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This article investigates the extant normative framework that can be identified around the concept of space traffic management
(STM). While much of the STM literature engages with how a future regime might be structured, this article attempts to engage
with current processes related to space traffic coordination and give insight as to how normative growth toward space traffic
management might occur. Through a survey of current legal and governance mechanisms, this article focuses its attention on
open data sharing as an extant and critical coordination process that has potential for normative growth in the development of
space traffic management as a formal regime.

1. Introduction

The idea of customary international law is a slippery concept
as it requires lawyers to construct rules from thin air, so to
speak, rather than to interpret an epistemic text such as a
statute or a judicial decision. In short, customary interna-
tional law requires the lawyer to identify widespread state
practice (i.e., that states are doing a thing) and corresponding
opinio juris (i.e., that states are doing this thing because they
believe it is a legal obligation) [1, 2]. Under these conditions,
the “text” that the lawyer must “read” is an amalgam of arti-
facts that indicate that there is a general belief in an unwritten
rule. The concept of customary international law gets mud-
dled even further in the space context wherein one must
contend through Cheng’s theory of “instant customary inter-
national law,” under which a single instance of state practice
can result in the emergence of customary international law
[3–5]. For instance, it can be argued that the orbiting of Sput-
nik I and the complete lack of objections to its flights estab-
lished the right of overflight in space and the correlated
idea that space is outside of national jurisdiction [6]. Under
this theory, the launch of Sputnik I was not just a tremendous
accomplishment; it was also an act of fundamental norm cre-
ation. The theory of instant custom is, of course, a fascinating
way to think about the creation of the legal normative frame-
work, but it obscures the fact that norms generally take time
to build to the strength of law. Indeed, the very premise of

custom is that preceding the establishment of a norm, there
is a period of time in which states coordinate their behavior
in such a way that the law is asserted through the repetition
of acts and statements. This period of establishing the law is
critical to the establishment of customary international law,
because this repetition of the legal maxim through actions
and evidentiary artifacts create the evidence of the opinio
juris.

The aim of this article is not to engage in a discourse of
customary law, but rather to argue, in the context of space
traffic management, that the present iteration of potential
norms can be seen as the evidence of future norms and is
worthy of investigation. In other words, it examines contem-
porary practice as locus of repetition of potential future
norms. This article argues that the objective of space traffic
management (STM) will be preceded by a period of space
traffic coordination, through which states can choose among
governance options that could lead to STM. It asserts that we
are currently at the threshold of that coordinating phase as a
norm of information sharing is emerging in the practice and
opinio juris of states, though this norm has yet to be fully
formed. To build this argument, this article surveys the cur-
rent state of play in STM from a law and policy perspective
to seek out the evidence of a potential emerging cooperative
order. This is an important exercise because from a legal per-
spective, regardless of whether STM emerges as a customary
normative order or a treaty-based system or not at all will
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depend on a great deal on whether states and other organiza-
tions can effectively find avenues for coordination of space
activities.

This article will proceed first by examining the difference
in the concepts of management and coordination and mak-
ing the case that we are entering a phase in which space traffic
coordination may emerge. Next, this article will give a survey
of the current state of coordination of space activities to iden-
tify emerging trends that can help to understand how the
governance system may grow and evolve. This article will
then examine how this system may make the leap from coor-
dinative practices and harden into legal frameworks, and
finally, it will address a central challenge to the emergence
of STM from coordination in the reliance on liability law as
a guide.

2. Management and Coordination

Space traffic management has become an important concept
in the space community attracting attention from both the
technical and the law and policy sides of the field. There
seems to be universal interest in how to manage space oper-
ations so as to avoid harmful interference with other space
operations. This is rightfully so as there is growing recogni-
tion that as more states and nongovernmental actors engage
in space activities, there will be increased risk posed by the
growing population of space objects. This problem is ampli-
fied as operators are now pursuing satellite systems based on
architecture concepts that employ large constellations. These
new activities naturally lead to an increased risk of collision
between or among space objects. At the same time, there
has been little multilateral action towards effectuating a sig-
nificant change in the governance system geared towards
implementing STM at an international level. This section
posits that the term “space traffic management,” a phrase
coined from the concept air traffic management, may set
the bar too high in the current geopolitical atmosphere and
that in the near term there should—and will likely be—more
focus on establishing practices of “space traffic coordination”
as a way to increase the safety and security of the space
environment.

