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Foreword

Space satellites serve a myriad of vital terrestrial purposesconnected with national security,
scientific research, and commercial aims. As the space domain becomes increasingly congested
with space objects and debris, there is a corresponding increase in the risk of orbital collisions.
There is general agreement wthin the space community on actions that can address the complex
underlying space traffic management issues facing the world of stakeholders deploying orbital
assets. However, there are questions regarding where the responsibility for space traffic
management should ultimately reside.

At the direction of Congress, the Office of Space Commerce, within the Department of Commerce,
contracted with the National Academy of Public Administration (the Academy) to complete this
independent and unbiased review to identify the best organization to assume the mission of space
traffic management. This research was led by a fivemember Panel of Academy Fellows, supported
by an Academy study team.

This report identifies the federal organization best suited for this critical mission and calls for
urgent action by Congress to authorize and appropriate adequate funding to it to accomplish the
space traffic management function. This agency should work collaboratively and creatively across
government and non-government sectors, both domestic and international, to help identify and
shape effective strategies to mitigate these risks across the space ecosystem.

As a congressionally chartered, independent, nonpartisan, and non-profit organization with over
900 distinguished F ellows, the Academy has a unique ability to bring nationally recognized public
administration experts together to help government agencies address challenges. We greatly value
the constructive engagement of the more than 100 individuals representing a broad array of
stakeholders who provided important observations and context to inform this report.

I am deeply appreciative of the work of the five Academy Fellows who served on this Panel. | also
commend the Academy study team that researched, analyzed, ad contributed valuable insights
and expertise throughout the project.

This report provides clear recommendations on how Congress and the stakeholder community
should expeditiously proceed to address the looming crisis in space. Taking prompt action will
serve to greatly enhance important commercial and research enterprises connected with the
endless expanse that lies above us.

Teresa W. Gerton
President and Chief Executive Officer
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Executive Summary

As gace becomes increasingly congested with ever larger numbers of domestic and foreign
commercial companies, researchers, universities, and military/intell igence agencies launching
orbital assets, the issue of space traffic management ETM) becomes ever more salient.With t he
risk of orbital collisions growing astronomically, we face a crisis that must be urgently addressed
in order to facilitate orbital saf ety and enhance commercial and research advances usingthis
important domain. At the request of the Congress, his report identifies a civilian government
agency best suitedto lead the STM function outside of the national security sphere. This agency
should be authorized and funded with all due haste by Congress in order to improve the safety
and sustainability of orbital space, and to bolster American leadership in this commercially
strategic domain.

The appropriations act for Fiscal Year (FY) 2020 in the Senate Amendmentto H.R. 1158, Division
B (116" Congress) provided appropriations to the Department of Commerce (DOC) to contract
with the National Academy of Public Administration (the Academy) to conduct an independent
review. The legislative language calls for the independent review to include:

1. An assessment of which department or agency and entity within the
department or agency is best suited for responsibility for space traffic
management;

2. Any statutory, regulatory or licensing authorities neces sary to facilitate such a
transfer;

3. Funding implications, including infrastructure and personnel costs;

4. Consultation with appropriate officials from the Departments of Defense,
Commerce, and Transportation, NASA, the Director of National Intelligence,
other relevant Federal agencies, industry, and other stakeholders; and

5. Data integrity, information technolog y, and national security considerations.

This report of an Academy Panel of Fellows provides an assessment to consider which of the
following four agency candidates is best suited to take on the STM task: (1) the Office of Space
Commerce (OSC),apart of National Oceanic and Atmospheric Administration (NOAA) inside the
Department of Commerce (DOC); (2) Office of Commercial Space Transportation (AST), part of
the Federal Aviation Administration (FAA) in side the Department of Transportation (DOT); (3)
the National Aeronautic s and Space Administration (NASA); or (4) the Department of Defense
(DoD). The report examines strengths and challenges of each agency ints respective current
roles, and potential future roles, in space situational awareness (SSA) andSTM. There is a clear
emphasis throughout this report , based onthis assessment,that these and other agencies must
continue to work collaboratively now , and in the future, to achieve a safer space domainin that
sense, the report addresses the congressionamandate practically and holistically, recognizing
that these agencies playimportant roles in the space doman going forward. Utilizing those

1



capabilities (and those of other entities) will enable this task to be carried out with greater speed,
efficiency, and effectiveness

The assessment and decisionmaking approach approved by the Panelis guided by the following
integrated set of research principles:

a. Implement an independent, unbiased assessment, bearing in mind that there are recent
decisions and other developments within and outside of government that merit
consideration in an appropriate manner.

b. Describe specific features of an optimal operating model for STM based on extensive
research with a broad array of documentary sources and interviews with actors operating
in the domain . In this respect, the Panel determined that SSAis a precursor to performing
the STM function. As such, SSAand STM should be combined and conceptualized asan
ecosystem, andthus the operating model and evaluation includes both functions.

c. lIdentify specific technical and non -technical skills and characteristics that can be assessed
in order to compare candidate agencies to perform STM.

d. Consider all reasonablecandidate federal agencies that might perform this task.

e. Map and then compare agencies against the list of skills and characteristics in order to
evaluate each agencyods suitability and potent.i

f. The Panel é&mwkind pracéssid as follows: selectthe agency deemed to be closest
to building the ideal operating model, exhibiting the technical and non -technical skills as
best as can be ascertained, and guided by skills and capabilities needetb perform this
function with a focus on both domestic and international dimensions .

The functionsof SSA andSTM are complex and varied, posing a challenge to any agency thaseeks
to arrive at anything other than a dynamic list that may change frequently over time as
technologies and the emerging industry rapidly advance. Considering how SSA and STM
functio ns are connected with scientific and data technological advancements that arechanging
rapidly with respect to this domain, it is right to be cautious about detailing a one-time list of
capabilities. In this dynamically changing domain and marketplace, the only thing that is certain

is that the STM function is centrally important and will require flexibility and creativity by an
agency that will take the main STM role.

In light of the complexities and diversity of STM tasks and functions, it is difficult to conclude in

a simple manner that there is one agencyto take on this function. The optimal approach in
considering an agency to ke the lead in STM is to, first, avoid buildinga i o n e s t.@Tperes h o p
cannot be, andshould not be, a stand-alone provider of STM services.However, one agency needs

to take the lead in STM, albeit with a light touch, in order not to forestall the learning and adaption

needed in this dynamic, rapidly evolving domain . Given this situation , it is difficult to confirm one
agency t hat dfe this foreton, whsch is the abngressional language used in the



genesis ofthis report. Like many complex policy areas in the federal government, several agencies
must coordinate and collaborate in order to perform this critical work .

Notwithstanding these challenges, an important contribution of this report is to present an ideal

operating model that encompasses several features.The primary aim of a civilian agency

coordinatin g STM should be to advancecommercial and research uses of spaceseparate from

that part of the space domain that is a focus of national security. To do so, the agencyshould adopt

a network model, with major focus both on working collaboratively with all actors engaged in this

domain, both domestic and international, and enhancing safe orbital operations in this

increasingly congested environment so as to foster innovation and a growingspaceeconomy that

effectively and efficiently serves terrestrial life . Over time, this agency should lead domestic and
international efforts to coll aboratively formul a
operating environment for the diverse universe of space actors.

The Panel incorporates an analytical model to include a systematic review of technical and non-
technical capabilities required to perform SSA and STM, an assessment of departmental support
for this work, and an evaluation of an operating model for those agencies actively willing to be
considered to perform this function (neither DoD nor NASA, for example, expressed an interest
to perform SSA/STM across the commercial space domain) In order to minimize the potential
for subjectivity, the report describes weights and evaluative criteria usedthat yielded comparative
scores as to the suitability of these four agency candidates. It is recognized that some readers
might evaluate certain components of this evaluative matrix differently than what is presented.
That said, it is important to provide transparency that might enable a clearer understanding of
the reportés conclusi on.

