launching States” under the Liability Convention, sharing joint responsibility for any damage
caused on Earth. (Hassanabadi, 2014).

Yet the Liability Convention, like the OST, focuses on harm caused by space objects
in flight or upon re-entry. If a rocket explodes on the launch pad or before clearing national
airspace, the resulting damage occurs on the Earth’s surface and could trigger strict liability
under Article II. Nonetheless, some ambiguity remains regarding incidents that occur during
pre-launch operations, before liftoff. But there is a twist: if an accident is solely ground-
based (such as a fuelling accident not involving a space object), it’s not clearly covered by
international space law at all. Responsibility would revert to domestic tort law or possibly the
host state’s liability regime (which varies widely) (Mineiro, 2008: 768). Thus, a launchpad
accident damaging local infrastructure might yield no international claims under the Liability
Convention. The State whose territory houses the spaceport may bear domestic responsibility,
but under the OST Article. VI, the launching state group could also be arguably responsible;
This opaque overlap highlights the missing link.

Given this gap, scholars have proposed extending state jurisdiction to spaceport operations.
One approach draws on the functional concept of jurisdiction (Scholars like Malcolm Shaw and
Stephan Hobe), which holds that a state can exercise jurisdiction not only territorially but also
functionally over activities with a significant national nexus. Under a functional approach, and
if we apply this in the spaceports example, a state would be considered to exercise jurisdiction
over a launch even before liftoff, because the activities (lab tests, fuelling, range control) are
essential to the eventual space object launch. On this view, Article VI supervision obligations
should apply at spaceports just as they do at airfields or seaports. A state that authorizes a
citizen’s satellite launch, even from a foreign spaceport, arguably must ensure safe conduct.
In practice, however, if a launch takes place at a foreign spaceport, the licensing state has no
direct authority over the site. This raises a legal question: when a French company uses a U.S.
(or another country’s) spaceport, which state is responsible for supervising fueling, integration,
and launch operations?

I1. National Spaceport Regulation

Although international law regulates space activities, it does not explicitly govern the
infrastructure of spaceports, leaving it largely under national regulation. These national
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regimes typically implement the state’s OST and liability obligations at home through licensing
requirements, safety standards, and liability rules. In this section, we will try to analyse some
of these regulations.

Starting with the United States, the Federal Aviation Administration (Commercial, 2025)
regulates commercial launches and launch sites under Chapter 509 of Title 51 U.S Code. A
critical element is the Launch Site Operator License, often called a spaceport license, issued
by the FAA’s Office of Commercial Space Transportation. Under 14 CFR Part 420, any entity
wishing to own or operate a launch site must obtain this license, which involves: safety
reviews, environmental impact assessments, and financial responsibility requirements (U.S
Federal Aviation Administration, Office of Commercial Space Transportation, n.d.). (Mineiro,
2008: 772) These licenses ensure that a U.S spaceport meets federal safety and environmental
standards. For example, Spaceport America in New Mexico and Cape Canaveral Space Force
Station in Florida operate under FAA authority. The FAA also coordinates airspace and range
safety during launches. However, the U.S model only controls activity on U.S territory or
federal land. If a U.S. company launches from a foreign spaceport, the U.S. law does not cover
that activity, so the company must follow the foreign country’s rules instead. (Mineiro, 2008:
772).

Recently, the United Kingdom passed the Space Industry Act in 2018 (The Space, 2018:
reg. 2), bringing civilian space activities under a comprehensive licensing framework. “The
Act establishes a regulatory framework for building and operating spaceports and enabling
spaceflights to take place from the UK soil” (Yu, 2019). The Act establishes, among other
things, a Spaceport Licence for entities that operate a launch facility in British territory
(Angels, 2025), and a Range Control Licence for the safety and flight-path oversight of
launches. To secure a Spaceport Licence, applicants must show they can minimize risks to the
public and the environment. Depending on this analysis, applicants must take “all reasonable
steps necessary to ensure any risk to public health, safety and property is as low as possible”
(Angels, 2025). An Operator Licence, for conducting an actual launch, similarly requires
safety risk assessments and an environmental-effects assessment if needed (Angels, 2025).
Notably, despite this regulatory ambition, the UK does not currently have any spaceports that
are operational for commercial orbital launches. Although several facilities have progressed to
later development phases and conducted preliminary test operations, no UK spaceport has yet
succeeded in a commercial orbital launch. Spaceport Cornwall, for instance, attempted a failed
launch in early 2023; although the facility is already open for business for horizontal launch
operations, its first major orbital launch is now expected in early 2025, pending the signing
of a suitable launch partner. By contrast, Sutherland Spaceport is approaching readiness for
vertical launch operations with Orbex, with its maiden orbital launch also anticipated in 2025
(UK Space Law, 2025).

Other countries follow similar patterns, in Australia, the Space Launches and Returns Act
2018 require a Launch Facility Licence to operate any launch site on national territory, and the
Australian Space Agency’s guidelines specify that applicants must meet environmental and
safety requirements in their design and operations (Launch, 2023). Similarly, New Zealand’s
Outer Space and High-altitude Activities Act 2017 likewise mandates a licence (though New
Zealand currently has only one active orbital site, Mahia). By contrast, France and Russia also
regulate their spaceports (CNES licenses Kourou range activities (Chemoul, 2018), Roscosmos
licenses Baikonur launches), which illustrates that each state assumes liability for authorizing
non-governmental actors within its territory.
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A significant consequence is that any country lacking a licensed spaceport must rely on the
regulatory regimes of other countries. For example, India’s space agency does not yet have an
indigenous orbital launch site; when it launched satellites via foreign rockets (such as European
launch vehicles), India remained responsible for meeting its OST obligations through bilateral
agreements and foreign licenses. Similarly, when Australia’s national satellites are launched
overseas, Australia issues an Overseas Launch Certificate under its space law, essentially
extending its Article VI liability to that foreign launch. In fact, Australian law explicitly treats
such foreign launches as if they were conducted from its own territory, accepting international
liability accordingly. (Angels Aerospace, 2025).

I1I. Legal Case Studies of Cross-Border Launches

Several historical examples illustrate the legal complexities that arise when states and
companies utilize foreign launch infrastructure: India’s first satellite, Aryabhata (1975), was
built in India but launched on 19 April 1975 from the USSR’s Kapustin Yar site aboard a
Soviet Kosmos-3M rocket (Narayanan, 2025). In this example, India procured the launch and
owned the satellite, yet the launch vehicle and pad were Soviet. Under Article I of the Liability
Convention, both India (which “procured” the launch) and the USSR, as a territory/facility
state, count as launching States (Hassanabadi, 2014). Internationally, the USSR would likely
have shared liability with India had Aryabhata or its rocket caused damage. The licensing and
supervision were effectively delegated: India needed the USSR’s authorization and could not
directly supervise the launch operations abroad. This exemplifies a long-standing issue: unless
India had a bilateral oversight agreement with the USSR, India could only rely on good faith
and diplomatic negotiations to fulfil its Article VI duties.

This challenge of delegated supervision is not unique to India. Decades later, similar
legal complexities arise with multinational launches, such as Russian Soyuz rockets launched
from Europe’s Guiana Space Centre in French Guiana under a Franco-Russian agreement
in place since 2011. Most recently, the French CSO2 military satellite was launched on
29 December 2020 from the Soyuz Launch Complex (ELS) at Kourou (Gebhardt, 2020). In
this case, France, Russia, and the payload owner (France) all qualify as launching States under
the Liability Convention (Hassanabadi, 2014). Practically, France, as host, and Russia, as
launcher provider, agreed in advance to clarify their shared liability (Gebhardt, 2020). It raises
questions like: if CSO 2 failed on ascent, which state would be sued? Likely, France would
initially compensate itself for its own asset, then claim against Russia for hardware failure,
or split claims. Based on this situation, we can see how modern space cooperation involves
complex chains of ownership and responsibility.

The examples mentioned above are just for demonstration; however, we can’t deny that
many space programs use foreign launch services. This can burden the authorizing state’s
ability to supervise. For example, France’s domestic space law, Space Operations Act (Loi
n° 2008-518 of 3 June 2008), requires operators to secure a license and allows governmental
inspectors to verify compliance. However, as one French commentary notes, “the French
licensing authority cannot really control the foreign launch installations ... the problem is
that the French satellite operator would like to use the launch services of a foreign launch
operator... [French] law... prescribes control... but in practice the control cannot be
conducted” (National, 2010). In effect, when a state’s national space object is launched from
abroad, Article VI requires authorization by the state of the operator, but supervision by that
state is limited.
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IV. Considerable Challenges for Spaceports

The issue of spaceports does not come from their legislative ambiguity alone; it is also
due to a lot of other factors, making their establishment challenging and need to take into
consideration other factors as well.

Spaceports, surprisingly, touch on human rights and security issues, considering local
communities: launches generate noise, pollution, and the risk of toxic propellant fallout.
Coastal launch sites like Kourou (French Guiana) or Mahia (New Zealand) are near sensitive
ecosystems. Dr Anne-Sophie Martin notes that coastal spaceports can disturb marine life
via underwater noise and potential chemical discharges (Martin, 2023). Yet existing space
treaties do not mandate environmental safeguards for sea launch emissions. International
environmental law, for instance, the Rio Declaration, the Espoo Convention on EIA, might fill
the gap, demanding impact assessments for spaceport construction or operations. Indeed, the
U.K. and U.S require environmental reviews for spaceport licenses. Space law advocates now
argue that Article VI licenses should explicitly include environmental mitigation as a condition
(Martin, 2023).

National spaceport licensing often interacts with local land-use and environmental laws;
Building a spaceport typically requires large safety/exclusion zones (often coastal) and can
raise EIA issues. Nearly half of the world’s, around 35, currently used suborbital or orbital
spaceports are on coastlines (Martin, 2023), exposing sensitive marine ecosystems to launch
noise, air pollutants, and potential debris dumps. Martin warns that launches can produce
“acoustic disturbance (like underwater noise) from launch, as well as flight paths ... affecting
marine biodiversity” (Martin, 2023). Propellant residues (hydrazine, exhaust particulates, CO2)
can pollute air and water. This is because recent studies have brought to the fore the fact
that a rocket launch impacts the stratosphere by releasing substantial amounts of CO: into
the atmosphere, further pressuring the climate change agenda (Agrawal, 2024). Currently,
rockets release very small proportions of the global emissions levels; however, the rising
number of rockets launched, 186 in 2022, may make the impact non-negligible (Bonucci et al,
2023). No international space treaty currently regulates these emissions; some experts suggest
invoking principles from the UN Climate Regime or adopting a “space-specific carbon offset”
mechanism. In the interim, national regulators have begun to require Environmental Impact
Assessments for new spaceports and guidelines to mitigate noise, like limiting launch times
and building noise barriers.

In fact, private spaceport projects have sometimes faltered on environmental grounds.
For example, the proposed Spaceport Camden in Georgia faced lawsuits claiming inadequate
NEPA review (Southern, 2020). These national regimes demonstrate that while space law gaps
exist, domestic sovereignty and environmental norms impose practical controls on spaceport
expansion.

Keeping in mind that launch failures do pose serious risks to nearby communities, since
rockets carry high-energy propellants, generate large acoustic and shock loads, and may
suddenly drop debris, spaceports often require large safety safeguard zones and are sited in
remote or low-population areas. But accidents have still occurred; for example, the tragedy at
Baikonur in 1960 (the Nedelin disaster) killed dozens during pre-launch operations (Baikonur,
2025). In the United States, an Antares vehicle exploded seconds after liftoff at Wallops Island
in 2014, scattering debris and triggering warnings to residents (Wall, 2014). While domestic
space legislation commonly mandates risk assessments, public consultation and licensing, there
is no global standard that sets minimum buffer zones, mandates transboundary environmental
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impact assessment (EIA) for rocket trajectories passing over other states or ensures consistent
oversight of dual-use infrastructure. One might foresee a future where communities demand
trans-boundary EIAs akin to pipeline or flight corridor regimes; a demand that current
international law only loosely addresses (for example via the Espoo Convention in Europe).
Security concerns also complicate the picture, since some spaceports may host dual-use (civil/
military) launches, which we will not analyze in further detail in this paper.

Economically speaking, spaceports are highly expensive and complex (Bonucci et al.,
2023) since they require a skilled workforce, specialized infrastructure, and integration into
the global supply chain. Many developing states lack the capital or technical base to construct
one independently. Because of this, bilateral and multilateral cooperation becomes essential:
regional partnerships, for example, European reliance on Kourou or proposed collaborations
on Brazil’s Alcantara facility, can help share costs and access. In theory, spaceports could
function like international airports or joint military bases. Guiana already serves as a semi-
shared resource, hosting launches for France, ESA partners, and others. The UN’s Moon
Agreement even hints at the concept of international cooperation in space infrastructure for
common benefit (Art. IV, VII), though the agreement has not been widely ratified. One might
foresee a COPUOS-guided framework under the auspices of the UN for equitable access to
launch sites, potentially analogous to guidelines on sharing space situational awareness data.

V. The Role of UNCOPUOS Toward a Universal Spaceport Regime

Despite the challenges mentioned above, which must be considered when planning new
spaceports in the future, it is undeniable that UNCOPUOS has, in practice, shaped international
space governance gradually, favoring consensus-based guidance over the immediate negotiation
of new treaties. When legal and technical developments move faster than existing treaty law,
the Committee has repeatedly relied on subsidiary working groups, multi-year workplans, and
non-binding instruments, such as guidelines, recommended principles, and model practices, to
foster shared understandings among States. This method has proven particularly effective in
areas characterized by legal uncertainty and political sensitivity.

However, could the same approach also apply to launch pads on the ground? At first
glance, a spaceport appears to be ordinary national infrastructure; it needs planning permission,
environmental review and safety oversight. But two realities make it an international concern:
First, every space mission, from a single CubeSat to a crewed flight, depends on a spaceport;
in other words, without reliable and well-regulated launch sites, space access simply does not
happen. Second, modern and, precisely, commercial launches are frequently multinational:
payload nations, launcher manufacturers, financing states and host states all play a role. As
a result, accidents, environmental impacts or regulatory decisions at one spaceport can have
cross-border effects and raise questions of international responsibility as mentioned previously
in this paper.