A well-known trope in the space law discourse is that
after the negotiation of theMoon Agreement in 1979 the law-
making phase of the United Nations Committee on the
Peaceful Uses of Outer Space (UNCOPUOS) ceased [7–9].
Some commentators have bemoaned this situation and argue
that there is still much to be elaborated in treaty frameworks,
while others have noted that the shift has been to the devel-
opment of “soft law” and domestic law to fill the gaps left
in the international system. Regardless of perspective on the
cessation of lawmaking, it is important to understand why
states are no longer engaging in negotiating multilateral
space law documents as this is significant to understanding
how the development of space traffic management may
progress.

To some extent a clear picture of this can be seen not
when examining COPUOS, wherein the five major space
law treaties originated, but instead through examining the
nongrowth of space law in the security context. At the inter-

national level, the concept of the Prevention of an Arms Race
in Outer Space (PAROS) been pushed as a platform for
building new rules for reducing the risk of conflict in outer
space, but it has repeatedly failed to produce meaningful
results. In Meyer’s words,

If an extra-terrestrial were to land on planet earth and
inquire politely after what was being done about ensuring
the security of outer space, he/she/it would be struck by an
apparent paradox. On the one hand there would appear to
be a strong, almost universal consensus that states should
reinforce the existing legal regime applicable to outer space
to enhance its effectiveness. On the other hand, there has
been no real progress by these same states in achieving this
goal [10].

This can clearly be observed at the international level. An
annual resolution on PAROS is passed by the UN General
Assembly with near unanimous support, with only the
United States and a couple of allies either abstaining or voting
against it [11]. PAROS is also under the competency of the
Conference on Disarmament (CD). Though a space arms
control treaty has been proposed in this forum by Russia
and China [12], the CD remains deadlocked after more than
two decades [13, 14]. Attempts to use other fora have also
failed. The European Union sought to negotiate a political
nonlegally binding Code of Conduct for space activities, but
the negotiations stalled as states argued that the forum of
negotiation and the substance of the agreement were inap-
propriate [15, 16]. More recently, the UN convened Group
of Governmental Experts on PAROS failed to adopt a final
report [17].

What can be seen from these space security examples is
that states, at the moment, seem reluctant not only to adopt
new rules for outer space activities but also to even sit down
at the negotiating table. Much of this can be traced to
post-Cold War geopolitics and the transition from bipolar
international relations to unipolar and then multipolar
international relations. At the core though is a traditional
reluctance to give up freedom of action in a domain that is
both strategic and fraught with ambiguity. There has been a
resurgence of military posturing in space since the turn of
the century [18]. Since 2007, there have been multiple anti-
satellite weapon tests and numerous states have established
new military entities focused on the space domain [19–25].
This has been matched with increasingly pugilistic rhetoric
regarding the space domain, such as the United States’ recent
proclamation that space is a “warfighting domain” [26].

The concept of space traffic management, while invoking
the civil functions of air traffic management, is wrapped in
this quickening securitization of space. While operators of
all types understand that there needs to be a way to prevent
or minimize potential conjunctions in space, states in con-
temporary geopolitics tend to approach space law in such a
way that they emphasize freedom of action in space as critical
to their national interest and new rules as inimical to their
power in that domain—even when those rules could poten-
tially benefit military operators. States seem even more reluc-
tant to enter into treaty arrangements that establish new
international bodies or authorities that have supranational
competencies. This is where the idea of “management”
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becomes problematic. The concept of management is linked
to ideas of “supervision” and “control.” In the STM context,
it is impossible to ignore the clear connotations in echoing
“air traffic management.” Air traffic management is a broad
term and encompasses numerous activities that contribute
to the safety of flight operations, but it importantly involves
the idea of air traffic control [27, 28]. “Management” and
“control” both imply authority, and states seem reluctant to
enter into arrangements that lead to authority in space.

Since states are currently opposed to the development of
supranational authorities to cope with increased space oper-
ations, establishing a functioning system of space traffic man-
agement may well be beyond the reach of the international
community in the current geopolitical paradigm. It is sub-
mitted here that in the near term a more realistic goal is to
pursue space traffic coordination, which would require a
lower level of state commitment to binding rules, and instead
focus on establishing frameworks for communication and
knowledge sharing creating actionable data sets that space
operators can rely on to coordinate their activities. Coordina-
tion, significantly, creates the ability for international action
without the need for supranational authorities. These types
of arrangements are often referred to as “soft law,” which
represents a “broad class of deviations from hard law”
through which states can adjust the “combinations of obliga-
tion, precision, and delegation” in the governance frame-
works they adopt [29]. Indeed, the notion of soft law has
become a point of engagement in the international space
law discourse [30].