Following its evaluative criteria, the Paneldetermines OSCto be best suited to perform STM tasks
within the federal government. In performing the STM function, OSCconsistently describes its
concept of operations with a main purpose to work collaboratively with military , non-military,

domestic, and international actors in order to maintain a sustainable space domain in which
commercial and research activities may thrive. OSC views its STM responsibilities principally as
a data management function, rather than principally as a task of managing space traffic.
Furthermore, its operating plan to move forward is not defined by a vision to buil d a large
bureaucratic structure, but rather is intended to set about its organizational development

following a collaborative model that places the highest priority on serving as a trusted convener,
coordinator, and provider of respected leadership for the larger domestic and international

community. Flexibility and creativity are core features of the OSC vision to serve in this capacity
as innovation, new discoveries, and allowing creative commercial companies to thrive will best
serve the strategic interests of the Nation, and the international space community . Thus, OSC
must have an adaptive leadership styleéd tantamount to managing a nimble, fe deral agency start
up operationd recognizing that the nascent concept of STM will change over the coming years as
the space domainbecomesmore congested, andthe commercial appetite for a greater facilitation

role leads to increasing demand for coordination, and even space traffic imanagement.0 OSC, no
matter how the future unfolds, must work closely with it s inter-governmental partners and
effectively tap the many supporting resources available within its Department.

3



There are important technical capabilities that accompany this work which must be built with
appropriate funding and robust engagement with external and other government stakeholders.
In addition, several other DOC components, particularly within NOAA and the National
Telecommunications and Information Administration ( NTIA), are already providing critical ,
state-of-the-art support to OSC. Theseintra-departmental resources provide timely , essential,
technical expertise and support to the new tasks required to be performed, serving asboth force
and resource multipliers. This strong support from the Depar tment as a whole, along with a
proven ability to serve as a manager of diverseenormous and highly complex datasets under
NOAA, contribute to the Panel 06s confidence that

In thi s analysis, the Panel identified AST and NASA agotentially attractive candidates to perform
the STM function. Indeed, there are many strong features and contributions to the commercial
space environment provided by AST, including its proven track record of regulating pre -launch
and re-entry of private sector space vehicles. It is critical that AST maintain its able leadership in
the sphere of regulating launch and reentry, especially as it faces an upsurge in the volume of
launches. In addition, NASA should continue in its important role to serve the naion and the
world in its work in research, scientific development, and discovery. Thus, the Panel recognizes
the important role sthat AST and NASA play in the spacedomain and stresses the criticality of a
continued close collaboration between OSC and these agencies going forward.

The role of DoD also remains critical to mission success in STM. OSC must find ways to leverage
the DoD data and capabilities to produce them in order to advance this important mission. DoD
and other national security agencies have capabilities that are classified and should remain so,
but there is opportunity for OSC to use thesewhile safeguarding national security to benefit the
commercial space sector appropriately.

OSC mustalsoremain actively engaged with the Department of State, FCC, and all other agencies
with important roles to ensure there is close collaboration that enhances confidence in U.S.
government leadership across all actors, friend and even foe.Indeed, the national security
interests of the United States are well served when this agency can take a leading role as a gatherer
and provider of trusted SSA and STM for all stakeholders from all countries.

As a next step, the Panel requests that the Congress enact, without delay, appropriations and any
required authorities for OSC to build this critical capability with requisite personnel, office
infrastructure, and authorities, as needed, to carry out the task of integrating whole of government
capabilities to provide SSA and STM. Congressional action should ensue that the OSC has the
requisite on-orbit authority allowing it to promulgate STM regulation(s), as and when
appropriate, for orbital operations that fall outside the current licensing and continuing
supervision framework. The Congress should also act wihout delay to provide DOC with the
correct mix of appropriated funds and the authority to assess and utilize fees. With respect to
transition of SSA information to non -U.S. Governmental entities from both DoD and DOC, OSC
already has the authority to collect, share, analyze and disseminate data. That said, the Panel calls
on the Congress to make this existing authority (embedded in 10 USC 2274) even clearer in statute
in order to benefit the entire space sector.



Should the Secretary of Commerce deem it appropriate, the Panel would endorse and support a

decision to elevate the OSC from its current place, as a part of NOAA, into the Office of the

Secretary. Having the OSC as a direct report to the Secretarys an important signal of senior level

Depart ment al support to the SSA and STM missions
engage and leverage important external audiences, both domestic and international.

The Panel recognizes the dynamic and evolving natureof the STM function. As a result, OSC
should continue on a path to adopt the Panel ds op
that may be reasonable in order to enhance its work both within the federal government and
within the broader constellat ion of stakeholders active in building the commercial space industry.



This page is intentionally left blank.



Chapter 1: Introduction  and Scope of Work

There is an ol d adage: Tliabphrase doés nat apphto the issueftheo f mi nd
thousands of individual space assets and debriorbiting Earth. There is increasing risk of space

collisions (called conjunctions) that impinge s upon the safety of satellites that serve a myriad of

vital terrestrial purposes connectedwith national security, scientific research, and commercial

aims. By all accounts, there is a crisis in space There is also basic clarity within the space

community as to the actions to address the complex underlying risk issues facing a world of

stakeholders with orbital assets.

This report calls for urgent action by Congress toauthorize and appropriate adequate funding to
a federal agency that should take the lead to work collaboratively and creatively across
government and non-government sectors, both domestic and international, to help identify and
shape effective strategies to mitigatethese risks across the space ecosystem

Issues addressed herein are inextricably intertwined with the current proliferation and expected

exponential growth of the civilian space industry, which shares space with militaries and
intelligence agencies of many different countries. Thus, the context of this report is squarely set
upon an increasingly crowded space environmentbeginning at about 100 miles abovethe surface
of Earth, and extending tens of thousands furtherd a domain increasingly populated but well
beyond what can easilybe observed. The hazards associated with the increasing population in
orbit are significant, threatening both objects in orbit and terrestrial life should a collision of
sufficient scale or proper position yield debri s that place other satellites and objects surrounding
the earth at risk of collision. Whether it be the GPS network becoming compromised or the
International Space Station (ISS) suffering a critical impact that endangers astronauts, orbital

conjunctions pose a multitude of potential disastrous consequences.

While it may be difficult to imagine, t his cosmic environment is every bit as real as thesometimes-
congestedair and road traffic observed every day onEarth. Even if the size and expanse of space
may be the closest concepthere is to infinity, facts belie naive suggestion that there is no limit to
this seemingly endless realm now that it is increasingly congested. There has been increasingly
rapid growth in the number of trackable items in earth orbit (referred to hereafter as the space
population). Even more challenging, elements of the space population travel at high rates of speed
and at altitudes that require advanced technology to track. Objects travel at relative velocities of
27,300-53,000 kilometers per hour ( 17,000-33,000 miles per hour) at orbital altitudes . In
contrast, commercial aircraft , on average cruise at speeds of abund 885 kilometers per hour (550
miles per hour) at an altitude of around nine or ten kilometers (six or seven miles). Therefore, it
is essential to focus more concerted efforts to enhance security of a commercial space population
that encompasses seamles collaboration among many different actors: national security
organizations, international governm ents, academic institutions, commercial actors, and others.
Doing this wel!/ should serve to adyv aeaceullymmnki ndo s
identify and manage inherent operating risks. This complex task is more critical for today than
ever before.



The space commercial industry has grown exponentially during the past few decades, and it is
forecasted to continue growing ever more rapidly in the coming years. By 2025, as many as 1,100
satellites could be launched per year, quickly eclipsing the approximately 2,800 active satellites

that are currently in orbit. 1 Several types of objects are whirling in orbit, including manned and

unmanned space vehicles andactive and inactive satellites. There is also an enormous collection
of space debris and satellites, estimated to be more than 500,000 in totald both human-generated

and not. Technology currently employed to monitor the space environment is not capable of

identif ying the complete array of space objects, but only a relatively modest portion of it.

It stands to reason, therefore, that the ever-increasing population of objects in the space
environment leads to greater risk of potential collisions in space. Collectively, future explosive
growth in the number of new space objects, along with the existing space population, will also
increase the number of active-on-active spacecraft near conjunctions to an alktime high. This will
make robust, protected, and verifiable information pooling, exchange, and standardization a vital
element to the long-term viability of future space operations.

Notwithstanding the challenges of this operating environment, there is little doubt that the future
growth of the space commercial sector has enormous potential. With the increase in quality of
space situational awareness (SSA) data, and the potential for enhanced coordination of traffic in
the space environment, both governmental and nongovernmental actors will be able to plan
operations characterized by a lower potential for collision risk. Thus, it is time to identify, plan,
and implement future coordinated actions that help build and sustain a vibrant space industry
that can ably serve governmental, societal, commercial, and research purposes. The focus of this
report is to address an expressed need to enhance safety and securityand to establish over time
frules of the road and normsd t h at ¢ &his industrp thrbugh improved space traffic
management (STM) focused specifically on the evergrowing commercial and research sectors
sharing space.

