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This paper questions the concept of safety zones, tracing it to maritime and military law, in order to unpack its
potential legal uses, applications and implications in the current context of the New Space economy. To achieve
this, it starts by investigating the historical foundations of safety zones rooted in the Cold-War-era legal literature
and then move on to a larger discussion of how such zones can be balanced with the non-appropriation principle.
Then, this paper examines a number of legal analogies, as they appear in maritime law, aviation law as well as
relevant examples in outer-space law. Lastly, it attempts to sketch the outline of a “solution” that identifies the
criteria, to be used in order to model a potential safety zone that strikes a balance between the industry’s growing
concerns and requirements on one hand, and the legal prohibitions that preclude sovereign claims on outer space
on the other hand. Particular attention is given to the special case of the United States’ extraterritorial jurisdiction

1. Introduction

The establishment of protective zones around space objects —such
as exclusion zones, keep-out zones and safety zones— has long been a
contentious issue in space law. These zones have been proposed as a way
for traditional stakeholders, mainly government entities, to maintain
exclusive rights to the immediate orbital space surrounding their various
space assets stationed in orbit. A hot-topic issue in the context of the
Cold War, the question of such zones, and in particular, safety zones,
reemerges today.

On 15 May 2020, in the framework of the so-called “Artemis Ac-
cords” ,! NASA announced its intention to propose to the international
community a dozen common principles “for a Safe, Peaceful and Pros-
perous Future” to guide the exploration and use of outer space and more
particularly, US-led lunar activities. Officially introduced on October
13, 2020, the Artemis Accords [1] set out the principles to which other
States are also expected to adhere to in their participation in the Artemis
program.

* Corresponding author.

One of the issues that the Artemis Accords address is the exploitation
of space resources, and within this context, the deconfliction of opera-
tions on the Moon and other celestial bodies. In this respect, the Accords
constitute in fact a continuation of the initiatives® begun in the early
2010s to promote the possibility of exploiting space resources, whether
they be satellite debris or natural resources that could be extracted from
celestial bodies, such as asteroids and the Moon.

Among the principles enunciated is in particular the establishment
of "safety zones",> placed under the aegis of Article IX of the Outer Space
Treaty (OST) [2], which crystallizes the obligation to avoid harmful
interference. The implementation of safety zones could be an increas-
ingly pressing concern for both government and non-governmental en-
tities: As non-traditional market entrants vie for greater access to space,
new challenges arise with regard not only to space traffic management
(STM), but also to intellectual property, data privacy, third-party liabil-

2 These initiatives include: the Space Resource Exploration and Utilization Act of
2015 (which did not pass Congress and did not become U.S. law); Title IV of the
U.S. Commercial Space Launch Competitiveness Act of 2015; and more recently,
the Executive Order 13914 of April 6, 2020.

3 Section 11 of the Artemis Accords, titled “Deconfliction of Space Activities”.

E-mail addresses: lucien.rapp@ut-capitole.fr (L. Mallowan), lucien.rapp@ut-capitole.fr (L. Rapp), maria.topka@ut-capitole.fr (M. Topka).
1 The Artemis Accords are part of the Artemis program launched in 2017 by U.S. President Donald Trump. This program is articulated in several stages, the
end-point of which should be the sending of astronauts on the lunar ground in 2024. Ultimately, the goal is to build a sustainable infrastructure on the Moon’s surface
in preparation for future missions to Mars. Despite NASA’s leadership, space agencies around the world are invited to collaborate in this program.
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ity, or in-orbit insurance. These challenges are exacerbated by the pro-
gressive placing in orbit of constellations of thousands of micro-satellites
which will exponentially increase the number of orbited space assets in
the coming years, despite radio-frequency spectrum allocation and or-
bital slot availability remaining a finite and scarce resource.

It is therefore not surprising that the concept of safety zones — resur-
faces, bringing along questions concerning the possibility of claiming
(quasi-)exclusive rights of orbital space usage and “sanctuary zones” on
celestial bodies, even where such uses enter in potential conflict with
the Outer Space Treaty.

During the Cold War era, safety zones were discussed primarily as
a means for conflict deterrence. But what used to be, during this pe-
riod, a fairly straightforward dilemma, has shifted today from a space
race mindset into the grayer area of market-driven competition between
private businesses in the New Space economy.*

The generalization of protective zones around assets and/or opera-
tions in space, whether they are, for example, safety zones, self-defense
zones, keep-out zones etc., raises the delicate problem of their com-
patibility with the treaties governing space activities, starting with the
Outer Space Treaty. The establishment of such zones may be regarded
by critics as part of a logic, if not of appropriation of space, at least
of achieving exclusive (to a greater or lesser degree) control of the
use of areas in space, eventually transforming them into specific ac-
tors’ “spheres of influence” [3], which would evidently be in conflict
with the OST principle of non-appropriation. After all, the OST ex-
pressly states that outer space is not subject to "national appropria-
tion by claim of sovereignty, by means of use or occupation, or by any
other means" (emphasis added). However, as will be seen, this provision
has prompted divergent interpretations due to the ambiguity surround-
ing the term "national appropriation", as well as due to the question
whether the term “outer space” only encompasses the surfaces of ce-
lestial bodies or whether it also includes space resources that they may
contain.

This paper will therefore question the concept of safety zones by
tracing it to maritime and military law, in order to draw parallels and
unpack its potential legal uses, applications and implications in the cur-
rent context of the NewSpace economy. To achieve this, we will start
by investigating the historical foundations of safety zones rooted in the
Cold-War-era legal literature (Section 2). Then, we will examine a num-
ber of legal analogies, as they appear in maritime law, aviation law
and outer-space law (Section 3). Subsequently, we will move on to a
larger discussion of how safety zones can be balanced with the non-
appropriation principle (Section 4). Particular attention will also be
given to the special case of the United States’ extraterritorial jurisdic-
tion in outer space (Section 5), which puts an interesting spin on the
subject of safety zones, as the United States and other countries may
recognize implicit jurisdictional powers in space. These powers do not
amount to a claim of sovereignty per se, but they could create zones
where a state may impose its own rule of law upon a non-sovereign
territory. Lastly, we shall attempt to sketch the outline of a “solution”
that identifies the criteria, which need to be used in order to model
a potential safety zone that strikes a balance between the industry’s
growing concerns and requirements on one hand, and the legal prohi-
bitions that preclude sovereign claims on outer space on the other hand
(Section 6).

4 In the present article we employ the term “NewSpace” to refer to the modern-
day shift from a heavily State-dominated and government-dependent space sec-
tor towards a space “ecosystem” that is more participatory and thus character-
ized by an increasing participation of private actors, as well as more commer-
cialized and thus more market-oriented and profit-driven. NewSpace ultimately
aims to render access to and the uses of space more efficient, affordable and
even profitable. The term “NewSpace economy” refers herein to the aggregate
of economic activities being carried out by both private and governmental actors
within and/or in relation to the NewSpace ecosystem.
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2. Historical perspectives on safety zones and relevant concepts

The rationale behind the concept of protective zones around objects
or missions in space is rooted in the protection of these space assets and
these operations from threats and hostile activity against them—a con-
cern that was all the more pressing during the Cold War, where geopo-
litical adversaries feared the neutralization of their assets by the use of
space weapons, such as space mines [4].

Historically, various names have been used to describe this concept’s
various manifestations, such as: safety zones, keep-out zones, security
zones, caution zones, zones of self-defense, zones of exclusivity, etc. (col-
lectively referred to herein as “protective zones”). Despite the varying
nomenclature and features, such zones can broadly be associated with
the two following categories:

i) either asset-specific zones surrounding determined man-made
space objects, or

ii) mission-specific zones established in specific regions in outer
space (“area-based”) and assigned to a specific State or group
of States ‘claiming’ that area to conduct a mission or operation
(rendering these zones, thus, State-specific as well),

both of which may constitute “[areas] of space through which the space
objects of other nations could not pass without permission” [5,6] .

A typical manifestation of asset-specific protective zones are keep-
out zones. One of the first comprehensive attempts to provide a legal
framework to such zones in space has been a US Congress mandated
report issued by the Office of Technology Assessment (OTA) in the 1980s
[71, which defined unilaterally declared or negotiated keep-out zones as
“a volume around a space asset, off limits to parties not owners of the
asset”. While the OTA report failed to address the issue of the legality
of keep-out zones under the OST national appropriation prohibition, it
sketched out a basic set of rules to attempt to define them [8]. The OTA
Basic Set of Rules recommended:

“- Keep 100 kilometers and three degrees out-of-plane from foreign
satellites below 5000 km.

