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H
umans have explored and exploited near-earth 
space for more than six decades. More recently, 
the past two decades have seen the start of a New 
Space Era—the current period of space activity 

that is global, diverse, and rapidly expanding as a result 
of substantially lower barriers to entry—characterized by 
more spacefaring nations and companies, more risk of col-
lisions, and growing risk of conflict.1 Yet the basic treaties 
and mechanisms that were crafted 50 years ago for govern-
ing space activities have only marginally changed. 

The calls for more progress on space governance 
and “responsible” space behavior are growing louder and 
coming from a larger group.2 To help address the problem 
of the perceived gap between current space governance and 
needs for the future, this Perspective provides an initial 
assessment of the need for improvements in responsible 
space behavior, briefly describes some of the major hurdles 
to progress, and offers preliminary suggestions on how 
to make improvements that focus on the areas that most 
need attention and are most likely to be beneficial to all. 
This Perspective is intended to inform global policymakers 
who lack deep space expertise yet have the authority to 
influence future space policy for their nation or space sec-
tors. This Perspective also aims to begin to chart a course 

toward new standards for responsible space behavior that 
will ensure that space remains available for all as the world 
continues to travel into the New Space Era. 

To prepare this paper, we examined relevant literature, 
including United Nations (UN) voting records, proposals, 
government statements, treaties, agreements, and vari-
ous histories and analyses of the evolution of space trea-
ties, agreements, and norms; organized and conducted 
a series of RAND Corporation–hosted international 
responsible behavior workshops; participated in multiple 
external workshops and events as speakers, moderators, 
and observers; and conducted multiple informal inter-
views and discussions with government officials, industry 
executives, space policy experts, academics, and members 
of the space observer hobbyist community.3 After gather-
ing extensive input on views of the situation, barriers to 
progress, and options for solutions, we studied a list of 
candidate solutions to determine the areas that are most 
likely to be achievable in the near term (i.e., in the next five 
to ten years). Our research is only a first step, but it is an 
important, impartial perspective on the situation, and it is 
designed to advance the discussion and progress while also 
identifying the most-pressing areas for further work.
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To begin, we offer a brief overview of the develop-
ment of international treaties and attempts to further 
codify responsible behavior. This section summarizes the 
five international treaties that have been negotiated in 
the UN Committee on the Peaceful Uses of Outer Space 
(COPUOS). It also describes a few of the more-significant 
treaty proposals and non–legally binding efforts that have 
been proposed or adopted over the years. Next, drawing on 
our research and analysis, we synthesize and summarize 
some of the key barriers to progress in the effort to develop 
norms or binding rules for responsible behavior.

Finally, and of most interest to policymakers, we pro-
vide a short list of recommended first steps on a trajectory 
toward responsible space behavior norms that are appro-
priate for the New Space Era. We focus on a few key themes 
that should help guide leaders and policymakers toward 
tangible norms for responsible space behavior.4 In some 
cases, we offer specific examples of areas for initial steps, 

when these steps are more obvious and seem likely to pro-
duce quick wins. Our preliminary analysis suggests that 
leaders should focus on paths to space norms that 

• increase communication and engagement
• increase transparency for all
• begin with quickly achievable demonstrations of 

progress and accountability (quick wins)
• concentrate on safety before including security 

considerations
• progress toward security agreements.

The pace of enacting laws or transparency and 
confidence-building measures (TCBMs) concerning 
responsible space behavior is almost always slower than 
the development timelines for modern technologies. 
Timelines for agreeing on space norms have been stalled 
for decades by the wide policy chasm between the United 
States and China and Russia on preferred approaches for 
space governance and norms. Although it is taking longer 
to come to consensus on norms, space innovation and 
activity are accelerating. For example, it took eight years 
for the European Union (EU) Code of Conduct to reach 
its current version, and this code remains unadopted 
and is widely considered to be a dead effort. Historically, 
years—sometimes decades—of negotiations and proceed-
ings are required to establish multilateral agreements, 
let alone treaties. By contrast, the past decade has seen an 
explosion of space operators, launch services, and many 
more proposals for the near term.

Historically, years—
sometimes decades—
of negotiations and 
proceedings are 
required to establish 
multilateral agreements, 
let alone treaties.
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A Brief History of Responsible 
Space Behavior 

Defining rules and norms for the responsible use of space 
has been a complicated and contentious issue that has 
been heavily influenced by national security interests over 
safety.5 The early approach to space rules and norms was 
an extension of the Cold War conflict between the United 
States and the Union of Soviet Socialist Republics (USSR), 
and a basic understanding of that era is important even 
today. The first U.S. efforts to draft an international law 
ensuring “freedom of space” for all began during the Cold 
War in 1955, when “unimpeded overflight” of the USSR 
was deemed critical to national security. With unauthor-
ized penetration of another state’s airspace considered to 
be a violation of international law, the United States looked 
for a way to continue crucial surveillance of the USSR’s 
military advancements with intercontinental ballistic mis-
siles under an “open skies policy.”6 The U.S. government 
began to advocate a policy that kept outer space open to all 
to ultimately allow overflight of other states in space. In 
response to the USSR’s intention to launch a satellite into 
orbit, in 1957, the United States and its Western allies sub-

mitted proposals for treaties for the peaceful and scientific 
use of space.7 The USSR rejected these efforts and, months 
later, successfully launched Sputnik 1 into orbit.8 

In the 1960s, the United States and USSR jointly tried 
to reach a resolution on the testing and use of nuclear 
weapons in space. In 1963, through the Limited Test Ban 
Treaty, the United States, United Kingdom, and USSR 
agreed on a ban against the testing or use of weapons of 
mass destruction in space.9 Hoping to build on these guide-
lines, the United States pushed for additional resolutions 
on the matter, as long as they did not limit U.S. capabili-
ties for reconnaissance and defense in space.10 In 1966, 
after years of heightened concern over nuclear powers’ 
prospective abilities and intentions, the United States 
and USSR submitted separate draft treaties regarding the 
use of space. After six months of negotiations, the Treaty 
on Principles Governing the Activities of States in the 
Exploration and Use of Outer Space, including the Moon 
and Other Celestial Bodies (generally referred to as the 
Outer Space Treaty [OST]) “was opened for signature by 
the three depository Governments (the Russian Federation, 
the United Kingdom and the United States of America) in 
January 1967.”11 

Defining rules and norms for the responsible use of 
space has been a complicated and contentious issue 
that has been heavily influenced by national security 
interests over safety.
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In October 1967, the OST was adopted under the UN 
General Assembly, and it is considered the basis of modern 
international space law. The OST provides the basic frame-
work on international space law, including the following 
principles:

• the exploration and use of outer space shall be 
carried out for the benefit and in the interests 
of all countries and shall be the province of all 
mankind;

• outer space shall be free for exploration and use 
by all States;

• outer space is not subject to national appropria-
tion by claim of sovereignty, by means of use or 
occupation, or by any other means;

• States shall not place nuclear weapons or other 
weapons of mass destruction in orbit or on celes-
tial bodies or station them in outer space in any 
other manner;

• the Moon and other celestial bodies shall be 
used exclusively for peaceful purposes;

• astronauts shall be regarded as the envoys of 
mankind;

• States shall be responsible for national space 
activities whether carried out by governmental 
or non-governmental entities;

• States shall be liable for damage caused by their 
space objects; and

• States shall avoid harmful contamination of 
space and celestial bodies.12 

The OST remains the foundation of responsible space 
behavior and is considered the starting point for all future 
discussions and agreements regarding international coop-
eration in outer space. As of 2020, 110 countries are parties 
to the treaty. 

Although the OST is a foundational document, there 
are various criticisms of it by lawyers, analysts, and policy-
makers.13 The document itself is only 17 short articles in 
length and was written in broad language that allows a 
wide range of interpretation of the articles. In Article IV, 
“nuclear weapons” and “weapons of mass destruction” are 
not clarified further, and thus can be interpreted in a way 
that allows the use of other technologies, such as space-
based lasers and antisatellite (ASAT) systems. During the 
latter 1960s and 1970s, four additional agreements were 
adopted (see Table 1). 