1.1 Study Origin and Scope

At the behest of Congress, the National Oceanic andAtmospheric Administration (NOAA) of the
Department of Commerce (DOC) requestedthe National Academy of Public Administration ( the
Academy) to undertake an independent review related to the transfer of space traffic management
functions fr om the Department of Defense (DdD) to a civilian agency. The text of the scope of this
review is provided in the appropriations act for Fiscal Year (FY) 2020 in the Senate Amendment
to H.R. 1158, Division B (116th Congress), providing appropriations to DOC. Specifically, the
legislative language calls forthe review to address:

(1) An assessment of which department or agency and entity within the department
or agency is best suited for responsibility for space traffic management;

1From Celestrak Active Satellites directory.



(2) Any statutory, regulatory or licensing authorities necessary to facilitate such a
transfer,;

(3) Funding implications, including infrastructure and personnel costs;

(4) Consultation with appropriate officials from the Departments of Defense,
Commerce, and Transportation, NASA, the Director of National Intelligence, other
relevant Federal agencies, industry, and other stakeholders; and

(5) Data integrity, information technology, and national security considerations.

1.2 Report Methodology

This report of a five-member Panel of distinguished Academy Fellows calls for Congress to
resolutely address an urgent need toauthorize and appropriate adequate funding to a civilian
federal agency to enhance STM. The Panel provided oversight to a professional study team.
Information about the five-member Panel as well as the study team is provided in Appendix A.

The Panel directed the study team to address thiswork with as much technical rigor and

disciplined evaluation as possible given the complex nature of the research questions

Furthermore, while the factor s characterizing space commerceand the related work of SSA and
STM, are laced with highly technical scientific expertise, the Panel (whose members have the
requisite experience and expertise to comprehend technical challenges consumed in this industry)
urged the study team to address project research questions from the pant of view of public

administration. As such, the study team set out to evaluate both the tasks required of this civilian
agency to perform the STM function, as well as formulate an optimal operating model, and then

assess which civilian agency, among veous civil ian agencies, is bestpositioned to adapt quickly

to meet the task. The required hard and soft skills, resources, and organizational culture needed
among contending agencies are therefore reviewed in some depth.

It is important to stressthatthe Panel 6s charge to the study team
accept a preconceived answer as to which agency should take the lead for STM. As per the
congressional charge to the Academy, this report concludes with oneprinciple recommendation:

which civilian agency should perform STM. That answer is arrived at independently, through a

rigorous set of evaluative steps guided by the Paneland outlined in the report , consistent with

sound social science research principles, and following best practices guiling research.

However, it is impossible to ignore relevant pre-existing work on this topic by the Executive
Branch that serves as an important touch point. Space Policy Directive3 (SPD-3) entitled
iNati onal Space Tr af,f @repare aynthegVéhiteeHotise Natiohal Space
Council, and signed by President Trump on June 18, 2018, comprises an intergovernmental
unanimous agreement articulating a clear answer to the question of which civilian agency should
have responsibility for STM. The text in SPD-3 Sect i on The Secretarysof Gomreesce, f
in coordination with the Secretaries of Defense and Transportation, and the NASA Administrator,
9



shall lead efforts to encourage and facilitate continued U.S. commercial leadership in SSA, STM,
and related S&T [science and technology]. 20To some, therefore, the research question of this
reportd which agency should manage STM® has already been settled through an appropriate,
open, and thorough inter-agency decisionmaking process. With all due respect for the careful
work invested into preparing SPD-3 by the inter-governmental team, the Panel urged the study
team to appropriately incorporate this important work in the research findings, without
concluding that the SPD-3 outcome should unduly influence a fact-based and independent
research undertaking.

In summary, the assessment and decisionrmaking approach the Panel adoptsin this report are
guided by the following integrated set of research principles:

(a) Implement an independent, unbiased assessment bearing in mind that there are recent
decisions and other developments within and outside of government that merit
consideration in an appropriate manner.

(b) Describe specific features of an optimal operating model for STM based on extensive
research with a broad aray of documentary sources and interviews with actors operating
in the domain. In this resp ect, the Panel determined that SSAis a precursor to the
performing the STM function. As such, SSAand STM should be combined and
conceptualized as an ecosystemand the operating model and evaluation includes both
functions.

(c) Identify specific technical and non -technical skills and characteristics that can be assessed
in order to compare candidate agencies to perform STM.

(d) Consider all reasonable candidatefederal agencies that might perform this task.

(e) Map and then compare agencies against the list of skills and characteristics in order to
evaluate each agencyods suitability and potent.i

(H The Panel énsaking & @s fellows:nselect the agency deemed to be closest to
building the ideal operating model, exhibiting the technical and non -technical skills as
best as can be ascertained, and guided by skills and capabilities needetb perform this
function with a focus on both domestic and international dimensions .

With respect to researchmet hod s, this reportds recommendati or
documentary research, as well as active engagement with a broad variety of stakeholders,

including U.S. government agencies, ®mmercial companies, industry associations, academic

institutions, and several foreign space agencies.

Documentary research (see Appendix B) includes many publicly available governmental and
other research reports, speeches, and congressional testimony. Th study team received several
documents from agencies and other sources to enhance understanding of important issues related

2 National Space Council 2018
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to segments of this report, such as open architecture data repository (OADR), budget estimates,
and legal and regulatory reviews.

The study team also interviewed over 100 individuals to explore essential research topics. The list
of interviewees, found in Appendix C, includes current and former employees of federal agencies,
academic research institutes, Congress, commercial companiesand foreign space agencies. All
interviews were conducted on an off the record not for attribution basis. The Panel wishes to
express appreciation to all those who invested their time and contributed insights into this report.

1.3 Organization of the Report
In addition to this chapter, the report contains the following four chapters:

1 Chapter 2: The Changing Commercial Space Domain 1 this chapter provides
contextual information of the commercial space environment, including important
background information on space traffic management and related topics that set
guidelines for the reportés analysis and reconm

1 Chapter 3: Toward a Civilian Agency for Space Traffic Management i building
off of the previous chapter, this chapter provides the optimal operati ng model for an
agency to embrace and guide STM operations. This model is used to evaluate candidate
agencies for this work.

1 Chapter 4: Data, Financial, and Regulatory Components of Agency S pace
Traffic Management Operations 1 this chapter offers insights into three important
components explicitly incorporated in the scope of work in order to identify any distinctive
features of candidate agencies connected with the operating model.

1 Chapter 5 : Final Space Traffic Management Agency Evaluation i this chapter
presents the analytical framework used to determine which agency is best suited to
perform the STM taskandpr ovi des reasons for the reportéos

11
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Chapter 2: The Changing Commercial Space Domain

The space economy isn a state of rapid growth and flux with the introduction of new technologies,
entrants, and commercial possibilities. The increased activity and debris created by this growth
place new stress on the shared domain of orbital space. The challenge for policymkers is to create
a new governance structure for the space economy that will yield sustainable resource use,
technological innovation, and continued economic growth.

This chapter examinesthe growth and disruption in the space economy, which has led to recent
policy proposals emanating from the private and public sector . Guided by the methodology of the
Institutional Analysis and Design framework that is described in this chapter, the broader context
of the physical environment and rules-in-useare drawn out by identify ing the actors and activities
in play and describing emerging policy initiatives. Drawing on the public administration
literature, the final section outlines two approaches to governing the space economy.

2.1 Growth and Disruption in the Space Economy

The space economy is significant in scope and si ze
activities and the use of resources that create and provide value and benefits to human beings in

the course of exploring, understanding, managi ng, and ustHstimatesiof the space.

international space economy vary. TheOECDreports global space activity to be worth $415 billion

in 2019 with commercial revenues making up some 80 percent of this activity.4 Adopting a more

restrictive definition of the space economyd including only the value of goods and services
provided to governments, households, and businessesrom space or used to support activities in

spaced the Science and Technology Policy Institute of the Institute for Defense Analyses estimates
that the total value of goods and services from andin space at $155.7 billion in 2013 and $166.8
billion in 2016. 5

The commercial space sector is also innovative, reducing costs and bringing new products and

services to the market. The Cagressional Research Service describes the commercial space
industry in terms of fAeconomic activities related
that go i nto Eart hldecen yebrs, tcommencil simeecampahiestas well as

those that provide services and products to space agencies have sped up development cycles and

reduced the costs of activities such as rocket launches, space situational awareness, earbit

servicing, and space exploration. Notably, commercial companies haveinvested in innovations in

3 Tina Highfill, Patrick Georgi, and Dominique Dubria , fAMeasuring the Value of the |
Survey of Current Business, BEA, December 2019.

