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a b s t r a c t

This article provides a summary on the origins of the concept of the long-term sustainability of outer space
activities (LTSOSA) by reviewing previous discussions related to the definition of this concept with the
conclusion that the LTSOSA is in fact derived from the concept of sustainable development and comprises 5
legal elements, including the principles of intergenerational equity, sustainable use, intragenerational
equity, integration, and peaceful purposes. In this regard, the LTSOSA to some extent has been already
reflected in international environmental law and international space law. This article, therefore, argues
that to enhance the LTSOSA, the Asia-Pacific Space Cooperation Organization (APSCO), which is a regional
intergovernmental cooperative organization, has to embrace an LTSOSA regime because of its own in-
terests, the need to fulfill its international obligations that have been imposed by international environ-
mental law and international space law, and the need for regional efforts, which can complement both
national and international efforts. Finally, it is concluded that the APSCO should establish internal legal
regulations that address issues related to the LTSOSA, at least those that take into consideration space
debris mitigation, space weather, space traffic management, capacity building (especially the transfer of
space-oriented environmentally sound technology), and radio frequency interference.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

There have been significant improvements in how the universe
is viewed in the past 60 years because of space science and space
technology, which have greatly enhanced daily life with the help of
meteorological forecasting, climate modeling, environmental
monitoring, natural resources management, satellite navigation,
communication, and early warning systems [1]. These have all
contributed to mitigating disasters and supporting disaster man-
agement [1]. Simply put, space science and space technology have
so much importance that it is anticipated that the exploration and
use of outer space will continue over the long term.

However, behind the advancements in space science and tech-
nology is a dramatic increase in space debris and space traffic. In
1989, it was estimated that there were approximately 7000 pieces
M ON SPACE POLICY, REGU-
onal Academy of Astronautics
onal Astronautical Congress:
engthening security, held in
of space debris larger than 10 cm in size [2], which increased to
9428 in 2006 [3]. However, several antisatellite (ASAT) tests [4],
combinedwith collisions between different space objects increased
the number to 21,000 in 2011 [5] and to around 29,000 in 2013 [6].
So much space debris is now left in orbit that it poses a significant
threat to persons and assets in outer space and even on Earth [7]. In
addition, an increasing number of space objects are launched into
orbit [8], which not only creates challenges in space traffic man-
agement but also increases potential collisions between them. In
parallel, similar concerns have been expressed over space weather,
frequency interference, and military uses of outer space, all of
which also pose risks to the safety of space operations. Suffice to
say, if each space actor only considers its own short-term interests,
the future of space exploration and use will be seriously jeopar-
dized [9]. Therefore, the long-term sustainability of outer space
activity (LTSOSA) has been the subject of much discussion and
debate within the United Nations Committee on the Peaceful Uses
of Outer Space (UNCOPUOS) since 2010.

However, comparatively few, if any, legal studies have examined
the interplay between issues that concern the LTSOSA and the
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internal regulations of regional intergovernmental space organi-
zations such as the Asia-Pacific Space Cooperation Organization
(APSCO), which is already an important space actor. Therefore, this
study will address the research gap by examining whether it is
necessary to incorporate an LTSOSA regime into the APSCO legal
mechanism and some legal issues that APSCO faces in doing so.
After an introduction of the origins of the LTSOSA, a discussion will
follow on the definition of LTSOSA in Section 2 with a doctrinal
method and a comparative approach and then its legal sources in
Section 3. In the fourth section, the need for APSCO to establish a
regulatory framework in relation to the LTSOSA will be discussed.
The final section will focus on various selected legal issues in
respect of an LTSOSA regime with a doctrinal method.

2. Concept of LTSOSA

2.1. Origins of LTSOSA

Space environmental concerns were addressed by the Com-
mittee on Space Research which was established by the Interna-
tional Council of Scientific Union as early as 1958 [10]. More
importantly, the principle of environmental protection was added
in Para. 6 of the Declaration of Legal Principles Governing the Ac-
tivities of States in the Exploration and Use of Outer Space in 1962
(Outer Space Principle Declaration of 1962) and established as a
fundamental principle in Article IX of the Treaty on Principles
Governing the Activities of States in the Exploration and Use of
Outer Space, including the Moon and other celestial bodies (Outer
Space Treaty of 1967).

A stable, safe and conflict-free space environment is an indis-
pensable prerequisite for our long-termexploration anduse of outer
space [11]. However, militarization and weaponization of outer
space, although might be regarded as essential means to enhance
national security by some countries in the space age [12], have
become essential reasons for giving rise to instability, unsafety, and
possible conflict in outer space [13] and thus interfering with our
further exploration and use of outer space. First, the alternate
placement and installation of weapons between the United States
and the Soviet Union in space, which were primarily triggered by a
combination of great importance of satellites in military uses [14]
and fierce arm race between the 2 superpowers in outer space in
the early years of the Cold War [15], had brought about ongoing
tensions between them during the Cold War. Second, the test of
ASAT weapons have become one of the essential reasons for the
proliferation of space debris since the ColdWar [16] and thus posed
a great threat to the space environment and the safety of space
operation [17]. Unfortunately, from the very beginning of the space
age, proposals of achieving a complete demilitarization of outer
space had been clearly rejected by the 2 superpowers [18]. More-
over, the existing legal regime applicable to outer space is not suf-
ficient to prevent the placement and test of conventional weapons
in outer space [19]. First, Article IV of the Outer Space Treaty of 1967
only prohibits the deployment of weapon of mass destruction
rather than conventional weapon in earth orbit [20]. Second, the
ASAT test in outer space is not clearly forbidden in the provisions
related to the peaceful purposes in the outer space treaty [21].