- Keep 500 km from foreign satellites above 5000 km except those
within 500 km of geosynchronous altitude.

- One pre-announced close approach at a time is allowed.

- In the event of a violation of the rules above, the nation of registry
of the satellite most recently initiated a maneuver “burn” is at fault and
guilty of trespass.

- Satellites trespassing upon safety zones may be forcibly prevented
from continued trespass.”

Despite being comprehensive and specific, such a definition is how-
ever hardly convincing in today’s context. It rather reflects the originally
intended purposes of keep-out zones in space, such as the need to ”secure
permanently orbiting weapon installations as part of national space-
based infrastructure,” which would even justify immediate reprisal or
destruction of any trespassing object [9].

On the other hand, in the 1980s, Wohlstetter and Chow [10] pro-
posed the “self-defense zones (SDZ)” model, which they contrasted
to the “keep-out zone” concept. Self-defense zones were conceived as
broad, predefined areas intending to protect a mission in its entirety;
they would thus include all space assets used to carry out the mission,
rather than a single specific space object [10]. The SDZ —which ac-
cording to Wohlstetter and Chow should be determined through inter-
national agreements—, would allow a state to secure a predetermined
area in order to give it the necessary room to conduct its mission while
also permitting innocent routine operations of foreign satellites within
this area. The number of space systems that a state would be able to de-
ploy within the confines of this zone would not be limited. Rather, the
SDZ would be more closely contingent upon the mission duration, but
also would depend on other factors such as satellite population and the
developments in offensive and defensive space technologies (see [10],
in particular p. 63).
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Table 1
Asset-based vs. mission-specific zones and their parameters.
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Asset-based safety zone

Mission-specific area-based safety zone

Object Protecting a specific space object

Scope/Location Established permanently around the space object

Duration Lifespan of a space object
Nature Personal rights (held by the holder)
Rights Occupy, quiet enjoyment, prohibit access, alienation (cede, pledge)

Holder of rights
various/shared stakeholders
- Rights management: State
Enforcement
declared and/or appropriately notified.

May justify reprisal or immediate destruction of the intruding object.

- Exercise of rights: owner of the space object, operator,

Gradual, reasonable, proportionate. Restrictions imposed, publicly

Claiming exclusive rights to a specific area in which a
mission is conducted

Geographic area identified based on where the mission is
taking place

Mission duration

Rights in rem (attached to the occupied zone)

Occupy, operate, control access, manage the rights
granted to occupants, alienation (cede, pledge)
Management and exercise of rights: State

Gradual, reasonable, proportionate. Restrictions imposed,
publicly declared and/or appropriately notified.
Rights to inspect, mediate, expel if deemed necessary.

The mission-centered feature of this model aims to provide states
with more flexibility than the space-object-centered proposal. The asset-
based approach essentially limits the safety zone to giving space objects
sufficiently wide berth to operate safely, predicated on considerations
of just how wide such a safety berth ought to be without amounting to
an OST Article II violation. By contrast, by binding the exclusive zone
to a mission rather than to a satellite, Wohlstetter and Chow’s proposed
model attempts to strike a delicate balance by “reserving” parts of space
for the exclusive rights of a state without actually claiming outright
sovereignty over the reserved portions.

The self-imposed limitations of this model, aimed at safeguarding
against unlawful sovereign claims, would be: i) the temporary nature
of the exclusive occupancy (i.e. the duration of the mission) and ii)
limitation on the types of exclusions that a state would be allowed to
enforce. The primary object of self-defense zones in space is to deter
surprise attacks, and, accordingly, states would only be allowed to filter
out intruding space objects that would potentially threaten security.
The zone would not prohibit third-party use of a same space sector,
and enforcement measures would have to be gradual, reasonable and
proportionate, with rights to inspect, to mediate and only to expel in
serious situations [10].

For a comparison between the features of these two models see
Table 1.

A third approach refers to the concept of “exclusive economic zone”
and consequently, relates to the rights exercised therein (see [11]). An
exclusive economic zone (developed in more detail in Section 3.1) im-
plies the exercise of sovereign (mostly economic) rights within an area
that is not part of the territory of the respective State. These rights in
turn raise several questions pertaining to:

i) Their nature: Are they property rights stricto sensu, or only rights of
control? Can they be dismembered into usus, fructus and abusus?
Their enforcement (opposability to third parties) and their scope:
Are they compatible with a right of innocent passage or free access
to space? Do they establish a systematic authorization regime? How
to make them compatible with the fact that the protected object is
in motion? Are these rights attached to a protected area, to a space
object, or to the extracted and exploited resources?

Property rights thereon: who owns them, the State or its nationals?
In the latter case, would the owner be the operator of the space ob-
ject concerned? The operator authorized to operate in a given space
area? Its financial backers, if it has transferred its rights to them?
Their regime: are they transferable? Are they valuable? Can they, for
example, appear on the assets side of the balance sheet of the owner
of the protected space object?

i)

iif)

iv

—

As for safety zones in particular, they have been defined as zones
“within which the states on whose registry the objects are carried would
exercise their sovereign rights of jurisdiction and control” [12]. Safety
zones in space would not lead to appropriation of areas in space and
on celestial bodies, but, rather, they would be similar to safety zones
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in maritime law: “[j]ust as the establishment of such zones cannot be
interpreted as appropriation of territory, so the establishment of safety
zones around space objects cannot be seen as a sovereignty claim to the
territory or space occupied by these zones” [12]. Safety zones would ex-
tend to a reasonable distance around a facility and their purpose would
be to ensure the security of the facility by promoting safe traffic in its
vicinity [13].

Notwithstanding, whereas safety zones used to be an essentially the-
oretical issue back in the Cold-War era, they reemerge today in much
more practical terms. As outer space is nowadays less of a purely State-
dominated realm used as a geostrategic backdrop for superpower sig-
naling than it once was, it is now evolving into a more complex sector
that is characterized by a plurality of actors and new forces shaping the
space industry. These developments are something the legal landscape
has been called to adapt to and reflect. Chief among these forces are
private initiative, free enterprise, and the reticence of commercial op-
erators to have state regulators overcrowd outer space with regulations
that hamper innovative uses of technology.

In this context, in order to secure their assets and their invest-
ments, not only governmental players but also commercial operators
are presently pressing closer towards the realization of a model that
would eventually allow them to (potentially) unilaterally declare safety
and security zones around critical space objects in outer space.® This,
evidently, raises anew the question of non-appropriation of outer space,
but also highlights its clash with the OST-enunciated freedom of use of
outer space, as will be demonstrated below.

Our discussion therefore warrants a reevaluation of the non-
appropriation principle and the conditions under which it might be con-
ceivable for state and non-state actors to declare lawful safety zones. But
prior to delving into this issue, it is helpful to examine a number of rel-
evant analogies which demonstrate how safety zones and their various
guises have been implemented in the maritime-, aviation- and space law
fields so far.

3. Safety zones through legal analogy (maritime, air and outer
space)

3.1. The maritime analogy

The principle of non-appropriation of outer space, the freedom of ex-
ploration and use of outer space, as well as the principle that all States

5 In fact, one salient consequence of safety zones resurfacing is reflected in
space insurance, with the potential of redefining the legal landscape for this
niche industry. Safety zones could be, for example, a prior condition for insur-
ance companies to provide coverage, or the deciding factor in how insurable
interest and indemnity, claims handling, liability and due diligence with regard
to space assets will be determined and adjudicated in the near future. And to
approach this topic from the opposite point of view, space companies might also
want to secure such exclusivity zones to prevent scrutiny even from insurers.



L. Mallowan, L. Rapp and M. Topka

shall enjoy free access to all areas of outer space and celestial bodies,
are overarching space law principles that run parallel to the doctrine
of freedom of the seas. The freedom of the seas has been a mainstay
of maritime law since Grotius’s seminal 1609 work “Mare Liberum”.
According to Perlman [14], “for as long as the notion of ‘space law’
has existed, people have analogized it to the law of the sea ... [B]oth
sea and outer space are mediums of travel, require vessels for human
transport, are perilous, and virtually unlimited in scope ... but they also
embody intangible ideas of the pursuit of exploration, possibility, expan-
sion, technological evolution, colonization, scientific experimentation,
fascination with the unknown, and increased freedom of movement.”.
Yet even the concept of the freedom of the seas has gradually evolved
over the centuries and today it is not considered to be an absolute right,
as nations have laid claim on internal waters, territorial waters, contigu-
ous waters, even enjoying specific sovereign and exclusive usage rights
within maritime zones that are not part of their territory, such as the
exclusive economic zone.