Two examples can serve as indications of how states pur-
sue such coordination. The first example is the Agreement
Between the Government of The United States of America
and the Government of The Union of Soviet Socialist Repub-
lics on the Prevention of Incidents On and Over the High
Seas [31]. This bilateral agreement laid out rules for US and
Soviet Naval forces that led to predictability in the actions
of the other in an attempt to reduce the risk of naval incidents
that could spark conflict. Specifically, this agreement laid out
rules for maneuvers that allowed ship captains to recognize
“normal” behavior and avoid unnecessary conflicts. A second
example can be found in the International Code of Conduct
against Ballistic Missile Proliferation. This nonbinding agree-
ment facilitates the exchange of information on ballistic
missiles and space launch vehicles including prelaunch noti-
fications [32]. Such information exchange allows states to
coordinate activities to avoid interference and reduce the risk
of conflict.

What both of these examples show is that states can
adopt frameworks that are not necessarily legally binding in
order to guide their activities in such a way as to provide
transparency to other states. Transparency allows for some
extent of self-ordering among operators. For example, if a
state puts other states on notice of the proposed orbital
parameters of a planned mission, other states can ensure that
their own domestic activities, whether governmental or pri-
vate, will not interfere. Indeed, this author has argued before
that such de minimis information sharing is required to
enable the Outer Space Treaty Article IX consultation provi-
sions by informing other states so that they may make a

determination as to whether there is potential harmful inter-
ference [33]. Coordination of activities is reliant on such
information sharing and can create the conditions for
increased safety and security and decreased risk.

The idea of space traffic coordination, then, presents a
path forward that is not burdened by the strictures of the
term management. This is not to argue that the goal of an
STM system should be abandoned altogether. If a thriving
space economy is to be achieved at some point, a full-
fledged STM system will be needed, but more time may
be needed in the governance laboratory before a norma-
tive order can harden into law either through custom or
treaty.

3. State of Play in STM

As noted in the introduction to this article, space traffic
management is still very much in a development phase,
and to discern what a future normative order might look
like, one must first take stock of the contemporary gover-
nance frameworks that have the potential to contribute to
shape any potential order. Current frameworks create the
possible imaginaries of future structures. This section
attempts to briefly take stock of what constitutes the current
practice of space traffic coordination in order to elaborate
where we currently stand on the establishment of true space
traffic management. Rather than postulating what the best
norms for STM should be, this section attempts to identify
the extant norms and contextualize them in the develop-
ment of the law. Broadly, this section will address interna-
tional frameworks, domestic frameworks, and commercial
frameworks. It should be noted here that this section will
attempt a broad overview rather than deep analysis of each
of the addressed topics. Such analysis would be beyond the
scope of this article, but the reader is commended to the
footnotes which include a number of relevant resources for
further reading.

3.1. International Frameworks. At the international level, the
contemporary framework emphasizes information sharing
among space actors, though there are few hard obligations
imposing mandatory information sharing. As noted above,
information sharing is critical to transparency in operations
that enable other actors to make informed decisions about
their own operations. This subsection will investigate the cur-
rent mechanisms within the international community con-
tributing to space traffic coordination. Specifically, it will
address the international treaty regime for outer space, work
on space debris and the long-term sustainability of space, and
the system for coordination of usage of the geosynchronous
orbit under the ITU.

3.1.1. The Space Treaty Regime. The creation of international
space law occurred rapidly after the launch of Sputnik I in
1957. The Outer Space Treaty [34, 35] was adopted a mere
ten years after the launch, and its main principles were elab-
orated even earlier in the Declaration of Legal Principles res-
olution adopted by the UN General Assembly in 1963 [36].
At the time of the adoption of the Outer Space Treaty, there
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was a great deal of uncertainty on how space technology
would develop. The treaty itself only mentions a handful of
potential technologies—such as launch and human space-
flight—that were already established activities. To this end,
the Outer Space Treaty, instead of adopting rules pertaining
to specific technologies, adopted broad principles that were
technologically neutral. At the core of these principles are
the concepts of cooperation and information sharing, and
seemingly a core goal of the Outer Space Treaty is to create
a legal environment in outer space that enabled and facili-
tated multilateral coordination. This can be seen in both
the usage of the term “international cooperation” which
appears more than any other legal term in the treaty (Pream-
ble, Art. I, Art. III, Art. IX, Art. X, and Art. XI) and the num-
ber of clauses that contain provisions for information sharing
among space actors (Art. V, Art. VIII, Art. IX, Art. X, Art. XI,
and Art. XII) [37]. Thus, the OST serves as a foundational
document to the project of coordination among space actors
as it attempts to set the conditions for multilateral engage-
ment in space activities. It, of course, must be noted that most
of these information sharing requirements are on a best effort
basis rather than mandatory hard obligations. Despite the
soft nature of most these obligations, they serve as basis for
increased transparency in the space domain. In this context,
Article XI is indicative. It states that “[i]n order to promote
international cooperation” state parties “agree to inform the
Secretary-General of the United Nations as well as the public
and the international scientific community, to the greatest
extent feasible and practicable, of the nature, conduct, loca-
tions, and results” of space activities. Such provisions, while
not binding states to a specific obligation, can be said to con-
tribute to an underlying ethic adopted within the treaty to
engage in space activities with transparency.