The declining lack of signatories and parties to the 
treaties can be interpreted in a variety of ways, ranging 
from a growing lack of consensus on space law issues to 
potential overreach by negotiators who did not have the 
backing of their governments. China, Russia, and other 
states have argued that existing treaties are insufficient 
for safeguarding outer space as “the common heritage of 
mankind.”14 Supplementing the foundational treaties are 
an array of international principles that are nonbinding; 
however, these are generally considered inadequate because 
of their patchwork nature and lack of implementation.15

To address this longstanding concern, the UN General 
Assembly’s Special Session on Disarmament mandated 
that negotiations should take place in what is now the 
Conference on Disarmament, “in order to prevent an arms 
race in outer space.”16 Since the 1980s, the Conference on 
Disarmament has considered various proposals under the 
agenda item Prevention of an Arms Race in Outer Space 
(PAROS), including draft treaties aimed at preventing the 
placement of weapons in outer space and prohibiting the 
use of ASAT weapons. One example is the Chinese-Russian 
treaty proposal to ban weapons in space, formally known 



7

as the Treaty on Prevention of the Placement of Weapons 
in Outer Space and of the Threat or Use of Force Against 
Outer Space Objects and commonly referred to as PPWT.17 
First introduced by Russia and China in 2008 and intro-
duced again in revised form in 2014, the treaty proposal 
has been rejected by the United States as fundamentally 
flawed for reasons that include the lack of a verification 
mechanism and the lack of restrictions on the development 
and stockpiling of ASAT weapons on the ground.18 The 
PPWT proposal also does not address the threat of space 
debris as a result of weapon testing. Even though Russia 
and China still advocate the treaty, it is stalled because of 
the lack of consensus between major space parties, and 
resistance to the PPWT appears to be growing.19

The EU introduced a separate proposal for a non-
binding Code of Conduct for Outer Space Activities in 
2008. The Code was revised as the International Code of 
Conduct (ICOC) in 2010, and again in the following years, 

during multiple multilateral consultations involving more 
than 100 countries.20 If adopted, the Code would be a 
voluntary agreement by the subscribing states. The Code 
proposal lays out guidelines and TCBMs and largely builds 
on the foundation of the OST, restating the use of outer 
space for peaceful purposes. If states joined the ICOC, 
they would agree to not damage or destroy space objects, 
to minimize the risk of collisions and debris creation, and 
to abide by and implement the Space Debris Mitigation 
Guidelines as laid out by the UN COPUOS.21 The states 
would also agree to notify one another of launches, maneu-
vers, reentries, malfunctions, and collision risks by having 
established points of contact. The Code also includes an 
information-sharing policy that would require the creation 
and maintenance of a designated database for sharing 
policy, strategy, research programs, and space situational 
awareness (SSA) information. In addition, the Code pro-
poses access to site visits and demonstrations. The proposal 

TABLE 1

Major United Nations Space Treaties

Treaty (short name) Date Total Parties Total Signatories

OST 1967 110 23

Rescue Agreement 1968 96 23

Liability Convention 1972 95 19

Registration Convention 1975 67 3

Moon Agreement 1979 18 4

SOURCES: UN, Agreement on the Rescue of Astronauts, the Return of Astronauts and the Return of Objects Launched into Outer Space, New York, 672 U.N.T.S. 119, 

April 22, 1968; UN, Convention on International Liability for Damage Caused by Space Objects, New York, 961 U.N.T.S. 187, March 29, 1972; UN, Convention on Registration 

of Objects Launched into Outer Space, 1023 U.N.T.S. 15, New York, January 14, 1975; UN, Agreement Governing the Activities of States on the Moon and Other Celestial 

Bodies, New York, 1363 U.N.T.S. 3, December 18, 1979; UNOOSA, “Status of International Agreements Relating to Activities in Outer Space as at 1 January 2020,” January 1, 

2020; and Jessica West, “Not a Frontier: The Outer Space Governance Framework,” briefing at UNIDIR Space Security Workshop at United Nations Headquarters, New York: 

United Nations Institute for Disarmament Research, January 30, 2019.
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was last revised in 2015 and is generally considered to be 
a failure because of perceptions of a lack of inclusion in its 
development and a perception that it could “limit freedom 
of action in space for military and intelligence activities.”22 
Even if the Code were to be adopted, the framework for 
broader information-sharing has not been created or 
demonstrated.

Despite many years of deadlock on binding treaty 
proposals and non–legally binding international instru-
ments aimed at building norms of responsible behav-
ior, there have been some promising efforts in the past 
few decades. In 2013, the UN published the report 
Group of Governmental Experts on Transparency and 
Confidence-Building Measures in Outer Space Activities.23 
The guidelines were based on recommendations from a 
group of experts from various states, as well as proposals by 
member states and previous proposals from the 1990s. The 
2013 voluntary guidelines outlined ways to build TCBMs 
that are centered around the transparency of outer space 
activities. Four categories of information-sharing were 
highlighted: space policies and national security activi-

ties; outer space activities, such as orbital parameters and 
spacecraft launches; risk-reduction notices with respect to 
flight safety and emergencies; and contact and familiar-
ization visits to other states’ facilities. The 2013 Group of 
Governmental Experts (GGE) report is seen as a rare suc-
cess in a long-stalled effort toward international coopera-
tion on space norms; however, its implementation is volun-
tary, and there is no overarching mechanism to measure 
compliance.24

In 2010, the UN COPUOS began looking at the long-
term sustainability of outer space activities. Working 
groups were established, and, in 2016, COPUOS agreed on 
a voluntary set of guidelines related to long-term stability. 
The guidelines were written based on feedback from four 
groups of experts nominated by each state and intergovern-
mental organization with permanent status at COPUOS. 
In 2018, a preamble and nine additional guidelines were 
added, and, in 2019, the final Guidelines for the Long-Term 
Sustainability [LTS] of Outer Space Activities were adopted 
by COPUOS.25 The stated goal of LTS is to “provide guid-
ance on the policy and regulatory framework for space 

Despite many years of deadlock on binding treaty 
proposals and non–legally binding international 
instruments aimed at building norms of responsible 
behavior, there have been some promising efforts in the 
past few decades. 
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activities; safety of space operations; international coopera-
tion, capacity-building and awareness; and scientific and 
technical research and development.”26 Although COPUOS 
has encouraged states and nongovernmental entities to 
adopt the LTS guidelines, they are voluntary and nonbind-
ing and are therefore unenforceable unless incorporated 
into national law and regulation. The LTS guidelines are 
grouped into four categories: policy and regulatory frame-
work for space activities, safety of space operations, inter-
national cooperation, capacity building, and awareness, 
and scientific and technical research and development.27 
Although voluntary, the guidelines are seen as a success-
ful step toward a dialogue on the responsible use of outer 
space. Unlike previous attempts, which tended to focus on 
self-defense and armament, these discussions focused more 
on space for the betterment of humanity. In 2019, the sub-
committee agreed to continue discussions on the matter 
and to further develop the guidelines already produced. 
Those efforts would focus on safety and transparency in 
space activities. The UN has recognized that the guidelines 
should be a “living document” and continually updated 

because of the constant evolution of space activities and 
behaviors. Most of the planned work for COPUOS and its 
subcommittees for 2020 was postponed to 2021 or lim-
ited by the coronavirus disease 2019 pandemic.28 Table 2 
provides a summary of some of the select efforts on space 
norms and behaviors. It is not intended to be a complete 
summary; rather, it provides a representative sample of 
the kinds of efforts discussed or developed in the past few 
decades.

The OST, the four treaties related to the OST, and the 
various additional nonbinding efforts (such as the 2013 
GGE report on TCBMs and the LTS Guidelines) remain 
important foundational components of responsible space 
behavior. However, the rapid and significant changes in the 
space domain and the lack of implementation and verifica-
tion methods have made them inadequate for long-term 
sustainability for space for humanity. The following sec-
tion provides some brief insights into why there is a need 
for improvements in the overall portfolio of global space 
governance and responsible space behavior norms and the 
most-common barriers to change. 

The rapid and significant changes in the space domain 
and the lack of implementation and verification methods 
have made the treaties inadequate for long-term 
sustainability for space for humanity.
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Finally, and as noted earlier, there remains consider-
able debate among nations, international organizations, 
and other stakeholders regarding the terminology applied 
to the issue of space governance (e.g., laws, regulations, 
rules, norms, behaviors). Therefore, for the purposes of this 
paper, we have attempted to develop a set of standard defi-
nitions of key terms in our analysis. We developed these 
definitions based on our literature review and our discus-
sion with subject-matter experts. We delineate these defini-
tions in Table 3.