Legal issues in respect of environmental protection in outer
space, however, were not discussed until an international trend
came about which stressed on balancing economic development
and protecting the international environment [22], and some
detrimental changes in the space environment in the late 1980s
and early 1990s. However, discussions on the balance between
economic development and international environmental protec-
tion, which started as early as the 1970s, did not draw global
attention until 1987 [23], when sustainable development was
explicitly brought up in the well-known Brundtland Report, which
indicated that development must meet the needs of the present
with due regard to the needs of future generations [24]. Following
that, sustainable development emerged in various international
documents [25], international case decisions [26], and the aca-
demic literature [27] from different perspectives and was even
recognized as a general principle in the 1990s [28]. The global
pervasiveness of sustainable development, combined with adverse
changes in the space environment in the 1990s [29], inevitably
turned the attention of academics and practitioners in the space
community to the environmental protection of outer space. First, to
ensure the stability of space activities, the first Group of Govern-
mental Experts on Transparency and Confidence Building Measures
in Outer Space Activities was established under the auspice of the
United Nations in 1990 and released its report in 1993 [30]. Second,
inwake of an obvious increase in space debris that posedmore risks
to space operations, the issue of space debris was placed on the
agenda of the Scientific and Technical Subcommittee of the
UNCOPUOS in 1994 [31]. This fueled more discussion in the
academia on the relevance of sustainable development to the space
debris issue and protection of the space environment [32].

The first legislation effort made to address orbiting space debris
at the international level was by the International Law Association,
which spent 8 years examining the legal issues related to space
debris and adopted the ILA Draft International Instrument on the
Protection of the Environment from Damage Caused by Space
Debris [33] in 1994. Following that, the Inter-Agency Debris Coor-
dination Committee (IADC) published the IADC Debris Mitigation
Guidelines in 2002 [34], which created the basis for the new Space
Debris Mitigation Guidelines which were adopted by the UNCO-
PUOS in 2007 [35] and, subsequently, have beenwidely accepted by
the international community. Meanwhile, the number of human-
made spacecrafts, especially satellites, increased rapidly, causing
more crowding of the earth orbit and resulting in the need to
manage space traffic with the implementation of rules [35]. In
response, the International Academy of Astronautics published a
cosmic study report on their position on space traffic management
in 2005 which was presented to the UNCOPUOS in June 2006 [36].

Apart from the military uses of outer space, space debris, and
space traffic congestion, however, the long-term exploration and
use of outer space were also threatened by space weather, nuclear
contamination, and radio frequency interference.More importantly,
these 6 issues were more or less correlated with each other, and
addressing them respectively was not an optimal choice. It was,
thus, necessary to come up with a more inclusive concept that
covered and addressed all the aforementioned issues. Under such
circumstance, some proposed that the concept of sustainable
development should be extended to the space domain [37]. This
concept, however, was not entirely fitting to reflect the unique
character of outer space, in that space-related activities should be
conducted only for peaceful purposes. Themore acceptable concept
was the LTSOSA instead, which was broached by Karl Doetsch in his
speech to the UNCOPUOS in 2004 [38]. Unfortunately, it was not
regarded as a serious concern until some serious incidents took
place in outer space after 2006, including 2ASAT tests and a collision
between the Iridium 33 and Cosmos 2251 satellites [39]. A
tremendous amount of space debris was generated after these
events [40], which created an international awareness that the
ability to sustain the long-term exploration and use of outer space
was no longer guaranteed [41]. This increasingly enhanced aware-
ness among the delegates of the UNCOPUOS members states,
combined with the increasing research on the issues related to the
LTSOSA, promoted discussions on this concept within the UNCO-
PUOS after 2007. Consequently, it was confirmed as an agenda item
of the UNCOPUOS from 2010 onwards [42]. Fortunately, under the
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Working Group on the LTSOSA of the UNCOPUOS, a set of compre-
hensive guidelines in respect to the LTSOSA have been drafted since
2010 [43], thus marking a laudable step toward addressing the
LTSOSA issues.

2.2. Defining LTSOSA

2.2.1. Previous discussions
The LTSOSA is often discussed and defined as an analogy with

sustainable development [44]. This definition, however, is not a
holistic view of the LTSOSA, as the peaceful purposes have been
recognized as basic requirements for outer space activities [45].
Hence, there are definitions that have incorporated these re-
quirements in defining the LTSOSA. For instance, it is the “use of
outer space in a peaceful, safe, equal, and efficient way” [46] or
“ensuring that all humanity can continue to use outer space for
peaceful purposes and socioeconomic benefit now and in the long
term” [47]. While helpful for reflecting on the nature of the LTSOSA,
they neglect the relationship between the concept of LTSOSA and
that of sustainable development, which had been clearly empha-
sized in the working paper of the fifth UNCOPUOS session of 2010
[48]. Specifically speaking, the former definition does not include
the principle of sustainable use which has been regarded as a basic
component of sustainable development, while the latter is over-
simplifying, without taking into consideration the principle of
intragenerational equity. In this sense, Marchisio provides a
comparatively more comprehensive definition, which not only in-
cludes the concept of sustainable development but also gives
weight to “peaceful purposes” [49].

Attention must also be drawn to an explanation that “sustain-
ability” should include not only technical feasibility but also po-
litical will [50]. In other words, space sustainability not only means
the technical feasibility that leads to the sustainable exploration
and use of outer space in the long term but also the political will-
ingness to do so. This view, to some extent, contributes to the un-
derstanding of the LTSOSA.