Whereas internal and territorial waters have always fallen within the
sovereign boundaries of the state, zones that establish some form of ex-
clusivity based on “use-related control” (see [15]), such as the exclusive
economic zone (EEZ) and maritime exclusion zones in the high seas,
are much more recent concepts and constitute a clean break with cus-
tomary doctrine. Exclusive economic zones were formally recognized
by the 1982 United Nations Convention on the Law of the Sea (“UNC-
LOS”)[16]. The EEZ is adjacent to the territorial sea and extends up to
“200 nautical miles from the baselines from which the breadth of the
territorial sea is measured” (Articles 55 and 57 UNCLOS). Although the
EEZ does not constitute territory of the coastal State, the latter enjoys
sovereign economic rights therein (e.g. exclusive exploitation of natu-
ral resources, construction of offshore installations, scientific research).
That said, the coastal State cannot restrain the freedoms of navigation
and overflight within this zone, as long as they are exercised with due
regard to its laws and regulations (Article 58 UNCLOS).

Within the EEZ, the coastal State is allowed to lawfully establish
permanent safety zones around artificial islands, installations and struc-
tures (Article 60 UNCLOS). Their radius can extend up to 500 meters
around these installations, and the coastal States may exert exclusive
jurisdiction within them, which it may enforce with reasonable and pro-
portional force. Although the UNCLOS does not define the scope of pro-
tective measures that can be employed within safety zones, state prac-
tice demonstrates that they are essentially areas of restricted navigation
[17]. The International Maritime Organization (IMO) recommends that
governments ensure that ships flying their flag do not wrongly enter or
pass through duly established safety zones unless specifically authorized
(IMO Resolution A.671 [16,18]).

The power of states to push their sovereign reach well beyond their
immediate borders and within international waters has been tested yet
again with the concept of maritime exclusion zones. Maritime exclu-
sion zones are zones on the high seas that belligerents might establish
at times of war, and which have the effect of restricting access to ships
within the designated area [19]. These zones have been described as
“one of the most controversial issues in the law of armed conflict at sea"
due to their ability to restrict the customary freedom of the high seas
[20]. In the absence of recognized and mutually agreed-upon standards,
some naval warfare legal scholarship, which has examined the lawful-
ness of maritime exclusion zones in the context of armed conflict at sea,
raises a number of insights into how safety zones in space might be ap-
proached. The San Remo Manual [21], compiled by the International
Institute of Humanitarian Law, is of particular interest in this regard:
It has served as a blueprint model establishing the conditions in which
maritime exclusion zones might ensure the least possible encroachment
on the freedom of the seas for third party nations (see Table 2).

The salient feature of these stipulations is that exclusion zones, in or-
der to be lawful, cannot be absolute and unilateral, but rather they must
be bounded in terms of size, of purpose, of duration, of enforcement
mechanisms, of guarantees (proportionality, safe passage, etc.) and of
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Table 2
Proposed stipulations of the International Institute of Humanitarian Law [5,21].

Conditions to ensure the least possible restrictions of the freedoms of the high seas

- The same body of law applies both inside and outside the zone;

- The extent, location, and duration of the zone and the measures imposed
shall not exceed what is strictly required by military necessity and the
principles of proportionality;

- Due regard shall be given to the rights of neutral States to legitimate uses
of the seas;

- Necessary safe passage through the zone for neutral vessels and aircraft
shall be provided (i). where the geographical extent of the zone significantly
impedes free and safe access to the ports and coasts of a neutral State; and
(ii). in other cases where normal navigation routes are affected, except
where military requirements do not permit; and

- The commencement, duration, location, and extent of the zone, as well as
the restrictions imposed, shall be publicly declared and appropriately
notified.

legal regime. These markers are reproducible for any type of protective
zone, be it in the high seas or in space. The underlying argument for
these conditions is that a state’s hold on an area beyond national juris-
diction (ABNJ) cannot be permanent, absolute or sovereign; rather, it is
temporary, limited and conditional.

3.2. The air analogy

Aviation law may also serve as a field from which analogies could
be drawn in order to lay down the parameters for a potential model for
safety zones in space.

The Convention on International Civil Aviation [22] (“Chicago Con-
vention”) foresees, for example, the establishment, in the territory of
a State, of areas over which the flight of aircraft may be restricted or
even prohibited (Article 9 of the Chicago Convention). Such restriction
and/or prohibition of overflight must, however, be justified by legiti-
mate reasons, such as military necessity or public safety. The extent and
the location of such prohibited areas should be established in a reason-
able manner, so as not to interfere unnecessarily with air navigation.
Moreover, aircraft of the State that enacts this restriction and aircraft of
other States should not be subject to differentiated treatment in respect
to whether they are allowed or not to flight over these zones.

Of course, whereas outer space is a non-sovereign area, Article 9
of the Chicago Convention concerns areas which are part of a State’s
territory. Nevertheless, the parameters set forth in this article (namely,
reasonably established extent and location of this zone, legitimate justi-
fication, minimization of interference with international navigation, no
discrimination between who can or cannot traverse this zone) may still
constitute interesting criteria that could be taken into account in the
establishment of safety zones in space.

Maritime exclusion zones, introduced in Section 3.1, may also deny
or restrict international civil aviation, considering that aircraft over
these zones run the risk of being attacked [19]. For this reason, the es-
tablishment of any zone that could affect international aviation requires
the relevant notification to the ICAO, and its delimitation must be car-
ried out reasonably and in proportion to the military necessity they are
being established for [19].

Apart from international practices, State practice may also serve as
a potential model for what protective or exclusion zones in space could
shape up to be.

US law, for example, foresees the designation of “Special Use
Airspace” areas for operations which require imposing limitations on
the use of airspace by non-participating aircraft [19]. Such areas can
include: i) restricted airspace, ii) prohibited airspace, iii) military oper-
ations areas, iv) warning areas, v) alert areas, and vi) controlled firing
areas (see [23]). Among these, it is interesting to note that “warning
areas” are usually designated in international airspace. However, since
states do not have the legal capacity to prevent flights through warning
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areas, they serve rather as a warning of the danger that aircraft may
encounter if they enter the zone [19]. Moreover, several States have
established "Air Defense Identification Zones" (ADIZ) in international
airspace. The International Civil Aviation Organization (ICAO) defines
ADIZ as special designated airspace zones within which aircraft must
comply with special identification and/or reporting procedures [24].
For example, the US Code of Federal Regulations (CFR) requires the
ready identification, location, and control of all aircraft entering the US
ADIZ for reasons of national security (14 CFR § 99.3).

Despite these parallels, however, in the advent of NewSpace, and
considering the advances in aerospace technology, there are a number
of gaps in the airspace - outer space analogy which legal scholars are at
pains to fill.

Chief among these gaps is the unclear delimitation between airspace
and outer space. While no foreign aircraft is permitted to intrude
sovereign airspace as per Article 6 of the Chicago Convention, the ap-
plicable restrictions seem less clear in the case of intruding or spying
spacecraft. Without an agreed boundary between airspace and outer
space, when is a foreign spacecraft an intruder rather than a lawful ob-
server? And, most crucially, how far ought states to be allowed to extend
their upward boundaries to protect their sovereign airspace, and where
should these same boundaries stop in order to protect the common good,
which is outer space?

Importantly, neither the term “airspace” nor “outer space” are pro-
vided with a specific definition within the relevant treaties. However,
identifying an exact boundary line between the two is crucial in un-
derstanding governments’ power—or lack thereof—to set claims on ar-
eas above the Earth’s surface. In examining this question, two different
schools of thought have emerged: the prevailing spatialist approach ver-
sus the emerging functionalist viewpoint. Spatialism holds that world
governments should agree on one imaginary and arbitrary line draw-
ing the boundary between airspace and outer space. One commonly ac-
cepted such line is the one suggested by Theodore von Kdrmén (drawn
at 100 kilometers above the Earth’s sea level), which has also been rec-
ognized by the Fédération aéronautique internationale [25]. However,
the development of modern military and commercial technology that
enables vehicles and other devices (e.g. observation craft, stratospheric
balloons, high altitude drones, space elevators) to operate in sub-space,
near-space and even orbital space,® have elucidated the limitations in-
herent to this definition.