Contemporary Responsible Space 
Behavior

In the early days of space exploration, few actors had 
the resources and motivation to place satellites on orbit. 
Therefore, there was less concern over space traffic, and the 
focus was primarily on tracking satellites with basic posi-
tion information to send and receive information or com-
mands. As space has become more congested, the impor-
tance of safety from collisions has increased in importance. 
Safety in space hinges on the ability to carry out a satellite’s 
mission without unintentional interference. The growing 

TABLE 2

Summary of Select Efforts on Space Norms and Norms of Behavior 

PPWT
International Code of 

Conduct GGE Report on TCBMs
LTS

Guidelines

Proposer Russia and China 

(via Conference on 

Disarmament)

EU UN General Assembly (via 

UN Secretary-General)

COPUOS

Proposed legal standing Legally binding treaty Voluntary agreement Voluntary guidelines Voluntary guidelines

Verification mechanisms None None None None

Status Lack of consensus between 

major space powers

Lack of consensus Limited implementation Limited implementation

NOTE: For various national responses, see UN, Transparency and Confidence-Building Measures in Outer Space Activities: Report of the Secretary-General, New York, 

A/72/65, February 16, 2017. For more information on various U.S. comments and statements of compliance, see Conference on Disarmament, “Note Verbale Dated 29 Au-

gust 2016 from the Delegation of the United States of America Addressed to the Secretary-General of the Conference on Disarmament Transmitting the Submission of the 

United States to the Conference on Disarmament: ‘Implementing the Recommendations of the Report (A/68/189*) of the Group of Governmental Experts on Transparency 

and Confidence-Building Measures in Outer Space Activities to Enhance Stability in Outer Space,’” New York: United Nations, CD/2078, September 16, 2016; and COPUOS, 

Recommendations of the Group of Governmental Experts on Transparency and Confidence-Building Measures in Outer Space Activities: Views of States Members of the 

Committee on the Peaceful Uses of Outer Space: Note by the Secretariat, New York: United Nations, A/AC.105/1080, November 7, 2014.
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TABLE 3

Terminology Commonly Applied to Space Governance in the International Law Context

Common Term or 
Phrase

Formal or Working 
Definition Definition

Hard law Working An instrument that has a binding legal effect (e.g., treaty, protocol). A hard law typically is self-

executing or requires domestic legislation; creates mechanisms for interpretation, monitoring, 

enforcement, and dispute resolution; and increases the damage or cost to state credibility for 

reneging or violating it.a 

Customary 

(international) law

Formal A body of rules of law derived from the consistent conduct of states acting out of the belief 

that the law requires such conduct. It is evidenced by treaties, decisions of national courts and 

international tribunals, national legislation, diplomatic correspondence, opinions of national legal 

advisers, and the practice of international organizations.b

Soft law Working Instruments that are nonbinding that facilitate state cooperation without the threat of 

enforcement. They typically “are easier and less costly to negotiate”; impose lesser “sovereignty 

costs”; are flexible and adaptable (to cope with uncertainty); and are “available to nonstate 

actors.”c

Regulation Working An action by a state or group of states, primarily through treaty-based intergovernmental 

organizations, to control the conduct of actors through mandatory legal rules with monitoring 

and coercive enforcement.d

Rule Formal “An established standard, guide, or regulation. Prescribed guide for conduct or action, regulation 

or principle. . . . principle or regulation set up by authority, prescribing or directing action or 

forbearance; as, the rules of a legislative body, of a company, court, public office, of the law, 

of ethics. Precept attaching a definite detailed legal consequence to a definite detailed state of 

facts.”e

Norm Formal “A standard of appropriate behavior for actors with a given identity.” Norms may be broken down 

into two types: regulative norms, “which order and constrain behavior,” and constitutive norms, 

“which create new actors, interests, or categories of action.”f

Norm of behavior Formal A norm that “exists . . . to the extent that individuals usually act in a certain way and are often 

punished when seen not to be acting in this way”;g behavioral regularity in response “to an 

established rule or guideline, the violation of which generates some kind of external sanction.”h

Responsible behavior Working An act or actions that are consistent with international codes of conduct, standards, guidelines, 

and rules for the safe, sustainable, secure, and stable use of a domain in collaboration with other 

actors.i

Standard Working An international rule, guideline, or characteristic “for activities or their results, aimed at the 

achievement of the optimum degree of order in a given context.” Standards may take the form of 

test methods, codes of practice, guidelines standards, and management system standards.j
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number of space actors, space objects, and space debris in 
the New Space Era creates challenges for operating safely 
in space.29 To provide a sense of magnitude, some estimate 
that 96 percent of space objects are untracked and the 
number of satellites on orbit could increase by four to ten 
times in the next decade.30 Maintaining a safe environment 
in space requires a chain of interconnected activities that 
includes detection, tracking, communication and coor-
dination between users, and, if necessary, commands to 
maneuver satellites to prevent potential collisions. There is 
also the need for more debris management to mitigate the 
ever-increasing buildup of inactive objects in space. Nearly 

every step in this chain has shortcomings, so there is a 
compelling need to improve overall safety activities.

Safety and sustainability go hand in hand. Efforts to 
increase safety in space will also affect the future sustain-
ability of space operations. COPUOS defines the long-term 
sustainability of space as

the ability to maintain the conduct of space activities 
indefinitely into the future in a manner that realizes 
the objectives of equitable access to the benefits of 
the exploration and use of outer space for peaceful 
purposes, in order to meet the needs of the present 
generations while preserving the outer space envi-
ronment for future generations.31 

Table 3—Continued

Common Term or 
Phrase

Formal or Working 
Definition Definition

NOTES: For the purposes of this paper, we classify terms as having a formal or working definition. If a term is defined by a legally authoritative document or is otherwise 

described consistently throughout the academic and subject-matter expertise literature, we classify its definition as formal. If the term is otherwise applied in academic or 

subject-matter expertise literature, has varying definitions, or is otherwise used in soft law references without clearly being described, we classify its definition as working.

a Gregory C. Shaffer and Mark A. Pollack, “Hard vs. Soft Law: Alternatives, Compliments and Antagonists in International Governance,” Minnesota Law Review, Vol. 94, 2010.

b International Law Commission, “Part II: Ways and Means for Making the Evidence of Customary International Law More Readily Available,” Yearbook of the International Law 

Commission, Vol. II, 1950; and Shabtai Rosenne, Practice and Methods of International Law, New York: Oceana Publications, Inc., 1984, p. 55.

c Pollack and Shaffer, 2010, p. 719.

d Adapted from Julia Black, “Decentring Regulation: Understanding the Role of Regulation and Self-Regulation in a ‘Post-Regulatory’ World,” Current Legal Problems, Vol. 54, 

No. 1, 2001.

e Henry Campbell Black, Joseph R. Nolan, and Jacqueline M. Nolan-Haley, Black’s Law Dictionary: Definitions of the Terms and Phrases of American and English Jurispru-

dence, Ancient and Modern, 6th ed., St. Paul, Minn.: West Publishing Co., 1990, p. 1331.

f Martha Finnemore and Kathryn Sikkink, “International Norm Dynamics and Political Change,” International Organization, Vol. 52, No. 4, 1998, p. 891 (citing Peter J. Katzen-

stein, ed., The Culture of National Security: Norms and Identity in World Politics, New York: Columbia University Press, 1996, p. 5).

g Robert Axelrod, “An Evolutionary Approach to Norms,” American Political Science Review, Vol. 80, No. 4, December 1986, p. 1097. See also Vaughn P. Shannon, “Interna-

tional Norms and Foreign Policy,” Oxford Research Encyclopedia of Politics, Oxford: Oxford University Press, June 2017, p. 2.

h Gretchen Helmke and Steven Levitsky, “Informal Institutions and Comparative Politics,” Perspectives on Politics, Vol. 2, No. 4, December 2004, p. 747. See also Shannon, 

2017, p. 2. 

i Adapted from Gregory L. Schulte and Audrey M. Schaffer, “Enhancing Security by Promoting Responsible Behavior in Space,” Strategic Studies Quarterly, Vol. 6, No. 1, 

Spring 2012.

j Adapted from the International Organization for Standardization definition (see International Organization for Standardization, “1. Standards in Our World,” webpage, un-

dated).
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Put simply, sustainability ensures that space continues to 
be accessible by all nations in the future. The challenge is 
that space is a shared resource and subject to a tragedy-
of-the-commons scenario,32 in which it could become 
un usable because of the buildup of space debris that pre-
vents use by others.33 Tragedy of the commons refers to a 
shared-resource system in which individual users, acting 
independently according to their own self-interest, behave 
contrary to the common good of all users by depleting or 
spoiling the shared resource.

Although other domains deal with similar sustainabil-
ity considerations, the physics of space results in long-term 
debris problems that are significantly more concerning. 
Orbital debris above 800 km can stay in space for decades, 
while debris above 1,000 km can stay in space for more 
than a century.34

Some Key Problem Areas to 
Address 

In this section, we identify and discuss the five key prob-
lem areas that responsible space behavior should address to 
prevent a tragedy-of-the-commons scenario for space. We 
also identify and discuss two major barriers to action that 
currently impede progress toward resolving these problem 
areas.

The problem areas are 

• SSA and space traffic management (STM)
• debris mitigation
• ASAT testing
• rendezvous and proximity operations (RPOs)
• conflation of safety and security.

The barriers to action are

• motivations and interests
• lack of a rule-of-law framework.