2.2.2. Definition of LTSOSA in UNCOPUOS draft guidelines
Apart from the discussions in the academia, the conceptualiza-

tion of the LTSOSA is also found within the UNCOPUOS. There are 3
alternatives for consideration by the delegates in the latest draft
guidelines for the LTSOSA, under which the LTSOSA is defined as
“the conduct of space activities in a manner that balances the ob-
jectives of access to the exploration and use of outer space by all
states and governmental and nongovernmental entities only for
peaceful purposes with the need to preserve the outer space
environment in such a manner that takes into account the needs of
current and future generations” (alternative 1) or “the conduct of
space activities in a manner that balances equitable access to the
exploration and use of outer space [solely] for peaceful purposes
with the need to preserve the outer space environment for current
and future generations” (alternative 2), or “the conduct of space
activities in a manner that enables equitable access to the explo-
ration and use of outer space [solely] for peaceful purposes and
preserves the outer space environment for current and future
generations” (alternative 3) [51]. From these 3 alternative defini-
tions, it is obvious that the LTSOSA, in effect, largely reflects the
concept of “sustainable development” as provided in the Brundt-
land Report of 1987. The difference between them, however, is that
the LTSOSA under the draft guidelines gives weight to “peaceful
purposes.”

It is also worth noting that the draft guidelines for the LTSOSA
emphasize an oft-stated aim with a broader perspective, in which
the aim is not only limited to maintaining a balance between
conducting space activities and protecting the space environment
but also includes supporting sustainable development goals on
Earth [52]. This makes sense because those space activities which
cannot give us real or potential socioeconomic benefits in the long
term will not be carried out with sustainable interest further.

2.2.3. Five legal elements of LTSOSA
The origins of the LTSOSA indicate that it shall be defined as a

derivative of “sustainable development” and “sustainability” in the
space domain. That is, the LTSOSA has implications of sustainable
development. In this regard, the LTSOSA appears to be a concept
that comprises 5 recurring elements, which take into consideration
4 legal elements of sustainable development offered by Sands [53]:
the principles of intragenerational equity, sustainable use, inter-
generational equity, integration, and peaceful purposes, all of
which are closely related and usually used in overlapping ways
[27].

First, the principle of intragenerational equity is established to
ensure equitable access to the exploration and use of outer space by
all space actors [54]. In particular, a space actor should use space
resources in a manner that takes into account the needs of other
contemporary actors [27], inter alia, the developing countries.
Second, the principle of sustainable use aims to ensure that the
exploitation and use of space resources are conducted in a “sus-
tainable,” “prudent,” “rational,” “wise,” or “appropriate” fashion
[27]. Third, the principle of intergenerational equity is established
to preserve the space environment and space resources in amanner
that considers the needs and interests of future generations [27].
Four, the principle of integration establishes that space activities
should be conducted in amanner that maintains a balance between
“the objectives of access to the exploration and use of outer space”
and “the need to protect the space environment” [55]. Finally, the
principle of peaceful purposes means that the exploration and use
of outer space are carried out for only peaceful purposes [56],
which has been a basic characteristic of space activities under the
Outer Space Treaty of 1967 [57] and one of its fundamental prin-
ciples. In short, the concept of LTSOSA is not only reflected through
the overlapping relationship between the LTSOSA and sustainable
development but also the unique character of outer space activities.

3. International legal framework for LTSOSA

In this section, international law related to the LTSOSA is
addressed, including hard and soft laws. First, international envi-
ronmental law will be discussed, including international in-
struments and customary international law. This is followed by an
analysis of the international space law, including the Outer Space
Treaty of 1967 and the Moon Agreement of 1979. Finally, there is a
discussion on the UNCOPUOS guidelines for the LTSOSA.

3.1. International environmental law

Outer space has a similar legal status as the high seas [58] as it
“is not subject to national appropriation by claim of sovereignty”
[59]. This indicates that outer space is part of the international
environment [60]. Moreover, Article III of the Outer Space Treaty of
1967 has confirmed the applicability of international law to space
activities [61]. Hence, outer space should be subject to the rules of
international environmental law [62]. First, Principle 21 of the
Declaration of the United Nations Conference on the Human
Environment establishes that states are responsible for avoiding
damage to areas beyond their national jurisdiction when con-
ducting activities [63]. Principle 25 of this declaration further re-
quires all international organizations to “play a coordinated,
efficient and dynamic role” in protecting and improving the envi-
ronment [64]. In addition, the responsibility of the states to avoid
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damage as established in Principle 21 is reiterated in Principle 2 of
the Rio Declaration on Environment and Development [65]. More
importantly, this no-harm rule has been recognized as part of the
corpus of international law by the International Court of Justice (ICJ)
in its 1996 advisory opinion on the Legality of the Threat or Use of
Nuclear Weapons [66]. In its 1997 case that concerns the
Gab�eíkovoeNagymaros Dams project, the ICJ proceeds further to
recognize the duty of control and preventive action for the purpose
of protecting the environment as a well-consolidated principle of
general international law and that the norms that aim to balance
economic development and protection of the environment have
been validated by many international instruments [67]. Thus, it can
be concluded that the responsibility of states and international
organizations to protect the environment beyond their jurisdiction
from damage incurred by activities within their jurisdiction or
control, and reconcile economic development and protection of the
relevant environment, has been established as a rule of customary
international law.