In addition to these soft treaty norms, states negotiated
and adopted the 1976 Registration Convention to establish
harder rules on information sharing [38, 39]. The Registra-
tion Convention requires states to maintain a domestic regis-
try of space objects (Art II). It also establishes a UN-
maintained registry (Art. III) with full and open access. This
registry is currently maintained by the UN Office for Outer
Space Affairs [40]. Under Article IV, states are required to
submit information about launched objects “as soon as prac-
ticable” after the launch to the UN registry. This information
includes the following:

(a) Name of launching State or States

(b) An appropriate designator of the space object or its
registration number

(c) Date and territory or location of launch

(d) Basic orbital parameters, including

(i) nodal period

(ii) inclination

(iii) apogee

(iv) perigee

(e) General function of the space object

State practice under the treaty has been incomplete at
best with UNOOSA stating that 86% of all satellites have
been registered [41]. For instance, significant lag time
between launch and registration has been noted [42] and
some space objects have not been registered [43]. Despite
the deficiencies in state practice under the Convention, it
does serve as a basis for a positive exchange of information
on space activities and creates a data source that states can
use when planning space activities to ensure that their oper-
ations do not cause and are not subject to interference. One
of the key problems with the UN Registry though is that the
data itself is often deficient. The treaty does not require
states to update the information they have submitted if
there is a change, for instance if the orbital parameters are
changed or the spacecraft. Article IV(3) does mandate that
states update the Secretary-General when a registered object
is no longer in orbit, but the clause includes the common
softening language that this shall be done “to the greatest
extent feasible and as soon as practicable.” To this end,
UNOOSA supplements the data from open sources when
possible [44].

The Registration Convention attempts to facilitate trans-
parent space operations by creating an open data source for
these operations. While the actual register falls short of fulfill-
ing this goal, the Convention serves as an important way
point for the creation of data sources that can facilitate the
coordination of space traffic in the future.

3.1.2. Debris Mitigation. Debris mitigation guidelines have
been adopted at the international level by both the Inter-
agency Debris Coordination Committee (IADC) [45] and
UNCOPUOS [46]. Both of these instruments are nonbinding
technical guidelines with the goal of limiting the creation of
new debris. This goal itself is important to space traffic coor-
dination as it reduces the number of objects with which an
operator must contend, thereby reducing the overall risk pro-
file of an operation.

Both sets of guidelines include similar provisions on pre-
venting on orbit collisions. The IADC formulation is

In developing the design and mission profile of a space-
craft or orbital stage, a program or project should estimate
and limit the probability of accidental collision with known
objects during the spacecraft or orbital stage’s orbital lifetime.
If reliable orbital data is available, avoidance manoeuvres for
spacecraft and co-ordination of launch windows may be con-
sidered if the collision risk is not considered negligible.
Spacecraft design should limit the consequences of collision
with small debris which could cause a loss of control, thus
preventing post-mission disposal.

This guideline requests that operators consult data and
design their missions in such a way as to minimize their
potential for interference. This goal is directly in line with
those of space traffic coordination. Obviously though, this
requires the operator to have access to data that can enable
such design, and as seen above, such data is only partially
available at the international level in the form of the UN Reg-
ister. This leaves space operators to seek this data either from
domestic governmental sources or from commercial sources,
both of which are discussed below.
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3.1.3. The Long-Term Sustainability Guidelines. In 2018
UNCOPUOS adopted the first batch of principles in the
Long-Term Sustainability Guidelines [47]. The nonbinding
guidelines emerged from the Scientific and Technical Sub-
committee of UNCOPUOS, which is significant as, like the
previously discussed debris mitigation guidelines, they are
intended to be technical in nature rather than regulatory [48].