4 OECD, The Space Economy in Figures: How Space Contributes to the Global Economy, (OECD

Publishing, 2019).

5 Kevin Crane, et al.,Measuring the Space Economy: Estimating the Value of Economic Activities in and

for Space, (Institute for Defense Analyses,March 2020).

6 The Commercial Space Industry and Launch Market (R42492), Congressional Research Service, April

20, 2012.
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areas such as miniaturization, satellite mass-production, and use of commercial off-the shelf
components, to produce capable lightweight satellites.

Taken together, the space economy is creating new markets andalue networks. Lower cost
launch and mass production of lightweight satellites now makes it possible to deploy them at

scal e, fAmeaning that many hundreds can be | aunche
simultaneous multi -point imagery of any place on Earth or in space for scientific, national
security, and c o mBpmacgeX, ia aommgrcialrlgadersaadsleading innovator, has
forexample,devel oped | ower <cost | aunch vehicles- and i s

constellationsd o f St ar bk to pravidesbeoadeédnd imtdrnet services.2 Competitors, such
as Amaz on 6 wjecK lavepsemilar @bitions. The lowered barriers to entry have also
spurred an increase in the number of countries and non-state actors conducting activities in
space?

As commercial activities in space increase, so, tog does the number of objects permanently in
orbit of the Earth . From satellites and discarded spacecraft stagesto rocket fairings and paint
chips, the frontier to the universe is quickly becoming a densely populated destination. While only
one permanently inhabited station, the International Space Station (ISS),occ upi es Eart hdés ¢
over 2,600 active satellites and thousands of more inactive payloads and rocket bodiesshare the
neighborhood with up to six astronauts that call the ISS home for months at a time. The collision
between any of these objects could caus significant physical damage and disruption to national
and international commerce and communications systems. Collisions also serve to raise the cost
of insurance incurred by companies launching assets into orbit, a critical issue impacting
operational costs, the cost of capital to finance these projects, and potential profitability for
investors.

These developments create new challenges for the governance of Earth orbital space. New actors
and the rapid growth in the population of objects & both active assets as well as debri$ in the
space environment is overwhelming those capabilities currently in place to observe, analyze and
warn operators, raising the probability of collisions in space. For the space economy to continue
to grow and innovate, there is an urgent need to describe, analyze, and solve the underlying
challenge of facilitating safe commercial growth through crafting new rules and platforms for
space traffic coordination.

7B h a vy aThe @immerdial Space Landscape: Innovation, Market, and Policy, 6 Test i mony bef or e
House Committee on Science, Space, and Technology Subcommittee on Space and Aeronautics. IDA
Science and Technology Policy Institute, July 25, 2019.
8Patrick Stiennon, giDi sr sptrtee tTheaSpdpReviey dttdber B2, 2018.
Brian Weeden, AChinads Pursuit of Gl obailChiapace Leaders
Economic and Security Review Commission, April 25, 2019.
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2.2 Earth Orbital Space as a Common Pool Resource

As the long-term sustainable use of earth 6 erbital space emerges as a significant strategic and
economic issue in the United States, it becomes necessary to understand the principles underlying
its governance and to adapt this framework to accept new realities and embrace future
opportunities. Considering this, the analysisis reframedf r om t hat of a Apublic ¢
to a challenge of governing Acommon pool resource

In economic terms, space has often been thought of as a public good. Public goods and services
are those that are: (1) consumed jointly by individuals, (2) and where consumption is non -
rivalrous (i.e., use by one does not subtract from the availability of the good to otherg. This vision
is enshrined in the Outer Space Treaty, which states that outer spaceis free for exploration and
access by all countries and is not subject to national appropriation by claim of sovereignty, by
means of use or occupation, or by any other means. Given the physical characteristics of the space
environment and the physics of orbital mechanics, the use of space is also traditionally thought to
be non-rivalrous. While a satellite placed into orbit moves in an elliptical path, the immense
volume of space around the earth was believed to mean that the placement of a satellite intoorbit
by a public or private actor would not impede, in any significant way, the placement of a satellite
into orbit by another actor.

This view is now being challenged. Although space is vast, some commercially usable venues are
limited. For example, current and expanding deployments of satellite constellations that provide
broadband need to be positioned in low Earth orbit so that the latency & the time required for data
to travel to the satellite and backd can be at speeds that are sufficiently fast for gaming, navigation,
and other internet applications. Congestion is the result as new satellites and other assets cowd
into specific earth orbits and parts of the electromagnetic spectrum.

Deployment in commercially viable orbital space is further limited by the presence of debris.
Space debris consists of dead satellites, spent rocket stages, and fragments assocét with six
decades of space exploration and activity by the United States and other spacdaring nations.
Currently, the U.S. Air Force tracks about 1,000 active satellites as well as close to 21,000 pieces
of human-generated debris. The Air Force also tacks objects larger than 10 centimeters, each of
which could destroy an active satellite in a collision. Research done by scientists and space
agencies indicates there is also a population of another 500,000 pieces of space debris sized
between 1 and 10 entimeters, each of which could severely damage an active satellite in a
collision. 10

For these reasons, itmay be more useful to think of some regions of orbital space as a common

pool resource (CPR). As with public goods, it is difficult to exclude potential beneficiaries from

the use of common pool resources. But unli ke publ
doessubtract from what is available to others. In the context of space, the heavily used regions of

ONayefAFRodhan, fASpacé:ttaethhol oghtmrb means aThdSpgcever nanc
Review, April 16, 2018.
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low Earth orbit (LEO) and geosynchronous orbit (GEO) are both rivalrous and congestible and
can be thought of as CPRs.

Indeed, GEO and LEOoffer an increasingly limited number of valuable orbital slots for satellites.

If, for example, a communications satellite launched by Company A takes up a particular orbital

sl ot , Company Bodés satellite <cannotwithow strindeastc ed i n
coordination with Company A to avoid any interference or conflict . With the rapid growth of
opportunities in space commerce, there isa rush to occupy the remaining slots. Thisrace to deploy

objects in space, along with the accumulation of space debris, leads to congestion and increases

risks of collision. One significant concern, sometimes called the Kessler syndrome, describes

debris colliding with satellites or other debris, creating more debris , and leading a dangerous

snowball effect.

Additionally, all objects in space must use portions of the electromagnetic spectrum to perform
their func tions and communicate with the earth, with certain portions of the spectrum being more
suitable than others for various applications. Thus, there is also a crowding of space users into
similar or overlapping frequencies.

When each party interested in space access acts in their own selinterest, the unintended result
is a polluted orbital space environment. These physical and electromagnetic crowding issues are
the primary allocation and provision problems in the near -Earth orbit, with the orbital slots and
frequency bands comprising the primary re source units.

How can common pool resources be sustainably governed? Traditional economic analysis

predicted that where exclusion is difficult, users will overharvest the CPR, potentially destroying

it in the process. Garrett Hardin so dramatically captured t hi s si tuation as the
commonso that many officials, schol ar s, and acti vi
down by the state 11 A growing body of theoretical and empirical findings, documented by Nobel

Laureate Elinor Ostrom, however, demonstrates thatthedismalo ut come t hat Har di nods
does not emerge in many cases. Ostrom and others identified numerous CPR situatios where the

users of resourcedeveloped effective governance mechanisms that combine bottomup or local

initiative with top -down or overarching governance frameworks for sustainably managing CPRs

over time.12 In key respects, the discussion of alternative governance structures for space traffic
coordination reflect these different visions of command and control versus a market-based,

systems approach.