To arrive at these two lists, we applied the follow-
ing methodology. First, we identified recurrent problems 
and barriers in the existing academic and subject-matter-
expert literature and workshops related to space opera-
tions and governance. Limiting our focus to recurring 
themes ensured that we did not focus on outliers. Second, 
we narrowed the list to include only steps that could lead 
to the development of norms. Much of the existing litera-
ture and many of the discussions on space norms occur 
at a theoretical or values level without any clear path to 
tangible results. This narrowing was based on qualitative 
conclusions that we drew from the literature and from the 
interviews and workshops we conducted. In sum, each of 
these lines of effort suggested that the problem areas and 
barriers identified were those for which there is already 
some level of agreement (within the space community and 
among space stakeholders) on the need for action. Third, 
we focused on (1) barriers and areas in which our lines 
of effort suggested that there is the greatest potential for 
near-term, achievable goals toward development of more-
formal norms or rules and (2) areas that were in most need 
of attention, based on relative risks of continued inaction. 
Fourth, we selected the problem areas for improvement and 
barriers to action that are the most-widely applicable to the 
space stakeholder community. 

We acknowledge that experts and analysts debate the 
various problems that warrant attention and need to be 
addressed to prevent a tragedy of the commons. However, 
drawing on internal and external responsible space behav-
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ior workshops, review of key literature, and interviews with 
experts and policymakers, we focused on these problem 
areas and barriers as a potential first step toward devel-
oping internationally accepted norms. We present addi-
tional support for this assertion in more detail later. This 
Perspective is not meant to provide an exhaustive list or 
an exhaustive discussion of each problem area or barrier. 
Rather, it is designed to help focus on the most-important 
areas and barriers needing attention. 

Space Situational Awareness and Space 
Traffic Management

More-reliable, more multisource-integrated, and more 
widely available SSA and STM systems are needed to 
ensure the safety and sustainability of space operations 
between active satellites and orbital debris. This is true 
both in the United States and more broadly.35 Compared 
with the estimates of debris offered earlier, there were 
more than 1,700 active satellites on orbit in 2017 and 3,000 
more planned to launch before 2026.36 Satellites range in 
size from India’s Kalamsat-V2, which can fit in a person’s 
hand, to precision military satellites, which are the size of a 

school bus.37 Unfortunately, the terms SSA and STM do not 
have internationally accepted definitions. One study found 
14 different definitions for SSA and five for STM.38 

There is an increasing dialogue in the international 
space community of the growing importance of both SSA 
and STM because of a growing number of on-orbit col-
lisions or near misses. One recent near miss provides an 
instructive case study because it shows the multiple play-
ers and gaps in the existing systems for coordination. On 
September 2, 2019, two active satellites were on a course to 
potentially collide in low earth orbit (LEO).39 One of the 
European Space Agency’s (ESA) earth observation satellites 
(Aeolus) and one of SpaceX’s proliferated Starlink satel-
lites were flagged as being in danger of colliding. The U.S. 
government, which currently provides broad SSA services, 
alerted the satellite operators to the potential collision, 
but, because there are no international guidelines on how 
to handle collision avoidance, it was left up to the space 
operators to determine a response.40 Because of a glitch 
in SpaceX’s software, SpaceX never got the email sent by 
ESA to discuss mitigations. ESA had to make the decision 
on what to do next, ultimately deciding to maneuver away 
and avoiding a debris-generating collision.41 Unplanned 

More-reliable, more multisource-integrated, and more 
widely available SSA and STM systems are needed to 
ensure the safety and sustainability of space operations 
between active satellites and orbital debris.



15

maneuvers dip into precious onboard fuel reserves, which, 
in most cases, determine mission life of a satellite. Defining 
the party responsible for maneuvering in different circum-
stances is an important detail to work out prior to potential 
collision events. Although a disaster was avoided on this 
occasion, the lack of international process and guidelines 
when it comes to STM means that this scenario could 
happen again with different results.42

For many years (from 1958, via NASA’s Orbital 
Information Group, through early 2021, via U.S. Space 
Command’s SSA Sharing program), the U.S. government 
was the principal provider of SSA information.43 Over 
the past decade, as the number of space operators and 
the amount of congestion in space increased, more enti-
ties have developed and are using their own SSA systems 
and information, greatly increasing available data but also 
introducing the possibility for conflicting information. 
Russia has had its own SSA system for decades.44 The Space 
Data Association began coordinating SSA-sharing between 
operators in 2009, and, as of 2020, the EU has at least 
seven nations participating in its own Space Surveillance 
and Tracking Support Framework.45 There is currently 
no international organization that provides global SSA 
and STM oversight, but there is increasing interest in the 
development of one.46 Filling the vacuum of a comprehen-
sive system, nations and operators are creating their own 
standards. Stovepiped SSA and STM have the potential 
to increase the information burden already felt from the 
number of collision alerts sent out. The U.S. government 
sent out 655 emergency alerts to satellite operators in 2017 
(579 were in LEO) and witnessed 310,000 close calls.47 The 
number of alerts (and conflicts between systems about data 

accuracy) will increase as the catalog of space objects grows 
and the number of entities providing SSA increases. 

Debris Mitigation

With the expansion of the use of outer space, the number 
of objects in space has been steadily growing (Figure 1).48 
Not all objects in space are active; more than 90 percent 
of objects in near-earth space are nonfunctional and con-
sidered space debris (e.g., dead satellites, launch vehicle 
stages, fragments from collisions in space).49 Space debris 
poses challenges that threaten the safe and long-term use of 
space. SSA becomes more complex the more objects there 
are in space to track. According to NASA’s Orbital Debris 
Program Office, “More than 21,000 orbital debris larger 
than 10 cm are known to exist. The estimated population 
of particles between 1 and 10 cm in diameter is approxi-

Defining the party 
responsible for 
maneuvering in different 
circumstances is an 
important detail to work 
out prior to potential 
collision events.
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mately 500,000. The number of particles smaller than 
1 cm exceeds 100 million.”50 Some estimates place the total 
number at around 160 million.51 STM also becomes more 
difficult with the increase in the potential number of col-
lisions. The collision of objects in space, in turn, creates 
more debris and is already a current reality.52

The first recorded collision between an active satellite 
and debris occurred in 1996, when a French government 
spacecraft collided with a piece of debris from an ESA 
rocket body.53 In 2009, a collision occurred between the 
inactive Russian satellite Cosmos 2251 and the active U.S. 
commercial communications satellite Iridium 33, creat-

FIGURE 1

Monthly Number of Objects in Earth Orbit, by Object Type
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ing 1,875 pieces of debris greater than 10 cm. Iridium had 
not received any warning of the potential collision.54 Since 
then, the number of near misses has increased. In 1978, 
Donald Kessler looked at the possible implications of the 
potential effects of space debris, including a scenario in 
which debris created from one collision sets off a long-term 
chain of events, and the new debris causes more collisions 
that outpace the time required for natural orbital disposal. 
Eventually, space becomes so full of debris that safe space 
operations are no longer viable.55 Today, this scenario is 
known as the Kessler Syndrome.

The potential for a Kessler Syndrome event and real-
life collision between space objects has led to a greater 
push for satellite end-of-life (EOL) planning in the design 
phase to include maneuvers for orbital disposal. Spacecraft 
either maneuver back to earth, where they are destroyed 
during reentry, or are sent to graveyard orbits for long-term 
storage. Although EOL planning can help better manage 
inactive space debris, building in the extra fuel for these 
maneuvers adds cost. Planned proliferated constellations in 
LEO composed of thousands of satellites will further crowd 
space, increasing the potential for debris-generating col-
lisions.56 NASA has been a leader in creating orbital debris–
mitigation guidelines both nationally and internationally, 
issuing the first-ever set of comprehensive guidelines in 
1995. These guidelines were later adopted and developed 
into the U.S. government’s Orbital Debris Mitigation 
Standard Practices.57 In 2007, the UN General Assembly 
endorsed the voluntary Space Debris Mitigation Guidelines 
of the COPUOS and invited member states to implement 
those guidelines through relevant national mechanisms.58 
Although helpful, the voluntary guidelines lack measures 
for accountability, and recent studies indicate that the lack 

of compliance with debris-mitigation guidelines is the big-
gest contributor to greater collision risk.59 One modest but 
potentially helpful initiative designed to improve account-
ability of satellite operators is the Space Sustainability 
Rating (SSR). The SSR is intended to encourage responsible 
space behavior in space “through increasing the transpar-
ency of organizations’ debris mitigation efforts. The SSR 
will provide a score representing a mission’s sustainability 
as it relates to debris mitigation and alignment with inter-
national guidelines.”60