These guidelines seek to lay out standards for ensuring
the long-term sustainability of the space environment. They
encourage states to engage in increased information sharing
on space activities through a variety of mechanisms. For
example, A.5 encourages states to register their space objects.
Most significantly though are the B series of guidelines
related to the “safety” of space operations.

These include the following:

(i) Guideline B.1: provide updated contact information
and share information on space objects and orbital
events.

(ii) Guideline B.2: improve accuracy of orbital data on
space objects and enhance the practice and utility
of sharing orbital information on space objects.

(iii) Guideline B.3: promote the collection, sharing,
and dissemination of space debris monitoring
information.

(iv) Guideline B.4: perform conjunction assessment dur-
ing all orbital phases of controlled flight.

(v) Guideline B.5: develop practical approaches for pre-
launch conjunction assessment.

This set of guidelines is directly related to space traffic
management activities, but rather than regulate, the Long-
Term Sustainability Guidelines attempt to create the condi-
tions for coordination through robust information sharing.
This focuses on the conditions for cooperation rather than
rules creating a space in which states can explore rules upon
which to base a potential normative order and that space is
built around information sharing.

3.1.4. ITU. The ITU system for coordinating activity on the
geostationary orbit (GEO) is the best example of an extant
space traffic management system, but quite significantly,
the ITU management of GEO is at its core a coordination
regime. Due to its unique traits, the GEO is a valuable orbit
for telecommunication satellites [49]. These satellites depend
on a lack of radio frequency interference in order to operate.
The ITU was given competency to manage the GEO in order
to prevent harmful interference, and to effectuate this, the
ITU has divided the GEO into slots and assigned a frequency
to each slot [50]. States are able to claim slots by registering
such a claim in the Master International Frequency Register
(MIFR) [51]. This gives them priority over that frequency.
After a temporal lapse if the state or the state’s licensee has
not brought a system into use at that frequency, the ITU will
remove the notice from the MIFR [52]. The core of this sys-
tem and the complex process that surrounds it is a registra-
tion and notice system. In this system, states register their

use of a slot thereby putting other states on notice, which
gives the registering state some degree of priority to use the
orbit-spectrum resource claimed. This is important because
GEO satellites are bespoke high value assets; thus, notice of
an intent to use a particular orbital slot is an important factor
during the multiyear development and procurement phase.
While there is a forum for a weak dispute resolution regime
[53], the ITU merely sets the conditions for coordination
through procedural information sharing.

3.2. National Frameworks.National systems for management
of space situational data are also relevant to the current state
of space traffic coordination. While a number of states are
active in this field, this article will primarily address actions
taken by the United States, as it has made a significant contri-
bution to space traffic coordination.

3.2.1. United States. The United States has built out a Space
Surveillance Network for the collection of Space Situational
Awareness (SSA) data [54]. This system is a military system
based on the early warning system the US deployed during
the Cold War, and as a result, the data is collected and ana-
lyzed by the United States Military. Despite its military
nature, the United States shares this data widely. Under US
Law [55], SSA data is shared at different levels with different
entities. Highly accurate data that includes the classified sat-
ellite data is shared only with close allies. Some data is shared
on the basis of bilateral agreements and can include high
accuracy data but not necessarily include classified data.
Finally, a set of data is distributed in an essentially open data
model that anyone can access through the Internet [56]. In
addition to this data sharing, if the U.S. military calculates
that there is a significant risk of an on-orbit conjunction, they
will notify the affected operators of their national embassies
[57]. Thus, the United States shares much of this military
data as a public good.

The United States has also shown an interest in develop-
ing a civil space traffic management capability. Under discus-
sion since at least 2014 [58], STM came to the forefront of US
Space Policy with the Trump administration’s issuance of
Space Policy Directive-3 on Space Traffic Management
[59]. It should be emphasized that SPD-3 is a policy directive
and only sets out the administration’s approach to space traf-
fic management rather than any sort of binding law or regu-
lations. There are three notable features to this policy. This
first is that while the collection of SSA data will remain a mil-
itary mission, the policy seeks to move data distribution and
the Conjunction Data Message (CDM) function to a civil
agency [60]. Second, the policy endorses pursuing interna-
tional cooperation in the pursuit of effective STM [61].
Finally, and most significantly, the policy endorses the estab-
lishment of an “open architecture data repository” that is
available publicly and supported by open standards and data
sharing [62]. This final point is significant as the US policy
seeks to develop “standards and protocols” that will enable
the “incorporat[ion] civil, commercial, international, and
other available data” into the data pool for the benefit of
“all” users.
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3.2.2. Other States. Other states also collect and share SSA
data, though none with as robust a framework as the United
States. Russia and China as major space actors both have SSA
capabilities, but the extent of their data sharing is less clear
[63]. China is leading, through the auspices of the Asia-
Pacific Space Cooperation Organization, the development
of a global optical network called Asia-Pacific Ground-
based Optical Space Objects Observation System (APOSOS)
[64]. The EU is also seeking to bolster its capabilities and
has plans to make the collection and sharing of SSA data
one of the EU “flagship” space programs [65]. Even small
states like Luxembourg [66] and the UAE [67] are entering
the field in hopes of contributing to ensuring safety in the
space environment.