In my view, UNCOPUOS is uniquely placed to address these problems, not because it
can or should take over national licensing, but because it can provide the legal and technical
construction that makes national regimes predictable and fair. UNCOPUOS has already
shown how this works; The UNCOPUOS working group established in 2004 on space debris
mitigation can be regarded as a successful example of soft-law development (Space Debris,
2007), particularly in the absence of binding treaty provisions. Through a structured, multi-
year process, it produced guidelines that were adopted by the Subcommittee, endorsed by the
Committee and the General Assembly, and afterwards implemented through national legal and

Advanced Space Law, Volume 16, 2025 25



Spaceports: The Missing Link in International Space Law?
by Boudour Mefteh

regulatory frameworks. This example proved that “The Legal Sub-Committee is one of the
main pieces of the UN COPUOS and particularly for the development of legal instruments,
binding or not.” (Peter, 2021)

Arecent example, with the newly sensitive and technically involved topic, space resources,
the legal subcommittee established a dedicated “Working Group on the Legal Aspects of Space
Resource ” to consider possible legal models and to prepare an initial draft set of recommended
principles (non-binding) for how states should deal with exploration, exploitation and utilization
of space resources (UNOOSA, 2025). Having had the opportunity to observe some sessions of
this working group during my visits to UNOOSA and witness the process firsthand, I believe
that a soft-law, interactive approach, focusing on definitions and voluntary principles, could
be a practical route for spaceports as well. In that case, what should COPUOS do in practice?
Personally, I see beginning with removing ambiguity and agreeing on clear, narrow definitions
for “spaceport,” “spaceport operations,” “range-safety activities,” and the different categories
of facilities such as “vertical, horizontal/air-launch”, “sea-based/mobile” is a necessary first
step; as we know, clear definitions make subsequent obligations both understandable and
enforceable under the law, and these terms are directly linked to spaceports. Next, inspired
by the above-mentioned working group as well, draft concise, non-binding recommended
principles that address, for example, host-state and operator responsibilities, environmental
impact assessment, including minimum safety expectations, and licensing status, might build
trust and predictability, and not hinder national sovereignty.

In fact, the development and adoption of soft law have been justified and encouraged
by the urgency of certain issues, as illustrated by the example of the space debris mitigation
guidelines (Peter, 2021). But are spaceports sufficiently urgent to justify dedicating such effort
by UNCOPUOS? Undoubtedly, with today’s space activities speed, the answer is yes. In
fact, we can mention some problems that could confirm this is urgent; First, responsibility
and supervision, as previously stated in this paper, are unclear in many cross-border launch
arrangements: who counts as the “launching State,” and who must exercise the continuing
supervision required by Article VI of the OST? The Liability Convention identifies possible
launching States, but practical attribution is increasingly complex in multi-party launches
(UNOOSA, 1972; Hassanabadi, 2014). The second reason is that the environmental and local
impacts from coastal or remote spaceports, including noise, emissions and potential debris,
can be “transboundary” and are not uniformly handled by domestic permits alone (Martin,
2023). Third, equity and access matter: building and operating a spaceport requires geography,
capital and expertise that many states lack. Here is the challenge; If each state writes its own
rules and competes to attract launches, two things may follow: operators will seek the most
permissive jurisdictions or the so-called “forum shopping”, and a small group of host states
may become dominant or let’s say gatekeepers of orbital access (Bonucci et al., 2023). I believe
that COPUOS can help prevent both outcomes by leading with practical, low-politics steps that
respect national prerogatives. Voluntary measures succeed; they will reduce the uncertainty
that surrounds the spaceports, improve safety, and broaden access, making space launch open
for all.

EEINT3

Conclusion

Spaceports lie at the intersection of national sovereignty and the common domain of
outer space. They are literally the stepping-stones of humanity’s ascent. Yet they remain the
missing link in international space law, largely governed by domestic rules. As we have shown,
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this gap can have real consequences: uncertainty in liability, uneven safety standards, and
barriers to universal space access. In the coming decade, spaceports will multiply, and the legal
questions we face today will multiply with them. By recognizing spaceports within the space
law regime, it becomes clear that states hosting or authorizing space activities on the ground
share responsibility and oversight. Internationally, no treaty explicitly addresses this issue, but
as international launch activities multiply, the time is now to develop guidelines or model laws.
This paper suggests that UNCOPUOS could play a pivotal role in resolving this legal ambiguity
by creating a working group focused on the issue and drafting principles that could serve as
guidelines for states. Emphasizing the role of soft law in contemporary space governance, such
rules could also have a normative impact when considering the establishment of spaceports
in the future. The equity dimension is paramount; outer space was declared “the province of
all mankind,” yet in practice, access depends on who controls a launch pad. Bridging that gap
requires both legal and policy innovation. Without deliberate governance, we risk creating new
divisions, the ‘haves and have-nots’ of space infrastructure. Indeed, spaceports are more than
mere routes to orbit; they are policy instruments with significant legal importance. To ensure
that outer space remains open and safe, the international community should elevate spaceports
within the legal framework rather than leaving them to fall between existing regimes. Only
then can we truly honour the OST’s vision of space “for the benefit of all.”
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The rise of autonomous weapons and space technologies is reshaping global security, raising
challenges for strategic stability, disarmament, and orbital sustainability. The integration of artificial
intelligence into satellite weapon systems exemplifies the militarization of space, where conflicts
may extend beyond Earth with systemic security implications. This study introduces the category of
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Introduction

Despite the fact that, to date, no recorded cases are known in which a Nation has concretely
employed an Anti-Satellite Weapon (ASAT) against an object in orbit belonging to another
State (O’Meara, 2025; Bingen et al., 2023), the growing strategic importance of satellites in
military operations and the management of critical infrastructures makes these orbital assets
vulnerable and highly attractive in conflict scenarios.
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Satellites, in fact, constitute the beating heart of communications, strategic surveillance,
navigation and the collection of meteorological and environmental data: it is therefore
understandable that many space powers have invested, and continue to do so, in the development
of technologies capable of neutralizing such resources. The tests conducted in recent years,
together with the official statements accompanying the development of offensive and defensive
capabilities in space, demonstrate how the use of ASAT weapons (capable of disabling or
destroying civilian, commercial, and military satellites) is no longer a remote possibility but
rather a concrete threat of global scope.

Anti-satellite weapons have become a constant feature in discussions among States
and International organizations regarding outer space security. An exemplary case is
that highlighted in the European Union’s statement at the United Nations Conference on
Disarmament in 2023, in which the Russian test of a direct-ascent ASAT missile conducted in
2021 (Volkerrechtsblog, 2021) was described as a “strong reminder” of the need to strengthen
the normative framework regulating space activities. The absence of specific binding norms on
the limitation or prohibition of such weapon systems has made space a new terrain of strategic
and legal ambiguity.

In this context, some scholars (Swope et al., 2024) have argued for defining all space
countermeasure capabilities as “weapons,” emphasizing their aggressive function and their
ultimate purpose of denying the operational use of satellites to legitimate users. Space
countermeasures today represent, in fact, a complex and technologically advanced set of
instruments developed to interfere with the operational integrity or functionality of satellite
systems and related infrastructures. Such capabilities are divided into physical and non-
physical forms and manifest through both kinetic and non-kinetic effects, depending on the
nature of the intervention (Hoxha, 2023).

ASATs constitute one of the most relevant expressions of this category: systems specifically
designed to neutralize or destroy satellites in orbit, with the objective of denying an adversary
access to essential strategic resources, such as communication networks, global positioning
systems, and observation and surveillance capabilities (Czajkowski, 2024).

A first fundamental distinction concerns Kinetic physical ASATs, which include, on the
one hand, missiles launched from the ground, known as direct-ascent ASATs, and, on the
other, co-orbital systems, i.c., platforms positioned in space, designed to approach the target
and perform impact or damaging maneuvers. Attack methods in these cases vary: they range
from simple mechanical impact to the use of robotic arms, guided projectiles, or chemical
agents (Czajkowski, 2021; Pobjie and Ortega, 2024). Particular concern is raised by so-called
“inspector” or “servicing” satellites, whose declared use for peaceful purposes can easily be
reconverted for hostile ends. States such as the United States, Russia, China, and India have
already demonstrated such capabilities, as evidenced by the 2021 Russian test that destroyed
the Cosmos 1408 satellite, generating an enormous amount of orbital debris (United States
Space Command, 2020).

A second category concerns Non-kinetic physical ASATs: these systems do not require
direct contact with the target but employ forms of directed energy to produce destructive effects.
Among the most significant examples are high-powered lasers, capable of temporarily or
permanently blinding satellite optical sensors; high-intensity microwaves, able to compromise
sensitive electronic circuits; and, finally, nuclear detonations in orbit, whose electromagnetic
pulses (EMPs) could affect numerous devices simultaneously. Such weapons can be operated
from terrestrial, naval, aerial, or space-based platforms (Pobjie and Ortega, 2024).
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The third domain concerns electronic technologies, such as jamming systems, which block
or degrade communications between satellites and ground stations, or spoofing techniques (lit.
“deception”), which transmit misleading signals to manipulate navigation or data processing.
Finally, there are cyberattacks aimed at infiltrating on-board computer systems, compromising
sensitive data, or assuming partial or total control of entire satellites, with either temporary and
reversible or permanent and irreversible effects (Czajkowski, 2024).

ASATs, based on this classification, are thus divided into two operational families: Co-
orbital weapons, striking from nearby orbits, and Direct-ascent weapons, launched from the
Earth’s surface toward an orbital target. Both can be employed through a plurality of vectors
and techniques: direct impact, close detonation of conventional or nuclear warheads, or high-
density energy beams.

These instruments constitute the most aggressive and destabilizing dimension of the
contemporary space arsenal and, therefore, in an orbital environment increasingly congested,
interdependent, and crucial for civilian life, the introduction of destructive capabilities risks
undermining collective security, strategic stability, and the reliability of global infrastructures.
Technical terminology, often the subject of debate, in reality reflects an analytical and normative
necessity: to understand the function, modalities of use, and systemic implications of each
capability, so as to develop a coherent and updated legal regime.

An additional level of complexity opens with the introduction, still experimental, of
Autonomous ASAT systems. The question of how far such technologies may operate without
direct human control, both in the engagement and offensive phases and according to the
principles of “human on the loop” and “human in the loop” (Frau, 2024), and with what legal,
ethical, and strategic implications, remains largely unresolved. It is also legitimate to ask
whether this will lead to an acceleration of the arms race in space.

In this respect, there is also a lack of in-depth studies on the geopolitical repercussions of
introducing autonomous weapons into space, particularly concerning new strategic balances,
the possibility of automated escalation of conflicts, and the erosion of deterrence and multilateral
control mechanisms, which — due to industrial, experimental, and defense-related secrecy —
prevent a thorough exploration of the real operational capabilities of these technologies in
extreme environments such as outer space, where communication delays, physical isolation
and decision-making autonomy pose unique challenges (Silverstein et al., 2020).

It is precisely for this reason that the absence of a clear and shared international normative
framework governing the use of weapons (especially those of autonomous nature) in space
generates legal uncertainty and accountability gaps (Frau, 2024). Added to this is the absence
of systematic reflections on the consequences of possible autonomous actions carried out
by such systems: who bears legal responsibility, or in other words, who is accountable for a
decision-making error made in orbit by an algorithm? Which standards should be applied to
assess proportionality or necessity in an extraterrestrial scenario?

It is precisely within this framework, specifically of a normative character, that this study
identifies its basis of investigation: the absence of binding norms has fostered the uncontrolled
development of space technologies, among them autonomous ASAT weapons, with the risk of
crystallizing logics of deterrence and dominance rather than promoting cooperation and shared
security.

The growing attention to orbital security has also been confirmed by the observations
addressed by States to the Secretary-General of the United Nations (UNSG, 2025), which
highlight at least five areas of concern requiring urgent attention (First, 2022).
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The first concerns the uncontrolled increase of space debris (Esquivel & Molnar, 2018),
namely any artificial object placed in orbit around Earth that has ceased to have a useful
function, which, depending on the orbit, can persist for hundreds of years (or even longer)
and is therefore considered one of the main threats to the long-term sustainability of space
activities: for this reason, States agree on the need to prevent the deliberate generation of
persistent debris, which can remain in orbit for decades or centuries and compromise safe
access to space (United, 2022; Byers & Boley, 2023).

The second concern relates to the proliferation of Kinetic ASAT technologies, directly
responsible for the fragmentation of satellites and the creation of new collision threats. These
systems exacerbate the risk of cascading events, such as the so-called “Kessler syndrome”
(Williams & Shearer, 2011; Harrison, 2020; Hoxha, 2023), in which the destruction of a
satellite generates debris that in turn collides with other objects, exponentially multiplying the
damage (United States Space Command, 2020).

Added to this is the third source of instability: the use of Non-kinetic technologies, such
as electronic warfare or cyberattacks, which can interfere with the functionalities of active
satellites without causing physical damage, but with potentially catastrophic effects on
communications, navigation systems, and other essential services (Traynor, 2007; Libicki,
2009; Pobjie & Ortega, 2024; Weeden & Samson, 2024).

The fourth problematic area concerns dual-use space systems (Ortega and Samson, 2023;
Alioti, 2024), namely all those space objects originally designed for legitimate or beneficial
purposes — such as orbital debris removal or in-orbit support to other satellites — but which
at the same time carry an intrinsic potential to be repurposed for hostile ends, particularly to
damage or interfere with other space objects (Ortega & Samson, 2023). Platforms designed
for civilian purposes but easily convertible for military uses (such as orbital inspection or
maintenance vehicles) raise issues of transparency and mutual trust among States. This
technological ambiguity contributes to fueling strategic competition and hinders any attempt
at multilateral cooperation.

Finally, emphasis has been placed on the risk of long-term effects, both direct and indirect,
on the space environment and on terrestrial infrastructures dependent on it. Satellites are
increasingly interconnected with energy networks, global communications, transportation,
and even emergency management. The damage to even a single satellite can therefore produce
systemic consequences'.

In light of the technological advent of Anti-satellite weapons and their autonomous
versions, this contribution aims to offer a critical and updated analysis of the normative
landscape relating to such capabilities, assessing the resilience of the current legal framework
and identifying its main gaps: the objective is to provide insights for a more coherent and
forward-looking international regulation, capable of addressing the future implications of
operational autonomy and of ensuring a use of outer space that is peaceful, responsible, and
sustainable.

' With regard to international norms on the limitation of hostile uses of environmental modification

technologies, the Convention on the Prohibition of Military or Any Other Hostile Use of Environmental
Modification Techniques(ENMOD), adopted on May 18, 1977 (31 U.S.T. 333; 1108 U.N.T.S. 151),
prohibits States Parties — under Article I — from employing such techniques for destructive, damaging,
or injurious purposes, whenever they have widespread, long-lasting, or severe effects. This prohibition is
expressly extended to outer space under Article II, thereby including the space environment among the
contexts of application of the norm.
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Evolutions of Space Treaties

From the earliest phases of the space age, the issue of security has been a constant
concern for the international community, well before it became central in contemporary
strategic debates. The launch of Sputnik I by the Soviet Union in 1957 not only inaugurated
space exploration but also immediately highlighted the military potential of space launch
vehicles, implicitly demonstrating the capability of the first Soviet intercontinental ballistic
missiles (ICBMs) and signaling the possibility of projecting military competition beyond
Earth’s atmosphere (Maogoto & Freeland, 2007; Maogoto & Freeland, 2008). The event also
introduced the uncontested principle of freedom of access to and passage through outer space,
later consolidated in customary international law (Grego, 2012).

Shortly thereafter, several States began developing capabilities against space threats and
dangers, such as the United States, which in 1958 conducted nuclear explosion tests in space and
in 1959 tested the “Bold Orion” program, aimed at verifying the capability of ballistic missiles
to hit satellites, as demonstrated by the approach to the Explorer I satellite (see also “Operation
Fishbowl,” 1962, USA). At the same time, in 1963, the Soviet Union began developing co-
orbital ASAT systems, designed to approach and, if necessary, neutralize satellites from orbit
(Grego, 2012). The prospect that geopolitical tensions could extend into this new domain led
the United Nations General Assembly to reaffirm the need to prevent the militarization of space
(UNGA, Res. 1348 (XIII), 1958).