Having identified the appropriate analytical construct, a systematic study of governing space as a
common pool resource can proceed. This chapterds

LGarrett Hardin, AThe TSciangeeDdoemberfl3, 19%8& Co mmons, 0
12Elinor Ostrom, Governing the Commons: The Evolution of Institutions for Collective Action
Cambridge University Press, 1990.
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and Design (IAD) framework, a tool developed to analyze CPRs!? IAD considers first the broader
context (including the physical environment and existing formal and informal rules -in-use)
before examining the action arena with its numerous actors, intentions, and interactions.

Understanding that the behavior of these actorsd shaped by their physical and institutional

contextso create a pattern of observable outcomes,it is possible to perform a more rigorous
analysis of the desired governance structure for space traffic based on the types of outcomesThe
types of obsenable outcomes include sustainable resource use, growing markets, rapid
innovation, and broad public benefits & all of which the Panelwould like to see emerge over time.
Figure 2.1 provides a simplified schematic of the IAD framework, guiding the exposition of the
remainder of this chapter.

As the long-term sustainable use of earth® erbital space emerges as a significant strategic and
economic issue in the United States, it becomes necessary to understand the principles underlying
its governance and to adapt this framework to accept new realities and embrace future
opportunities.

Figure 2-1 Institutional Analysis and Development (IAD) Framework

Physical World |-

. . Patterns of
Rules-in-Use Action Arena Interaction
v Evaluative Criteria
Community —
Outcomes

Source: Adapted from Ostrom, Gardner, and Walker (1994, 37)

The IAD framework serves as amap asthis chapter describes each element of the framework in
terms of the challenge of managing the space commons.

2.3 The Physical World

Institutional analysis begins with a description of the natural features of th e environment. Space
is a unique domain and while parallels between atmospheric flight and space travel are
commonplace, the differences are significant. At the threshold of outer spaced as the air thins and
the sky darkens from a faint blue to a deep blaclé the laws of motion described by Sir Isaac
Newton take on increasing importance.

13 Margaret M. Polski, Institutional Framework for Policy Analysis and Design (W98 -27), Indiana
University, 1999.
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Orbital Space

Earthoés orbital space is al most i ncomprehensibly
somewhat more complex than a simple cutoff point, almost all geocentric satellites (Earth -
orbiting satellites) are found between altitudes of approximately 160 km (100 miles) and 37,000
km (23,000 miles) (geostationary orbit). A lesser number of spacecraft fly in highly elliptical

orbits with apogees well above the geostaionary orbit regime , out to just before the moon. In this
zone, one may find some highly specialized scientific spacecraft, such as the Geotail satellite
(launched in 1992) with an apogeethat crestsat 191,450 km (118,962 miles).

T

Low Earth Orbit (LEO): Referring to the orbital territory below 2,000 km
(approximately 1,242 miles)yabove Earthés surface, LEO
famous objects in space, including the Hubble Space Telescope and the ISS.EO is the
closest orbital sector to Earth, and involves some of the fastest objects, with velocities
generally around 7.8 km/s (28,080 km/h; 17,448 mph). Satellites in this orbit revolve
around the Earth multiple times per day.

Medium Earth Orbit (MEO) : MEO orbits may begin at an altitude of approximately
2,000 km, and go as high as 65,000 km MEO encompasses a large swath of territory that
includes geostationary or geosynchronous orbit. Most objects in MEO are found at
approximately 20,000 km, enabling an orbit period of 12 hours. GPS satellites are typically
found at MEO.

Geostationary/Geosynchronous Orbit (GEO): At GEO altitudes (approximately
35,786 km), satellites and objects orbit at or about the same speed as the Earth, completing
an orbit once every 24 hours. This results in the object in quegion staying over a specific
location on the planet below. In this orbital range, one may find a variety of
telecommunications, scientific, and Earth -observation satellites.

Highly Elliptical Orbits : Objects in a highly elliptical orbit traverse multiple altitudes.
This orbit enables satellites to linger at specific points in the sky for extended periods,
posing benefits for communications satellites and others that require lengthy periods of
visibility over the ground.

High Earth Orbit: Beginning at roughly 80,000 km (approximately 9,700 miles) above
the planet, and extending as far out as the Moon, is used almost solely for scientific
platforms, like deep-space telescopes.

Deep Space: Referring to space outside of the EarthMoon system, deep space
encompasses the expanse of the solar system and beyond. While objectsene do not
generally orbit the earth, those on the periphery of the Earth-Moon system and deep space
wi || remain geocentric. Ot her s, such as
placed relative to the planet so as to maintain station.
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Figure 2-2. Visualized General Orbits

Source: International Journal of Networks and Communications 14

These orbits do not have clean delineations, nor are they binding upon the satellites within them.
The weight, size, inclination (alignment relative to the equator), and eccentricity (shape of an
orbit) of an object will dictate where it may naturally go d uring its lifecycle. Orbits may be
elliptical, dipping closer to and further away from the Earth regularly; orbits may be polar, with
objects not only moving around the Earth relative to the equator, but also between the north and
south poles (as in the cae of surveillance satellites). The complexity and dynamic nature of the
orbital environment is such that, though the distances between satellites may be significant, the
constant motion of objects means the potential for diversion from safe, predicted orb its can be
high.

While the number of launches has been steadily increasing (97 successful orbital or deep space

launches were catalogued in 2019 alone)*® the payloads they carry have also become more

complex. Satellite constellations, in which a network of satellites is deployed to provide data

transmission or conduct another purpose, are becoming more widely desired by private industry.

As payload capacily increases and demand for constellations rises, individual launches can send

60 or more satellites into LEO. As noted earlier, SpaceX is conducting multiple launches of
satellite constell ati ons -ltaged isterreetoutiliey, wi th aboufid®® ar | i n k

“sS M.RezaulKarim et al., AA Review of Communications Satell
Satellte-1 6, t he First GEO Communi c drternationsl Jobrad of Networkse of Ban gl
and Communications , 2018.
In this graphic, HEO stands for Highly Ellipti cal Orbit, and not High Earth Orbit.
BEd Ky2018L adinch Vehi cl e /SgacetLauncB RepdrtiiDscember 27, 2019.
https://spacelaunchreport.com/log2019.html
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satellites currently in orbit at time of writing .26 These satellites will be entering a rapidly crowding
territory, already filled with existing platforms and launch vehicles passing through this
thickening field of hardware.

Space Hazards

AsEart hdés at mosphere thins out as altitude increas
of atmospheric drag caused by the friction between an object and the thinning air surrounding it
decreases.But the atmosphere at any given altitude in LEO is not a constant. When the Sun is

active, extra energy expands the local atmosphere at rapid rates and results in the spacecraft flying

through a higher density layer and experiencing a stronger drag force. Drag is the most variable

force and primary contribution to orbit errors. Last-minute orbital maneuvers using solar forcing

information are important for collision avoidance; these maneuvers require that some satellites

conduct orbital corrections, whereby they fire thrusters guided by gyroscopes to move backto a

higher altitude; the effect of drag on small objects, like screws, paint chips, fragments of metal, or

other resultant products of collisions in space, is far less pronounced.This lower drag, combined

with Newtondés First L aosesméallobfebtynsayrensainin arleitéonysarsd hat t h
potentially, even centuries, or millennia.

Without drag, an object in motion will truly remain in motion, and at significant velocities.
Collisions between objects, at those speeds, occur with the force of lgh-yield explosivesd a
ballistic screw colliding with the ISS could, for example, yield catastrophic damage to the station
and loss of the lives of any orbiting astronauts. The collision of two satellites, or between a satellite
and a piece of debris, coutl not only result in the destruction of the objects involved, but also,
create even more debris that will continue to circle the Earth at roughly the same velocity the now-
destroyed objects were travelling at time of impact.

Also contributing to the creation of space debrisis the conduct by some nations of anti-satellite
missile tests. Recently, India conducted a test of its PDV Mk.II anti-ballistic missile platform,

resulting in the successful destruction of an Indian telecommunications satellite. 17In 2013, debris
from the Fengyun FY-1C satellite, destroyed during a Chinese antisatellite missile test in 2007,
impacted a Russian satellite, moving it out of alignment and rendering it unusable .18

Whole satellite collisions are less common than debris everts. Perhaps the most famous collision,

and the first one to be recorded, is the 2009 <co
defunct, into an Iridium Communications Inc. satellite, resulting in the destruction of both

objects. The two satellitesorbits intercepted over northern Russia, with the Iridium craft making

a polar transit southward, and Cosmos 2251 moving southeast toward the equator from the Arctic

Ocean, at an altitude of approximately 800 kilometers. The collision produced over 2,000 p ieces

16 An overview of Starlink and the rapidly growing mega constellation trend:

https://ww w.space.com/spacexstarlink -4-launch-successmisses-rocket-landing.html.