It is notable that one of the biggest constraints on SSA
collection and therefore highly accurate data is geography.
SSA data can only be collected when a satellite is on the hori-
zon. The United States has been able to leverage its global
military holdings to establish a more complete space surveil-
lance network, but even it suffers from a lack of coverage in
the Southern Hemisphere. Smaller states have no way of
building a complete orbital picture without gaining access
to data from sensors outside their territory. As more space
actors emerge, the need for states to have access to accurate
data will increase, but without access to geographically
remote sensors, states will be unable to provide this type of
data on their own. This underscores the multilateral nature
of the space traffic coordination problem as it requires global
partnerships for any one actor to gather a complete picture of
the orbital environment.

3.3. Commercial Actors. In addition to international and
national initiatives, there are a number of commercial actors
in the field, such as Exoanalytic Solution [68] and Leolabs
[69]. These companies collect and analyze SSA data and sell
data products to operators.

Also of note in this category of activity is the Space Data
Association (SDA), which is an international association of
commercial space operators that share SSA data among
themselves, so as to better ensure collective safety [70]. In
addition, to sharing among themselves, SDA has signed a
bilateral agreement for sharing SSA date with the US
Military, as discussed above [71].

4. The Leap to Normative Development

There have been plenty of discussions in the literature about
what a mature space traffic management system will need to
look like, but there is also a need to address how such a sys-
tem might emerge. This is a particularly important question
in light of a resurgence of military posturing in the space
domain discussed in section II above. There has been discus-
sion about whether such a system will be the result of a top-
down or bottom-up process; i.e., will STM be the result of an
international mechanism such as a treaty that flows obliga-
tions down to the national level or will it be the result of
domestic action that rises up to create international norms
[72]. This binary discourse is somewhat too simplistic, and
more likely the emergence of space traffic management will

be from a “stew” of activity from which norms emerge and
slowly take shape. This process will begin not with a defini-
tive system of STM, but from a system of space traffic coordi-
nation, through which various operators begin coordinate
activities for increased safety of operations. The modes and
methods of this coordination will likely serve as the initial
strands through which space traffic management is norma-
tively defined.

As discussed in Section III, there is already evidence of
this stew of norm creation surrounding space traffic manage-
ment represented by both international and domestic
actions. While as of yet there is no clarity on specific norms
that might constitute the “management” of space activity,
there does seem to be an emerging norm of information shar-
ing that underpins coordination activities, even if those activ-
ities occur in an ad hoc manner. Such a norm is in line with
the broad goals of the Outer Space Treaty, which contains
as one of its core principles the idea of cooperation and
exchange of information. Noted earlier, this author has
argued in the past that an unwritten component of Article
IX of the Outer Space Treaty is the need for de minimis infor-
mation sharing [33]. This need is implicit in the reciprocal
consultation right and obligation. In other words, if a state
party is to be able to request a consultation regarding poten-
tial harmful interference, then that state party must be privy
to a de minimis amount of information about other state
party’s activities.

Of course, one of the central flaws in the information
sharing regime that the treaty regime adopts is the fact that
most of these obligations are soft in nature, are implied (such
as the de minimis information sharing), or use escape clauses
such as “to the greatest extent feasible and practicable” as
found in Article XI. The minimal information requested by
the Registration Convention is the hardest of these obliga-
tions, and there are a number of cases in which the informa-
tion is not provided or is flawed. This means while there is a
norm of information sharing that in some cases rises to a
level of obligation, enforcing an action for the breach of such
would be difficult due to the softness in the regime.