These concerns led to the creation of the United Nations Committee on the Peaceful Uses
of Outer Space (COPUOS), which played a crucial role in drafting the Outer Space Treaty
(OST), adopted in 1967. The OST is based on principles such as the freedom of exploration
and use of space “in the interest and for the benefit of all countries” (OST, Art. 1), expressly
prohibiting any military activity on the Moon and other celestial bodies (OST, Art. 4). In this
perspective, the treaty also assumes an arms control function, prohibiting the placement of
nuclear weapons or weapons of mass destruction in orbit or on celestial bodies (OST, Art. 4)
(Lyall & Larsen, 2018).

In response to the proven effects of nuclear explosions in space (Hoerlin, 1976), the 1963
Partial Nuclear Test Ban Treaty (PTBT) banned such tests in space and underwater, providing
a concrete basis for the OST, though it remains a treaty based on general statements, lacking
binding enforcement mechanisms. Its principles were later developed in specific treaties on
liability, registration of space objects, and humanitarian cooperation. The principle of non-
contamination was translated into non-binding guidelines for limiting orbital space debris
and ensuring long-term sustainability, promoted by COPUOS and adopted by the General
Assembly. These instruments, however, did not fill the gaps of the OST regarding the control
of conventional weapons in space, allowing the development and testing of ASAT weapons
both from Earth and in orbit (Weeden & Samson, 2021).

The risk of a new arms race in space not only threatens orbital assets but also poses a
potential danger to terrestrial stability, in contradiction with the peaceful vocation of space
law. Already in 1978, during the General Assembly’s special session on disarmament, States
recognized the need for new negotiations to prevent the extension of armed competition into
space (United, 1980). From this need arose the concept of PAROS (Prevention of an Arms Race
in Outer Space), formalized with the first two resolutions in 1981 (Silverstein et al., 2020).

In this context, sharp divergences emerged between the normative visions promoted
by major military and space powers. For instance, the Russian Federation and the People’s
Republic of China consider the OST and the UN Charter legally insufficient and argue for a new
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binding treaty explicitly banning the deployment of weapons in space: a proposal formalized
in the “Prevention of the Placement of Weapons in Outer Space and the Threat or Use of Force
against Outer Space Objects” (PPWT), presented in 2008 and updated in 2014.

Conversely, many NATO countries and allies are more inclined to promote Transparency
and confidence-building measures (TCBMs) for space security (Robinson, 2011), considering
the existing legal framework sufficient and showing reluctance to accept new legally binding
obligations that could limit their defense and deterrence capabilities (Johnson, 2014). In
this spirit, the European Union presented a proposal for an International Code of Conduct
(ICoC) in 2008, revised in 2014 after multilateral consultations. However, the code, developed
outside the UN context and without US support following its withdrawal in 2015, received
mixed reactions, both in terms of content and method (West, 2021a). The lack of consensus,
compounded by the US withdrawal of support in 2015, ultimately undermined the initiative.

In parallel, the UN initiated two processes of Groups of Governmental Experts (GGEs)
to explore both normative solutions and non-binding cooperative approaches. The 2013
GGE recommended a series of TCBMs, including prior notification of space activities and
information exchange. A second GGE, convened between 2018 and 2019, aimed to define
a possible legally binding instrument but failed to produce a consensual report. However, it
highlighted some significant convergences: recognition of the applicability of international
treaty and customary law to space, the need for non-discriminatory access, and the necessity
of not hindering the technological and economic development of States.

PAROS-related issues continue to be addressed in the First Committee of the General
Assembly: in 2021, five thematic resolutions were adopted (GA Res. 76/22; 76/23; 76/230;
76/55; 76/231), reflecting growing polarization among States. Particularly significant is
Resolution 76/231, inspired by the UK’s proposal no. 75/36, which calls for the development of
norms of responsible behavior in space. Its broad support (164 votes in favor) demonstrates the
shared urgency to address emerging threats in the space domain and the collective aspiration to
build an effective and sustainable multilateral framework (West, 2021b).

In today’s context, the outer space, while formally designated as a domain for peaceful use,
increasingly emerges as an arena of growing strategic and geopolitical relevance, where behind
the official rhetoric of cooperation and non-armament lies a reality marked by intensifying
technological and military competition among major space powers. This tension does not
represent an anomaly but rather the projection of terrestrial conflict dynamics into space: space
thus becomes an extension of the global arena of confrontation, serving power projection and
the defense of national interests.

The obsolescence and indeterminacy of current legal instruments, in particular the 1967
Outer Space Treaty and the lack of effective mechanisms of implementation, monitoring, and
verification, have thus created a regulatory vacuum that has encouraged the experimentation
and development of advanced orbital technologies. Among these, Autonomous ASAT systems
represent one of the most emblematic products: systems that, in the absence of clear regulatory
constraints, can integrate automatic engagement capabilities and operate outside any direct
human control. The lack of an updated legal framework has, in fact, normalized a context of
strategic deregulation, in which technological competition is encouraged rather than contained.

The universal appeal to the “peaceful use” of space, therefore, takes on an ambiguous
value, often serving to legitimize dual-use activities — civilian in form but susceptible to military
application. This ambiguity reflects the tension between the need for shared regulation and
States’ fear of compromising their technological sovereignty. In a context of mutual distrust,
even measures ostensibly aimed at stability, such as Transparency and Confidence-Building
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Measures, may be perceived as tools for information gathering or surveillance, further fueling
mistrust among actors (Rajagopalan, 2022).

Added to this is the structural difficulty of building a truly multilateral space governance:
divergences in UN negotiations and the multiplication of non-binding political resolutions
reveal a fragmented normative framework, in which geopolitical positioning logics prevail
over the concrete will to achieve a shared regulatory consensus.

In summary, the space dimension today constitutes a crossroads of strategic interests,
emerging technologies, and normative fragilities: while cooperation and peace remain necessary
to guide international discourse, they cannot conceal the profound underlying tensions. It is
for this reason that launching a multilateral process aimed at defining an integrated normative
corpus, capable of combining hard law and soft law instruments, and limiting the proliferation
of space weapons, while promoting transparency and long-term sustainability of space
activities, becomes even more urgent.

Possible forward steps

In innovative and dynamic fields such as outer space, norms assume an even more significant
role: the legal principles of “due regard” and non-contamination, for example, inspired the
guidelines on space debris mitigation (United, 1967), while non-binding resolutions guided the
emergence of virtuous behavior. In this sense, space norms can be understood as forms of “sof?
law,” capable of shaping conduct even in the absence of formal obligations (UNIDIR, 2013).

Their development takes place through multilateral processes, but also through unilateral
initiatives that can have a significant impact, such as the ASAT moratoria of the 1980s or unilateral
political declarations on the use of weapons in space (West & Ortega, 2022). Furthermore, the
establishment of common norms can foster mutual trust among States and create the conditions
for future measures of disarmament or conflict prevention. The promotion of new norms, based
on shared values and compatible with existing law, is considered fundamental to achieving
the objectives of PAROS and ensuring a safe, sustainable, and inclusive space order (West &
Ortega, 2022).

From this perspective, the definition and consolidation of norms, whether in the form of
soft law or hard law, are essential instruments to prevent an escalation in outer space toward
a war of an autonomous nature, outside direct human control, and to preserve the peaceful,
sustainable, and collective character of the space environment.

Space, in fact, also stands out for its capacity to generate unprecedented forms of
collaboration: suffice it to consider the continuation of joint missions, such as operations
aboard the International Space Station (ISS), which continue to involve actors such as the
United States, Europe, and Russia, even in moments of strong geopolitical confrontation.
This paradox highlights the ambivalent character of outer space: at the same time an arena of
strategic confrontation and a laboratory of multilateral cooperation.

In this respect, an essential prerequisite could be constituted by widespread adherence to
existing international legal instruments, both customary and treaty-based: universal ratification
and full implementation of the OST and its related instruments would strengthen the existing
normative architecture, promoting a common language among space actors.

Such adherence must then be accompanied by reinforced transparency practices, including
prior notification of orbital maneuvers, regular exchange of information, and the adoption
of shared Space Situational Awareness (SSA) systems, elements that decisively contribute to
reducing tensions and preventing unintended incidents or escalation.
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In parallel, the issue of the use of anti-satellite weapons, especially autonomous ones, must
be decisively addressed: the prohibition of destructive tests and intentionally harmful activities
in the orbital environment should constitute a shared principle. The elaboration of preventive
measures for crisis management (such as the establishment of direct communication channels
and multilateral consultation procedures) would further contribute to building mutual trust and
stabilizing the strategic space context.

For these measures to be truly effective, a structural reform of the current legal regime
is necessary, starting with a revision of the OST and providing mechanisms of normative
adaptability capable of responding to rapid technological evolution, establishing permanent
forums for monitoring, updating, and intergovernmental dialogue. Such reform should be
articulated along three fundamental lines.

First, the introduction of a generalized obligation to conduct environmental impact
assessments for ASAT missile launches in extra-jurisdictional areas, when there is a risk of
significant harm to space, would constitute an important alignment with the consolidated
principles of international environmental law, including due diligence, prevention, and
responsibility. In the event of damage, the principle of “the polluter pays” should be applied,
holding the State responsible for repair and mitigation costs (Volkerrechtsblog, 2021).

Second, the reuse or recycling of obsolete but still functional satellites should be encouraged,
avoiding their destruction and promoting, through an international supervisory committee, a
circular economy in space: this strategy, besides enhancing the existing orbital heritage, would
reduce the risk of space saturation and the dreaded Kessler syndrome (Volkerrechtsblog, 2021).

Finally, operational standards on debris mitigation must be made binding, and the
provisions of the 1972 Liability Convention clarified to facilitate attribution of fault. In this
framework, the establishment of a Space Damage Compensation Fund, modeled on funds
for hazardous terrestrial activities, would represent an important instrument of solidarity and
cooperation among States, especially in cases where the origin of debris is not immediately
identifiable (UN, 2017; Buana Rumiartha, 2022).

In parallel with normative instruments, concrete technological solutions must be promoted:
initiatives already underway, such as those of the United Kingdom and the Russian Federation
for the development of debris removal technologies, indicate a promising direction; the
urgency of such interventions is dictated by the irreversible nature of many orbital damages:
if not addressed promptly, debris risks definitively compromising access to space for future
generations (Committee, 2017).

Conclusions

The interweaving between autonomous weapons and space technologies represents one of
the deepest ruptures in the traditional architecture of international security. The idea that space
could be not only a technical vector for terrestrial warfare but a potential autonomous theater
of automated hostilities raises political, legal, and ethical questions that challenge existing
conceptual structures. In particular, the coupling of artificial intelligence and low Earth orbits,
such as ASAT technologies and their autonomous versions, outlines a scenario in which the
deployment of force and responsibility tends to escape the classical logic of deterrence and
human political control.

In light of what has emerged, the adoption of an integrated strategic perspective (that
simultaneously considers the military, technological, and normative implications of autonomous
warfare in space) is indispensable today.
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In this context, it is no longer sufficient to invoke the “peaceful use of space” as a foundational
principle: it is necessary to question at the international level the actual normative scope in light
of current technologies that make extensive use of dual-use capabilities and potentially lethal
systems without direct supervision. The ambiguous nature of many of these orbital experiments
raises, in fact, profound issues of accountability, transparency, and legitimacy, especially when
integrated into an ecosystem of algorithmic warfare.

The emergence of Autonomous anti-satellite weapons is not an anomaly but the predictable
outcome of a fragile regulatory context, in which normative inertia has left room for military
innovation. This imbalance between technological advancement and legal control not only
undermines collective security but risks institutionalizing a competitive dynamic that is
difficult to reverse.

Policy choices can no longer be limited to fragmented or reactive interventions: they require
systemic vision and anticipatory capacity. In this sense, it is essential to promote multi-level
governance that combines binding legal measures with shared technical standards, verifiable
transparency regimes, and multilateral operational protocols. The construction of a liability
regime for automated orbital operations, the inclusion of the space dimension in strategic arms
control frameworks, and the codification of operational limits for lethal autonomy constitute
medium-term priorities.

From this perspective, the lack of binding legal instruments and the fragmentation of
multilateral consensus expose the international system to a silent but structural drift toward
the normalization of force in space. It is no longer a matter of preventing a remote possibility,
but of intervening in an ongoing process, accelerated by the race for operational autonomy and
the multiplication of non-state and commercial actors in the space domain.

Finally, a more radical question imposes itself: what idea of security do we intend to
project into space? Security based on dominance and algorithmic deterrence, or security built
on the principle of shared vulnerability, transparency, and co-regulation? It is in this question,
more than in immediate solutions, that the maturity of the international community is measured
in the face of the new post-terrestrial condition of war, thus imposing a double responsibility:
on the one hand, to relaunch a critical reflection on the content and limits of jus ad bellum and
international humanitarian law applied to space and automation; on the other, to imagine new
institutions, new legal languages, and new models of cooperation capable of addressing the
growing complexity of the space environment.

Through the concertation of diplomacy, law, and innovation, it will be possible to prevent
space from becoming a normatively vacant and strategically destabilized domain: the goal
cannot be only to govern technology, but to orient it toward a political and institutional
configuration compatible with peace, collective security, and the common interest of humanity.
At present, the stakes are not only the orbital order but the very possibility of conceiving a
space future that is not inevitably conflictual.
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Introduction

Safety and security issues have been relevant at all stages of human development. In any
society, the ability to live without risks and dangers has always been highly valued. Security
is an absolute value; it is universal and recognized as fundamental by all humanity. This is
especially keenly felt during periods of social upheavals, epidemics, wars, and terrorist acts. It
gains even greater significance with the blossoming of technical capabilities, such as gaining
access to outer space, resources, and space technologies.

The perception of security as a socio-legal phenomenon has constantly evolved: from
collective security as a “superstructure of the existing international legal and political system”
(Orakhelashvili, 2011) to “human security” (Human, 1994) and the development of the
“responsibility to protect” (Weiss & Hubert, 2025) concept as a political agenda.

Security is traditionally understood in connection with the State sovereignty and its
territorial integrity, as stated in Article 2(4) of the UN Charter (United, 1945). However,
modern realities indicate the existence of security problems without ties to state territories and
their sovereignty. These issues have extended beyond traditional borders to various maritime
zones (Basil, 2015), the Arctic (Geopolitics, 2014), Antarctica (Antarctic, 2012), outer space
(Bourbonniere, 2005), and even cyberspace (The Routledge, 2010).

While working on the problems of political and legal provisions for space security, we
occasionally encountered polemics in scientific publications regarding the idea that law might
hinder technological development (Soroka & Kurkova, 2019). We disagree with this statement;
as Michel Bourbonniere correctly pointed out “law never aims to regulate technology; its main
purpose has always been and remains to bring order to competing human interests resulting
from technology” (Bourbonniere, 2005). We observe the same with space exploration and
the creation of space technologies. The impetus for its active development was spurred by
competition between the two hegemonic countries of that time — the USSR and the USA, which
in turn required the creation of a legal platform — Space Law.