Anti-Satellite Testing

Aside from collisions of space objects, testing of kinetic 
ASAT weapons has created large debris fields in space and 
has both safety and security implications. Early in the Cold 
War, both the United States and the USSR designed and 
tested ASAT weapons, but many of those efforts ended in 
the 1980s.61 In 2007, China conducted an ASAT test on 
one of its failed satellites near 865 km, creating more than 
35,000 pieces of debris, in the largest debris-generating 
incident to date. The 2007 Chinese ASAT test increased the 
amount of debris in space by 20 percent and received inter-
national condemnation.62 

Since then, other nations, including India, Russia, and 
the United States, have tested aspects of systems capable of 
kinetic ASAT attacks on orbit or used direct-ascent mis-
siles to destroy inactive satellites. However, these post-2017 
events were typically planned with the goal to minimize 
orbital debris generation. For example, in March 2019, an 
Indian ASAT test generated approximately 400 fragments 
that will decay in weeks or perhaps a few months because 
the target was orbiting at less than 300 km. As of the end 
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of 2019, less than 20 pieces of the debris created from the 
Indian ASAT test earlier that year remained on orbit.63 
More recently, Russia has reportedly conducted several 
tests of both direct-ascent ASATs and systems purported to 
be co-orbital ASATs.64 Although more-recent tests by India 
and Russia were executed in a way to minimize debris, they 
are adding to the catalog of space debris and normalizing a 
culture of on-orbit kinetic ASAT testing. The lack of a pro-
hibition on debris-generating ASAT tests, and, some would 
say, on ASAT testing in general, is a widely acknowledged 
challenge for both space sustainability and space security.

Rendezvous and Proximity Operations 
Standards

RPOs are planned orbital maneuvers that place a spacecraft 
in the vicinity of another spacecraft on the same orbit and 
approach it for a specific purpose. Such operations have 
been used since the 1960s and are used to connect supply 
vessels with space stations. More recently, interest has been 
steadily increasing for such applications as satellite on-
orbit servicing, refueling, and debris mitigation. RPOs can 
be cooperative or noncooperative. An RPO is cooperative 

when information flows mutually between the two space-
craft during a planned operation; it is noncooperative when 
information is transferred only one way. The International 
Space Station has carried out multiple cooperative RPOs, 
including some docking operations. A noncooperative 
RPO can be consensual when it is a coordinated effort (e.g., 
to retrieve a failed satellite or to remove space debris), or it 
can be nonconsensual (e.g., to interfere with another user’s 
asset).65 Sample RPOs are shown in Figure 2.

The Defense Advanced Research Projects Agency 
(DARPA) has been working to develop RPO and on-orbit 
servicing technologies for the United States and established 
the U.S.-led Consortium for Execution of Rendezvous and 
Servicing Operations (CONFERS) to engage industry in 
establishing responsible RPO behaviors.66 In 2020, a com-
mercial defense contractor demonstrated on-orbit servicing 
of a commercial satellite.67 Separately, in December 2020, 
NASA released a handbook that details best practices for 
on-orbit conjunction assessment and collision avoidance. 
The handbook, developed in cooperation with U.S. Space 
Command, 

discusses the maneuverability, tracking, reliability, 
and disposal of space hardware. Additional topics 

The lack of a prohibition on debris-generating ASAT 
tests, and, some would say, on ASAT testing in general, 
is a widely acknowledged challenge for both space 
sustainability and space security.
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include space vehicle and constellation design, space-
craft trackability, prelaunch preparation and early 
launch activities, in-orbit collision avoidance, and 
automated trajectory guidance and maneuvering.68 

Although positive steps, the approaches outlined in 
NASA’s Best Practices Handbook are voluntary and leave 
specifics about how to decide maneuvers up to satellite 
operators. CONFERS is also a positive step but leaves much 
unresolved regarding international norms. There is no 

internationally accepted standard, or distancing guidelines, 
to define how close is too close, and Article VI of the OST 
only requires governments to loosely supervise such non-
traditional space activities as RPOs.69

Conflation of Security and Safety 

The U.S. military’s dependence on and advanced capabili-
ties in the space domain over the past several decades have 
not gone unnoticed. China and Russia have reorganized 

FIGURE 2

Sample Rendezvous and Proximity Operations
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their militaries to emphasize space warfare and have 
accelerated efforts to develop both kinetic and nonkinetic 
capabilities to deny and exploit the perceived U.S. asym-
metrical advantage in space.70 North Korea and Iran have 
been developing their own arsenals of kinetic counterspace 
assets, which is particularly concerning considering their 
lack of space assets.71 As mentioned earlier, India also 
recently conducted an ASAT test. Although there have 
been efforts to develop space weapons since the Cold War, 
the United States recently declared space a warfighting 
domain, established the U.S. Space Force, and revived the 
U.S. Space Command.72 France has followed suit, standing 
up its own military space command, while other coun-
tries, such as Australia, are considering similar steps. The 
North Atlantic Treaty Organization has also recognized 
this shift in space, declaring space an operational domain.73 
The various organizational changes are a symptom of the 
growing dependence on space and the increasing number 
of space actors that can contest space. The possibility of a 

terrestrial conflict extending into space or a conflict begin-
ning in space is becoming increasingly real. 

Conflict is already a possibility and often a reality in 
other domains, such as the land, maritime, air, and even 
cyber domains. Yet space is considered, by treaty, the 
“province of all mankind,” and conflict in space can have 
implications that can extend well beyond the interests of 
the immediate parties to a conflict. Counterspace capa-
bilities designed for combat thus become a threat to the 
benign environment of space, intertwining space security 
with safety. The current leaders of the U.S. Space Force 
recognize the connectivity between security and safety. In 
the recently published Chief of Space Operations’ Planning 
Guidance, Gen John W. Raymond states, “We will part-
ner with and lead others to further responsible actions 
in, and use of, space to promote security and enhance 
prosperity.”74 Complicating matters further, space tech-
nology being developed by the commercial sector has the 
propensity to be dual use, allowing for applications by both 
the commercial and military sectors. Dual-use technology 
creates further security challenges, making it difficult to 
read intentions in space. Robotic technology designed for 
satellite repair, servicing, or debris removal could also be 
used for tampering with an adversary’s asset. Inspection 
satellites that require proximity operations to potentially 
fix or refuel broken satellites could be used for military 
purposes. In 2017, Russia deployed an inspector satellite 
that it claimed was used to diagnose one of its own satel-
lites that was experiencing technical difficulties; however, 
it was noted that the inspector satellite’s behavior was 
inconsistent with on-orbit inspection capabilities, creating 
international suspicion.75 Even if it were possible to regulate 
space technology, such an approach would limit potential 

The possibility of a 
terrestrial conflict 
extending into space 
or a conflict beginning 
in space is becoming 
increasingly real.
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commercial opportunities and capabilities that are benefi-
cial to space, such as debris management. This drives the 
need for a set of globally accepted behaviors rather than 
globally imposed technology restrictions. Defining respon-
sible behaviors in space is necessary, but not sufficient, to 
promote security and ensure access. 

Barriers to Action 

Although this section focuses on the two major themes 
regarding barriers to creation of responsible behaviors in 
space, one foundational barrier that must be discussed is a 
lack of awareness of the problem. In the beginning of the 
space era, collisions between two objects were considered 
unlikely. This assumption breaks down as more and more 
objects populate space. Space operators can no longer rely 
on the idea that space is vast and there is no need for coor-
dination as the number of actors, objects, operations, and 
collisions in space increases every year.76 More broadly, 
there is an apparent lack of appreciation for the importance 
of space to the global community. Many people—both citi-

zens and leaders—outside of major space powers still lack 
an appreciation for the global dependence on space. All 
space stakeholders, not just the major and emerging space 
powers, must first understand the problems facing the New 
Space Era and the potential tragedy of the commons that 
applies, or there will be little incentive for change. 