Such systems do not fall into neat categories and can easily strad-
dle legal definitions. As a result, the emerging functionalist school of
thought has attempted to provide a more flexible approach to differ-
entiating between sovereign airspace and non-sovereign outer space. It
considers the nature, characteristics, functionalities and purpose of the
air- or spacecraft in question. It aims at determining whether the vehi-
cle should be considered as an aircraft, rendering it therefore subject
to airspace law and answerable to the sovereign states above which it
operates, or whether it is a spacecraft, thus falling within the scope of
the various space treaties and eschewing sovereign jurisdiction.

According to the functionalist approach, the legal characterization
of a space object would be established using the traditional legal stan-
dard of the balance of probabilities, whereby the likeliest actual use
and the attending characteristics indicate the actual intended and true
use of the space object. In a legal dispute, it would befall the operator
to prove that the space object falls into a different category and that
the opposite legal regime should apply. Drawing from these concepts,
a functionalist approach to exclusion zones in space precludes a precise
definition of a lawful range (a given distance in kilometers), since its
recognition or attribution would depend on the specific purpose of the
space mission or the space system [8]. Economy in the use of low Earth
orbital space would lead to smaller exclusion zones, although for some
purposes larger ones would be required [8].

6 Le., at altitudes between 20 to over 100 kilometers above the Earth.
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3.3. The orbital space and celestial bodies analogy

International discussion on Space Traffic Management—a pressing
agenda for space regulators today—has not addressed the issue of safety
zones directly. However, even despite this absence, the issue of safe
and sustainable space operations in an increasingly overcrowded (and
much-littered) orbital environment invites discussion of res communis,
equal access to space resources (navigational space itself, becoming a
resource as soon as launching windows become scarce) and the non-
appropriation principle.

At its most basic level, the need for exclusive space zones arises from
the fact that space traffic requires a minimum standard of coordination
since the gradual orbital overcrowding with space objects renders space
traffic hazardous. In this respect, the inevitable question of territorially
strategic occupancy of space systems (e.g. by remaining stationed in a
determined position for an indefinite period of time) is eventually bound
to be challenged, not solely as a STM concern, but also as an implicit Ar-
ticle II violation due to quasi-exclusive claims to a space zone. Such im-
plicit challenge might, for instance, arise from the deployment of swarm
technologies in orbit, which could create a de facto exclusion zone by
simply occupying a theoretically free navigation zone and prohibiting
entry in it by invoking the threat of collision. On the other hand, while
STM does not concern itself at prima facie with issues of sovereignty in
space, STM traffic and operational coordination may itself constitute a
possible (but very real) restriction of the absolute freedom of access and
use of outer space, such as prescribed by Article I of the OST.

Current STM recommendations for safer space operations —such as
those emerging from the 2011 European Union Code of Conduct and the
2018 Committee on the Peaceful Uses of Outer Space (COPUOS) Guide-
lines for the Long-Term Sustainability of Space Activities (LTSSA)—,
advise a series of measures. These aim at improving debris mitigation,
collision avoidance and monitoring of space weather, through specific
consultation and information sharing mechanisms between countries
conducting space activities [26]. The implementation of such a regime
would call for a comprehensive set of harmonized safety standards,
which would inter alia include: launch, in-orbit, reentry and spaceflight
protocols, maneuver prioritization rules, clarified definitions of space
law terms (‘space object’, ‘fault’, ‘liability’, etc.), harmonized national
licensing systems, and, crucially for our purposes, revamped orbital zon-
ing rules [26]. Establishing such standards would bear deep implications
for the space insurance industry, considering that, at the present, insur-
ers must learn to reposition themselves in a sector that is increasingly
risk-prone and where the costs of underwriting space activities become
increasingly steep [27].

In overlapping operational and navigational safety with orbital re-
zoning and with the necessity to redefine space objects, STM implicitly
cracks the door open to draw in the topic of safety exclusion zones,
which have the potential to redefine areas of ownership in space.

One analogy that lies much closer to the topic at hand is the parti-
tioning of sovereignty above the International Space Station (ISS). The
case of the ISS poses an interesting alternative to the issue of sovereignty
rights in space and how these can—albeit to a limited extent—bypass
the non-appropriation principle. It is worth noting that the ISS also has
defined a 200-meter keep-out zone (cf. Table 3), meaning that external
vehicles are only permitted to fly in this zone with approval and within
a defined approach corridor and the only permitted exceptions to this
200-meter rule concern ISS survey missions [28]. Moreover, the ISS has
a "nominal approach ellipsoid" (which extends four kilometers both in
front and behind the ISS path and two kilometers above, below, and be-
side it) for the purposes of reducing the chance of collisions and to make
the intent of nearby objects clear [28]. However, the legal complexity
lies within the ISS itself, and how sovereignty is apportioned above the
station.

The ISS is composed of different segments, each belonging to and
subject to the jurisdiction and control of the Partner that respectively
provided it. Therefore, different legal regimes apply to different seg-
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Table 3
"One-size-fits-all" standard?
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Orbital spots (GEO/ITU) (to
avoid collision and interferences)

ISS OTA GEO LEO

SpaceX Starlink Sats (minimum
crossing distance between satellites)

200 m 100 km 73 km 5 km

1000 km (1800 parking spots)

90 km

ments of the ISS, even while the ISS forms a whole. Several more or less
appropriate analogies have been used to illustrate the jurisdictional par-
titioning above the ISS. An example would be diplomatic representation
and sovereign state recognition of embassy extraterritoriality and invi-
olability, as per the 1961 Vienna Convention on Diplomatic Relations
[29]. The ISS has no fixed territorial referent, no fixed coordinates, and
although it is of course possible to plot its course, the sovereign claims
attached to it are considered to be in constant flux—something which
has been described as quantum sovereignty [30]. Based on these consid-
erations, the question may be raised whether the establishment of safety
zones or other protective zones in space would also lead to different le-
gal regimes applying to different areas in outer space and on celestial
bodies. Nevertheless, such an analogy would not be fully justified con-
sidering that ISS is a space object, consisting itself of several modules,
over every one of which the States of registry retain jurisdiction and
control as per Article VIII OST. By contrast, any protective zone beyond
the Earth would be established in an area in orbit or on a celestial body
which are not subject to national appropriation by any means, and thus
not subject to a State’s jurisdiction and control.

Another practical manifestation of safety zones that has gained in-
creased traction, is its use as a ways to facilitate rendezvous and prox-
imity operations. Rendezvous and proximity operations (RPO) generally
refer to orbital maneuvers in which two spacecraft arrive at the same
orbit and approach at a close distance (without this rendezvous neces-
sarily being followed by a docking procedure) [28]. More specifically,
“rendezvous” refers to the process of matching the plane, altitude, and
phasing of two (or more) satellites, while the term “proximity opera-
tions” describes the process in which two (or more) satellites in roughly
the same orbit intentionally perform maneuvers to affect their relative
states [28]. RPO enables servicing activities, such as remote inspection,
refueling, repair, parts replenishment, as well as orbit maintenance or
orbit transfer and the de-orbiting of spacecraft [31]. Due to the nature
of these activities, for reasons of safety an RPO activity may require the
designation of keep-out spheres around the “Client” (the spacecraft that
is the recipient of the operation), including the establishment of safe dis-
tances which, if not respected, would lead to abort or other operations
prior to docking [32]. Safety zones in those instances may help pre-
vent unannounced or uncoordinated close approaches, an ability which
would serve both security and (possibly) competition purposes.

Moreover, Chow raises an additional argument in respect to RPOs:
namely that RPO abilities are also dual-use technologies which could be
employed for nefarious purposes, such as for example the unsolicited de-
orbiting of or general meddling with an adversary or competitor satellite
[33]. Due to this possibility, States may have to establish protective
zones around their satellites or missions in order to protect them from
ill-intentioned RPO attempts.

It is overall evident that negotiating the lawfulness of safety zones
vis-a-vis the OST’s non-appropriation principle will likely impact any
type of rendezvous and proximity operations, irrespective of the purpose
they serve.

Finally, the introduction of the Artemis Accords in 2020 has sparked
anew heated debate around the issue of non-appropriation in many as-
pects, safety zones being one of them. Namely. the Accords call their
Signatories to establish safety zones around operations on the Moon as
a way to implement their obligations under the Outer Space Treaty.
These zones are promulgated as an operationalization of the provisions
of Article IX OST on due regard and prevention of harmful interference:
The Signatories are called to use safety zones in a manner that protects
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public and private personnel, equipment, and operations from harm-
ful interference and to establish safety zones so as to enable the safe
and efficient extraction and utilization of space resources. The purpose
of these zones is, thus, to facilitate deconfliction of activities and, ulti-
mately, ensure the sustainability of activities in the exploration and use
of space.