Since the beginning of the 21* century, space activities have interacted with other spheres of
activity at various levels — global, international, national, local, and individual. This process is
reflected in two opposing directions: on the one hand, it interacts with other spheres of activity
in all its aspects, and on the other one, — it competes in the struggle for allocated resources. The
international space context is rapidly changing: global competition is increasing, new actors
bring new ambitions to space activities; the latter is becoming increasingly commercial, and
private sector participation is growing (Soroka, 2020). Key technological innovations, such
as digital development, miniaturization, artificial intelligence, or reusable launch vehicles, are
disrupting traditional business models in the space sector, reducing the cost of accessing and
using space, which in turn creates legal conflicts and gaps.

It is also necessary to note that changes are occurring regarding traditional security
risks: from economic and social threats, transnational organized crime, interstate and internal
conflicts, terrorism, and weapons of mass destruction, which were identified as threats to global
security in the report of the High-level Panel on Threats, Challenges and Change, entitled “A
more secure world: our shared responsibility” (A/59/565, 2004), to uncontrolled technologies
(artificial intelligence and robots), digital inequality and cyber threats, the spread of pandemics
and other incurable diseases, a lack of social cohesion, and consequently, the States’ inability
to jointly overcome these threats and act preventively.

Consequently, nowadays outer space isn’t just an arena for technological breakthroughs
or commercial expansion; it’s also a new security frontier where the interests of States,

Advanced Space Law, Volume 16, 2025 43



Space Security, Balance of Power, and Deterrence Theory
by Larysa Soroka and Anna Hurova

transnational corporations, and private players are encountering. Simultaneously, the strategic
value of space infrastructure, which becomes a key element of both civilian and military
interaction, is growing. In this new environment, traditional approaches to global security,
including deterrence theory and the balance of power, need rethinking and adaptation to 21%-
century realities.

Given this, it’s logical to analyze how deterrence and balance of power theories have
evolved within space security context, starting from classic interstate models to modern multi-
level configurations.

Theories of balance of power and deterrence in space security

To start, it’s important to note that the very idea of the balance of power first emerged in
international politics during the Renaissance. The concept was rooted in ideas borrowed by
analogy from other areas — ethics, art, philosophy, law, medicine, economics, etc. — where
the idea of balance and its connection to equilibrium and counterweight was already widely
recognized (Schweller, 2016). As early as the 16™ century, Francesco Guicciardini, who served
as an advisor and confidant to three popes, governor of several central Italian states, ambassador,
administrator, and military captain, wrote in his work Storia d’Italia that the Italian situation
should be maintained in a state of equilibrium, without favoring one side over another one.
He emphasized that the weakest party should be helped to ensure that equilibrium prevails
(Guicciardini, 1984).

Ehe balance of power theory has had both its advocates and critics in the course of history.
Today, it’s part of international law and a diplomatic principle through which, as Morten
Skumsrud Andersen states, intervention can be legitimized to preserve the balance of power
(Andersen, 2018).

The core of the balance of power theory is as follows: it’s one of the theories explaining
how international politics works and how States interact, always prioritizing their own interests,
including survival (Andersen, 2018). States can pursue balance of power policies in two ways:
by increasing their own power, for instance, by engaging in an arms race or competing for
territory; or by joining forces, for example, by forming alliances (Andersen, 2025). Randall
L. Schweller even considers the balance of power theory to be about international security
and preparation for potential war (Schweller, 2008). Hegemonic countries typically pose a
potential security threat to other nations. When one State accumulates significant power, it
can dictate the rules of the international system, launch unilateral attacks on other sovereign
territories, or use economic coercion or other diplomatic or military tools to achieve its goals.
This concentration of power is precisely what prompts other States to cooperate to achieve a
balance of power and ensure that a hegemon’s unilateral actions don’t pose future threats for
other countries (Hope, 2025).

The development of space activities, and with it, space security, unfolded during the
confrontation between the two hegemonic powers — the United States and the USSR. Therefore,
when discussing the concept of the balance of power in the context of space security, it’s
impossible to overlook deterrence theory, developed by the renowned American scholar and
Nobel laureate, Professor Thomas Schelling. His book, “The Strategy of Conflict” (Schelling,
2021), explores general logic of behavior among participants in conflict situations — game
theory. Later, it became the foundation for the concept of nuclear deterrence, international
arms control, and other foreign policy doctrines. Schelling viewed game theory as a promising
new area of research, offering hope for creating a theory of deterrence strategy. In this theory,
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deterrence is as relevant between friends as it is between potential adversaries, with the only
difference being the extent to which their interests differ.

Schelling’s thesis that most conflict situations are primarily bargaining situations is, in
our opinion, both interesting and relevant. He believed that negotiations are indeed a form
of bargaining, where parties in a conflict, to achieve their goals, choose a course of action
that can either lead to mutual benefit or mutual harm. When elaborating on deterrence theory,
the professor emphasized that “the effectiveness of a threat may depend on the alternatives
available to the potential enemy, who must be given some acceptable way out so that he
does not react like a trapped lion” (Schelling, 2021). The practical application of this thesis
is observed in the war between Russia and Ukraine (Young, 2022). In response to Russia’s
constant nuclear blackmail, America, along with NATO Member States clearly indicated that
in the event that Russia attempts to carry out its threat, it will receive a preventive strike with
conventional weapons (Could, 2022), thus leaving room for “taken back.”

Modern “games” of major players

As a proponent and author of his own concept of using game theory to resolve conflicts,
Schelling insisted that “pure conflict, in which the interests of two antagonistic parties are
completely opposite, is a very specific case” (Malyarenko, 2009). In practice, unlike “zero-sum
games” (Rapoport, 1974), mixed-motive games are more common, closely resembling the real
world of modern armed conflicts, threats and promises, trade and negotiations, agreements and
compromises (Malyarenko, 2009). However, although Schelling synthesized classical game
theory and psychology, his views were shaped by the bipolar world of the 1960s.

This is particularly evident in outer space, where not only the national interests of major
powers confront, but also private companies that possess powerful means of observation,
communication, and data collection. Technological breakthroughs in unmanned systems, Al,
Earth remote sensing, quantum computing, and satellite internet are radically changing both
the nature of potential conflict and the possibilities for strategic deterrence.

These processes are not purely theoretical. A striking example is the provision of remote
sensing data by private entities such as Maxar, Capella Space, and Iceye during Russian
aggression against Ukraine. Despite Russia’s accusations of using this data for military
purposes, it has, in fact, become a powerful tool for protecting civilians, detecting damage to
critical infrastructure, and documenting war crimes.

Consequently, space is becoming an arena for new “mixed-motive games,” where the key
participants are not only states but also technologies, corporations, and information, with all
implications for security, ethics, and responsibility. In this context, game theory needs to be
modernized — taking into account new forms of influence, blurred boundaries between civilian
and military, as well as the growing power of non-state actors such as Elon Musk’s companies.

Recent global events, particularly the war in Ukraine, have demonstrated the unprecedented
effectiveness of decision-making based on commercial geospatial intelligence and the value of
programs like EOCL, which allow for information sharing with U.S. allies and NATO partners.
Therefore, the question arises: can open information and data from satellites providing by
various private space companies used both military and civilian be considered neutral? After
all, for example, the aforementioned private company Maxar has been providing commercial
satellite imagery to the U.S. government and intelligence community since 2000 (NRO, 2022).

Russia also recognized the value of such information and data, so the activities of private
space entities, including those providing information to Ukraine, were recognized as military
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activities in favor of its opponent. For example, in August 2022, Moscow accused the United
States of direct involvement in the war after Vadym Skibitsky, Deputy Head of Ukraine’s
military intelligence, told the British newspaper The Telegraph that Kyiv was using U.S.-
supplied High Mobility Artillery Rocket System (HIMARS) launchers and real-time satellite
imagery and information provided by private commercial companies (Russia threatens, 2022).
As a result, Konstantin Vorontsov, a senior official of the Russian Foreign Ministry, claimed
at the UN First Committee meeting that the use of Western satellites to assist the Ukrainian
military was an “extremely dangerous trend,” and the satellites themselves “may be a legitimate
target for counterattack” (Russia warns, 2022). In other words, Russia insists that the public
dissemination of satellite imagery by a private space company, which is then used by Ukraine’s
intelligence community, falls under the principle of distinction, thereby granting Russia the
right to destroy such a satellite as one that weakens its military potential. However, according
to this principle, a distinction must be made between combatants and civilians even in an
armed conflict (Principle, 2025). And if a private satellite, which, according to its license and
statutory activities, has the right to sell products (satellite imagery or provide communication),
is destroyed, then civilians would be the ones to suffer.

And even with all the controversy of the situation that we provided as an example, there
is another principle — the principle of proportionality, which aims to limit the harm caused by
military operations, demanding that the consequences of the means and methods of warfare
used should not be disproportionate to the desired military advantage (Proportionality, 2025).
And if a satellite is destroyed, the resulted space debris can harm any space object, even destroy
it. Therefore, an attack on even a single satellite is not a proportional harm, as the increased
number of debris will lead to even more collisions. Ultimately, collision fragments will collide
with other fragments until the entire aggregate is reduced to sub-critical sizes (About, 2025).
To confirm this, we can cite the following example: thus, in 2021, Russia experienced a direct-
ascent anti-satellite missile or DA-ASAT, which struck a Russian satellite and formed a low-
earth orbit field of more than 1,500 orbital particles, which will also likely involve hundreds
of thousands of debris smaller than its orbital debris (Atwood et al., 2021). Earlier, two other
events generated significant amounts of space debris: China’s destruction of its satellite in
2007 (Zissis, 2007) and the collision of Russia’s Kosmos 2251 satellite with the commercial
US Iridium 33 satellite 90 (Jakhu, 2010).

In the context of the new geopolitical reality and the transformation of warfare, including
the use of commercial satellite data, we see that classical deterrence models need re-evaluation.
Deterrence theory was based on predictability, the state’s monopoly on force, and clear
identification of actors. However, in practice, these principles are blurring with the emergence
of private space players and fuzzy lines between civilian and military satellite use.

The situation where private companies like Maxar or Iceye provide imagery to governments,
including for military purposes, creates an area of “hybrid responsibility.” Russia’s threat to
destroy such satellites, even if they are not formally military objects, is an attempt to restore the
balance of power through intimidation. But here’s the problem: the principles of distinction and
proportionality, which operate in international humanitarian law, contradict such intentions.

The destruction of a commercial satellite is not merely an act of military confrontation;
it poses a risk to the entire space ecosystem due to the generation of orbital debris. The
universality and safety of space as a shared resource are lost. The balance of power in such an
environment can no longer rely solely on traditional deterrence tools — military capabilities,
alliances, or even nuclear arsenals.
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Modern space requires a new, multi-layered deterrence mechanism including not only
States but also the private sector, international legal institutions, new treaty formats, and clear
sanction mechanisms for violations. Strategic deterrence in the 21* century is not just about
punishing an antagonist, but also about preventing a catastrophe for all humanity. Only such
an approach will allow for maintaining a true balance of interests in space — not through force,
but through responsibility, transparency, and global regulation.

Conclusions

In our opinion, the modern balance of power politics currently widely used by hegemonic
countries to justify their behavior in outer space toward other countries should be ceased by
using UN mechanisms and platforms, including the application of international sanctions and
the abolition of Russia’s veto power. Furthermore, «soft» space law needs to be transformed
into «hard» law. This means creating not only clear rules of conduct in outer space but also
sanctions for their violation, procedures for accountability, and jurisdictional institutions
capable of bringing these procedures to a logical conclusion. This would create a real
deterrence system, similar to one existing in criminal law (inevitability of punishment, societal
condemnation, criminal prosecution, conviction, and sanctions), which has proven effective in
combating crime.

By the way, Schelling also emphasized this, stressing that true deterrence is effective only
when based on clear rules, mutual responsibility, and trust in the system. However, in the
modern international arena, we have witnessed the destruction of these foundations.

A striking example is the negotiation strategy of US President Donald Trump, which
actually ruined the established deterrence architecture that had provided relative stability in
international relations for decades. Trump operated exclusively in terms of bargaining and
profit, systematically replacing multilateral agreements with personal “deals.” This approach
substituted the logic of deterrence with the logic of pressure and gain, creating a precedent
for unpredictable player behavior and devaluing traditional mechanisms of strategic balance.

In the space domain, such an approach is particularly dangerous. The space above us is
transforming into an arena of hidden competition without proper constraints and accountability.
That is precisely why the global community must move from declarative “soft” law to a clear
system of «hard» space regulation. This entails not only the formalization of rules but also
the implementation of sanctions, international prosecution procedures, and the creation of an
effective institutional architecture for deterrence. Only in this way can we prevent a space arms
race and guarantee the peaceful use of outer space for the benefit of all humanity.
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Introduction

Space commerce, which mainly includes spacecraft production and launch, space
activities, in-orbit maintenance, and contracts for satellite maintenance, has been growing
rapidly (Sturdevant). Disputes in this area typically involve specialized technical issues
(orbital dynamics, collision risk, telemetry data interpretation, damage to space components)
and often involve international actors and national interests (Moltz, 2024). Alternative dispute
resolution (in particular arbitration and mediation) has become the preferred dispute resolution
method for many space actors due to its advantages such as party autonomy, technical
expertise (appointment of professional arbitrators), confidentiality, and relative speed. At
the same time, artificial intelligence simulation software has permeated litigation and ADR,
from computational physics simulators and machine learning models trained on telemetry and
operational data to generative models that generate proposed solutions (Moltz, 2024). Artificial
intelligence can process large amounts of telemetry data, simulate in-orbit interactions and
collision probabilities, estimate the costs of satellite service disruptions and suggest possible
solutions based on past performance. However, Al is not neutral; it involves assumptions,
biased training data, model simplifications, and uncertain decision-making. When Al output is
used to inform negotiations, arbitrators, or mediators, questions arise about acceptability, net
worth, fairness, interpretation, accountability, and enforcement (Klein, 2024: 49).

Aim of Research and Methodological Framework

This research aims to examine the ways in which the law should govern deployment of Al
simulation software in ADR for outer space commercial disputes. Further, it also determines
the adaptations or new regulatory instruments that are required to be enacted and enforced at
different governance layers, including technical, contractual, institutional, and international.
Further, the analysis proceeds by mapping existing legal frameworks, identifying challenges,
and proposing a multi-track regulatory response. Besides, in this research article, the doctrinal
synthesis and normative legal reasoning both are used as a methodological framework to
analyse the existing legal principles along with the application of such principles by the States.