Motivation and Interests

The difference of individual self-interest versus collective 
thinking has long been a barrier to development in respon-
sible space negotiations. Collective thinking, developed 
through an agreed-upon, legitimate bureaucratic process, 
is crucial for the successful development of norms, volun-
tary or nonbinding rules, or the passage of any future legal 
framework. Notwithstanding the value of a recognized 
collective process for developing norms, in the past few 
decades, there has been a divergence of individual inter-
ests because of a lack of a common benefit. With the rise 
of the commercial space sector and academia, more and 
more players have a say in what they believe responsible 

All space stakeholders, not just the major and emerging 
space powers, must first understand the problems 
facing the New Space Era and the potential tragedy of 
the commons that applies, or there will be little incentive 
for change. 
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space should look like. Governments, commercial actors, 
academic institutions, and nations—whether mature space-
faring nations or aspirant spacefaring nations—all have 
different goals and interests in space, making it more dif-
ficult than ever to prioritize collective thinking. Leading 
space powers inherently have a self-interest in their space 
programs, often relating to self-defense measures. This 
leads to a complication in defining a common benefit, 
especially when the common benefit is individually pro-
tecting a state’s own defense interests. From the earliest 
days of the OST, differing interpretations of “peaceful uses 
of outer space” and acceptable use of self-defense have 
made it increasingly difficult for space actors to come to a 
consensus regarding their military assets in space.77

While each space actor sees weaponization of space 
as something to avoid, most states are not willing to sign 
something that will limit their capability for self-defense. 
Some states see true nonmilitarization of space as not 
only forgoing testing of space weapons but also limiting 
research and development of these weapons to begin with. 
Some states, such as Russia and China, argue that a ban on 
the implementation of weapons in space is enough. A key 
critique of the PPWT by the United States is that, although 

it disallows deployment of weapons in space, it does not 
stop development, testing, and storage of weapons.78 China 
has publicly stated that it sees space as a critical warfight-
ing domain, and Russia has openly discussed its develop-
ment of counterspace capabilities, both aligning with their 
own self-interests of pursing a robust military capability in 
space. The 2020 U.S. Defense Space Strategy lists first and 
foremost the U.S. Department of Defense’s desire to main-
tain space superiority, including the ability to “deter and 
defeat adversary hostile use of space.”79 The self-interest 
of one player can ruin space for all. The problem can arise 
because all states see self-defense as their number-one pri-
ority in all domains. Although most states want to limit the 
production of counterspace weapons by others, those that 
have the capability to do so do not want to give up their 
right to develop these systems as a means for self-defense. 
This divergence of a common benefit of space has only 
fractured further in the past decade as capabilities of coun-
terspace systems have become much more robust.80

Self-defense and preservation of space capabilities 
(usually directly tied to the preservation of the space 
asset) are top priorities for state actors, but commercial 
actors’ goals also present a difficulty in responsible space 

Although most states want to limit the production of 
counterspace weapons by others, those that have the 
capability to do so do not want to give up their right to 
develop these systems as a means for self-defense.
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negotiations. The private sector tends to prioritize the 
stability of its revenues, through satellite collision avoid-
ance, on-orbit rendezvous and servicing operations, and 
debris-mitigation best practices.81 This can lead to a divide 
between states and the private sector about regulations and 
rights in space. 

Lack of a Rule-of-Law Framework

It can reasonably be argued that the single most significant 
impediment to establishing globally recognized standards 
for responsible space behavior is the 1967 OST itself, in 
addition to the four subsequent space treaties that encom-
pass the existing body of space law.82 Although these five 
treaties theoretically have the binding force of law within 
the countries that ratified them, all fail to establish a com-
prehensive, hard-law, space governance system that is nec-
essary to provide a predictable system of behavior among 
space-capable states. The reasons for this are primarily 
twofold. 

First, none of the five treaties incorporates an enforce-
ment mechanism to constrain or punish aberrant behavior 
in space by state or nonstate actors. This is particularly so 
for issues related to SSA, STM, and debris management, 
which were not immediate concerns in 1967 given the few 
states that maintained space capability at the time (i.e., the 
United States and the USSR). We define aberrant behavior 
as conduct or actions that fall outside the stipulated con-
ditions or requirements of the treaties, customary inter-
national law, or the soft-law nonbinding system of norms 
or other informal agreements that have developed since 
ratification.83 The nonbinding system represents customary 
conduct and documented or undocumented guidelines that 

states have regularly followed since 1967 with respect to 
SSA or STM, or both. The 2019 COPUOS LTS Guidelines 
discussed earlier are an example of a recent attempt to 
develop additional nonbinding, but formally documented, 
rules of space behavior. Sovereign states can then choose to 
adopt rules as part of their national laws and regulations.

Each signatory to the five treaties maintains its sover-
eign right to regulate (through its own domestic legislation 
and executive action) its own conduct in space and the 
conduct of actors who launch objects into space within its 
boundaries. The UN institution dedicated to space issues 
(i.e., COPUOS) is essentially collaborative and an advisory 
forum without the authority to enforce treaty require-
ments or conditions.84 Although the UN Security Council 
maintains jurisdiction to sanction treaty violators, such 
an action would require agreement by nine voting mem-

None of the five 
treaties incorporates an 
enforcement mechanism 
to constrain or punish 
aberrant behavior 
in space by state or 
nonstate actors.
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bers, including concurring votes from the five permanent 
members.85 

SSA and STM, particularly when considered in con-
junction with the issue of space debris, provide an example 
of the impact of the lack of enforcement mechanisms. 
Because no independent and objective international entity 
exists with the authority to enforce any SSA or STM stan-
dards, there is no “traffic cop” in space to identify, police, 
and arrest violative actors. Although the United States 
operates Space-Track.org, which provides SSA information, 
this system fails to provide a comprehensive SSA or STM 
solution. Experts note that Space-Track.org has a high alert 
rate and, because it fails to register numerous U.S. space 
objects, lacks the full transparency that would be a prereq-
uisite for encompassing SSA and STM.86 Moreover, there is 
no independent tribunal before which SSA issues or STM 

disagreements among member states may be adjudicated, 
determined, and enforced. 

A recent SSA event illustrates the significant risks 
associated with the lack of a fixed adjudicative and enforce-
ment mechanism. In 2015, a Russian satellite was posi-
tioned between two Intelsat satellites in geostationary orbit 
with an assigned International Telecommunications Union 
orbital slot, putting all of the satellites in serious danger of 
collision.87 Intelsat appealed directly to Russian officials, 
but the Russians did not substantively address the inci-
dent.88 Because there was no authoritative body to appeal 
to or enforcement mechanism to apply, Russia’s disregard 
for norms associated with communications and operating 
procedures went essentially unaddressed. This might be an 
invitation to other state and commercial actors to ignore 
existing norms whenever it is in their perceived interest to 
do so.

In practical terms, the lack of an enforcement mecha-
nism results in an inability to prevent, deter, or punish—by 
means of legal or regulatory consequences—behaviors in 
space that could dramatically increase the risk for a cata-
strophic Kessler Syndrome event. Not surprisingly, there-
fore, such incidents as the Chinese and Indian ASAT tests, 
which significantly increased the difficulties and risks 
associated with SSA and STM for all nations, have gone 
unpunished as a legal matter. States are constrained from 
engaging in such violative behaviors only to the extent that 
they believe that refraining from such behaviors is in their 
political, economic, and international self-interests. This 
defies most accepted definitions of what constitutes the 
rule of law, which requires that every political actor in a 
system, including the state, be subject to enforceable rules.89

The five treaties—
particularly the OST—
incorporate operative 
language that is vague 
and ambiguous and 
lends itself to arbitrary 
application by the 
signatory states.
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Second, the five treaties—particularly the 
OST—incorporate operative language that is vague and 
ambiguous and lends itself to arbitrary application by 
the signatory states. Because no international authority 
or tribunal with the power to define terms and phrases 
universally exists, each signatory may interpret the lan-
guage of the various treaty requirements and conditions 
in accordance with its own legal customs, traditions, and 
teleological approach.90 In addition to a lack of definition 
of SSA and STM, even basic terms, such as space objects 
and space debris,91 are not defined in a lexicon that is uni-
formly accepted by all states. Additionally, such phrases 
as “due regard to the corresponding interests of all other 
States Parties,”92 “harmful interference,”93 and “peace-
ful purposes”94 are not further delineated or described by 
the treaty and are broadly open to interpretation by its 
signatories.95

Without a clear definition of what constitutes space 
debris, nations are free to define at will or to accept (or 
reject) definitions provided by such organizations as 
COPUOS and its supporting subcommittees and inde-
pendent national efforts.96 Some industry groups have 
recognized the lack of a standard lexicon and have begun 
efforts to standardize space terminology.97 However, it is 
unclear whether states and commercial actors are adopting 
either UN or industry terminology standards, or, if they 
are, to what degree they are adhering to them. Because of 
this lack of clarity and uniformity, and because the OST 
provides that a nation maintains exclusive jurisdiction 
over any object that it launches into space in perpetuity,98 
it is not clear that any space debris can be removed by any 
entity other than the original launching nation. This would 
include even the removal of debris that is a danger to navi-

gation or to other satellites or spacecraft.99 Any collective 
efforts among states to remove debris would be further 
complicated if a nation chose to define space debris in such 
a manner that the nation would—by its own laws—either 
not be responsible for its currently derelict objects that it 
had launched in the past, or be empowered to seize the 
space objects (derelict or active) of other nations that it 
perceived to be a danger to STM.

Potential Solutions

So far, we have briefly described the evolution of space 
treaties, discussed five key problems, and summarized 
some barriers to action. Now what? There are countless 
commentaries, white papers, and assessments that discuss 
why norms for responsible space behavior are needed.100 
There are fewer products that describe how to establish 
responsible space behavior practices that can be imple-
mented. There are several ways to move forward to more 
formally establish responsible space behavior. This section 
highlights a few of the most important potential solutions 
to help catalyze tangible progress needed.