The Accords define safety zones as the areas within the limits of
which “nominal operations of a relevant activity or an anomalous event
could reasonably cause harmful interference”. Thus, at first glance, they
are not asset-based, but rather area- or mission-based protective zones.
Furthermore, the Accords also set forth the principles that the establish-
ment of such zones should abide by. According to these, safety zones
must be delimited in a reasonable manner, meaning that their size and
scope must be consistent with relevant scientific principles and reflect
the nature of the operations being conducted, as well as the environ-
ment they are conducted in. Moreover, these zones are not intended
to be permanent, but must end when the operation ceases. In fact,
their size and scope are also expected to change so as to adapt to and
reflect the status changes that the relevant operations undergo over
time.

The Accords also call for the establishment of coordination and in-
formation sharing mechanisms with respect to the establishment and
operation of safety zones. The Artemis Signatories commit to coordinate
with each other to avoid any harmful interference and for this purpose,
they are encouraged to provide information and notifications regard-
ing the nature and the location of the activities being conducted within
these zones.

Having considered the above, it must be said that the topic of safety
zones under the Accords has certainly proven to be rather controver-
sial. Some writers [34] assert that safety zones would result in the ex-
clusion of other actors from entry, which would effectively jeopardize
free access to outer space and may amount to appropriation. Others
[35], on the other hand, contest this claim and emphasize that safety
zones should be differentiated from keep-out zones (which would in-
deed have an exclusionary effect). The rationale behind safety zones
lies in the need to ensure the safety of space activities by exercising due
regard and avoiding harmful interference; it is not founded on appropri-
ation considerations. Moreover, as Sundahl [35] points out, the Artemis
Accords reflect to a considerable degree the Hague International Space
Resources Governance Working Group’s “Building Blocks for the Devel-
opment of an International Framework on Space Resource Activities”
(“Hague Building Blocks”) [36]. The Hague Building Blocks —which
were developed by a consortium consisting of legal scholars and stake-
holders from government, industry, universities and civil society— rec-
ommend the establishment of safety zones (or other area-based safety
measures) as a way to assure safety of operations and avoid any harm-
ful interference with the space activity taking place within the area in
question.

For these purposes, the Artemis Signatories are expected to respect
safety zones, inform and coordinate with each other so as to avoid any
interference. Requiring other Signatories to respect one’s safety zone
does not imply national appropriation or assertion of sovereign rights,
nor do safety zones under the Accords render NASA “the gatekeeper
of the Moon”, as Sundahl emphasizes [35]. After all, the Accords un-
derline that, in their use of safety zones, the Signatories must respect
the principle of free access to all areas of celestial bodies, as well as
all other provisions of the Outer Space Treaty —and this includes the
non-appropriation principle, too.
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4. Analysis of the non-appropriation principle in light of present
day challenges

Regardless of their merits and their defects, given the rapid progress
of industrial, economic as well as security pressures involved, safety
zones seem a quasi inevitability. In the face of the legal challenges they
may induce, relying on the applicability of the OST is ever less satisfac-
tory, due to the ambiguities and uncertainties arising from it [37]. Mills
argues that failure to resolve such lingering issues merely increases the
“incentives to withdraw from the outer space regime, or at least to try
to radically amend its provisions” [30]. This may prove to be the case
with the Artemis Accords: Safety zones are being introduced as a prac-
tical implementation of the OST provisions on due regard and harmful
interference, and, as mentioned above, it is purported that their estab-
lishment does not violate the principle of free access to all areas of space;
but whether that is true will depend on the level of exclusion that such
zones will entail in practice.

The immediate legal problem is that any protective zone that results
in exclusion of other States or their nationals will enter in direct conflict
with the OST’s non-appropriation principle [38], which prohibits the ex-
ercise of sovereign rights by states as well as private appropriation by
business entities. Indeed, most scholars agree that establishing, for ex-
ample, a ‘keep-out’ zone over a portion of outer space or a celestial body
would be an appropriation in violation of the OST [39]. The interrelated
concepts of “public purpose” and “common interest of Mankind” consti-
tute the overarching themes of the international space law framework
[40]. However, these warranties and principles are not extended to pri-
vate entities, as, indeed, space law is State-centric and thus its provisions
are formulated as sets of rights and obligations addressed to States only
[41].

This leaves wide open the question of the extent to which private
entities are bound to the same limitations and entitled to same protec-
tions as the States. Therefore, one of the many dangers of failing to
adapt the non-appropriation principle to the changing industrial con-
text, is for private entities to circumvent the appropriation prohibition
imposed on states with self-appointed (or purchased) de facto long-term
occupancy rights. Such a scenario can be imagined in the context of off-
world mining and even, in much more practical terms, in the case of
orbited geosynchronous satellites. Because operators are granted time
for replacement of faulty satellites before they lose their priority for a
given orbital slot, operators who can afford to relaunch satellites when
necessary can also potentially secure near-perpetual occupation of spe-
cific orbits irrespective of satellite lifetime [42,43]. Thus, although the
ITU system enjoys wide acceptance among States, it could be exploited
in a manner that may de facto amount to an Article II OST violation
(for example, to follow the wording of the OST, it could be considered
a de facto appropriation by means of use or occupation). Following this
analogy, safety zones could similarly be employed to achieve, in prac-
tice, perpetual occupation of an area in space.

Sovereignty claims have traditionally been made on the basis of land
territory, or terra firma. By contrast, international legal scholarship rec-
ognizes space as being a res communis (as opposed to res nullius), a
legal characterization which ostensibly prohibits states from asserting
sovereignty rights into space. It is therefore difficult to argue how prop-
erty rights could legally be established in outer space, unless a relevant
international framework is adopted [40]. From a narrow perspective, it
is only the ownership of objects launched into outer space (including
objects landed or constructed on a celestial body, and of their compo-
nent parts) which is not affected by their presence in outer space (as per
OST, Article VIII) and which states may legally hold on to [40]. A narrow
interpretation of the non-appropriation principle makes the occupation
and/or ownership of natural resources on celestial bodies equally prob-
lematic, putting legal doctrine at odds with industrial progress.

Notwithstanding, although exclusive and permanent occupation of
extraplanetary surfaces is prohibited as per Article II OST, a growing
number of States are viewing the large-scale extraction and removal of

161

Journal of Space Safety Engineering 8 (2021) 155-166

off-world mineral resources as permissible and even compliant with the
Outer Space Treaty, as evidenced by the signing of the Artemis Accords
or the enacting of relevant American [44] and Luxembourg [45] legisla-
tions which allow for the appropriation of space resources. This consti-
tutes a contradiction that classical interpretations of the OST are unable
to resolve. Moreover, with the growing space industry racing ever closer
to the commercial—and indeed, industrial—utilization of space and its
vast resources, equal access to space resources for all becomes all the
more difficult to ensure. On the other hand, however, it would be dif-
ficult to fathom how investments could be made in the commercial ex-
ploitation of a resource, if those resources or the celestial body contain-
ing them must be either kept intact as a preserve for all of humankind,
or shared with any or all competing parties. Similarly, it would be dif-
ficult to envision how such investments could be made if not a minimal
level of safety is ensured around a space object or an operation (e.g. a
mining activity).

An added layer of difficulty arises from space law’s failure to provide
definitive legal qualifications for space objects. Apart from providing
that space objects remain under the jurisdiction of the State of registry
when launched in space (Article VIII OST) and that they include any
component part of a space object (Article I of the Liability Convention),
the space law treaties fail to define space objects in more concrete terms.
Further, they make no reference to space objects conceived, assembled
or manufactured directly in space (with the exception of objects con-
structed on celestial bodies as per Article VIII OST), and it remains as
yet an open-ended question whether such objects would warrant differ-
ent considerations than those launched from Earth (for a more detailed
discussion on that matter see [46]). Notwithstanding, space objects can
differ so widely in scope, purpose, size and location that attaching a
lawful safety zone to any such object could stretch the concept of safety
zones. Safety zones could include everything, from a narrowly defined
radius around a space object (to prevent collisions or unwarranted inter-
ference or surveillance) to wide swaths of space where entry of foreign
objects would be restricted, if not prohibited (at least temporarily) so as
to enable the carrying out of large-scale activities while also preventing
third-party scrutiny throughout the duration of the operations.

It is noted that Newsome [5] raises an outlier argument, first brought
forth by Rothblatt [47] in the 1980s, suggesting essentially that, since
space objects need a certain area of operation around them in order to
perform their intended functions unencumbered, such an area ought to
be considered intrinsic to space objects themselves. As such, this area or
zone is “really more a part of the space object than of space itself”[5,47].
Following this thesis to its logical conclusion would mean that the non-
appropriation principle would merely sanction the lawful length of the
radius of such a zone—an argument, which has failed to gain much
traction with legal scholars.