Furthermore, the Treaty Banning Nuclear Weapon Tests in At-
mosphere, in Outer Space and Under Water prohibits any nuclear
explosions in outer space [68] to prevent the nuclear pollution of
outer space [69]. This is a commendable rule to protect the space
environment, as the uncontrollable effects of intentional nuclear
explosions perpetuate for a long period of time and may cause
substantial injury to astronauts or space station crew members as
well as damage property in space [70]. As noted earlier, protection
of the space environment is a very essential part of the LTSOSA, and
all space activities must be conducted with due regard to protect
the space environment. Hence, the abovementioned rules can be
the legal grounds for enhancing the LTSOSA.

3.2. International space law

Even without reference to the LTSOSA, some treaties in the
space domain have already more or less incorporated this concept.
The first treaty to do so is the Outer Space Treaty of 1967, of which
Para 1 of Article I provides that “(t)he exploration and use of outer
space…... shall be the province of all mankind” [71]. This appears to
insinuate the principles of intragenerational and intergenerational
equities, because “all mankind” per se includes current and future
generations, which means that the current and future generations
shall share the same right to equitably access, explore, and use
outer space. Moreover, this explanation is in line with Para 1 and 2
of the preamble of the Outer Space Treaty of 1967, which recognizes
“the great prospects opening up before mankind as a result of
man's entry into outer space” and “the common interest of all
mankind in the progress of the exploration and use of outer space”
[72]. The terms “prospects” and “progress” pinpoint that the ben-
efits from the exploration and use of outer space should be enjoyed
by not only the current generation but also the future generations.
In addition, the principle of intragenerational equity is reflected in
Para 2 of Article I, which states that the exploration and use of outer
space shall be freely accessible to all countries without discrimi-
nation, on an equitable basis [73]. This principle is also later high-
lighted in Para 1 of Article IX of the Outer Space Treaty of 1967 [74].
Following that, Para 2 of Article IX directly highlights that the
exploration of outer space shall be conducted in a manner that
avoids the harmful contamination of outer space and also adverse
changes in the earth environment [75], which points to the prin-
ciple of integration [76]. More importantly, the principle of peaceful
purposes has been stipulated in Articles III and IV, which emphasize
that outer space shall be used exclusively for peaceful purposes. In
short, the concept of the LTSOSA, although an unwritten basic
principle, has been largely reflected in the Outer Space Treaty of
1967.
The LTSOSA is also highlighted in the Moon Agreement of 1979.
First, the principle of peaceful purposes is reflected in Article 3 of the
agreement, which emphasizes that the Moon and other celestial
bodies shall be explored and used exclusively for peaceful purposes
[77]. Second, Para 1 of Article 4 indicates that the Moon and other
celestial bodies “shall be the province of all mankind” and “the in-
terests of present and future generations” shall be taken into account
[78], which obviously reflects the principle of intergenerational eq-
uity which is also emphasized in Para 3 of Article 7. Third, Para 1 of
Article 4 also provides that “the exploration and use of the Moon”
“shall be carried out for the benefits and in the interests of all
countries” [79], which undoubtedly illustrates the principle of
intragenerational equity that has been legitimized in Para 4 and Para
7 of Article 11. Fourth, Para 1 of Article 4 and Para 1 of Article 7 both
provide the implications of the principle of integration, in that
consideration shall be given to the improvement of living standards
and economics as well as social development [79], and all state
parties shall avoid the harmful contamination of theMoon and other
celestial bodies when exploring and using them [80]. Fifth, the
principle of sustainable use appears to be reflected in Para 7 ofArticle
11, which provides that the state parties are to develop and manage
space resources in a rational, safe and orderly manner [81]. In other
words, while theMoon Agreement of 1979 does not incorporate the
LTSOSA as a basic principle, it actually has all of its implications, thus
constituting a basic legal instrument that supports the LTSOSA.

3.3. UNCOPUOS guidelines for LTSOSA

The LTSOSA is a general principle that needs to be legitimized
with more specific regulations. Therefore, the draft LTSOSA guide-
lines discussed within the UNCOPUOS are taken into consideration,
which consist of 5 important aspects: “policy and regulatory
framework for space activities,” “safety of space operations,” “in-
ternational cooperation, capacity-building and awareness,” “scien-
tific and technical research anddevelopment,” and “implementation
mechanisms” [82] for addressing issues related to the LTSOSA [83].

These guidelines are actually voluntary norms rather than
binding laws [84]. Establishing such guidelines, however, in some
ways, may be a more ideal way of addressing the complexities of
LTSOSA-related issues because currently no international agree-
ment has been concluded to respond to these challenges [85], and
adopting a widely acceptable treaty often requires lengthy discus-
sions among the stakeholders on the specificities [86]. In this re-
gard, developing an LTSOSA regime from the bottom-up may help
to create stability for the new situation in the space domain [86].

Furthermore, the LTSOSA regime is not part of the treaty-based
rules of the International Space Law yet, and no compelling evi-
dence indicates that it has entered the corpus of customary inter-
national law either. While some countries, such as France and
Britain [87], report their state practices with regard to their
implementation of the first set of guidelines on the LTSOSA in 2017,
there is not enough evidence to support that state practices and
opinio juris in support of an LTSOSA regime are incorporated in the
rules of customary international law. However, there is reason to
believe that the endorsement of the guidelines for the LTSOSA by
the UN General Assembly [88] and their implementation by more
countries in the future will pave the way to the conclusion of a new
international convention or the emergence of customary interna-
tional law in the foreseeable future [89].

4. Need for regulatory framework related to LTSOSA to guide
APSCO

The LTSOSA is in fact of great interest and importance for the
APSCO member states because they have been benefiting
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tremendously from their space programs since 2006. However, this
cannot be regarded as adequate consideration for creating internal
regulations in respect of the LTSOSA to guide APSCO. Other factors
must be taken into account, including international obligations and
regional cooperation, which are examined respectively in the
following sections.