7fNarendraModiannounces success of Misasiebhi Slkeaki sTkei |l edicadPpaba

Hindu , March 27, 2019.

BARussian Satellite Hit -Dat elelbirties Teasotm IChI mecse. cAam,i Mar
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of debris larger than 4 inches in diameter, projected by the Secure World Foundation to remain
in orbit for fA¥®ecades or | onger

Manmade debris is not the only threat in orbit: micrometeoroids pose a potential threat to any

orbiting object. Microm eteoroids are generally several orders of magnitude smaller than the

bolide that extinguished dinosaurs on Earth but share similar characteristics. These shards of

metal and rock have been observed to travel at speeds of up to 72 km/s (4,320 km/h, or 2,684

mph), but can potentially go much faster, and can cause significant damage to other objects in

orbit. NASA has recognized damage to the ISS and the nowdecommissioned Space Shuttle fleet

from objects as small as 2 millimeters (~0.08 inches).2° A sufficiently large impact, or a blow to

the unshielded part of a satelliteds structure, co¢
of debris that could endanger others for years to come.

The natural space environment also poses a threat to orbiting dbjects. During space weather

storms, satellites are subject to increased microelectronic upset and failure rates. The effects from

space weather on satellites can range from minor annoyance to total loss of thesatellite. For
example, a solar stormcandisrupta s pacecraftés ability to communic
leaving the satellite hazardous, uncontrolled, and potentially drifting toward orbits occupied by

another spacecraft.

2.4 The Rules in Use

The IAD framework next takes inventory of the existing international treaties and domestic
legislation that shape policymaking related to the space economy.Since the early days of human
spaceflight, nation states have sought to implement policies to govern activities in space. These
have primarily been a mixture of military and scientific endeavors, given that commercial
activities have burgeoned only since the 1990s. As a result, spaceelated policymaking has been
largely conducted through international agreements focused on the militarization of space, the
claiming of territory, and the conduct of national space activities. In contrast, national
governments have not taken an active approach to the commercial regulation of space. In recent
years, as the commercial sector has grown in the United States, tlere is new interest in designing
a viable regulatory framework.

Currently, space activities in the United States are managed by multiple federal entities. While
NASAandDoD conduct the bulk of the nationds space e
activities are overseen by the Department of Transportation (DOT), DOC, and the Federa
Communications Commission (FCC). Each federal entity holds control over different elements of
the space enterprise, descriptions of which can be found later in this chapter. The regulatory

19 Brian Weeden |, fi 2 0 0 9-Cdsmok @allisiomFactSheet , 0 Secure World Foundati o
2Eric Christiansen and Dana Lear, fiMi crometeoroid and
Shields, 0 NASA Johnson Space Center, 2012.
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control over the enterprise exercised by these entities is derived from a body of law that has
evolved over the last century. Essential pieces in that canon are described below.

1 Communications Act of 1934: Passed 27 years before the laune of Amer i cads
satellite, the Communications Act of 1934 created the Federal Communications
Commission to oversee the burgeoning telephone, telegraph, and radio industries. Over
the coming decades, the Communications Act of 1934 was amended to be irlasive of
satellite telecommunications, expanding to provide requirements for commercial satellite
operations, licensing of satellites, and radiofrequency interference avoidance.

1 Commercial Space Launch Act of 1984: The Commercial Space Launch Act of 1984
recognized the private sector as a legitimate entity capable of conducting space activities
and tasked the Department of Transportation with the oversight and permitting of
commercial launches and reentry through the atmosphere.

1 Land Remote -Sensing Commer cialization Act of 1984 and Land Remote -
Sensing Policy Act of 1992: These acts empowered the Department of Commerce to
license and regulate the private remote-sensing industry, and to contract the development
and production of Landsat satellites and services to private providers.2!

1 U.S. Commercial Space Launch Competitiveness Act of 2015: This act seeks to
bolster the growth of the U.S. commercial space sector. It requires DOT to report to
Congress on ways to streamline launch licensing and permitting, restricted the scope of
regulation that may be imposed upon the sector until 2023, extended indemnity with
regards to third -party damages for commercial spaceflight companies until 2025, and
granted property rights to private entities for resources gathered in space (as in the case
of asteroid mining). Crucially, this act also reformedthe Depar t ment of Commer ceo
of Space Commercialization into its current form, as the Office of Space Commerce.

Multiple international agreements have also been established within the aegis of the United
Nations and between nation states.

9 The Outer Space Treaty of 1967: For mal |y titled the fATreaty ol
the Activities of States in the Exploration and Use of Outer Space, including the Moon and
Ot her Celestial Bodies, 0 the agreement was il
subcommittee in 1966 and adopted by the General Assembly in 1967. As of 2020, 109
countries have ratified the treaty, and an additional 23 are signatories. The treaty is mostly
concerned with restricting the militarization of space. It consists of three core elements:

o0 Non -Militarization of Space: The OST forbids the deployment of nuclear
weapons and other weapons of mass destruction in space or on celestial bodies.
I't further declares that the Moon and fAo
Afexclusi vely pfoosrespedacef ul pur

21 A program operated by NASA and the United States Geological Survey to cnduct Earth observation
and imaging activities.
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o For All Mankind: The OST declares that space, its exploration, and its use
shall be carried out Afor the benefi

t

be the province of al | mankind. 06 As

appropriation of extraterrestrial territory by States.

o0 State Liability: Under the OST, Nations are liable for the activities of
governmental and non-governmental entities operating in space, if those
entities are associated with them. Nations are also liable for any damages
caused by objects they have placed in space or hazardous conditions they
create.

1 Convention on Registration of Obj ects Launched into Outer Space: The 1974
UN Convention on Registration of Objects Launched into Outer Space empowers the
Secretary General of the United Nations to maintain a registry of objects launched into
space. This registry is inclusive of the launching state, name or designator of the object,
date and location of its launch, basic orbital and location data, and the purpose of the
object. The United States is a signatory of the convention and submits objects to the
register.

2.5 The Community

The next category in this inventory of institutional variables is the space economy community.
Individuals associated with policy-making bodies, diverse government agencies, private
companies, and research organizations make up the space economy community This section
briefly identif ies some of the leading participants below, sketching out their current roles as they
apply to civilian and commercial space policy and management 22

The Department of Defense

The Department of Defense (DoD) is the government authority tasked with coordinating and

supervising all agencies and functions of the government directly related to national security and
the U.S. Armed Forces?? Many entities within DoD have an important stake in military space
activities. The services, the Joint Staff, the intelligence community, and the Office of the Secretary
of Defense all play significant roles in the acquisition, operation, and governance of military space.

Of relevance to the civilian and commercial space sectors, DoD is responsible for the maintenance
and operation of the Space Surveillance Network (SSN), which is a combination of optical and
radar sensors used to support the mission of theCombined Space Operations Center (GpOC).
Currently, DoD maintains a catalog of space objects. From this list, those objects that are not

22 For a detailed list and description of space actors and their roles, see James G. Alver and Michael P.

Gl eason, ASpace Policy Pri mer :ThekhergspaCGdCorpoeapon, logvenber s u e s ,

2018.
Z2/A0ur Forces, 0 U.S. De p ar t mhutpst/wwafdefddse goy/Ow eStoryOurn e

Forces
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sensitive to national security are made accessible to the public through the SpaceTrack.org
website. At present, DoD also notifies satellite operators of potential conjunctions d encounters
between objects in space that are worryingly closé so that satellite operators have the
opportunity to make a risk assessment and make avodance maneuvers if they choose.

The Civil Space Sector

1 The Department of Commerce: The Department of Commerce (DOC) is a
government department concerned with promoting job creation and economic growth
through providing data and research necessary to suppoit commerce, and by setting
standards that foster innovation .24 Commerce is organized across 13 Bureaus and 15
Offices, including the National Oceanic and Atmospheric Administration (NOAA). 25
N O A A 8lational Environmental Satellite, Data, and Information Service (NESDIS)
program is the nat i on ébasedpmeieondogical asdclimate @ata.o f s p a
NOAA-NESDIS spacecraft produce the satellite weather photos the public associates with
television weather forecasts and Internet satellite weather maps. The Office of Space
Commerce currently sits within NOAA. The mission of this office is to foster an economic
and policy environment that ensures the growth and international competitiveness of the
U.S. commercial space industry. More informat ion about DOC is found in Appendix D.