At the same time, however, the commercial development of space
and the deployment of novel technologies tend to give Rothblatt’s thesis
renewed impetus. If safety zones violate the non-appropriation princi-
ple, as legal purists would argue, then the free access to space might
in turn be violated because space systems would not be able to op-
erate safely. This issue would arise, for example, if space asset own-
ers/operators were not able to fend against acts of harmful interference,
unwarranted surveillance or even kinetic threats, such as deliberate col-
lisions. Moreover, issues such as the overcrowding of space by competi-
tors’ assets or by space debris must imperatively be considered, as well.
Indeed, pushed to the ultimate scenario of extreme space pollution as
suggested by Kessler [48], too strict or too broad an interpretation of the
non-appropriation principle might conceivably jeopardize basic space
operations. A hypothetical increase of risk associated with an increase
in space traffic or space debris could cause operations to become more
hazardous and therefore less cost-efficient. Furthermore, lack of a right
to establish protective zones around assets could also render their op-
eration more costly due to a likely rise in insurance premiums. These
elevated costs could deter or even hinder access to space. Recognizing
minimal safety areas to ensure ample maneuverability for space sys-
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tems might in fact serve the non-appropriation principle by guarantee-
ing equal access and a level playing field for all actors involved.

In the meantime, in the absence of a legal regime overhaul, Tur-
rini [37] evokes the very real possibility of a return to natural law doc-
trine such as inspired by John Locke —a doctrine which was used to
justify colonialism—, where property rights were considered a mere
consequence of labor and of the capacity to derive benefits from the
land and its resources. As Turrini [37] recounts, colonists’ ownership
rights were qualified as imperium and they superseded the rights of the
native populations (qualified as dominium), since the colonists’ activi-
ties were considered to be more labor-intensive and wealth-producing
than those carried out by less technologically advanced native popu-
lations. While antiquated colonial doctrine cannot and should not be
used as a basis for discussing the advancement of ownership regimes
in space, the very real argument can be made that, in the absence of a
revised non-appropriation standard, it is not unlikely that space might
eventually turn into a Wild West that is occupied and exploited by the
largest and strongest players. Thus, the unintended consequence of the
non-appropriation principle is that it might very well turn space into
a no man’s land where weaker industry (or even state) players are ex-
cluded by their de facto incapacity to compete with overwhelmingly
larger players. A tightly controlled legal framework recognizing some
form of limited and temporary exclusive rights to space exploitation —
in the form of safety zones, for example— might serve as a compromise
that levels the playing field for all players. In this sense, it might be ar-
gued that, even if safety zones might not follow the OST to the letter,
they help pursue the spirit in which it was made.

5. Safety zones and the case for extraterritorial jurisdiction in
outer space

The concept of extraterritorial jurisdiction, understood as the au-
thority of a State to extend its jurisdiction to its nationals when they
are located outside its territory [14] (alternatively also referred to as
“personal jurisdiction”), might pose a more viable alternative to the es-
tablishment of safety zones through international agreements. The rea-
son for this is that extraterritorial jurisdiction may serve as one round-
about way of extending terrestrial regulatory powers in space without
infringing upon the OST restrictions on claiming sovereignty in space.
It may provide a greater level of consistency with the international re-
quirements set out by the space treaties, particularly if we recall that
the Outer Space Treaty requires States to regulate the conduct of their
nationals in space and to ensure its conformity with the Treaty by es-
tablishing relevant authorization and supervision mechanisms (Article
VI OST).

Theoretically, first of all, insofar as the OST bounds member states
to the “common interest” clause, the regulatory power and oversight
that states exert over private actors performing commercial operations
in space ought to be distinguished from an illicit claim of sovereignty.
However, when a state effectively establishes its own rule of law over
commercial operations in a territory devoid of legal status, whether this
be space itself or an extraterrestrial surface, the line between jurisdiction
and sovereignty might become quite tenuous. Such a reading is based on
what legal scholars have pointed out to be an increasingly hard to rec-
oncile gap between the injunction of Article II OST, stating that “outer
space ... is not subject to national appropriation by claim of sovereignty”,
and Article VI OST, which stipulates that “states shall bear international
responsibility for national activities [including through] authorization
and continuing supervision”.

Given that governments must oversee and control the activities and
operations of domestic private entities in space, such oversight becomes
increasingly difficult to implement without deploying “police powers”’

7 The term “police powers” refers to “[t]he inherent and plenary power of a
sovereign to make all laws necessary and proper to preserve the public security,
order, health, morality, and justice.” (Source: [49])
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in space [14]. Where the OST has only foreseen state-sanctioned uses
of space and space resources, the increasing commercial exploitation of
space today renders even more imperative that governments enhance
their oversight mechanisms. In this context —and considering that pri-
vate actors are not themselves subject to international space law—, po-
lice powers have been suggested to be implicit in the terms “authoriza-
tion” and “supervision” since it is the States that are expected to regu-
late their nationals’ space activities (see [14]; cf.: U.N. General Assembly
Resolution 59/115 [50], in which the General Assembly recommended
that States consider enacting and implementing national laws autho-
rizing and providing for continuing supervision of the space activities
of non-governmental entities under their jurisdiction as a way to fulfill
their international obligations under the space law treaties). However,
to the extent that governments are able to extend their police powers
over private entities’ activities, exerting that same police power over
the territory or the area where such activities are deployed becomes
similarly implicit, and, in fact, necessary.

Considering that in light of the Article VI OST provisions on “inter-
national responsibility”, “authorization” and “continuing supervision”,
States can extend their extraterritorial jurisdiction on national space ac-
tivities in outer space, the mechanisms established for this purpose may
also regulate safety zones. Thus, taking U.S. federal law as an example,
it may be suggested that the difficulties or restrictions® barring the setup
of safety zones and other zones of protection in space could be circum-
vented by expanding on the current constitutional powers that enable
the US Congress to regulate commercial activities in space (which, af-
ter all, is also sanctioned by Article VI OST). These powers include the
Commerce Clause, as well as the Admiralty and Offences Clauses [14].

The Commerce Clause contained in Article I, Section 8, Clause 3 of
the US Constitution stipulates that the US Congress has the power to
regulate commercial activities with foreign nations as well as between
US states. This gives federal authorities the power to regulate any eco-
nomic or non-economic activity that has a substantial effect on inter-
state commerce, or which involves a substantial number of items that
pass through channels of interstate commerce, including US rivers, high-
ways, and airspace [14]. With respect to outer space, the argument can
be made that private commercial space activities, regardless of whether
they are conducted by American companies or by foreign companies to-
gether with an American counterpart, are likewise liable to fall under US
regulatory powers. This is because i) any such economic pursuit is bound
to have a commercial substance and therefore an effect on US commerce,
and ii) both US companies and non-US companies doing business with
the US are bound to use US airspace and therefore use US channels of
interstate commerce. Moreover, Perlman has suggested that space com-
panies might fall under the scope of the Commercial Clause, given that
most of them use at least some level of US technology or intellectual
property to build, launch or operate their spacecraft [14]. Such tech-
nology is bound to have been obtained through interstate commercial
transactions and could therefore fall under the power of the Interstate
and Foreign Commerce Clause.

As a result, the U.S. Congress could extend its jurisdiction —and,
consequently, any eventual provisions on the establishment of safety
zones around a space object or a commercial operation in space— on the
grounds that such space objects or missions may have an effect on U.S.
commerce, or the actors involved are American nationals (both natural
and legal persons); but it could even be extended on foreign nationals
on grounds that a technology being used is American and/or involved
interstate commerce.

Lastly, in recognizing the US Congress’ intrinsic powers to police the
high seas by punishing acts of piracy and other felonies committed on
the high seas, the US Constitution’s Admiralty Clause has been suggested
as a vehicle for possibly extending US civil laws (related to crimes and

8 Such difficulties may include e.g. the failure to conclude an international in-
strument concerning the establishment of safety zones or other protective zones.
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felonies, but also to insurance, commerce, salvage rights, etc.) into space
[14]. In a similar fashion, other States could also extend their criminal
laws in space in order to punish any unlawful activities occurring there.
It can be envisaged, in turn, that pertinent criminal laws might also
cover issues related to safety zones, such as e.g. the legal consequences
of harmful interference occurring due to non-respect of a safety zone.