Legal and Institutional Context

International Space Law — Relevant Instruments and Institutions

International space law provides the basic legal framework for the conduct of space
exploration. The 1967 Treaty on Principles Governing the Activities of States in the Exploration
and Use of Outer Space (the Outer Space Treaty, ‘OST’), established fundamental principles
such as freedom of exploration, the prohibition of alienation of celestial bodies, and the
responsibility of States for activities in outer space. States bear international responsibility
for the activities of their nationals in outer space and are obliged to recognize and monitor
non-governmental organizations (Treaty, 1967). Article 3 of the Outer Space Treaty states
that international law, including the Charter of the United Nations, applies in outer space
(Jasentuliyana, 2023). International space law should therefore be seen as part of general
international law and should be considered in conjunction with other relevant areas of
international law (Convention, 1975). Thus, the legal assessment involves a body of legal rules
that cannot be separated from the international legal order but must be integrated with other
areas of international law. The relationship between international space law and other areas of
law can be examined from different perspectives. Article VI of the Outer Space Treaty covers
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a number of legal rules. The distinction between primary and secondary norms can therefore
be used as a tool to identify the legal rules governing international responsibility for activities
in outer space.* Although this distinction is not normatively unambiguous, it is a useful tool to
highlight the main aspects of international responsibility. The law of international responsibility
is generally considered to consist of secondary norms that indicate the legal assessment of
primary norms. The conference also examined the relationship between international space law
and principles of general law. A number of well-known general legal principles were identified,
and their relevance for international space law was highlighted. These principles include “Pacta
sunt servanda,” the principle of good faith, the principle of supreme law, the “lex posterior
derogat priori,”? and the principle of lex specialis (Zorzetto, 2024). The analysis showed that
the principles of pacta sunt servanda, good faith, and silence play a key role in international
space law. The principle of lex specialis is also important in assessing the relationship between
international space law and international law. Finally, international space law has emerged as
part of international law in a fragmented context of international law. This analysis is based
on the work of the International Law Commission. Since special or autonomous regimes are
considered in this context as derogations from the norms of international law, they are never
truly independent or self-sufficient (Cirkovic, 2021: 147). Although the terms “special regime”
and “autonomous regime” are used interchangeably in this study, this does not mean that
individual areas of international law can exist in isolation, without any connection to any other
area of international law. While special regimes have specific rules that apply only to their own
areas, they rely on general international law to formulate general principles and regulate issues
that are not covered by their (special) rules (Graham et al., 2023).

Although different schools of law have attributed different characteristics to this principle,
the perspective of this article is based on the assumption that its application does not require a
conflict of norms. Two contradictory legal norms may “point in the same direction” rather than
being contradictory. The principle of lex specialis is defined as applicable at the normative level
and leads to a specific legal assessment of legal norms or rules, rather than to the interpretation
of the entire field of law. Based on the study of the fragmented structure of the International
Law Commission, it can be concluded that international space law constitutes a special field
of international law due to its specific rules of international responsibility (Freeland & Ireland-
Piper, 2022).

The study also shows that different areas of law are not mutually exclusive; provisions
from these areas can be used simultaneously to establish legal rules on specific issues. It is clear
that provisions of international space law, the law of contracts, and the law of international
tort can be used in the context of international liability for space activities. This general
conclusion can also be applied to specific issues covered by international law that go beyond
international liability for space activities (Schmalenbach, 2022: 523). The study, therefore, has
wider implications, such as the definition of norms and the treatment of international law as a
branch of law.

Although the Outer Space Treaty (Treaty, 1967) was adopted in 1967 and the articles on
State responsibility in 2001, the study concludes that the basic concepts of international space
law and international tort law are consistent. The articles on State responsibility are based on
decades of international case law and govern a number of existing legal rules. The adoption of
the articles on State responsibility represents a significant advance in this area of law. Based

' Committee on the Peaceful Uses of Outer Space (COPUOS), UNOOSA, online materials and
COPUOS session reports.
2 The principle of lex posterior derogat priori is also known as ‘later law repeals the earlier law’.
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on existing legal interpretations and principles, it significantly clarified the legal principles and
application of the international law on State responsibility; this development was confirmed by
subsequent practice. The drafters of Article VI of the Outer Space Treaty? therefore referred to
the concept of international responsibility during the negotiations, and this concept is reflected
in the articles on State responsibility (Stavros, 2021: 31).

This legal interpretation of the international responsibility of space activities focuses on
the first and third sentences of Article VI of the Outer Space Treaty (Treaty, 1967), while
examining other provisions relating to international responsibility in international space law.
These provisions therefore repeat or confirm the previously adopted Article VI of the Outer
Space Treaty (Treaty, 1967). This legal interpretation of the first and third sentences of Article
VI shows that the essential difference between the law of tort and liability under international
space law lies in the attribution of conduct to States and international organizations (Treaty,
1967). Under the law of international responsibility, in addition to attribution of conduct to
State organizations, the conduct of non-governmental organizations can also be attributed only
to a State with which they have a sufficiently close relationship (acting on behalf of that State)
(Jasentuliyana, 2023: 11).

In contrast, under international space law, the scope of attribution is broader and includes
the conduct of any non-governmental organization that meets the criteria of a State. As regards
the international responsibility of international organisations under Article VI, it is no longer
claimed that they are responsible for the acts of ““States,” but rather for the “acts” of international
organisations and their Member States (Lawrence et al., 428). The broad perspective of the
international responsibility of space activities can be explained by the extremely dangerous
nature of these activities, which include the activities of any non-governmental organisation
(State) engaged in space activities, may also fall under the responsibility of the State to which
it is a party or of the international organisation carrying out the activities. The relationship
between international responsibility and the law applicable to space activities is discussed
below. The applicable law essentially consists of an article of international space law which
sets out the principles of this area of law (Article VI of the Outer Space Treaty) and a body of
law which develops from the codification of that law and may be relevant to its application (the
law of international responsibility) (Boley & Byers, 2021). A consistent legal interpretation
of Article VI therefore requires the use of the general framework for assessing international
responsibility set out in the articles on the responsibility of States and the application of the
methodology of that framework (Boley & Byers, 2021).

The draft articles on State responsibility apply international responsibility to internationally
wrongful acts and are directly related to both the acts and omissions of subjects of international
law (in this case, States). This is consistent with the second reference to international
responsibility in article 6: to ensure the conformity of the actions of States with the provisions
of the Convention, thereby establishing a mechanism for the enforcement of international
responsibility as international law. This second reference to international responsibility for
space activities is, therefore, a defining element of Article 6 and constitutes the legal basis
for assessing international responsibility for any space activity. Article 6 must be read in
conjunction with Article 3 of the Outer Space Treaty, which provides that space activities are
subject to international law, including the Charter of the United Nations. An internationally
wrongful act may therefore be based on a breach of a provision of a space treaty or of other
provisions of international law, including the Charter of the United Nations. In applying the
law of international responsibility to the interpretation of Article 6 of the Outer Space Treaty,

3 Art. IV of Outer Space Treaty
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particular attention should be paid to the concept of international responsibility in these two
areas of international law (O’Donnell, 2023).

According to the current understanding of international liability law, based on the articles
on State responsibility and the responsibility of international organisations, the two situations
in which liability under Article 6 is examined must be assessed separately (Levchenko et al.,
2021: 73). The concept of “authorised States Parties” in Article VI of the Outer Space Treaty
often overlaps with the concept of launching State, creating a harmonious link between the two
articles. There are fundamental differences between the two concepts including the concept of
“acts of a State” in Article VI emphasises the process of action, while the designation of the
launching State is a factual assessment that freezes the moment at which an object is launched
into space and is therefore more stable (Levchenko et al., 2021: 73). The article deals with the
situation where ownership of an object is transferred from the (original) launching State to a
State that is not considered to be the launching State. While international liability and registration
of the object can be dealt with and redistributed bilaterally (or multilaterally) between the
States concerned, this does not affect their effect under international space law. Under such a
treaty, the acquiring State (non-launching State) may assume a contractual obligation to fulfil
the resulting international liability obligations and thus assume the compensation obligations
under the bilateral (or multilateral) treaties. Even after the sale of the bilateral (or multilateral)
treaty, the original launching State cannot waive its obligation to pay such compensation under
international space law (Wulandari et al., 2023: 139). Therefore, the adage “once a launching
State, always a launching State” still applies, and States (or States Parties) that are parties to the
space treaty and/or its successor treaties (the Liability Treaty and the Registration Treaty) may
legitimately turn to one or more of the original launching States to present their claims if they
believe that they have a better chance of obtaining compensation (Wulandari et al., 2023: 139).

The analysis shows that the concept of responsibility in international space law is closely
linked to the law of international liability. It should be clarified that spacefaring States, as in
other areas of international law, can be held internationally responsible for failure to fulfil their
international obligations under space law (Abdelhamid & Wang, 2024). Clarification of the basic
provisions of international space law would help to ensure compliance with these obligations.
This provision is ambiguous in several respects. First, as with many other provisions of space
treaties, there is no treaty that clarifies the concept of “principle.” Furthermore, there are no
non-binding instruments, such as COPUOS, that clarify the basic concepts of Article VI of the
treaty. Furthermore, no legal dispute or controversy has arisen at the international level to date
in which one or more States have invoked this provision in court proceedings or other dispute
settlement proceedings (Abdelhamid & Wang, 2024). It is important to note that, although
Article VI is the subject of significant academic debate, some of the existing literature has
only superficially examined the legal assessment of international liability for space activities.
However, the scope of the debate in this area is relatively limited compared to other areas of
space law. It can be argued that Article VI, or international liability for space activities, has
never been addressed in detail. Given the evolving nature of space activities, the lack of a
common understanding of Article VI of the Outer Space Treaty is a major concern (Stotler,
2025). The field of space is currently undergoing significant developments and changes, and
the impact of these developments on the liability regime of international space law needs to be
examined. Many of these developments can be summarized as the “modern space age,” which
generally refers to the increase in space activities and the privatization and commercialization
of space (Stotler, 2025).
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The 1972 Convention on International Liability for Damage Caused by Space Objects
(Convention, 1972) provides for strict liability procedures and requirements in certain
circumstances. The Convention on Registration of Objects Launched into Outer Space
(‘Registration Convention’) and related instruments provide for reporting and notification
requirements. Under the centralized coordination of the United Nations Committee on the
Peaceful Uses of Outer Space (COPUOS) and the United Nations Office for Outer Space
Affairs (UNOOSA), States are increasingly using national space laws to implement treaty
obligations and regulate private sector actors (Li, 2023). These documents do not specify
legal procedures for dispute resolution, nor do they address the role of Al in arbitration or
alternative dispute resolution. However, they do establish important legal constraints which
are the responsibility and obligations of States, the requirements for State control over private
sector actors, the obligations of timely notification and assistance, and the importance of
international cooperation mechanisms (Erhart & Boutovitskai, 2021: 20). Therefore, any
regulatory approach to Al in alternative dispute resolution in space must be consistent with
these treaty obligations and take into account its policy foundations which include security,
peaceful uses, state control and accountability (Erhart & Boutovitskai, 2021: 20).

ADR and International Arbitration Framework

International arbitration is governed by model laws, such as the Convention on the
Recognition and Enforcement of Foreign Arbitral Awards 1958 (New York Convention) and
the UNCITRAL Model Law on International Commercial Arbitration (Convention6 1958).
The New York Convention replaced the Geneva Convention and its Protocols. It is the most
important modern instrument in international commercial arbitration (Awada, 2023). Its
comprehensive provisions serve as a universal charter for international arbitration practice,
helping national courts and tribunals to establish a consistent and effective system for the
enforcement of international arbitration agreements and awards. The Convention is the basis
for most existing domestic laws governing international arbitration, including the UNCITRAL
Model Law, which explains and implements the basic concepts and legal framework of the
Convention. The New York Convention was drafted by the United Nations in 1969, before the
establishment of UNCITRAL (Awada, 2023).

Notwithstanding, the main objective of the Commission’s work programme is to improve
the New York Convention. The New York Convention and the UNCITRAL Model Law are
the most important instruments on international commercial arbitration. The main provisions
of the Convention are as follows: “(a) Each Contracting State agrees in writing to submit to
arbitration any dispute which has arisen or may arise between them in respect of any matter
which is subject to arbitration under any legal relationship (contractual or otherwise); (b) Each
Contracting State shall recognise the arbitral award as binding and enforce it in accordance
with the procedural rules of the place where the award was made;” and (c) the recognition and
enforcement of foreign arbitral awards may be refused only in certain circumstances (Ulug,
2023). The provisions of the Convention significantly change the global legal framework
for international commercial arbitration by integrating the various aspects of the Geneva
Protocol and the Geneva Convention into a single text. It creates a legal framework that
governs international arbitration proceedings from the beginning (arbitration agreement) to
the end (recognition of the award) (Zhang, 2025). The Convention provides a comprehensive
framework for international arbitration agreements, arbitral proceedings, and arbitral
awards. Arbitration awards continue to be attractive to space industry participants because
they are widely applicable under the New York Convention and because the procedures can
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be adapted to technical disputes (expert testimony, composition of the arbitration panel,
confidentiality). However, arbitration rules and national laws often predate the emergence of
Al simulation technology and do not directly regulate its use. Recent institutional guidelines
and interpretations (and expert surveys) show interest in rules or guidelines on the permissible
use of Al in arbitration proceedings, disclosure obligations, reliance on expert models and data
protection (Proposal, 2021).

Al Simulation in ADR: Functions and Promise

Al simulation software can perform several functions in the context of alternative dispute
resolution in the space industry (Ahmad, 2024: 273):

e Forensic and Reconstruction: reconstruction of collision trajectories, simulation of
debris impact effects, or simulation of telemetry system failures. These simulations
can also use physical machines to estimate probabilities with incomplete data, in
addition to machine learning components.

e Loss Prediction and Assessment: Estimating revenue loss due to service outages,
satellite wear, and replacement costs.

e Evidence Classification and Discovery: Processing large telemetry and technical
data to identify timelines and gaps that are relevant to the parties to a dispute.

e Predictive Analytics and Decision Support: Generating probability estimates of
outcomes for different cases based on precedents, expert opinions, and fieldwork
datasets; generating solution scenarios to support negotiations or mediation
(Chandra & Sanjaya, 2024: 21).

e Decision Support for Arbitrators or Mediators: Presenting scenarios, performing
sensitivity analyses, and recommending decisions based on model results
(Chandra & Sanjaya, 2024: 21).

These capabilities can significantly reduce costs, speed up dispute resolution, and increase
technical accuracy, which is particularly important for disputes in time-sensitive and data-
intensive sectors (Hodge Jr., 2024: 91). However, they also raise new legal and regulatory
issues related to reliability, explanation, and procedural fairness (Rauch, 2024). Recent expert
surveys show that almost everyone expects Al to soon be used in research and analysis methods
in arbitration proceedings, but far fewer experts are willing to rely on Al to make a final
decision (2025 International, 2025).

Key Regulatory Problems and Risks

Evidence and Admissibility: Probative Value of Simulations

Al simulations may appear scientific and convincing. However, the results of the models
depend on the assumptions (initial conditions, model parameters, noise treatment), the quality
of the training data and the choice of methodology (Grimm et al., 2023). Without proper
documentation and explanation, the simulations risk being perceived as black-box disputes.
Parties, courts, and arbitrators must determine the rules governing the admissibility of Al
results (is the simulation expert evidence? Is the model itself discoverable?), the standard
of proof they meet, and whether courts can rely on simulations without corroboration from
human experts. The treatment of expert opinions in the common law tradition (eg, the Dubert-
style standard in some jurisdictions that focuses on methodological soundness) creates a
similar situation for the admissibility of Al models (Seng & Mason, 2021: 241). Arbitral
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tribunals and national courts enforcing or reviewing judgments may require verifiable
verification and documentation (Vassiliades et al., 2021). Some commentators have argued
that models should be accompanied by verification reports, datasets, disclosure of source
code (or independent replication tests), and expert interpretation (Petry & Gassmann, 2025).