9 The Department of Transportation: The Federal Aviation Administration (FAA) at
the Department of Transportation (DOT) regulates all aspects of civil aviation and the
movement of space vehicles through the atmosphere(more information about DOT is
found in Appendix D) .26 Established under the Commercial Space Launch Act of 1984,
the Office of Commercial Space Transportation (known by the initials AST) was tasked to:

0 Regulate the U.S. commercial space transportation industry, to ensure
compliance with international obligations of the United States, and to protect
the public health and safety, safety of property, and national security and
foreign policy interests of the United States;

o Encourage, facilitate, and promote commercial space launches and reentries
by the private sector;

o Recommend appropriate changes in federal statutes, treaties, regulations,
policies, plans, and procedures; and

22 About Commerce, 0 U.S. Depar t meatpst/wwwfcomtbhercemgeviabog, June 1

ABUreaus and offices, 0 U.S. Department of Commerce, J
https://www.commerce.gov/bureaus -and-offices
%fAWhat we do, 0 Federal Aviation Administration, June 1.

https://www.faa.gov/about/mission/activities/
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o Facilitate the strengthening and expansion of the United States space
transportation infrastructure. 27

Currently, AST conducts launch and re-entry permitting and licensing for commercial
space flights.

9 The Federal Communications Commission: The FCC is an independent
government agency that regulates interstate and international radio, television, wire,
satellite, and cable communication.2® Through the Communications Act of 1934, the FCC
licenses the radio frequencies that most satellites use to transmit data?® Considering
orbital debris mitigation plans to be within its resp onsibilities and obligations, FCC has
issued regulations that state that unless the FCC has already authorized a satellite system,
the satellite system must submit a description of the design and operational strategies it
will use to mitigate orbital debri s. This includes calculating the probability that the
spacecraft will become debris using the NASA Debris Assessment Software and providing
a plan for how space operators will respond to a conjunction warning.

1 The National Aeronautics and Space Administra tion: Along with its broad
responsibilities for civilian space travel and aeronautics and space research, NASA tracks
space debris associated with the protection of NASA assets in space and conducts a broad
portfolio of basic research about the use of spae for research and commercial purposes.

0 NASA also develops technical requirements to limit orbital debris generation.
Its Orbital Debris Program Office creates and maintains numerous software
modeling tools used in debris mitigation analysis and the tracking of debris in
the orbital environment. NASAOGs research
the space related activities of other federal agencies: For example, and as noted
above, the NASA Debris Assessment Software calculates collision and casualty
risk for the FCC. NASA also provides robotic and human spaceflight support to
NOAA and the U.S. Geological Survey (USGS).

1 Department of State: The State Department is the external facing federal entity that
discusses and mediates international space policy. Is Office of Space and Advanced
Technology handles international space issues and represents the United States in the
United Nations Committee on the Peaceful Uses of Outer SpaceGOPUQOS)and the United
Nations and the United Nations Offi ce for Outer Space Affairs This office also maintains
the official United States registry of objects launched into outer space, oversees
implementation of the Intergovernmental Agreement on the International Space Station,
and supports U.S. civil space entities in upholding international agreements. In addition,

27fAAbout t he OffiXpaocnd Troammesepcocritadti on, 6 FAA. July 8, 202
https://www.faa.gov/about/office_org/headquarters_offices/ast/
2fAAbout the FCC, 0 Feder al Communication Commission. Jul
https://www.fcc.gov/about/overview
2AMitigation of Orbitad Medrd srCo@, tApr iNlew24S,pa2020.
https://docs.fcc.gov/public/attachments/FCC  -20-54A1.pdf

25



the State Departmentds Bureau of Arms Contr ol

Office of Emerging Security Challenges (AVC/ESC) pursues transparency and confidence
building measures meant to reduce tensionsand enhance cooperation in space. AVC/ESC
also patrticipates in the formulation of military and intelligence -related space policy.

Space Policy Generators

1 The National Space Council: The National Space Council operates as an office of
policy development and handles a portfolio of civil, commercial, national security, and
international space policy matters. Composed of cabinet-level members and supported by
the Users Advisory Group, the council is chaired by the Vice President. The Advisory
Group of the NSCrepresents the interests of the U.S. commercial space industry and the
civilian weather satellite enterprise operated by NOAA .30 It convenes relevant government
agencies and stakeholders to coordinate policy development.

1 The United States Congress: Some P designated Senate and House subcommittees
serve as patrons for the space related activities of the diverse federahgencies under their
oversight. Authorizing subcommittees provide a policy framework for space activities and
oversee their implementation. Appropriations subcommittees review civil space funding
requests and appropriate funds to agency budgets. The work of the leading Congressional
committees and subcommittees are described here.

Among these, the Senate Committee on Commerce, Science, and ransportation has
jurisdiction inter alia over transportation as well as nonmilitary a eronautical and space
sciences.Its Subcommittee on Space, Science, and Competitiveness provides oversight

over NASA, NOAA, and the National Science Foundation (NSF). The Senate Armed
Services Committee has purview over i ssues
Appropriations for civil space in the Senate are handled by the Appropriations
Subcommittee on Commerce, Justice, Science, and Related Agencies, while
appropri ations for military space are under the jurisdiction of the Appropriations
Subcommittee on Defense.

In the House of Representatives, the Subcommittee on Space and Aeronautics takes the
lead role concerning issues related to NASA, NOAA and commercial space activities. It is
a subcommittee of the Committee on Science. The Strategic Forces subcommittee of the
House Armed ServicesCommittee handles military space issues. Appropriations for civil
space are handled by theHouse Appropriations Subcommittee on Commerce, Justice,
Science, and Related Agencies, while appropriations for military space are under the
jurisdiction of the Appropriations Subcommittee on Defense. 31

A Nati onal Space Council, o Office of Space Commerce,
https://www.space.commerce.gov/category/national -space council/
31James G. Alver and Michael P. Gleasn, A Space Policy Primer: Key Concepts, Issues, and Actors The
Aerospace Corporation, November 2018.
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The Commercial Industry

According to Alver and Gleason, commercial space refers to space duwvities with four
characteristics: A(1l) private capital is at risk
or potential non -governmental customers, (3) market forces determine viability, and (4) the

primary responsibility and managementreside s wi t h t h e 3pThe aeraspaee irgliesteyt or . 0
has grown significantly in recent decades: by 2018, commercial space activities accounted for 76

percent of total space spending. Table 2-1, assembled in a publication by The Aerospace
Corporation, illustrates the scope of activities in the commercial space sector and provides
examples of companies investing in these spacesThe examples provided are not exhaustive, a

notable omission being the firms in the space safety industry.

Venture investment is encouraging innovation and expansion in the commercial space sector.
According to the Space Investment Quarterly, cumulatively, there has been $109.2 billion of
equity investment into 822 unique companies in the space economy since 2004. Another $5.4
billion was invested into space companies in the first quarter of 2020, which is already one third

of the total funding for the full year 2019. 33

32 A Space Policy Primer.
33 Space Investment Quarterly , Q1, 2020.
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Table 2-1. Examples of Current and Planned Commercial Space Activities

Activity Type Example Companies
Satellite manufacturing Northrop Grumman, Lockheed Martin, Boeing, SSL
Launch vehicle subsystem Aerojet Rocketdyne
manufacturers
Launch service providers Arianespace, SpaceX, ULA, Northrop Grumman, Blue Origin
Telecommunication Iridium, Intelsat, Eutelsat, DirectTV, Sirius XM
Earth observation Planet, Digital Globe
Vehicle tracking ORBCOMM, Spire
Space tourism Virgin Galactic, Blue Origin
Satellite servicing MDA, Northrop Grumman
Space station logistics SpaceX, Sierra Nevada, Boeing, Northrop Grumman
Space stations Axiom, NanoRacks, Bigelow Aerospace
Smallsat manifesting Spaceflight Industries, NanoRacks
Lunar delivery and space Astrobotic, Moon Express, Planetary Resources
resources

Source: Alver and Gleason, 2018

New Space Companies

The U.S. space sectoris being reinvigorated by the emergence of a decentralized set of space
compani es, generally known as fiNew Space. 0 They ¢
accessoOo companies, whose focus is on | aunching p
senscompanies that provide i mages of Earth; and tt
that serve this and a range of other customers. J
companies that plan to provide secure facilities for manufacturing, research, and even tourismin
socall ed Al owTher ihegobhdt |l@w Earth orbitdo compani
space manufacturing to asteroid mining to colonization of the Moon and Mars. 34

In many cases these New Space actors have been fundeoy high-profile entrepreneurs d Elon
Musk, Jeff Bezos, Richard Branson, Paul Allen, and other® who have used their wealth to
overcome high fixed-cost barriers to entry, launching companies based on new approaches to the
technology and management of space acess. In many cases, these investments have proceeded
with limited if any government investment, making them less amenable to government
regulation. As they open the commercial potential of space, revenues in the sector have rocketed
in recent years, with the vast majority of that activity related to satellite technology for
telecommunications and other services.