Based on these considerations, a national legislative body, such as
the U.S. Congress, may be able to unilaterally legislate on safety zones
in space for commercial purposes, without the need to establish them
on the basis of international arrangements. Notwithstanding, any such
legislation or legal mechanism would have to be in conformity with a
State’s obligations under the Outer Space Treaty and international law
in general.

6. A reinterpretation of the non-appropriation principle and
possible solutions and avenues for further exploration of safety
zones in the newspace era

Considering the ambiguities that surround the non-appropriation
principle, legal scholars have proposed various avenues to balance pro-
tective zones with the existing treaty restrictions. The common theme
of these various avenues involves a reevaluation of the basic tenets un-
derlying the non-appropriation principle. Such theoretical issues must
be resolved first before an actual discussion of particular characteristics,
such as safety zone radius and restriction/enforcement rules, can take
place.

Initially, the underlying rationale behind such zones was predicated
on the protection of State security interests. For instance, Newsome
[5] recalls a study commissioned by the US Department of Defense and
conducted by the Reagan Administration’s Commission on Integrated
Long-Term Strategy in the 1980s [51], which concluded that the safety
interests of the US would be better served by the implementation of in-
ternationally agreed-upon instruments on “self-defense zones” around
space objects, rather than by the implementation of arms ban agree-
ments. The report stated that such zones would not affect normal, non-
threatening satellite operations, but they would be employed to defend
against hostile intrusion (see [51], p. 55).

Such security considerations have not dissipated in the present day.
For example, during the Paris Air Show in 2019, the French Ministry
for the Armed Forces’ exhibit on “what space operations could be like
in a few years” presented a scenario in which a country that had de-
clared a “space exclusion zone” would remove an intruding satellite
from this zone with the help of a so-called “small bodyguard satellite”
(which may eventually carry active defensive weapons since France does
not consider active defense as an offensive strategy) [52]. The Ministry
announced that France will be deploying such satellites starting 2023
[53]. Earlier in the same year, the Consortium for Execution of Ren-
dezvous and Servicing Operations (CONFERS), established by the U.S.
Defense Advanced Research Projects Agency (DARPA), released guide-
lines [54] in which it proposed the establishment of “safety zones, and
keep-out spheres or volumes for RPO and [on-orbit servicing] activities”
as means to ensure spaceflight safety [52].

As concerns the commercial use of space, such an approach could be
justified today by the fact that States and businesses invest significant
resources in highly technologized space systems, which, once in space,
fail to enjoy the same level of protection as they would within their own
jurisdictions on Earth. Therefore, the deployment of similar protective
zones to ensure the safety of and protect assets and property in space
would presumably be a welcome development. Nevertheless, such a so-
lution does little to advance the discussion of the conformity of these
zones with the OST provisions on non-appropriation and free access to
all areas of space, and more specifically, the topic of space resources and
the rights to exploit them.

As for the latter issue, although the production of space resources
hardly constitutes a claim of sovereignty, it can just as easily be ar-
gued that it goes directly against the principle of space as a global
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commons. So, in his 1970 landmark article “Legal Aspects of the Uti-
lization of Outer Space” [55], Goedhuis proposed to reconcile the non-
appropriation principle with property rights in outer space by way of
the following set of criteria, which in his view, would render outer space
occupation and exploitation lawful:

i) the area under consideration cannot be subject to appropriation,
ii) all countries must share in its management,
iii) there must be an active sharing of the benefits reaped from the ex-
ploitation of these resources, and,
iv) the area must be utilized exclusively for peaceful purposes [55].

However, within the context of commercial competitiveness, it is
hard to imagine space mining being carried out without space mining
companies imposing an exclusive claim on the benefits derived from
such an activity, considering the staggering investments required. Goed-
huis’ proposal merits interest in terms of legal history, and it may very
well be reconcilable with the non-appropriation principle; however,
from a commercial standpoint, it is hardly a viable solution.

One suggested avenue to resolve this dilemma is to make a distinc-
tion between resources (movable goods) and areas or off-world real es-
tate (immovable goods), and restricting the non-appropriation rule to
territorial claims only [37]. In other words, the argument can be made
that as soon as those potential mineral resources are displaced from their
original location, their intrinsic nature might be altered from immovable
to movable goods. This would mean that they would cease to be an in-
trinsic part of the real estate, but rather they would constitute deposits
of movable goods, and therefore a commercial operator might lawfully
appropriate them. Of course, these arguments could be challenged by
the 1979 Moon Agreement’s provisions, but not on sufficient grounds,
considering its limited acceptance.

Turrini [37] suggests that allowing Earth entities to establish at least
some level of exclusive rights of space usage might in fact be prefer-
able to strict non-appropriation rules. Binding commercial exploitation
of space resources with some form of territoriality and ownership might
conceivably lead to a more responsible utilization of space resources
and might more closely link space activities to jurisdictional scrutiny
and even some form of extended extraterritorial liability regime. In the
absence of such ownership, the ability to enforce liability rules becomes
highly tenuous, and it becomes virtually impossible to guarantee ac-
countability and compliance standards in the context of such operations.

As the contemporary space sector and the NewSpace ecosystem open
space up for commercial exploitation, the challenge that is posed to the
existing legal regime hinges on private stakeholders wanting to declare
unilateral safety and security zones or exclusive economic zones to pro-
tect their space assets and investments, which however require implicit
territorial occupancy. In other words, the reexamination of the non-
appropriation principle in the face of contemporary industry pressures
must contend with the inherent conflict between commerce and the use
of space as a province of mankind.

A 1993 Manfred Lachs Space Law Moot Competition case concerning
the commercial exploitation of the Moon between the fictional parties
Xavage and Adastra [56], has had to settle just such an issue. In that
fictional case, Adastra had set up a nuclear-powered laser fence system
to secure its mining operations on the Moon and to fend off any potential
intruders. Despite being a hypothetical situation, its verdict issued a
few interesting pointers to reach a compromise safety zone, striking a
balance between third-party states’ rights to free access and protecting
the mining entity’s moon operations:

‘In order for a Keep Out Zone to be valid under international law, the
area to which access is denied, the extent of the denial, and the means
with which the zone is enforced must be reasonable in relation to the
activity being protected. ADASTRA’s Keep Out Zone fails the test of rea-
sonableness. ADASTRA’s zone goes well beyond the needs of its mining
activities and is, in effect, an illegal appropriation of the Area.... ADAS-
TRA’s laser fence clearly excludes other states from the Keep Out Zone
and ADASTRA’s activities within the zone - exercising dominion over
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Table 4

Conceptual approaches to safety zones.

Journal of Space Safety Engineering 8 (2021) 155-166

Parameters

Concept 1: Asset-dependent Exclusionary
Zones

Concept 2: Self-Defense Zones

Concept 3: Functional / Non-Interference
Zones

1) Location where the
zone will be established:

2) Rationale behind the
establishment of such
zone:

3) Implementation:

4) Duration

5) Proposed type of
instrument regulating the
respective zone:

6) Examples/comparable
concepts:

Surrounding critical/essential space
assets

Preventing close approaches of other
space objects to the space object in
question. This is done by excluding
other space objects or actors in space
from entry within the zone.
Established for safety reasons (e.g.
preventing collisions), but also
following security considerations (e.g.
unwarranted surveillance), etc.

Established as a radius that may
extend to a specific distance around a
space object. It is an area of space
though which space objects of other
nations could not pass without
permission Non-respect of the zone
may lead to: forcible prevention of
trespass; avoidance maneuvers to
prevent e.g. collisions; may even lead
to mission abort depending on the
function of the space object.

Permanent (throughout the
space-object’s lifetime)

International agreement; soft law
instruments such as guidelines or
rules of the Road (potentially
established under the COPUOS).

ISS 200 m keep-out zone; a keep-out
zone around a RPO Client.

Zones surrounding the area where a
mission is taking place (thus
encompassing several space objects
that are used to carry out the
mission).

Mainly based on security and defense
considerations: protecting the
operation or mission from adversaries,
such as the avoiding of instantaneous
surprise attacks, deliberate harmful
interference, or other ill-intentioned
activities.

Broad zones around specific areas in
space or on celestial bodies,
apportioned to states or groups of
states. Limited rights of passage;
“innocent passage” and/or
innocent/routine operations are
permitted. A violation of the
established zone and relevant transit
rules by an invading satellite would
justify its inspection, expulsion, or
destruction. “Bodyguard” satellites
may also be employed for this
purpose. Enforcement measures would
be reasonable, gradual and
proportionate.Apportioning of areas in
space and the delineation of
self-defense zones are done based on
an international regime.