4.1. Fulfilling international obligations

As mentioned earlier, the principles of intergenerational equity,
intragenerational equity, peaceful purposes, and integration have
been established in the Outer Space Treaty of 1967 and become the
underlying principles that guide the space activities of all state
parties. However, the problem is whether these principles are
directly applicable to the activities of the APSCO, which is neither a
party to the Outer Space Treaty of 1967 nor have they publicly
accepted the rights and obligations within the treaty. This ambi-
guity arises out of the ‘pacta tertiis nec nocent nec prosunt’: third
parties do not benefit from a treaty and are not obliged by a treaty
to which they are not parties [90]. However, an exception to this
rule is that if the majority of the state members of an international
organization are contracting parties to a treaty, then this treaty
applies to the entire international organization [90]. Coincidentally,
the APSCO has 8 member states, of which 7 are state parties to the
Outer Space Treaty of 1967, including Bangladesh, China, Mongolia,
Pakistan, Peru, Thailand, and Turkey. Moreover, Article XIII of the
Outer Space Treaty of 1967 establishes that the treaty applies to the
activities of its state parties, including those that are conducted
within the framework of international intergovernmental organi-
zations [91]. Hence, the APSCO should be bound by the principles
that concern the LTSOSA in the Outer Space Treaty of 1967 and
should bear the responsibility to carry out its space activities for
peaceful purposes, with due regard to intergenerational and
intragenerational equities as well as protection of the space envi-
ronment. However, these are just general principles, which need to
be legitimized with more specific regulations. Furthermore, while
their cooperation for peaceful purposes is highlighted [92] and
some issues related to capacity building are addressed in the APSCO
Convention [93], they lack a systematic regime that addresses the
emerging issues that concern the LTSOSA, including space debris,
space traffic congestion, space weather, and frequency interference
[94] and, in fact, are not in the position to address the challenges of
the LTSOSA from a legislative point of view. In this regard, the
APSCO should establish an internal regulatory framework aimed at
carrying out its international obligations related to the LTSOSA
under the Outer Space Treaty of 1967.

4.2. Need for regional cooperation

The emerging issues related to the LTSOSA are very complicated
and challenging. Therefore, addressing the LTSOSA requires na-
tional, regional, and global efforts [95]. That is, efforts made by
regional intergovernmental cooperation organizations, such as the
APSCO, can be one of the 3 essential ways to reinforce the LTSOSA
which is at the regional level, thus complementing the national and
global efforts. In addition, cooperation at the regional level in
practice appears to be more efficient than that at the global level
[96] because there are often fewer conflicts of interest, such as
those that are geopolitical or cultural or economic. Apart from that,
the global organizations are often faced with the difficulty in
organizing large numbers of member states in collective action and
the issues related to the proliferation of free rider problem [97]. The
APSCO, however, has only 8 member states which are all devel-
oping countries and thus comparatively speaking, is more efficient
when it comes to implementing space programs and making
decisions as opposed to global bodies, such as the UNCOPUOS,
which has 83 member states from the North and the South.

Furthermore, the unique nature of the space environment
means that the space activities of a space actor readily affect those
of others without discrimination [98]. For instance, space debris,
regardless of the country of its origins, constitutes a significant
threat to the safe operation of every human-made space object in
the Earth orbital areas. And cooperation and coordination among
all space actors, thus, are necessary for the successful imple-
mentation of the LTSOSA. Moreover, these Earth orbital areas are
public property which is accessible to everyone and therefore
require the coordination of rules to address the potential collisions
due to the increasing number of satellites. In this sense, APSCO has
to enact regulations to coordinate the space activities of its member
states, and interactions between its member states, nonmember
states and other international organizations.

5. Selected legal issues

Owing to publication limitations, a few selected legal issues
related to the LTSOSA regulations of APSCO are discussed in this
section. One of the more important legal issues concerns the re-
wards reaped by the exploration and use of outer space, which are
made possible only with safely carried out space operations.
However, increasing volume of space debris, ambiguous space
weather, and space traffic congestion are real threats [99] to space
operations of the APSCO and its member states. Therefore, the legal
issues that pertain to these 3 issues are discussed respectively in
this section. In addition, enhancing the capacity building of the
APSCO member states, most of which are developing countries
with emerging space capability, is a good way to achieve intra-
generational equity, and thus, the legal issues related to capacity
building are subsequently examined. Moreover, the APSCO is a
regional cooperation organization rather than a global one. In this
regard, the legal issues related to themilitary use of outer space and
the use of space resources will not be addressed by this article, as
there has been not generally accepted international agreement on
how to address these 2 issues. Instead, the last part of the following
section discusses the radio frequency interference because it is a
real threat to the space activities of the APSCO and its member
states.