This perspective though is present day one. Our task
herein is to understand how the future regime might take
shape, and it seems undeniable that information sharing will
be a foundational component in establishing the types of
coordination from which space traffic management might
emerge. At either the national or international level space
traffic management will be an impossibility without proper
SSA data and modelling algorithms [73]. This means that
SSA data standards and sharing will be a necessary precursor
to space traffic management. As an emerging norm, though,
data sharing also will help form the necessary norms needed
for space traffic management by enabling ad hoc coordina-
tion of space activities. As more operators need to coordinate
to protect the safety of their own spacecraft and the space
environment generally, open SSA data will be the necessary
common language for that cooperation, and open source reli-
able data will be the best platform on which to build such
coordination. This is because open data architectures, using
the vocabulary of the US SPD-3, can help to build a shared
knowledge base that can be trusted by the stakeholders.
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As operators pursue space traffic coordination, they will
begin building practice and evidence of what constitutes
responsible or reasonable behavior in the space regime. This
normative output can build the foundation on which the
technical aspects of space traffic management can be built.
It is important to understand this as a technical rather than
political problem, because states are much more comfortable
with regimes for solutions to technical problems, such as
international frequency allocation and the ITU, than they
are with regimes to political problems. Technical solutions
give states the ability to submit to international management
in spheres of need without the appearance of relinquishing
their sovereignty. Of course, any submission to an interna-
tional authority represents some loss of autonomy, but spe-
cialized technical international organizations have had
much more success due to a real and perceived need to man-
age areas of common usage [74]. This can clearly be seen in
the ITU’s competency over international telecommunica-
tions. The ITU, through its binding Radio Regulations,
adopts rules to manage the use of radio frequency from a
technical perspective, but the ITU stays clear of attempting
to regulate the content of the messages moving over those
airwaves (except for in some instances such as safety ser-
vices). This is an important division as different contingents
of states would be unlikely to submit to ITU rules that
addressed the content of messages, which is viewed as a
domestic issue subject to domestic laws.

As operators share information, best practices may
emerge. Best practices can harden into policy or law at the
domestic or international level, and in highly technical areas,
there is often a preference for the emergence of practice
before the imposition of law. For example, the Uniform
Commercial Code is based on longstanding practice of mer-
chants. This is where we currently stand with regard to space
traffic management, and the development of norms will not
be an immediate process. There is a baseline norm that sup-
ports SSA information sharing, as well as other information
sharing on space activities. This norm is there to better enable
space operators to ensure their own safety of operations by
enabling coordination mechanisms. Coordination mecha-
nism can lead to best practices, which will inform any future
potential rules establishing an STM system.

5. The Liability Trap

As noted above, the need for STM is linked to the need for the
safety and security of operations. The increasing population
of both the debris and operational satellite population puts
stress on the space environment, and the potential for new
conjunctions leads to instability for all operators, especially
when these are in LEO or valuable orbits such as GEO. The
oft discussed Kessler Syndrome, in which the debris popula-
tion hits a tipping point in which it begins to grow from
debris colliding with debris, is indicative of this problem,
and some argue that we have already passed that tipping
point [75]. The need for safety and security is linked directly
to the viability of the space environment to maintain human
use, and there is wide discourse on the idea that addressing

sustainability of the space environment is an urgent and crit-
ical need.

This is problematic when we think about how other ter-
restrial rules regimes have emerged in a trial and error sort
of way. Generally speaking, when new activities emerge, they
are usually unregulated. At some point, an activity will lead to
an incident with the potential for liability. Courts then step in
to make determinations about which party is liable, and the
decisions of courts shape the rules that emerge to govern
these activities. In general, this system works as it allows leg-
islative bodies to perceive real problems and institute rules
that lead to greater predictability, but this is a reactionary
approach to lawmaking. While it must be noted that the Lia-
bility Convention [76] does indeed set out a liability dispute
resolution regime for outer space, it does very little to clarify
what might constitute fault under its Article III. This is
because fault is always a case by case analysis that is informed
by past practice and rules of law.

However, this is a dangerous proposition in the space
environment, which is already under the strain of usage. Take
for instance the Iridium Cosmos collision that occurred in
2009. In this collision, an active Iridium satellite collided with
a nonoperational Russian satellite. This incident was the first
conjunction of two satellites and created thousands of pieces
of debris, most of which is still in orbit [77]. While questions
of liability for this collision were settled behind closed doors,
it illustrates the issue of waiting on rules of liability in the
space context. The break-up of these two satellites has
resulted in a large debris cloud in low earth orbit, and that
debris will remain in orbit from decades to centuries [78].
The space environment will not be able to bear a wait and
see approach to identify the rules needed for predictability
based on past liability outcomes, as more incidents like
Iridium-Cosmos will result in large portions of the orbital
environment being unusable. Indeed, the trend towards the
development of very large constellations makes such collision
statistically more likely.