Temporary (Mission/operation
duration)

International agreement

Compare with the sovereign rights
that accompany the UNCLOS EEZ
concept: they are rights exercised by a
single State on an area that does not
belong to its territory and they are
granted based on an international
agreement.

Region within which other space objects
could interfere (internationally or
unintentionally) with a mission, and the
safety of operations would be
compromised.

Sustainability of operations and
deconfliction of activities; due regard and
avoidance of harmful interference; safety
of operations both for those conducting
them as well as third parties; space traffic
management considerations; minimizing
frequency interference (cf.: the ITU
allocates orbital slots in geostationary
orbits in a manner so as to minimize
frequency interference by satellites).

- Allocation of positions in orbital space
or on celestial bodies based on an
international regime.

- Delimitation of the zone is done
reasonably and based on scientific
principles.

- Coordination, information exchange,
notification and transparency mechanisms
among interested parties.

- Potential temporary access restrictions
(depending on mission profile and the
reasons justifying them).

Temporary (Mission/Operation duration)

International agreement; soft law
instrument (e.g. guidelines);some aspects
may potentially be regulated unilaterally
through national legislation.

Safety zones under the UNCLOS; the
safety zones regime under the Artemis
Accords; warning areas in international
airspace (U.S. aviation law).

the Moon’s natural resources - are clearly state functions. Remove the
laser fence and ADASTRA is no longer exercising exclusive jurisdiction
within the Keep Out Zone because other states are free to exercise their
right of exploration and use. ...ADASTRA’s laser fenced Keep Out Zone
fails the test of reasonableness. The fence is not necessary for mining as
ADASTRA would have this Court believe.... ADASTRA’s Keep Out Zone
was unreasonable in purpose since it was intended to restrict free access
to the moon. ADASTRA’s nuclear powered laser fence and accompany-
ing Keep Out Zone sent a clear message to anyone wishing to enter the
Area: "Don’t even try, and if you do, your attempt will be resisted with
violence" [57].

This case is significant in that it proposes a “test of reasonableness”,
which attempts to draw a compromise between third parties equal ac-
cess rights and a (private or government) investor’s rights to protect its
assets. A model safety zone should clearly avoid illegal appropriation
and, considering that the exercise of exclusive jurisdiction might be un-
lawful, it may potentially invalidate the theory extending US extrater-
ritorial jurisdiction in outer space to mimic the effects of a safety zone.
Mining activities in this context should be considered lawful insofar as
they do not prohibit other parties to undertake a similar activity. But
while Adastra would be precluded from prohibiting access to others, it
would still be entitled to protect its infrastructure and mining operations
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from hostile intrusions and harmful interference in a manner that is pro-
portionate with the threat. The enforcement of a self-defense protocol
would necessarily have to be measured and gradual.

The guiding principles of this model are echoed in Newsome’s
[5] three-pronged legal test to determine the lawfulness of outer space
security and safety zones. Newsome’s three criteria are as follows:

i) transparency in creating and maintaining a zone: this also includes
divulging the exhaustive set of parameters of any such zone (e.g.
physical coordinates, intended uses and purpose, restrictions at-
tached thereto and relevant enforcement rules);

ii) establishment or operation of a zone does not grant sovereign rights,
be they called safety or security zones; and

iii) the law that applies outside a zone, also applies inside the zone.

Moreover, according to Newsome, the lawful character of safety and
security zones in space is contingent upon their precise geospatial loca-
tion and their specific connection to a space object or to a space mission.

Lastly, the Hague International Space Resources Governance Work-
ing Group’s Building Blocks of 2019 [36] suggest, inter alia, that an in-
ternational framework should be put into place that would allow States
to establish a safety zone, or another area-based safety measure, around
an area in which a space resource activity would take place. The aim
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of this zone would be to assure safety and avoid harmful interference;
it should not impede the free access to any area of outer space by per-
sonnel, vehicles and equipment of another operator. Nevertheless, the
Working Group also recognizes that, depending on the area-based safety
measure, access may be restricted temporarily; but this may only be
done as long as timely public notice has been provided that sets out the
reasons justifying such restriction.

From all of these proposals, as well as the analogies presented in
Section 3, the following conclusions can be drawn, which are summa-
rized in Table 4 below. Three different conceptual approaches to safety
zones are presented, which, taking into account the international con-
text, must each time be adapted to the commitments made in the five
international space law treaties:

(i) Zones designed to protect assets deemed essential (see Concept 1 in
Table 4): The approach here is geographical and spatial, conceived
as a zone of protection around an asset in space. Access within this
zone would be mostly off-limits to other spacecraft. Due to poten-
tial clashes with the Outer Space Treaty, this approach lends itself
to a definition of such zones through the adoption of internationally
agreed-upon instruments (binding and/or non-binding) and guide-
lines concerning their delimitation.

A protective zone conceived as a means of self-defense, but which
is simultaneously combined with the right of innocent passage and,
more generally, the right to explore and use space (see Concept 2
in Table 4). The rationale is to protect a mission against adversaries
and security threats. The approach adopted is then in a way exis-
tential. Moreover, its implementation is not very far from that of
the law of the sea concept of the EEZ: within its EEZ, the coastal
State essentially enjoys sovereign exclusive rights in an area that is in
fact not part of its territory. In a similar fashion, a self-defense zone
would entail to a certain degree exercise of supposedly sovereign
rights. Sovereignty would result here not from a territory, but from
rights granted to a State, which are then granted by the State to the
prospective occupant of an orbital position or an area on a celestial
body. Evidently, the definition of such defensive zones would neces-
sitate the conclusion of relevant international binding agreements,
just as the sovereign rights in the EEZ were granted following the
conclusion of the UNCLOS.

The safety zone interpreted from a functional approach, namely
maintaining long-term sustainability of operations (see Concept 3
in Table 4): The establishment of such a zone is founded on consid-
erations of due regard and the need to avoid interferences that could
have harmful effects on the operation, or the persons and space ob-
jects involved in it. Such zones would entail an element of exclusion
(e.g. temporary access restrictions), but it would ultimately be pred-
icated on safety considerations, similar to safety zones under the
UNCLOS, as well as space traffic management considerations. The
exercise of the full rights would arise from the allocation of posi-
tions by the State based on international rules or an international
regime (similar to the aforementioned EEZ framework or the ITU
regime, which also entails an element of exclusion since an orbital
slot allocated to a State cannot be allocated to another). Overall,
this approach reflects the provisions of Article IX OST, which re-
quires Signatory States to respect the corresponding interests of all
other States Parties to the Treaty and to avoid harmful interference.
Safety zones under the Artemis Accords constitute a pertinent exam-
ple since their stated purpose is the deconfliction of activities on the
Moon and other celestial bodies with the aim to ensure sustainability
of operations.

(i)

(iii)

7. Conclusion

Obviously, at this point, the particulars of safety zones still need to
be worked out by the international community and by legal scholars.
Most pressingly for proponents of safety zones, parameters, such as the

165

Journal of Space Safety Engineering 8 (2021) 155-166

maximum radial distance or the measures allowed to exclude or expel
unwanted third parties and intruders, remain unaddressed. Attempts to
draw up overly specific safety zone plans, such as were made in the
1980s, have remained to a large degree fruitless and are today regarded
as historical curiosities. So, unless the underlying conceptual and philo-
sophical issues are fully resolved, efforts to design model plans specify-
ing the perimeter within which a space vehicle may or may not approach
a hypothetical safety zone, will remain largely vain and may lead to ar-
bitrary delimitations and fault-lines.

The rapid progress of technology is bound to exacerbate these con-
cerns. This would in particular be the case with activities, which,
through sheer physical occupation of a territory or a resource, could
preclude all others from entering even without an actual claim to
sovereignty. Examples include the deployment of swarm systems in
outer space, or mining operations on an off-world surface.

For now, the fact remains that the non-appropriation principle con-
tinues to be a cornerstone of outer space law and a notion threaded
through all legacy space treaties. Reinventing safety zones that are
treaty-compliant, requires corralling consensus with the international
community. This can only be achieved through a common understand-
ing of concepts such as the “shared and global commons”, “preserve for
all of mankind”, and even, on a much more concrete level, reaching
consensual definitions of what constitutes a space object, and the rights
and responsibilities that accompany its use. While much has been made
about the private sector’s push for safety zones, public actors should
recognize their stake in regulating an area where a serious legal gap
exists. Evidently, by introducing the Artemis Accords and requiring the
Artemis program participants to adhere to the principles the Accords
enunciate, the US is already taking some first steps in this direction.
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