Transparency, Explainability, and Due Process

The results of Al simulations can affect the adversarial process. If one party uses a
proprietary simulation to justify damages or causation, the other party cannot substantively
challenge the model on the grounds of trade secrets or technical uncertainty. This undermines
equality of resources. In the case of ADR, important principles for ensuring due process
include the obligation of disclosure (which must be provided), the right to independent
expert review, and minimum standards for interpreting Al results in arbitration or mediation.
Institutional rules should require parties to provide model documents or allow for the
appointment of independent technical assessors (Chukwuebuka, 2025).

Liability, Responsibility, and State Oversight

Outer space treaties hold states accountable for their activities in outer space and often
provide for strict liability for specific damages. If Al simulation software influences the
outcome of a dispute (for example, if an arbitration tribunal later awards damages based on
a proprietary simulation of the at-fault party), the question arises, who should be liable for
damages suffered by the claimant due to model errors, the model developer, the party using
the model, the experts relying on the model, or the arbitration tribunal? National professional
liability laws (eg, attorney or expert negligence) can fill these gaps, but the involvement
of states in cross-border enforcement and private liability makes the situation even more
complex. States that license or regulate entities operating in space may be under pressure
to meet minimum standards for the accuracy, verification, and auditing of Al tools used in
regulated activities (Von der Dunk, 2015).

Confidentiality, Data Protection, and Export Control

Space activities involve sensitive data (telemetry data with potential military applications,
proprietary technology data). Al simulations often require large datasets; Sharing these
datasets as part of an ADR audit may violate confidentiality agreements, national security
considerations, and data protection laws (Brown, 2022: 11). In addition, some jurisdictions
impose export control or technology transfer restrictions on certain AI models and related
datasets. Therefore, regulators must align ADR audit disclosure obligations with privacy
protection and export control regimes; this is an important technical and legal consideration
(Khan, 2024: 14).

Enforcement and Recognition of Al-Informed Awards

Under the New York Convention, judicial review of arbitral awards is generally limited.
However, if the award is based on an unsound Al model (eg, withholding information
and denial of the right to a hearing) and shows procedural deficiencies, courts may refuse
enforcement on grounds of public policy. The risk of differences in application across
jurisdictions encourages courts and parties to engage in potential judicial review, ensuring
transparency in the process (Born, 2020: 1).
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Regulatory Approaches: A Layered Model

Since the use of Al simulations in ADR involves several areas (technical standards,
evidentiary law, arbitration, national licensing, and international obligations), a layered
regulatory approach is preferable. This section proposes a range of administrative options
aimed at striking a balance between innovation and fairness.

International Soft Law and Standard-Setting (UNOOSA/COPUOS)

UNOOSA/COPUOS is a natural multilateral forum for discussing guidelines for dispute
resolution in Al and space. COPUOS already plays a role in developing best practices,
standards, and non-binding transparency measures for space activities. COPUOS/UNOOSA
guidelines (or a ‘soft law’ framework) could:

e Encourage States to include provisions for dispute resolution in space activities (eg,
disclosure obligations, right to independent verification).

e Recommend that States monitor the use of AI models by private companies for
safety-critical activities and encourage national licensing authorities to include
validated simulation standards for safety-critical activities.

e Recommend the establishment of a registry of technical standards managed by
UNOOSA containing validated simulation standards, test datasets and validation
protocols for common use cases (collision hazard modelling, service disruption
assessment, waste modelling).

Soft law is politically feasible and helps to harmonise national practices without conflicting
with treaty obligations (Colombo et al., 2025). The COPUOS mandate and existing capacity-
building, guidelines for responsible conduct in space, and workflows in national legal databases
provide a suitable platform for such work (Anderson, 2022).

Model Rules from UNCITRAL and Arbitral Institutions

UNCITRAL has a long history of developing model laws and rules to harmonise practical
expectations across jurisdictions (Quiroga, 2024). UNCITRAL Model Rules on the Use of
Artificial Intelligence in International Commercial Arbitration/Online Dispute Resolution (or
a link to the Model Rules) could harmonise key requirements: disclosure of Al tools used to
provide evidence, standards for model validation, the right to appoint independent technical
reviewers, confidentiality safeguards and minimal restrictions on human oversight of automated
decision-making tools (Pratidina et al., 2024). The institutions (ICC, LCIA, SIAC, ICSID, and
ICDR) should also develop specific procedural rules and guidelines that require parties to
disclose the use of Al simulations and guide arbitral tribunals on their admissibility and weight.
Many institutions and commentators have stressed the urgency of developing rules in this area
(Chojecki & Nappert, 2021).

Arbitral Practice: Model Clauses and Contractual Governance
Parties to commercial transactions should be encouraged (and sometimes required) to
include dispute resolution clauses that specifically address the use of AI. Model clauses:
e Require prior notification and submission of model documentation (scope, inputs,
assumptions, versions, validation results).
e Provide for the appointment of independent technical experts (or joint experts) when
the dispute involves a simulation.
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e Allocate the costs of model validation and establish rules for confidentiality and
handling of sensitive information.

e Clarify the extent to which parties agree to classify Al or use simulation results as
conclusive evidence. Standard model clauses are available in the UNCITRAL and
UNOOSA database and can be used by broadcasters, operators and major insurers
(Abbott & Elliott, 2022).

Institutional Accreditation, Technical Standards, and Certification

International Organization for Standardization (ISO) and other industry organizations,
including the Institute of Electrical and Electronics Engineers (IEEE) and the International
Electrotechnical Commission (IEC), should develop industry-specific standards for the
validation of space simulation models, such as data source, metadata requirements, uncertainty
quantification, repeatability protocols, and stress tests (Ashraf & Mustafa, 2025). An “ADR-
level” simulation software certification system (similar to aviation safety certification) would
help arbitration tribunals and parties assess the reliability of the model. While certification
does not eliminate disputes over model assumptions, it would increase the underlying trust
and reduce the likelihood that the public will accept simulation results as evidence (Sankaran,
2025).

National Regulation and Supervisory Frameworks

States should consider integrating the management of Al simulations into national space
licensing systems. Where States authorize space flights and operations, licensing conditions
could require the use of validated simulation tools for safety-critical analyses to support
forensic analysis in future disputes (Langston & Brickhouse, 2024). National professional
liability regimes should be updated to clarify the obligations of practitioners when using or
presenting the results of Al simulations in alternative dispute resolution. In addition, data
protection and export control laws may require specific exemptions or protocols for sharing
sensitive data sets in ADR (Gritsenko, 2024).

Practical Procedures for Tribunals and Mediators

To put the principles into practice, practitioners should take practical steps:

1. Early disclosure: Parties should disclose the use of Al simulations at the pre-trial
hearing and provide a summary of the model and its role. This will help the court
determine the scope of disclosure and scrutiny early on.

2. Model documentation package (“model manual”): Parties using the simulations
should develop a model manual that includes a description of the model, data
sources, pre- and post-validation reports, sensitivity analyses, a description of the
methodology (to the extent permitted by intellectual property rights) and a clear
explanation of the assumptions.

3. Independent Reproducibility Review: If the model is a central issue, the court should
consider conducting a reproducibility review by an independent technical panel or
qualified experts. If reproducibility is limited due to proprietary restrictions, the
court may take mitigating measures (eg, a closed hearing under a protective order).

4. Procedural Hearings: In technical disputes, arbitrators may hold preliminary hearings
that focus solely on procedural and admissibility issues to avoid the contested model
issues dominating the case.
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5. Transparency of Methodological Limitations: Arbitrators and mediators should
require parties to disclose known limitations and margins of error; Al decisions
should be presented as uncertainty bounds and sensitivity analyses, not as definitive
facts.

6. Human oversight rules: Parties should ensure that Al-based solution proposals that
are the basis for a binding decision are reviewed and approved by competent human
decision-makers. This ensures both human accountability and judicial review of
decisions.

These measures enable the effective use of Al while being consistent with the principles
of fairness and equity (Hussein, 2025). These measures can be implemented through company
rules or court orders (Sherborne, 2022).

Insurance, Evidence Preservation, and Costs

Space actors often rely on insurance (both on-site and off-site). Insurers play a key role;
they determine the acceptability of data collection and certain simulations in the assessment
and valuation of losses (Raizner, 2022). Insurance companies may be required to use approved
models or have the right to independent verification. Parties should anticipate these requirements
and preserve raw telemetry data and chain of custody records to ensure the integrity of evidence.
The costs of expert reconstruction tests and model inspections should be allocated in advance
in a contract or court order to avoid a “winner-takes-all” imbalance (Raizner, 2022).

Case Studies of AI Simulation Tools used in Different Sectors

There have been several case studies where the Al simulation tools are used in different
sectors, including aviation, satellite operations, and other analogous sectors. One of the
prime examples of the aviation sector is Delta Air Lines (Reed, 2023). There were important
challenges faced by Delta Air Lines to optimize the flight operations and enhance the experience
of the passengers amid the global air travel’s complexities. Some of the key problems were
preventing and predicting maintenance issues for reducing the delays in flights and improving
safety. For resolving this issue, Delta employed the Al algorithms for analysing the data from
maintenance records and aircraft sensors. This helped it in predicting the key problems before
leading to the operational disruptions.

Besides the aviation sector, the organizations working within the satellite operations sector,
mainly including NASA and SpaceX, have used the Al simulation tools to ensure that there are
more efficient results obtained from their operations. For example, in the case of Starlink of
SpaceX?, intelligent algorithms are used by the constellation for autonomously optimizing and
managing the satellite movements, avoiding collisions and allocating bandwidth dynamically.
This helps the network adapt to the demands in real-time and ensures the effective operation
of thousands of satellites.

Recent Policy Developments in Global AI Governance

Considering the changes in the contemporary era involving technologies, there have
been notable recent policy developments in the global Al governance that mainly include
the implementation of the EU Al Act (2024), the U.S. Executive Order on Safe, Secure,

4

See https://starlink.com/technology
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and Trustworthy Al (2023), UNESCO’s global Al ethics framework, and the ongoing UN
discussions on Al regulation. The EU Al Act is deemed as one of the most comprehensive
regulations that has been enforced to regularize the use of Al. There are three main categories
of risks that are assigned under this very law. Firstly, systems and applications that lead to the
formation of unacceptable risks, such as the government-run social scoring system used in
China, are banned under the EU AI Act. Secondly, the applications with high risk are deemed
to be subject to particular legal requirements, which mainly include a CV-scanning tool that
provides a specific rank for the job applicants. Lastly, the EU Al Act covers the category
involving the applications that are implicitly listed or banned as containing high risk and not
regulated.

Similarly, there was another major policy development noticed when President Joe Biden
signed the U.S. Executive Order 14110 on Safe, Secure, and Trustworthy Al (2023). This was
seen as a comprehensive effort from the United States for managing the risks and advantages
of Al specifically across the federal government and society as a whole. With these very
developments in the Al policy, there was a national policy established for the governance of
Al that directed the agencies working with the federal government of the United States to
implement the particular actions stated in the Executive Order.

Following the recent developments at the global level on AI, UNESCO also contributed
to the efforts of ensuring that the developments in science and technology are done with core
ethical guardrails. Thus, UNESCO was the first organization to introduce the global standards
on Al ethics, namely, the “Recommendation on the Ethics of Artificial Intelligence.” This very
policy initiative was focused on the widespread policy action areas that gave permission to the
policymakers for translating the core principles and values into action with regard to social
well-being and health, research and education, gender, ecosystems and environment, and data
governance.

A Policy Roadmap: Recommendations (Summary)

1. International Guidance via COPUOS/UNOOSA: Development of a non-binding
instrument on the use of Al simulations in space activities and alternative dispute
resolution mechanisms (including model contract clauses, best practices for the
provision of information, and standards for technical verification).

2. UNCITRAL Model Procedural Rules or Notes: Development of model rules on the
use of Al and evidence in international commercial arbitration (UNCITRAL, 1985)
and online dispute resolution to harmonize expectations regarding the provision of
information and technical verification.

3. Institutional Rule-Making: Leading arbitral institutions should include clauses on
the provision of information and Al expertise in their rules and procedural values.

4. Technical Standardization and Certification: Encourage the International
Organization for Standardization/Institute of Electrical and Electronics Engineers
(ISO/IEEE) and industry associations to develop industry-specific verification
standards and accreditation processes for space simulation tools.

5. Contractual Safeguards: Parties to commercial space agreements should adopt
standard rules on Al (including disclosure, independent verification, confidentiality
agreements, and cost-sharing).
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6. National Licensing and Supervisory Measures: States should include simulation
verification requirements in their national space licensing systems and clarify the
rules on professional liability for Al-enabled expert testimony.

7. Capacity Building: Develop the capacity of developing countries to understand and
evaluate Al simulations through training and open, verifiable datasets provided by
the UNOOSA.

Conclusion

Al simulation software has significant potential to make ADR in space trade faster, more
technologically advanced, and more accessible. However, technological uncertainty, data
sensitivity, and the potential for unequal access require a careful and multi-layered regulatory
approach. The rise and development of the private sector in space activities from the 1980s to the
present day, including the modern space age, have been directly influenced by the interpretation
of this article. However, there is currently a lack of a comprehensive understanding of all
the elements of this article, its possible interpretations, and, most importantly, Article VI of
the Outer Space Treaty in international space law. This is a well-structured assessment, a
systematic and comprehensive approach that clarifies the relationship between Article VI of the
Outer Space Treaty and other provisions of both international law and the Outer Space Treaty.

International space law provides a basic framework for State responsibility; arbitration
and alternative dispute resolution mechanisms provide practical tools and party autonomy.
Coordinated action is now needed, and the recommended actions must be taken as follows.
UNOOSA/COPUOS should lead the initial harmonization of multilateral policies; UNCITRAL
and leading arbitration bodies should develop procedural rules; technical standards organizations
should develop verification and accreditation protocols; and parties should implement treaty-
based safeguards. This multi-layered approach — such as soft law, procedural rules, technical
standards, and national licensing requirements — allows the international community to fully
exploit the benefits of Al while supporting justice, accountability, and the rule of law in disputes
arising from their context.
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Rendezvous and proximity operations of satellites, given their dual-use nature, pose significant
challenges to traditional outer space security and raise questions regarding the application of
international humanitarian law (IHL). Although existing IHL lacks specific rules for armed conflict in
space, its fundamental principles remain applicable. In this context, the principle of distinction faces
two major challenges: first, the ambiguity in determining whether commercial space operators are
engaged in “direct participation in hostilities” (DPH), particularly in light of the “delayed effects”
inherent in space operations, and second, the lack of clear criteria for classifying dual-use satellites
as military objectives.