5.1. Space debris mitigation regulation

Themost immediate concern around the LTSOSA is space debris,
and the related risks were acknowledged by the United Nations as
early as 1999 [100]. There are 2 proposed means to address space
debris: active removal and passive mitigation. It should be noted
that the focus of this section is not on discussing the former but on
addressing the latter. Because currently no international treaty is
adopted to allocate the relevant responsibilities to actively remove
space debris among those spacefaring countries [101]. Another
problem is that active space debris removal requires high levels of
technical capacity and a substantial budget, and thus would hardly
be the priority of the APSCO in the near future inwhich themember
states, with the exception of China, are almost all developing
countries that lack the financial and technical capacities to do so.
However, an undisputable point is that the common responsibility
to prevent harm to the space environment should be taken by all
space actors [102], because as discussed earlier, this has already
been received by the corpus of customary international law [103].
In other words, the responsibility to prevent the generation of
space debris should be borne by every space actor, including APSCO
and its member states. Thus, the space debris regulation of the
APSCO should address the passive space debris mitigation.
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The first issue the regulation needs to address is the definition of
space debris, on which previous researchers' opinions diverge.
While some think that it should cover human-made and natural
debris [104], the others contend that it should only refers to the
human-made one [105]. Regardless of the aforementioned argu-
ments, the space debris in the space debris mitigation regulation
should only be limited to the human-made one, which refers to “all
man-made objects, including fragments and elements thereof, in
Earth orbit or re-entering the atmosphere, that are nonfunctional”
[106]. Because, technically speaking, the APSCO and its member
states are only capable of preventing the generation of the human-
made one rather than the naturally occurring one. Moreover, the
natural debris only exists in the near-Earth environment [107],
decays through natural mechanisms in a short period of time [108],
and thus poses little threat to space operation.

The generation of human-made space debris often takes place
during launching and in-orbit operations [109]. To avoid doing so,
the APSCO, thus, should take the necessary regulatory measures
during the mission planning, design, manufacture, and operational
(launch, mission, and disposal) phases of spacecraft [110]. First, the
space debris regulation shall encourage the APSCO and its member
states to develop and use advanced space technology that can allow
them to improve their space system to the extent that no space
debris will be released during normal operations [110]. If no such
technology can be developed, an effort should bemade tominimize
the adverse impact of any release of space debris on the space
environment [110]. Second, during operational phases, the APSCO
and its member states should “minimize the potential for break-
ups,” “limit the probability of accidental collision in orbit,” “avoid
intentional destruction and other harm activities,” and “minimize
potential for postmission break-ups resulting from stored energy”
[110]. Third, after the end of their mission, the APSCO and its
member states should return their spacecraft to Earth or move
them to graveyard orbits, thus minimizing the potential for further
creation of space debris and freeing space for the operation of new
satellites with an aim of making the use of earth orbits sustainable
also. This will be absolutely a laudable practice to implement the
principle of sustainable use.

5.2. Space weather regulation

One of the recent concerns about the LTSOSA revolves around
space weather which has different impacts, including radiation
storms, solar wind, and flares as well as coronal mass ejections
[111], all of which pose significant risks to spacecrafts, terrestrial
telecommunications, and power networks as well as crew or as-
tronauts in space station [112]. Moreover, the impact of space
weather on various economic activities has been increasingly
acknowledged [113]. For instance, the directional drilling technique
to tap oil and gas reservoirs relies on accurate GPS positioning, but
the drill head may drill in the wrong place if its GPS reception is
disturbed by some solar activities, such as radiation storms and
solar wind [113]. Solar energetic particles at the magnetic poles can
interfere with international airline flights, forcing the re-routing of
the flights and leading to flight delays as well as an increase in fuel
consumption [113]. Fortunately, the importance of understanding
and forecasting space weather has been recognized by the space
community; thus, space weather has been added as an agenda item
by the UNCOPUOS in 2013 [114].

Two factors should be considered in terms of how to respond to
space weather. First, the APSCO should establish a mechanism that
enables space weather to be continuously studied and monitored,
develop a better understanding of space weather, and share the
knowledge with its member states or even the entire international
community [115]. Understanding the effects of space weather is
also very essential when designing space objects [116], including
spacesuits. Any design flaw may be detrimental to space objects
and even persons in space. Therefore, the APSCO can source funds
to support research work to develop new technologies and designs
that would minimize the detrimental effects of space weather on
space objects, encourage its member states to develop these new
technologies and designs, and share their research findings as well
as established practices with other member states or even the
entire international community in effective and mutually accept-
ableways [117]. Moreover, a mechanism that facilitates cooperation
with other international organizations, such as the World Meteo-
rological Organization and the International Space Environment
Service, and nonmember states, is important to further develop the
ability of APSCO member states to understand space weather and
share their knowledge and best state practices with each other
[118].

Second, the Moon Agreement of 1979 has established the in-
ternational obligation to inform others of adverse phenomena that
may endanger health or life [119] in outer space. While the APSCO is
not subject to this agreement, the obligation to conduct space ac-
tivities for the benefit of all countries and in the interest of main-
taining international security has been stipulated in Articles I and III
of the Outer Space Treaty of 1967, which is binding for the APSCO.
Hence, on receiving information on adverse phenomena, the
APSCO should have in place an informative mechanism that
promptly disseminates this information on space weather [118] to
minimize damages, thus allowing all member states as well as the
international community to adequately prepare for any cata-
strophic events.

5.3. Space traffic management regulation

Similar to traffic on earth, orbital areas can be congested if
satellites or space stations are drastically increased in number
without regulation, which may lead to collisions between these
space objects eventually. Unfortunately, the number of defunct
space debris and operational space objects has significantly
increased in the past 10 years, and thus, regulations at the inter-
national level for managing space traffic have become inevitable.
Currently, every member state of the APSCO operates their space
objects in earth orbits [120]. To preserve their space assets and
maintain the safe operation of their space objects in earth orbits,
the APSCO and its member states need to establish a space traffic
management regime with an aim of coordinating their space ob-
jects, their space objects with that of other nonmember countries
and international organizations for avoiding unnecessary collisions.
More importantly, the regulation of how to detect space debris and
avoid collisions between their space objects and space debris
should be also addressed by the coordination regime, as the risks
created by space debris to the operation of their space objects are
more challenged and tougher because of the instable and uncon-
trollable movement of space debris in earth orbits.