We focus on a few key themes that should help guide 
leaders and policymakers toward tangible norms for 
responsible space behavior. In some cases, we offer specific 
examples of areas for initial steps, when these steps are 
relatively obvious and seem likely to produce quick wins. 
Our preliminary analysis suggests that leaders should focus 
on paths to space norms that 

• increase communication and engagement
• increase transparency for all
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• begin with quickly achievable demonstrations of 
progress and accountability (quick wins)

• concentrate on safety before including security 
considerations

• progress toward security agreements.

Increase Communication and Engagement 

Although the knowledge level of the space policy com-
munity is quite high, indications are that there is less 
awareness of the importance of space to daily life outside 
the relatively small expert community. The lack of aware-
ness of the significance of space for daily life, at the citizen 
and leadership levels in entry-level and nonspacefaring 
countries, demonstrates the need for increased commu-
nications and engagement. The risks of continued inac-
tion are greater than they were for the maritime and air 
domains because of the possibility of long-term damage 
to the space environment and the resultant impacts on 
humanity’s collective way of life on earth. Therefore, we 
recommend a proactive and coordinated global informa-
tion campaign that will not only build awareness but also 
facilitate the alignment of nations on the importance of 

space for all. This campaign should include multiple space 
actors rather than just one organization. COPUOS, using 
UNOOSA, already has some initiatives in this area, such 
as the Promoting Space Sustainability Project and a pro-
gram titled “Space Law for New Space Actors: Fostering 
Responsible National Space Activities.”101 More broadly, 
the UN General Assembly adopted a UK proposal in 
December 2020 titled “Reducing Space Threats Through 
Norms, Rules and Principles of Responsible Behaviours.” 
This proposal is a good first step because it encourages 
all UN member states to “study existing and potential 
threats” and to share national space security policies, 
strategies, or doctrines and expresses “the desire that all 
Member States reach a common understanding of how 
best to act to reduce threats to space systems in order to 
maintain outer space as a peaceful, safe, stable and sustain-
able environment.”102 As many nations as possible should 
submit inputs to the Secretary General to ensure maxi-
mum inclusion and awareness for the final report that is 
expected by the UN General Assembly’s 76th Session in 
late 2021.103 

Given the slow pace and stagnation in various UN 
venues for an agreement and the limited ability of the UN 

We recommend a proactive and coordinated global 
information campaign that will not only build awareness 
but also facilitate the alignment of nations on the 
importance of space for all.
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space organizations to shift public opinion, leading space 
nations should also seize this opportunity to foster more 
dialogue outside UN expert groups and committees and 
in the broader public domain. One clear standout in this 
regard is the United Kingdom, which underwrites the 
UNOOSA Promoting Space Sustainability Project and has 
undertaken multiple efforts to educate and inform a global 
audience.104 The United States has consistently claimed a 
leadership role in international space cooperation; it should 
lead or underwrite efforts similar to those funded by the 
United Kingdom (akin to U.S. leadership with regard to 
developing TCBMs). A specific, helpful step would be to 
augment a wider discussion about the economic impor-
tance of space for everyone on earth and the tragedy-
of-the-commons scenario that could play out without 
concerted action. In its own modest way, this Perspective 
is intended to contribute to that effort by summarizing 
the history, evolution, problems, challenges, and potential 
solutions for those outside the space expert community. 
Nations and industry should also continue the important 
work of establishing a common lexicon for space terms and 
activities. Standardizing the language of space would facili-
tate the development of the more-complex aspects of SSA 
and STM. This comprehensive approach to increase com-
munication and engagement will set the stage for voluntary 
increases in transparency regarding space activities. 

Increase Transparency for All

An important aspect of increased communication and 
engagement is the imperative to increase SSA transparency 
for all. Space has traditionally been a domain in which it 
has been more difficult to detect and attribute behavior, 

and only a few nations have been able to maintain SSA on 
the most-important space objects. From a broader perspec-
tive, the early decades of the space era were similar to the 
Golden Age of Sail, the period between the mid-18th cen-
tury and the early 19th century when use of commercial 
sailing vessels was at its peak but there was limited ability 
to maintain maritime domain awareness.105 The inven-
tion of the telegraph signaled an intermediate period in 
maritime domain awareness in which awareness of ves-
sels improved. Space awareness is at a similar intermedi-
ate period because of limited coverage, lack of a common 
operating picture, and debates about data accuracy. Just as 
the world experienced an evolution from limited maritime 
domain awareness for a few key maritime powers to an era 
in which maritime domain awareness is much more widely 
available, stakeholders need to develop SSA that is widely 
available. 

There likely will always be exceptions to full transpar-
ency for national security imperatives in space, just as there 

Nations and industry 
should continue the 
important work of 
establishing a common 
lexicon for space terms 
and activities.
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are for other domains (and we discuss these security con-
siderations later). However, space powers would be better 
served by acknowledging the existence and orbits of space 
platforms, especially when they are more easily detected 
today than decades ago—not only by other nations but by 
amateur observers who widely share the information. The 
United States has taken some preliminary steps to be more 
transparent in this area by adding previously unacknowl-
edged satellites to its own public database.106 However, 
there are still numerous objects that the United States, 
China, Russia, and others do not add to the UN registry 
or that these nations do not acknowledge or include in 
the current SSA system.107 Leading space powers should 

acknowledge that their platforms exist and then provide 
updates on their activities without fully releasing the 
capabilities of these platforms. The lags or lack of report-
ing by spacefaring nations when objects are detected and 
cataloged by multiple sources undermines the credibility 
of major space powers and demonstrates a lack of full com-
mitment to existing space treaties.108 All major space play-
ers should cooperate on increased transparency regarding 
on-orbit operations. Failing to do so undermines the credi-
bility of those that claim to favor transparency and respon-
sible behavior. The powers that demonstrate tangible trans-
parency first are more likely to emerge as leaders in the 
longer-term effort to develop norms for responsible behav-
ior, while those that continue to attempt to hide in plain 
sight will lose credibility and influence. The U.S. intention 
to transition SSA to the U.S. Department of Commerce 
and introduce an Open Architecture Data Repository is 
a promising step that would position the United States to 
build a reputation as a more transparent space nation and 
the potential leader in the important area of SSA and, even-
tually, STM. However, the leadership of the United States 
is not a foregone conclusion. Several years of wrangling 
over U.S. government SSA and STM leadership have frus-
trated the commercial sector and created room for the EU 
and other organizations to develop their own systems.109 
Most space operators already understand that pooling their 
satellite data allows them to more effectively manage and 
mitigate much of their potential collision risk, and some 
are already sharing data informally, but there remain many 
technical and organizational challenges, not to mention 
legal ambiguities.110 The space nations that step in to fill 
the global gap in SSA and STM have the greatest chance of 
emerging as leaders for space norm development.

All major space players 
should cooperate on 
increased transparency 
regarding on-orbit 
operations. Failing to 
do so undermines the 
credibility of those that 
claim to favor transparency 
and responsible behavior.
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Begin with Quickly Achievable 
Demonstrations of Progress and 
Accountability (Quick Wins)

As nations and, ultimately, the international system work 
toward common definitions and a comprehensive system 
for SSA and STM, there is a need for near-term progress on 
norms for responsible behavior that include accountability 
methods. The limited successful cases at the UN level sug-
gest that an all-or-nothing approach that proposes compre-
hensive programs or norms is likely either to fail or to stall 
for many years in negotiation and debate. The structure of 
the UN and the deadlock between the United States and its 
primary competitors, China and Russia, make it unlikely 
that anything of substance will move through the UN any-
time soon. 

Creating the initial movement and speeding up the 
process of norms likely will require smaller groups of 
nations or industry partners working together to estab-
lish standards for responsible behavior that become more 
widely accepted over time. There is already some precedent 
for this in space, such as the best practices established by 

industry.111 Another example is CONFERS, the industry-
led effort established by DARPA that is working to develop 
RPO guidelines. There are even useful examples of nations 
establishing standards that are then promulgated more 
widely, such as the NASA debris-mitigation standards that 
were first issued in 1995 and were modified into the U.S. 
government Orbital Debris Mitigation Standard Practices 
two years later.112 Several other countries followed the U.S. 
lead and went on to develop their own guidelines, and the 
UN published debris-mitigation guidelines in 2010.113

This “quick wins” phase is more likely to be successful 
because it does not require full buy-in from the Conference 
on Disarmament, where deadlock is likely to continue for 
the foreseeable future. It also offers opportunities for select 
nations or consortiums to be exemplars. This does not 
mean that leading space powers can “lead by decree.” Such 
nations as China, Russia, and even the United States will 
need to adapt approaches that work through multipolar-
ity rather than unilateral actions. This subtle distinction 
between leading by example and attracting supporters is 
significant. If done in an inclusive manner that attracts 

Creating the initial movement and speeding up the 
process of norms likely will require smaller groups of 
nations or industry partners working together to establish 
standards for responsible behavior that become more 
widely accepted over time.
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like-minded constituents, it could set the stage for select 
nations to agree to standards for responsible behavior 
between each other that could then be promulgated more 
widely. Part of this shift will require China, Russia, and the 
United States to be willing to propose standards that apply 
to everyone, not just others. This is an extension of the con-
cept of greater transparency and might be harder to achieve 
for space powers that are used to setting rules that apply to 
others but not necessarily themselves. Some countries, such 
as the United States, will need to resolve internal debates 
about space norms—a problem that they have failed to 
solve thus far.114 Russia, for its part, would need to recog-
nize its diminishing role in space and the threat of a rising 

China and see that agreements with the United States are a 
way to remain relevant. Russia would also need to be will-
ing to act in good faith, something that has been missing in 
its pursuit of a treaty banning weapons in space even as it 
develops and tests them. 