This article argues that, in assessing DPH, civilian satellite operators generally do not qualify
due to the absence of a direct causal link, though exceptions may arise in specific circumstances. In
particular, taking into account the delay effects in space operations, personnel who have left duty but
whose actions or the effects thereof are still ongoing should be regarded as remaining engaged in DPH.
Regarding the identification of military objectives, states should adhere to the “reverse distinction
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Introduction

The rapid advancement of human space technology is profoundly reshaping the future
landscape of warfare and national security through the militarization of space capabilities.
On 4 March 2022, the French Institute of International Relations (IFRI) published a
report titled The Military Use of Small Satellites in Orbit, which highlighted that future
small satellites would exhibit a trend of “military-commercial integration.” Notably, their
Rendezvous and Proximity Operations (RPO) capabilities — applicable to reconnaissance and
anti-satellite strikes — pose significant threats to outer space security due to the difficulty in
their detection and identification (Borowitz, 2022). Against this backdrop, the United States
had already established the U.S. Space Force as early as 2019, explicitly designating space as a
warfighting domain and systematically advancing its space operational capabilities. This move
subsequently prompted emulation by other nations, further accelerating the militarization of
space and posing severe challenges to global strategic stability.

In stark contrast to the rapid technological progress, the international legal framework
governing outer space activities exhibits significant regulatory lag. It not only struggles
to address emerging legal issues posed by novel space technologies but also lacks
clarity regarding applicable rules for long-standing concerns such as the militarization,
weaponization, and military confrontation in outer space (Zhao, 2019). However, as
emphasized by the International Committee of the Red Cross (ICRC), examining the
applicability of International Humanitarian Law (IHL) does not conflict with the principle
prohibiting the use of force or the peaceful use of outer space. Its purpose is not to legitimize
or encourage the weaponization of space, but rather to limit the potential humanitarian costs
of hostilities in this domain (ICRC, 2022).

Accordingly, this article focuses on the application of RPO — a representative dual-use
space technology — in armed conflicts and analyzes the legal consequences that may arise under
the principle of distinction in IHL.

1. The Dual-Use Nature of RPO Technology

Since its inception, RPO technology has inherently possessed distinct dual-use potential.
In peaceful applications, it serves as a critical commercial capability for on-orbit servicing,
satellite life extension, debris removal, and maintaining orbital sustainability. Conversely, in
military contexts, the fundamental capacities of RPO — including close proximity operations,
object identification, and interaction — endow it with inherent potential to facilitate orbital
disruption, close-in reconnaissance, and even anti-satellite operations (Merrill, 2025).

1.1 Civilian Applications of RPO Technology

As a mature space operations technology, RPO is demonstrating increasingly broad
prospects for peaceful applications in outer space, primarily through on-orbit servicing (OOS)
and active debris removal (ADR).

In terms of OOS capabilities, which encompass tasks such as satellite maintenance and
refueling (Harris, 2025), the core value of RPO lies in its ability to effectively address the
dual constraints on a spacecraft’s operational lifespan — limited fuel reserves and insufficient
component durability (Sobeck, 2018). By performing refueling or fault repairs via RPO, the
service life of spacecraft can be significantly extended, thereby enhancing the overall economic
efficiency of space assets (Duke, 2021). A notable example is Northrop Grumman’s Mission
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Extension Vehicle-1 (MEV-1), which in 2019 successfully docked with the nearly fuel-
depleted Intelsat 901 satellite using RPO technology, took over its attitude and orbit control,
and substantially prolonged its operational life without modifying the original satellite (Henry,
2020). This achievement validated the practical engineering value of RPO-based satellite life-
extension solutions.

Regarding ADR capabilities, RPO technology serves as a critical means for removing
defunct satellites or orbital debris, thereby maintaining the long-term stability of the orbital
environment (Martin, 2019). According to NASA statistics, there are over 26,000 trackable
orbital debris objects larger than 10 cm in low Earth orbit — each capable of catastrophically
destroying a spacecraft — along with more than 100 million smaller fragments that can still
penetrate typical spacecraft shielding (NASA, 2021). In response to this severe situation,
ADR has been recognized as a strategic mission to ensure the safety of space activities and
sustain the long-term usability of orbital regions. For instance, the European Space Agency’s
ClearSpace-1 mission utilizes RPO technology to remove numerous defunct satellite remnants
from orbit, underscoring its pivotal role in debris clearance and orbital sustainability. Similarly,
China’s SJ-21 satellite demonstrated the country’s technological advancement in ADR and
sustainable space utilization by capturing a decommissioned BeiDou navigation satellite and
relocating it to a graveyard orbit approximately 3,000 km above the geostationary belt (Werner,
2022).

1.2 Military Applications of RPO Technology

Professor He defines “space militarization” to be the use or passing through of outer
space with military purpose or the development and installation of space weapons (He,
1992). Accordingly, space militarization includes the following two types of activities: first,
the military use of satellite for image reconnaissance, electronic reconnaissance, marine
monitoring, meteorological observation, telecommunications, early warning and navigation,
which can support and strengthen the effectiveness of ground-based conventional weapons
and military operations and second, the development and installation of space-based weapons
to attack or destroy the target on the earth, at sea or in airspace, or interfere with its normal
operation, or the development and installation of ground-based space weapons to attack or
destroy the target in outer space or interfere with its normal operation (Zhao, 2019).

In this broader context, the militarization risks of on-orbit servicing technologies,
particularly RPO, have become increasingly pronounced. The most salient manifestation lies
in the “co-orbital anti-satellite” (co-orbital ASAT) operational model. In such operations, an
attacking spacecraft positions itself within the orbital plane of the target satellite and, through
RPO capabilities, incrementally approaches to conduct surveillance or offensive maneuvers.
These spacecrafts can serve as autonomous or semi-autonomous Anti-Satellite Weapon (ASAT)
modules designed to deliberately destroy or disable their targets. Because the attacker and the
target share the same orbital trajectory, such operations are exceedingly difficult to detect or
anticipate, thus exhibiting high levels of concealment and operational lethality (Beard, 2024).
For instance, satellites employing RPO technologies for legitimate commercial purposes —
such as debris-removal missions that tow defunct satellites from geostationary to graveyard
orbit — simultaneously possess latent military potential, enabling them to maneuver, interfere
with, or even capture and disable other spacecraft using robotic arms (Werner, 2022).

Beyond physical destruction, RPO can also facilitate non-destructive orbital interference
(Weeden, 2023). A satellite equipped with jamming functions can suppress or block the

68 Advanced Space Law, Volume 16, 2025



Too Close for Comfort? Applying the Principle of Distinction to Rendezvous and Proximity Operations
in Space by Kunyang Li

communication signals of nearby targets or intercept transmitted data when operating in close
orbital proximity. Such interference does not physically destroy the satellite but can effectively
paralyze its functions, representing a form of “soft-kill” capability.

With the rapid proliferation of satellites, global tracking and identification capacities have
approached their operational limits. Even states with advanced space surveillance networks
struggle to defend effectively against co-orbital threats enabled by RPO technologies. In
practice, the threatened party often has no choice but to undertake evasive maneuvers. A notable
example occurred in 2022, when a Chinese satellite reportedly adjusted its orbit to avoid a
close approach by a U.S. GSSAP satellite (Werner, 2022). Since orbital positions are typically
mission-specific, such maneuvers consume valuable propellant and may prevent satellites
from fulfilling their designated functions (Johnson, 2023). The 2022 close-approach incident
between Chinese and U.S. satellites thus exemplifies the military use of RPO capabilities and
underscores the complex challenges these technologies pose to the existing security order in
outer space.

2. The Legal Basis for Applying ITHL in Outer Space

As a set of international legal rules regulating armed conflict, contemporary IHL has
primarily developed in the context of traditional land, sea, and air warfare, and has yet to
establish specific norms applicable to outer space. However, as Professor Zhao has observed,
the evolving security landscape in outer space — marked by ongoing weaponization and an
intensifying arms race — significantly increases the likelihood of military confrontations
escalating into armed conflict, making the application of IHL both necessary and legitimate
(Zhao, 2019). Judging from the normative systems of Outer Space Law and IHL, as well as
international practice, the fundamental principles of IHL regulating the conduct of hostilities
possess a legal basis for application to armed conflict in outer space.

From the perspective of the normative system, Article III of the Outer Space Treaty
establishes that the exploration and use of outer space must be carried out in accordance with
international law and the fundamental principles of the Charter of the United Nations. Article 1
of'the UN Charter clearly states that one of its purposes is “promoting and encouraging respect
for human rights and for fundamental freedoms for all”. As an important branch of international
law, IHL substantially embodies the concretization and institutionalization of the UN Charter’s
purpose of promoting and safeguarding human rights. Therefore, its principles can likewise
apply to activities in outer space (Hobe, 2009). Furthermore, Common Article 1 of the Geneva
Conventions stipulates that the High Contracting Parties “undertake to respect and to ensure
respect for the present Convention in all circumstances.” The phrase “in all circumstances” in
this article indicates the broad scope of the Convention’s application, which should include
any armed conflict, whether present or future, anticipated or unanticipated (Stephens, 2015).
Article 35 of Additional Protocol I to the Geneva Conventions (AP I) states that the right of
the Parties to the conflict to choose methods or means of warfare is not unlimited. Article
36 further clarifies that when a Party studies, develops, acquires, or adopts a new weapon,
it must determine whether its employment would be prohibited by the Protocol or any other
rule of international law applicable to the Party. Consequently, most ASATs, particularly those
utilizing RPO technology as operational modules, should evidently be categorized as “new
weapons” urgently requiring regulation through THL.
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3. Challenges to and Responses on the Principle of Distinction
in the Context of RPO Technology

The principle of distinction, as a cornerstone of international humanitarian law for the
protection of civilians, requires parties to armed conflicts to always distinguish between
civilians and combatants, as well as between civilian objects and military objectives, and
to direct operations only against combatants and military objectives (Henckaerts, 2007). In
the context of armed conflict in outer space, the application of the principle of distinction to
objects involving RPO technology raises several complex legal issues. These include, first,
whether employees of commercial space companies can still be regarded as civilians enjoying
protection from attack if they engage in direct participation in hostilities (DPH), and second,
whether dual-use satellites lose their protected status as civilian objects due to their military
functionality.

3.1 DPH by Employees of Commercial Space Companies

Commercial space systems inherently possess a dual-use character: while nominally
owned and operated by commercial entities, they remain susceptible to military application
(Berrang, 2023). In practice, military space capabilities often depend on platforms, services,
or personnel provided by commercial companies.

Under IHL, a “civilian” is defined negatively as any person who does not belong to the
armed forces nor participates in a levée en masse.! A levée en masse specifically refers to
inhabitants of a non-occupied territory who, on the approach of the enemy, spontaneously take
up arms to resist the invading forces without having had time to form themselves into regular
armed units.? For a group to qualify as armed forces under AP I, it must satisfy a “sufficient
degree of organization,” generally encompassing four cumulative criteria: (1) being under a
command responsible for its subordinates; (2) having a fixed distinctive emblem recognizable
at a distance; (3) carrying arms openly; and (4) conducting operations in accordance with
the laws and customs of war.* Commercial space companies typically lack such a military
structure, as their primary objective remains the pursuit of commercial profit (Berrang, 2025).
Consequently, their personnel are generally considered civilians under IHL, as they are neither
members of the armed forces nor participants in a levée en masse. This leads to a pivotal legal
question: during an armed conflict in outer space, would civilian employees of commercial
space companies, by operating space systems used for military activities, be considered as
DPH, thereby losing their protection against direct attack for the duration of such participation?

' ICRC (1977) Protocol Additional to the Geneva Conventions of 12 August 1949, and relating to
the Protection of Victims of International Armed Conflicts (Protocol I), Article 50. Adopted 8 June 1977;
opened for signature 12 December 1977; entered into force 7 December 1978. Retrieved from https://
ihl-databases.icrc.org/en/ihl-treaties/api-1977/article-50.

2 ICRC (1949) Geneva Convention Relative to the Treatment of Prisoners of War (Third Geneva
Convention), Article 4(1)(6). Adopted 12 August 1949; entered into force 21 October 1950. Retrieved
from https://ihl-databases.icrc.org/en/ihl-treaties/gciii-1949/article-4.

3 Supra 1, Article 43(1).

* ICRC (1949) Geneva Convention for the Amelioration of the Condition of the Wounded, Sick and
Shipwrecked Members of Armed Forces at Sea (Second Geneva Convention), Article 13(1), (2), (3), (6).
Adopted 12 August 1949; entered into force 21 October 1950. Retrieved from https://ihl-databases.icrc.
org/en/ihl-treaties/gcii-1949/article-13/commentary/2017.
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Assessing DPH Through Operational Roles

“DPH” refers to specific acts carried out by individuals as part of the conduct of hostilities
between parties to an armed conflict (Melzer, 2009). As a cornerstone of the principle of
distinction, civilians lose their immunity from direct attack for such time as they directly
participate in hostilities. The ICRC Interpretive Guidance establishes a threefold cumulative
criteria for determining direct participation: (1) the act must be likely to adversely affect the
military operations or military capacity of a party to the conflict or, alternatively, to inflict
death, injury, or destruction on protected persons or objects (threshold of harm); (2) there
must be a direct causal link between the act and the harm likely to result (direct causation);
and (3) the act must be specifically designed to directly cause the required threshold of
harm in support of a party to the conflict and to the detriment of another (belligerent nexus)
(Melzer, 2009). Therefore, whether the acts of employees of commercial space companies
constitute DPH during a space conflict must be determined on a case-by-case basis.

Generally, employees of commercial space companies are typically responsible for the
daily operation or maintenance of commercial satellites. Their activities are far removed from
the requirements of “direct causation” and “belligerent nexus,” and thus do not constitute direct
participation in hostilities. For instance, if a satellite operated by a commercial company is used
by the military to conduct an ASAT attack against an adversary’s satellite, the civilian operators
ensuring its normal function — such as technicians adjusting its orbit or monitoring its status —
are not engaged in DPH. Admittedly, the work of these operators is crucial for maintaining
the satellite’s functionality and may indirectly benefit one party to the conflict to the detriment
of another. However, the personnel actually executing the ASAT attack mission by utilizing
the satellite are typically military members qualifying as combatants. Consequently, as the
activities of civilian satellite operators struggle to meet the “direct causation” requirement,
they are not considered DPH.

However, under specific circumstances, employees of commercial space companies
may indeed engage in DPH. For example, if an employee directly controls a satellite and
employs RPO technology to conduct reconnaissance missions aimed at obtaining intelligence
advantageous for military operations — such as transmitting military satellite imagery to the
armed forces — this conduct would likely qualify as DPH (Berrang, 2023). More broadly,
whenever commercial space employees operate RPO technology for military purposes, their
actions typically fall within the IHL definition of DPH.

This assessment relies on the key criteria set out in the ICRC Interpretive Guidance. First,
the act must meet the “threshold of harm.” Under this criterion, “military harm” encompasses
not only direct physical damage to military personnel or objects but also significant adverse
effects on the military operations or capacity of a party to the conflict. Examples include
interfering with an adversary’s satellite usage or transmitting tactical intelligence, both of which
fall squarely within this scope (Melzer, 2009). In practical military scenarios, RPO technology
may impact adversary satellite systems through physical destruction (e.g., in-orbit capture or
collision), electronic warfare (e.g., signal jamming), orbital manipulation (e.g., altering orbital
parameters), or intelligence reconnaissance. Each of these actions can directly degrade an
adversary’s military capacity or disrupt its operations, thereby satisfying the “military harm”
requirement.