Generally speaking, the core of space traffic management is
monitoring space objects and ensuring the accuracy of their orbital
data. Hence, consideration should be given to, first, the develop-
ment and use of scientific techniques and methods of monitoring
space objects, including defunct space debris and operational space
objects, in earth orbits, to improve the accuracy of their orbital data
[121]. In the capacity-building regulation, thus, it should be
encouraged to transfer or share such techniques and methods
among the APSCO member states [122]. Second, Article XI of the
Outer Space Treaty of 1967 has established an obligation to
disseminate information on the nature, conduct, location, and re-
sults of space activities [123]. Moreover, Article IV of the Conven-
tion on Registration of Objects Launched into Outer Space
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(hereinafter referred to as the Registration Convention) goes into
greater detail and requires each state of registry to provide their
basic orbital parameters, including the nodal period, orbital incli-
nation, apogee and perigee from time to time, and notifications on
their changes [124]. However, these 4 parameters are not adequate
to clearly identify the orbital path of a spacecraft [125]. The ec-
centricity [126], semimajor axis [127], and mean anomaly at epoch
[128], which are very essential parameters to define an orbit [129],
should be registered and shared with other space actors. Unfortu-
nately, they are missing in the Registration Convention. To prevent
possible collisions, the APSCO is responsible to establish a rule as to
how to share and disseminate these 5 parameters of space objects
among its member states from time to time in its space traffic
management regulation [130]. Apart from that, the APSCO should
enhance its cooperation with other nonmember countries and in-
ternational organizations, in an attempt to collect as much more
comprehensive orbital information on the relevant space objects
and space debris as possible. Only by having more comprehensive
and updated orbital parameters related to those space objects that
are close to their space objects, can APSCO and its member states
have enough time to make the satellite maneuver and prevent
potential collisions.

5.4. Capacity-building regulation

Capacity-building activities are conducted in many forms, such
as “education, training and sharing of appropriate experience, in-
formation, data, tools, and management methodologies and tech-
niques, as well as the transfer of technology” [131]. However, the
main concern for capacity building is the transfer of technology, I.
alia, environmentally sound technology (EST) [132]. The desire of
the developing countries to obtain EST through technology transfer
is because they believe that the sharing will promote their eco-
nomic growth [133], prevent excessive consumption and over-
exploitation of natural resources [134], and allow the “decentral-
ization and localization of technology” [135]. Many developed in-
dustrial countries, however, have concerns about technology
transfer, as it may infringe on intellectual property rights, patents,
and biotechnologies [136]. Irrespective of these arguments, the
unique character of outer space renders it necessary to conduct
transfer of space-oriented EST, because outer space, especially the
orbital areas, are public areas, which all countries can freely access
and conduct activities [137]. Nevertheless, this unique character
means that space activities readily affect others without discrimi-
nation, regardless of who conducts them and also incurs tremen-
dous damage to people and property on Earth which occurs
without intentional control [138]. This is very different from the
traditionally environmental issues on Earth where they are often
restricted to the territory of individual nations except for trans-
boundary effects. In this sense, the protection of intellectual
property rights should not be the only consideration of the devel-
oped spacefaring countries in the transfer of space technology.
Other factors, such as themitigation of the adverse impacts of space
activities of the developing spacefaring nations with low space
capacity, should be also considered. Hence, transferring space-
oriented EST to developing spacefaring countries to improve their
capacity to protect the shared space environment appears to favor
them. Otherwise, the long-term implementation of their space
activities cannot be ensured if the space environment is damaged
by countries without space-oriented EST, and that will also be an
unfair burden to them if merely several developed spacefaring
nations are capable of addressing those issues without the partic-
ipation of other countries.

Notably, the APSCO has addressed the capacity-building issue in
various ways. First, it is required to assist its member states in the
areas of “space technological research and development, applica-
tions and training”, and “share achievements among the member
states in space technology and its applications as well as in space
science research” [139]. Second, it is obliged to exchange scientific
and technical informationwith respect to the areas of space science
and space technology and their applications [140]. A good example
is the sharing of the remote sensing data from small multimission
satellites among its member states [141]. Unfortunately, to date, no
relevant regulation that addresses the transfer of space technology
has been established within the APSCO.

In the context of dealing with issues that pertain to the LTSOSA,
however, the APSCO needs to take into account the transfer of
space-oriented EST that address space environmental issues, such
as developing reusable launch vehicles [142], developing and
sharing technology that can actively remove space debris, or
instilling higher standards for satellite design so that less space
debris is generated after the satellites are defunct [143]. In this
regard, more specific regulations are necessary to assist with the
transfer of space-oriented EST with the aim to address the relevant
barriers, including the high costs of space technology [144], the dire
situations related to the protection of intellectual property in the
user countries [145], and national security [146]. Therefore, trans-
ferring EST at a reasonable market price is a good start to balance
the benefits of the transferee and transferor. Second, a mechanism
that monitors the protection of intellectual property rights should
be in place, which would require a commitment from the trans-
feree, or the transferor is entitled to temporarily halt the use and
claim for damages. Third, the use of the transferred technology
must be in line with the principle of peaceful purposes. Thus, a
monitoring mechanism should be established that requires users to
commit to the peaceful use of the technology, and direct APSCO and
its relevant member states to adopt measures that monitor the use
afterward [147]. Otherwise, the APSCO and its relevant member
states are entitled to and also responsible for suspending or even
terminating the transfer.