Space traffic coordination needs to focus not on how lia-
bility might play out, which could result in operators playing
“chicken” with each other, but rather on how to best cooper-
ate to preserve the space environment. Indeed, the goal of
space traffic coordination—and space traffic managemen-
t—is to prevent future collisions, not to allocate liability for
potential collisions, though compliance, or lack thereof, with
rules and best practices will be strong evidence in any result-
ing liability actions.

The challenge then is to balance between the need for
coordination and eventually management without waiting
for liability incidents to occur. This challenge is important
as the cost of access to space continues to decrease and new
players enter the field. While established companies with
valuable assets on orbit are often proponents of rules of
predictability, new actors are often resistant to rules. For
instance, the company Swarm Technologies was denied a
license by the US Federal Communications Commission for
the operation of four test satellites in 2018 [79]. This license
was denied on the grounds that the satellites were too small
to be effectively tracked by the space surveillance network
and as a result did not comply with FCC debris mitigation
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rules. Swarm was a new entrant to the space field and was
operated using a Silicon Valley mentality of “ask for forgive-
ness, not permission,” a philosophy that was quite adept at
developing businesses on a platform such as the Internet.
Thus, despite the lack of a license from the FCC, Swarm
had their satellites launched on an Indian PSLV, resulting
in stiff fines from the FCC. It is important to note that the
FCC’s denial of Swarms license was based on the idea that
the United States would not be able to collect actionable data
on the satellites, the natural result of which is that the US
would then be unable to share information on these activities
with other operators.

The transition from space traffic coordination to space
traffic management may be strained due to these parameters.
Both states and private entities seem to be comfortable with
ad hoc coordination that does not lead to actual oversight
by an authority. At the same time, the types of incidents that
often lead to the establishment of governing regimes can be
destructive to the space environment and compromise oper-
ations for decades to come. From the perspective of norm
creation and emergence, it is difficult to predict what types
of conditions may lead to more robust, formalized coordina-
tion or management, but there does seem to be general agree-
ment that the risk posed by the current ad hoc system will be
untenable into the future.

6. Conclusion

This article began with a reflection on the idea of instant cus-
tomary international law. To some extent, instant custom is
indicative of historical space law making in general. Not only
did norms of customary international space law emerge
quickly, but treaty instruments also emerged almost immedi-
ately after the dawn of the space age. For a variety of reasons,
this process has slowed significantly, and while there are
numerous gaps in the space law regime, there does not seem
to be an immediate desire by states to reengage in the law-
making process.

It may be time to shift the discourse away from impa-
tiently waiting for new treaty instruments to secure safety
and sustainability in outer space and focus on the processes
of norm “life cycles” as postulated by Finnemore and Sikkink
[80]. The norm lifecycle is a three-stage process in which
there is first “norm emergence,” then acceptance in a “norm
cascade”, followed by internalization of the accepted norms
[81]. When it comes to space traffic management, we are still
very much in the first stage of norm emergence in which
“norm entrepreneurs” seek to “convince a critical mass of
states… to embrace new norms” [81]. If these norm entre-
preneurs are successful, there will be a “tipping point”
followed by the norm cascade in which that critical mass of
states accepts the potential norm [81]. As has been shown
above the norm of open SSA, data sharing may be reaching
such a tipping point, especially if more of the larger space
actors embrace it. However, other normative aspects of the
space traffic management enterprise are still lacking in defini-
tion and yet to emerge. Barring a sudden change in geopoli-
tics or perhaps a catastrophic on orbit conjunction, the norm

lifecycle will take time as operators need to define what con-
stitutes responsible behavior in this context.

Based on current state practice, it is difficult to predict
how a multilateral space traffic management system could
emerge, but it is submitted here that the best clues we have
are to examine the emergence of space traffic coordination
that result from wider information sharing. If information
sharing on space operations and SSA data continues to
develop along normative lines, then, there will be ample
opportunities for space actors and their supervising states
to influence the future of space traffic management. The
key hurdle in this endeavor is overcoming the resistance to
multilateral efforts at securing outer space that currently
dominates the international relations concerning space activ-
ities. As the technical challenge of maintaining safety, secu-
rity, and sustainability of outer space, though, states may
have no choice but to engage in cooperative efforts to pre-
serve their own access and usage of the space environment.
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