Methods for measuring compliance are key elements 
of any of the quick wins with smaller groups. The best 
practices, guidelines, and standards that currently exist 
generally lack any method for measuring compliance by 
owners, operators, and even nations. As a result, there is 
limited motivation for any entity (whether a state or a com-
mercial entity) to comply unless its own benefit is assessed 
as greater than the cost to itself rather than the entire 
space community. Existing and emerging best practices, 
guidelines, and standards need to include a method for 
measuring compliance that accrues a benefit to entities that 
comply and some cost to those that do not. Initially, this 
cost-benefit system may be based solely on public reputa-
tion, similar to an airline safety rating or a free market 
rating. Over time, it likely will need to include tangible 
benefits for entities that comply, in terms of lower insur-
ance costs and greater influence in the global market (such 
as a safe-driver discount for insurance or a tax incentive for 
environmental stewardship).115

Concentrate on Safety Before Including 
Security Considerations 

Many discussions about space norms fall into two cat-
egories: safety and security.116 As part of any discussion, 
the first step is to establish universal definitions for these 
terms, something that is still lacking in the international 
space community. Although there are obvious areas of 

Existing and emerging 
best practices, guidelines, 
and standards need to 
include a method for 
measuring compliance 
that accrues a benefit to 
entities that comply and 
some cost to those that 
do not.
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overlap between the terms, it is possible to delineate some 
considerations that are clearly more about safety than secu-
rity. Current discussions about responsible space behavior 
are often derailed by debates about safety versus security, 
whether in or between the relevant UN committees and 
their subordinate groups or between governments and 
industry. Both elements are important and require atten-
tion. As we have indicated thus far, we recommend that 
the initial focus be on safety considerations. For example, 
debris prevention and mitigation are safety areas in which 
there is already broad consensus on the need for action to 
protect the space domain for all. Debris removal, although 
likely important in the future, often derails discussions 
because those platforms can also be used as ASATs. 
Therefore, the initial discussion should focus on the safety 
aspects of concerns like debris and maneuvering notifica-
tions before including the more-complicated discussions 
about security activities. For example, banning on-orbit 
debris-generating ASAT testing should be discussed early 
in the development of norms, since it can be designated a 
safety decision because it prevents the creation of debris 
in a peacetime environment that affects everyone. This 
narrowly defined ban would not preclude nations from 
developing and testing ASAT weapons in other ways. This 
approach is like the Limited Test Ban Treaty that prohibits 
certain kinds of nuclear tests but does not prohibit nuclear 
powers from other forms of development and testing as 
part of a broader strategic stability construct. Although 
arguably a subset of the concept of pursue quick wins, the 
early distinction between safety and security is important 
given the growing role of space as a warfighting domain by 
several space nations, regardless of whether they acknowl-
edge it.

Progress Toward Security Agreements

We encourage early emphasis on communication, trans-
parency, and addressing threats to safety in space because 
these are the areas that are most likely to allow progress. 
The area of space security is also very important and 
should be addressed. There is even less awareness among 
the general population of the current intentional and hos-
tile threats to space assets. It is important that the realities 
of space as a warfighting domain and the potential risk 
to operating safely in space today and in the future are 
understood by all nations. Responsible space behaviors 
work when they are adopted by a critical mass of actors. 
Eventually, the global community will come to realize 
that, just like the maritime and air domains before, space 
is evolving into a domain that has both peaceful and hos-

The initial discussion 
should focus on the safety 
aspects of concerns like 
debris and maneuvering 
notifications before 
including the more-
complicated discussions 
about security activities.
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tile components. Increasing communication and engage-
ment regarding threats to space is an important first step 
in implementing solutions. The recommended increase 
in transparency will require more openness about at least 
the existence of national security platforms on orbit, in 
much the same way that military aircraft and vessels are 
generally required to comply with international law during 
peacetime. This approach will build greater trust where it 
does not currently exist while allowing nations to maintain 
their necessary national security capabilities, much as they 
do in other domains. The geopolitical competition in space 
is accelerating, and the more the public knows about it, the 
better.117 However, the major space powers should strike 
a balanced approach to public discourse about their own 
activities and competitor activities and should acknowl-
edge the significant impacts that nonsecurity activities 
have in space and the risks to all of space warfare.

Conclusion

The context of space activities today is vastly different 
from that of 1967, when the OST was signed. The early 
space domain was dominated by two superpowers. Today, 
the world has more than 60 spacefaring nations, multiple 
commercial space operators, and a global economy that is 
inextricably linked to space. The Cold War–era architec-
ture for governance is no longer adequate when there are 
so many more spacefaring actors and the risks of collision 
and even conflict are growing. There are multiple problems 
that deserve attention as space becomes more congested 
and contested and just as many roadblocks to progress 
that we have summarized as part of a broader informa-
tion effort. To help address the challenges that humanity 
faces in space, we offer several key areas for action that our 
analysis indicates are the most likely to be successful in the 
near term and are also important for the longer-term devel-
opment of responsible space norms. It remains to be seen 

The early space domain was dominated by two 
superpowers. Today, the world has more than 60 
spacefaring nations, multiple commercial space 
operators, and a global economy that is inextricably 
linked to space.
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whether there is adequate political will to transcend the 
short-term gains and focus on ensuring long-term sustain-
ability in space.

Areas for Further Research

This Perspective has provided a preliminary look at the 
status of space norms, hurdles to further progress, and 
preliminary steps that could be taken to improve space 
sustainability and governance. The resources available 
to conduct this research and reporting were limited, and 
this is by no means a complete analysis of the situation or 
a comprehensive list of actions. Rather, it is a first step in 
a longer series of research efforts needed not only to fully 
understand the problems associated with space sustain-
ability but also to offer solutions. A few, but not all, of the 
areas in which further research and analysis are needed are 
discussed in this section.

Further research is needed to study the evolution and 
structure of governance frameworks for other domains 
and to consider best practices and approaches for the space 
domain. This could be framed as a “design brief” that out-
lines the key characteristics that policies for the New Space 
Era should contain. 

Economic issues, and space resources in particular, are 
likely to be a central topic of space governance discussions. 
Although there are clear differences between the space 
domain and other domains, it would be helpful to examine 

how property rights in other domains have encouraged 
more-efficient economic use and environmental steward-
ship of common-pool resources. Further analysis is needed 
(although the field is growing and more analysis is becom-
ing available) to understand the gaps in space law at the 
international level.

More-detailed technical analysis is needed to under-
stand the issues associated with data trust for SSA. The 
United States should assess the historic trends in its policies 
toward space law and governance and determine the best 
approach for its interests and overall space sustainability.

It remains to be seen 
whether there is 
adequate political will 
to transcend the short-
term gains and focus 
on ensuring long-term 
sustainability in space.
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H
umans have explored and exploited near-earth space 

for more than six decades. More recently, the past 

two decades have seen the start of a New Space 

Era, characterized by more spacefaring nations and 

companies and a growing risk of collisions and conflict. 

Yet the basic treaties and mechanisms that were crafted 50 years ago 

to govern space activities have only marginally changed. 

The calls for more progress on space governance and responsible 

space behavior are growing louder and coming from a larger group.  

To help address the gap between current space governance 

and future needs, the authors of this Perspective summarize the 

development of space governance and key problem areas, identify 

challenges and barriers to further progress, and, most importantly, 

offer recommended first steps on a trajectory toward responsible 

space behavior norms appropriate for the New Space Era. The authors 

used a review of relevant literature and official documents, expert 

workshops, and subject-matter expert interviews and discussions to 

identify these challenges, barriers, and potential solutions.

PE-A887-2

PE-A887-2 Cover Responsible Space Behavior.indd   All Pages 4/6/21   9:52 AM