5.5. Radio frequency interference regulation

The radio frequency spectrum refers to “the range of frequencies
of electromagnetic waves which can be generated for the purpose
of providing communication between points without artificial
guide” [148]. The Constitution of the International Telecommuni-
cation Union (CITU) has declared it as a limited natural resource
because the entire range of radio spectrum can be utilized under
current technological capability, and the interference trouble can
incapacitate the simultaneous use of radio frequency by more than
one receiver [149]. Hence, they should be used in a rational, effi-
cient, and economic manner so as to ensure every user, I. alia, the
developing countries, also have equitable access to them [150].

More importantly, consideration must be given to addressing
harmful radio frequency interference (RFI) [121]. Radio frequency
can be interfered by not only natural but also human-made factors.
Space weather is one important reasonwhy radio frequency can be
interfered. More specifically, strong enough solar flares can give rise
to a radio blackout without communication of high-frequency radio
waves, which range from 3 to 30MHz band [151]. Even sometimes,
cloud and rain can be sources of interference with communication
of radio frequency [151]. The human-made frequency interference,
however, is more complicated than the natural one. First, when the
radio receiver of a satellite cannot meet the international standards
for filtering out interference, the RFI could happen. Second, when 2
or more satellites which broadcast on similar frequency are too
close to each other, the communication of signals from the satellites
to the earth receivers can easily be interfered [152]. Third, if some
signal transmitters are controlled intentionally to transmit the
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same or similar radio frequency as that of other transmitters,
regardless of uplink or downlink, the RFI could also happen [153].

The risks posed by RFI in outer space are obvious. First, the RFI
can pose a detrimental impact on the operation of the global nav-
igation satellite system (GNSS). The presence of very strong RFI can
lead a GNSS receiver to be blind and even stop working due to the
intentional jamming [154]. Even if in normal case, the presence of
RFI can generally be severe enough to adversely affect the perfor-
mance of receiver on the front end at the acquisition and tracking
stage [155]. Apart from that, the services with regard to satellite
broadcast and remote sensing, which rely on the transmitting and
retransmitting of radio waves by satellites, can be adversely
affected also.

Currently, China has successfully started operating its BeiDou
Navigation Satellite System; other member states of the APSCO all
operate their own satellites in earth orbits and many space coop-
eration programs within APSCO also depend on the benign oper-
ation of satellites. In this regard, to mitigate the harmful
interference with operation of satellites and communication of
radio signals, it is needed for the APSCO to establish a mechanism
addressing the RFI. It should be also noted that some rules related
to how to address the RFI have been established by the ITU, of
which all APSCO member states are also members. The specific
rules thus can be designed based on the CITU, the ITU Radio Reg-
ulations and the ITU Radio communication Sector Recommenda-
tions [156]. First, every member state of the APSCO shall carry out
its space activities in a fashion that cannot give rise to harmful
interference with the reception and transmission of radio signals in
relation to the space activities of other member states and APSCO
[121]. Second, the APSCO shall establish an international coopera-
tion and coordination mechanism to prevent the space activities of
nonmember actors from causing harmful interference with the
reception and transmission of radio signals with respect to the
space activities of the APSCO and its member states. Third, a
coordinating organ shall be established to respond to the settle-
ment of the harmful interference, and specific rules related to the
coordination can be designed based on the coordination rules
established in article 15 of the ITU Radio Regulations [157].
6. Conclusion

The LTSOSA is derived from the concept of sustainable devel-
opment on Earth. However, the primary difference is that the
former gives weight to the principle of peaceful purposes. More
specifically, the LTSOSA incorporates 5 legal elements, including the
principles of intergenerational equity, sustainable use, intra-
generational equity, integration, and peaceful purposes. In this
sense, the concept of LTSOSA has been in fact reflected more or less
in international environmental law and international space law.

Frankly speaking, the issues around the LTSOSA will not be
addressed in the near future. Efforts must be made by every space
actor in collaboration with each other for every step of the way. If
more space actors, be they nations or international intergovern-
mental organizations, respectively, regulated themselves with in-
ternal regulations or domestic laws, the goal of enhancing the
LTSOSA could be more readily realized. In this sense, it is now
timely for APSCO to incorporate an LTSOSA regime or components
of an LTSOSA regime into its legal mechanism. This is not only an
international responsibility in accordance with the international
law but also APSCO, in return, can benefit from space sustainability
in the long run. Moreover, the successful resolution of issues related
to the LTSOSA relies on international cooperation at all levels,
including regional intergovernmental cooperation organizations
such as APSCO, which can complement global and national efforts
to enhance the LTSOSA.

In terms of the internal regulations related to an LTSOSA regime,
5 major legal concerns that are related to space debris, weather and
traffic, capacity building, and RFI are discussed in this article. Apart
from these issues, other issues, including environmental protection
regimes related to the use of nuclear power sources, situation
awareness regulation, international cooperation regulation and
regulation with regard to scientific and technical research, and
development are alsoworth discussing in future research. Although
it is not necessary for the APSCO to embrace all aspects of an
LTSOSA regime, it is certain that the incorporated mechanisms
should reflect the 5 legal elements.

One may think that the APSCO may have only 8 member states,
so that the implementation of an LTSOSA regime within the APSCO
has a comparatively limited role in enhancing the LTSOSA. How-
ever, the LTSOSA is in the interest of all space actors, including
spacefaring countries and international intergovernmental orga-
nizations, which means that all of them should work together
toward achieving the goal of maintaining the LTSOSA, and incor-
porating an LTSOSA regime as a component of the APSCO platform
is just part of this goal. Hopefully, the benefits from the sustainable
and peaceful exploration and use of outer space will be available
over the long term, as long as the space actors are all willing to
embrace an LTSOSA regime.
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