Second, the act must exhibit a direct causal link between the employee’s operation of RPO
technology and the resulting military harm. In such cases, the employee’s conduct constitutes
the core operational action directly targeting the military objective, rather than indirect
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logistical support or technical assistance. No intervening factors break the chain of causation,
thus fulfilling the requirement for a direct link between the act and the harm.

Finally, concerning the subjective intent and nature of the act, such operational conduct
possesses a clear “belligerent nexus”. The immediate purpose of the employee operating the
RPO technology is to provide military support to one party to the conflict and, by acting upon
the adversary’s satellite system, directly harm the military interests of the other party. This
conduct transcends ordinary commercial service and becomes deeply embedded within the
military operational system of one conflict party, demonstrating the subjective intent requisite
for DPH.

The Temporal Scope of DPH

Determining whether employees of commercial space companies engage in DPH does
not stop at assessing the nature of their conduct. A more intricate issue lies in the temporal
dimension: if civilian space operators, in the course of their routine duties, perform acts that
meet the threshold of DPH, does such participation have a continuous character? In other words,
could these operators be deemed to engage in DPH on multiple occasions while performing
military missions, yet revert to civilian status — and regain the protection afforded by IHL —
during periods when they are not engaged in such missions, such as when they have completed
their work, left their posts, or “gone off duty”?

According to the ICRC Interpretive Guidance, a civilian’s direct participation should be
confined to specific phases of activity — namely, the preparatory and deployment phase (e.g.,
carrying weapons to the site of attack), the execution phase (e.g., carrying out the attack), and
the disengagement phase (e.g., withdrawal from the area of attack) (Melzer, 2009). Activities
beyond this temporal scope — such as prior logistical support, technical maintenance, or post-
action rest and reorganization — do not amount to direct participation. This temporal limitation
embodies the so-called “revolving door mechanism,” under which civilians’ loss of protection
is only temporary and lasts solely for the duration of their direct participation. Once the
relevant act ceases, civilian protection is automatically restored. Accordingly, if civilian space
operators engage in satellite operations only during a specific military mission, they may be
deemed to engage in DPH during that mission. However, once the mission is complete and they
have left their posts, they should regain civilian status and the corresponding protection under
IHL. While this interpretation imposes greater operational burdens on armed forces, the ICRC
argues that it prevents erroneous or arbitrary attacks on civilians and thus should be regarded
as a fundamental safeguard rather than a flaw within IHL (Melzer, 2009).

Nevertheless, the “revolving door” mechanism has generated significant scholarly debate.
Margulies further observes that such imbalance lowers the legal risks and thresholds associated
with civilian participation in hostilities and may encourage ambiguous conduct — so-called
“farmers by day, fighters by night” — thereby undermining States’ overall compliance with
IHL (Margulies, 2012). Huston argue that civilians who repeatedly participate in hostilities
often engage in withdrawal and preparation activities between operations; thus, these intervals
should not be excluded from the scope of DPH. (Huston, 2018) Watkin goes further, suggesting
that the concept of “continuous combat function” should extend to civilians: once civilians
perform combat-related functions of a continuous nature, they should be regarded as legitimate
military targets (Watkin, 2014).

The temporal scope of DPH has long been debated under traditional IHL and becomes
even more complex in the context of space warfare. Space operations exhibit a distinct delay
effect: ASAT weapons often involve a temporal gap between launch and impact, while co-
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orbital satellite attacks require prolonged orbital approach and adjustment, making it difficult to
determine the precise beginning and end of hostile acts. Moreover, operations such as electronic
interference, laser dazzling, or intrusions into satellite control systems may generate delayed
effects, further blurring the line as to whether civilians or operators remain in continuous DPH
during such intervals.

The temporal boundaries of DPH are particularly complex in outer space armed conflict.
Space operations often involve significant delay effects: satellites or systems may be
programmed or remotely controlled to act only under specific conditions (e.g., enemy satellites
approaching or reaching particular orbital positions), or to perform tasks later, such as disabling
communications, adjusting orientation, or deploying payloads. These effects often materialize
after a delay, making it difficult to determine the precise start and end of hostile acts, and further
blurring whether operators remain continuously engaged in DPH. A practical issue arises when
operators have completed their shifts but the hostile actions or their effects are still unfolding —
should off-duty personnel still be considered direct participants? Similar problems exist in
cyber operations, where attacks may only trigger under certain conditions (e.g., logic bombs
lying dormant until activated).

Given these parallels, this article argues that the rules developed for cyber armed conflict,
particularly those reflected in the expert-consensus-based Tallinn Manual, can inform the
temporal boundaries of DPH in space. According to the Tallinn Manual 2.0, the majority of
experts hold that the period runs from the planning of a logic bomb to its activation, regardless
of actual triggering, while a minority treat deployment and activation as separate acts, such that
the interval does not restore civilian protection (Schmitt, 2017).

Regardless of the view adopted, it follows that in the context of space armed conflict,
operators who have completed their shifts and left their posts while relevant hostile actions are
still ongoing or their effects are still unfolding should continue to be regarded as DPH. Only
when a task is fully completed and operators have completely disengaged from their duties —
such that their actions no longer have an immediate impact on the enemy’s military capabilities
and the objective criteria for DPH are no longer met — should they be considered civilians again
and regain the protections afforded under IHL.

3.2 The Classification of Dual-Use Satellites as Military Objectives

Article 52(2) of AP I defines military objectives as “those objects which by their nature,
location, purpose or use make an effective contribution to military action and whose total or
partial destruction, capture or neutralization, in the circumstances ruling at the time, offers a
definite military advantage.” This provision clarifies two cumulative criteria that must be met for
an object to qualify as a military objective: first, the object must make an effective contribution
to military action; and second, its total or partial destruction, capture, or neutralization must,
in the circumstances prevailing at the time, offer a definite military advantage. Accordingly,
if a commercial satellite satisfies both criteria, it should be classified as a military objective,
regardless of whether it also serves civilian purposes (Stephens, 2024).

However, as the militarization of outer space accelerates, dual-use technologies have
become deeply integrated across various composite operational systems, blurring the distinction
between military and civilian objects. In this context, the application of the principle of
distinction faces two main challenges: (1) States often conceal the true nature of their satellite
activities, making it difficult in practice to determine whether a given satellite’s RPO technology
serves peaceful or military purposes; and (2) in the case of satellite systems performing both
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civilian and military functions, the question arises as to whether the entire satellite should be
treated as a military objective, or only those components that actually contribute to military
operations.

The Challenge of Identifying Satellite Purposes

Article 11 of the Outer Space Treaty requires States Parties to inform the UN Secretary-
General, the public, and the international scientific community of the nature, orbital parameters,
and purpose of their outer space activities, with a view to ensuring transparency and the
peaceful use of outer space.’ In theory, a State Party conducting a mission involving RPO
technology is expected to truthfully report the mission’s objectives to allow international
scrutiny. In practice, however, this obligation is rarely fulfilled. Similarly, although Article 4 of
the Registration Convention expressly requires launching States to register basic information
about their space objects,® thereby providing a potential mechanism for oversight of all space
activities, the implementation of this regime remains limited in practice.

First, the Registration Convention does not specify a time frame for registration, and
States — often motivated by security and confidentiality concerns — tend not to continuously
or fully disclose the true nature of their space activities (Masson-Zwaan, 2019). This lack of
transparency complicates the tracking of space objects and heightens the vigilance of space
actors toward any spacecraft approaching their systems — particularly those operated by
entities known to possess RPO capabilities (Werner, 2022). Second, due to national security
and strategic considerations, most States are reluctant to reveal the true nature of their space
operations, often describing missions only in general terms while concealing their potential
military functions (Lyall, 2018). Such opacity is especially acute in the realm of dual-use
satellites. Because the Registration Convention imposes only minimal requirements — namely,
the name of the launching State, the official designation or registration number of the space
object, the date and location of launch, basic orbital parameters, and a description of its
“general function” — the UN Register in practice cannot effectively reflect the real attributes
of space objects (Merrill, 2025). In extreme cases, the registered information may even be
misleading. For instance, USA-193, a U.S. reconnaissance satellite used for intelligence
purposes, was registered merely as engaging in “meteorological or communications-related
space technology.” (Bloun, 2009) Although the UN General Assembly has repeatedly discussed
reforming the Registration Convention, no substantive amendments have yet been adopted to
enhance transparency, resulting in the increasingly blurred distinction between peaceful and
military uses of outer space.

Given the strategic significance of the geostationary orbit (GEO) — which concentrates key
assets such as missile warning, secure communications, and intelligence-gathering satellites —
States tend to be particularly sensitive to RPO activities occurring near their national GEO
assets (Johnson, 2023). However, in the absence of robust disclosure and oversight mechanisms,
it remains difficult for States to determine whether satellites employing RPO technology

> United Nations (1967) Treaty on Principles Governing the Activities of States in the Exploration

and Use of Outer Space, including the Moon and Other Celestial Bodies, Article 11. Adopted 19 December
1966; opened for signature 27 January 1967; entered into force 10 October 1967. Retrieved from https://
legal.un.org/avl/pdt/ha/tos/tos_e.pdf.

¢ United Nations (1976) Convention on Registration of Objects Launched into Outer Space
(Registration Convention), Article 4. Adopted 12 November 1976; opened for signature 14 January 1977,
entered into force 15 September 1976. Retrieved from https://www.unoosa.org/oosa/en/ourwork/spacelaw/
treaties/registration-convention.html.
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constitute legitimate military objectives. Conversely, States conducting intelligence-oriented
RPO missions may exploit their technological superiority to conceal the true nature of their
operations from actors lacking advanced space situational awareness and tracking capabilities
(Johnson, 2023). This opacity, in turn, undermines the ability of armed forces to effectively
apply the principle of distinction, increasing the risk of violations of IHL in the context of
armed conflict in outer space.

In this regard, the IHL principle of “passive precautions” offers an important means to
mitigate the problem of identifying satellite functions. Article 58 of AP I imposes an obligation
on the defending party to take feasible precautions to protect the civilian population and
civilian objects from the effects of attacks. This obligation — often referred to as the “principle
of passive precautions” or, by some scholars, the “reverse distinction principle” (Koplow,
2022) — comprises three elements: (1) parties to a conflict must ensure that combatants and
civilians, as well as military objectives and civilian objects or specially protected persons and
objects, can be visually distinguished from one another; (2) to the extent feasible, they must
physically separate such persons and objects; and (3) they must avoid using protected persons
or objects to shield military objectives.

Applying this “reverse distinction” principle to outer space operations, parties to a conflict
should take all feasible measures to enable effective differentiation between military and
civilian space assets. Visually, lessons can be drawn from air and cyber operations, such as
employing infrared signatures or electronic identifiers to create recognizable markings visible
during hostile acts in space. Physically, defending forces should remove civilian or protected
objects from the vicinity of military targets, and, where possible, provide relevant information
to opposing forces to clarify the civilian nature of certain space objects.

Partial or Full Classification of Military Objectives

Due to the dual-use nature of satellite RPO technology, a core question arises when
assessing military objectives: should the entire satellite be considered a military objective, or
only those subsystems that make an effective contribution to military operations?

Currently, there are three main perspectives on this issue: The first view holds that a
dual-use satellite as a whole may be considered a military objective, rendering considerations
of collateral damage or assessments under the principles of proportionality and precaution
unnecessary; the second view, while accepting that the entire dual-use satellite can be regarded
as a military objective, maintains that a proportionality assessment should still take civilian
components into account to balance military necessity with humanitarian principles; Schmitt,
however, proposes a third approach, arguing that the definition of military objectives under
Article 52 of AP I does not require treating the entire satellite as a single entity — if the civilian
and military portions of a satellite system are separable, only the military components should be
considered military objectives, and the feasibility of such distinction depends on the attacker’s
capabilities (Schmitt, 2021).

Although each of these three perspectives has a theoretical basis, limitations remain in
reconciling military necessity with humanitarian principles and bridging theory with practice.
First, while the first view is persuasive in emphasizing military necessity, it neglects the
separable nature of space systems, which may make it difficult in practice to adequately consider
humanitarian concerns. In fact, space systems consist of multiple distinguishable components,
including ground segments, space segments, and uplink and downlink elements, each of which
can be independently assessed both factually and legally (Dickey, 2024). Mechanically treating
the satellite as a whole not only departs from a precise definition of military objectives but
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may also undermine compliance with humanitarian principles. Consequently, the evaluation of
satellite systems should follow a separability analysis rather than a holistic approach.

Similarly, although the second view reflects concern for humanitarian principles, it lacks
explicit legal support. The proportionality principle established in Article 57 of AP I aims to
protect civilians and civilian objects and is not intended to be extended to military objectives.

As for the third view, while it attempts to limit attacks by distinguishing between the
civilian and military parts of a dual-use satellite, it relies heavily on the attacker’s capabilities
for determining separability. This reliance may lead to inconsistencies, where the same object
is treated as a civilian target in some contexts and a military target in others. Armed forces
with greater capabilities bear a heavier burden in fulfilling distinction obligations, while less
capable forces bear a lighter burden, potentially reducing incentives for States to minimize
harm to civilians during the design and deployment of satellites — contrary to the fundamental
humanitarian objective of protecting civilians to the greatest extent possible.

Accordingly, the assessment of whether a dual-use satellite can be separated should be
based on the factual composition of its constituent parts rather than the attacker’s capabilities
(Berrang, 2025). In other words, whether portions of a dual-use satellite conducting military
operations using RPO technology constitute military objectives should be determined
according to the distinguishability of the respective components, rather than the technological
capabilities of the attacker. This position is also supported by the latest Woomera Manual
on the International Law of Military Space Activities & Operations, which states that if the
military and civilian parts of a satellite are physically or functionally inseparable, the satellite
as a whole should be treated as a military objective; conversely, if the civilian components

are distinguishable in fact, they should not be considered military objectives nor be targeted
(Beard, 2024).

Conclusion

RPO technology presents both opportunities and risks: while it offers substantial commercial
benefits — such as the removal of large debris from low Earth orbit or the restoration of defunct
satellites under the pretext of space debris management — it also holds significant military
potential, including the development of autonomous space-based weapon systems and the
strengthening of a nation’s strategic position in space.

Although THL serves as the primary legal framework governing armed conflict, it has
not yet established rules specifically tailored to conflicts in outer space. Nonetheless, its core
principles — rooted in normative logic and international practice — provide a legal foundation
for addressing the security challenges posed by RPO technology. Within this framework, the
principle of distinction, a cornerstone of IHL, faces two major challenges: first, determining the
civilian status of commercial space operators; and second, assessing whether dual-use satellites
qualify as military objectives.

To address these challenges, this paper proposes the following regulatory approaches. In
terms of civilian status, personnel who have left their posts but whose actions — or the effects
thereof — continue to contribute to hostilities should still be considered as DPH, with civilian
protections under international humanitarian law resuming only once their actions no longer
have an immediate impact on the enemy’s military capabilities. In terms of military objectives,
states should give priority to the IHL “reverse distinction principle”, ensuring that military and
civilian systems are clearly distinguishable both physically and visually. For dual-use satellites,
whether they constitute a military objective as a whole should be determined based on their
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factual “separability”, that is, whether their structural and functional components form a single
entity, rather than on the attacker’s technical capabilities.
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