34 Christopher D. Johnson, ed., Handbook for New Actors in Space , Secure World Foundation, 2017.
Tim Fernholtz, Rocket Billionaires: Elon Musk, Jeff Bezos, and the New Space Race 2018.
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Industry Associations

This diverse and competitive set of firms is complemented by industry associations that enhance
shared research and the promotion of best practices across their industry. The Space Data

Association (SDA), f or exampl e, Abrings together satellite
reliable and efficientsharingofdat a cr i tical to the safety &8nd inte
Operated bySDAG6s trusted technology partner, AGI, SDAO
dynamics information from the member companies as well as other available sources of space

obj ect information to provide conju¥faction assessme

Other industry organizations promote safe and sustainable space operations. For example, the
Space Safety Coalition in 2019 introduced a set of best practices foithe sustainability of space
operations. In addition, the Satellite Industry Association, which is a trade association
representing satellite operators, satellite and launch service providers, and manufacturers
published a set of fAdreée mpgh ghciemortardge in$podticieg seetyf et y
and sustainability in space operations.

The World Economic Forumdés Gl obal Future Council ¢
Sustainability Rating, wh i c h scores compani esé mi ssi ons bas
international guidelines and their sustainability regarding debris mitigation. Lastly, operational -
specific organizations such as the Consortium for Execution of Rendezvous and Servicing
Operations have created standards and recommendations for proximity operations, commercial

rendezvous, and on-orbit servicing.
The Research Community and Non -Profits

Universities create a pipeline of educated professionals who have the skillsets necessary to work
in the public and private space commerce sectors. Universitiesare also at the forefront of research
and development of new space technologies and analytical tools, conducting groundbreaking
studies on debris mitigation, object detection and characterization, and accurate mapping
systems. Centers affiliated with universities, such as the George Washington University Space
Policy Institute, also analyze current developments, policies, and strategic needs.

Non-profit policy institutes and industry associations (representing suppliers and manufacturers
of spacecraft and information technology companies) also provide technical and policy advice.
Organizations such as the Secure World Foundation andThe Aerospace Corporation a Federally
Funded Research and Development Center, provide advice on critical issues regardinghe space
industry and the promotion of investments and policies that encourage innovation and safety.

35 Space Data Association, Homepage, Spacelata.org Spacedata.org.
36 Spacedata.org.
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International Actors

The space policy environment is also influenced by variety of multilateral organizations as well as
national space organizations. The international organizations include:

1 International Telecommunication Union (ITU). The ITU is a UN agency that
governs the use of the radio frequency spectrum. ITU assigns physical satellite orbital slots
in geostationary orbit. T hrough the FCC and NTIA, the United States applies ITU rules to
all U.S. spacecraft and satellites that use radio spectrum.

9 United Nations Committee on the Peaceful Uses of Outer Space (COPUOQS).
COPUOS was established in 1959 as a forum for discussing internatioal governance of
outer space. In recent years, COPUOS members have discussed issues like space debris
management, creating guidelines for the long-term sustainability of space, and
determining if more concrete solutions are necessary or possible.

1 Inter -Agency Space Debris Coordination Committee (IADC). Composed of
nati onal space agencies, | ADCO s facilitates
international cooperation on responses and mitigation techniques.

9 The United Nations Office for Outer Space Affairs (UNOOSA). The Office assists
UN Member States to establish legal and regulatory frameworks to govern space activities.
It also works to strengthen the capacity of developing countries to use space science
technology and applications for development.

In addition, the space community includes a number of national and regional organizations

covering activities in the European Union, Russia, China, and India. For example, CNES, the
French National Center for Space Stiangdandirglystrypr o mot e
It also cooperates with the European Space Agency on advancing a wide portfolio of civil as well

as security and defense space programs.

In the commercial space industry, technological developments are enabling new commercial
actors or helping existing actors to compete in new ways. In the launch market, for example, the
rise of affordable launch vehicles has improved U.S. competitiveness on the global market.
Competitors, including the space agencies of Europe, Russia, China, and Indiato name only a
few, continue to offer commercial launch services on the international market, at times at rates
that competitors argue are subsidized.

2.6 The Action Arena

Having so far described the scenery and stage settings and having introduced thedrama tis
personae as a part of the IAD framework-led exposition, it is now time to set the play in motion
through a description of the Action Arena. The expansion of the space economy, the degradation
of the orbital environment, the limitations of current techn ologies and governance processes, and
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the emergence of new global actors have created new dynamics and pressure to craft a new U.S
policy framework.

The Introduction of New Technologies

Advances in information and communications technologies, including artificial intelligence and
cloud computing, have changed the price/performance ratio for small satellites and other space
technologies, and this has stimulated innovation and new commercial interest. This dynamic is
being accelerated by significant capital flows into the commercial space sector, whch has grown
to include new capabilities such as satellite servicing, private space stations, and resource
extraction and utilization.

The growing deployment of innovative technologies creates new realities, outpacing the existing
U.S. policy and regulatory framework in critical areas. In one manifestation of this change,

agencies such as NOAA and AST face a deluge of new licensing applicatior$8.Often, innovative
commercial space activities do not clearly fit into any of the existing regulatory framewor ks,
licensing categories or authorities, hindering further investment.

While the United States already has a national framework for providing oversight to some
categories of commercial space activities, this capacitymust grow relative to the pace of change
in the commercial sector. Meanwhile, other countries d such as Luxembourg and the United Arab
Emirates, to name just a fewd are aggressively moving to put in place their own national
frameworks to court new commercial space companies38

Growing Congestioni  n Space

The rapid expansion of the space economy has brought the issue of orbital congestion to the
forefront. This congestion is made worse by the concentration of orbital debris in the most heavily
used regions of Earth orbit where many active satellitesalso reside. These regions intude the LEO
and the GEO regions.

Congestion in GEO is acute, due in part to the need for all satellites in the region to use the same
or similar portions of the radiofrequency spectrum. However, international and national le gal
exclusion mechanisms have so far led to a fairly efficient use of GEO and there is correspondingly
less of a space debris problem.

Of the two regions, LEO currently presents the most pressing challenge for longterm
sustainability and increasing collis ion threats to satellites from orbital debris. Of the two, LEO is
the more crowded and has a relatively low entry cost.

Advancements in space observation and analytics have improved mapping and prediction,
effectively opening room for more activity in LEO. In the absence of a reliable and credible

%Wayne Monteith fAJFmIZDRDt, & Lhetttpesr // www. faa. gov.
8Paul Voosen, fAOuter Space m3cienchhly®, 2D18st gotten
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governance system, there is a scramble by satellite companies and others to "squat” or occupy
parts of the orbital space and spectrum.

Many of these companies also seek to create new rules that reinforce their clans and advantages
in this policy vacuum, as well as to establish standards of sustainable use of orbital space that are
in their common interest. 3°

The Changing Role of the Department of Defense

DoD has long maintained and operated the Space Surveillance Network (SSN) through a
combination of optical and radar sensors. This f
system in an era where there were relatively few objects in space, typically operating in predictable

orbits and engaging in predictabl e a c t 4 lvwas deggsed fo accomplish national security

functions, like missile warning, and protecting DoD satellites. While SSN has been used by the

commercial space industry for many years, DoD space surveillance systems were not created with

the needs of the burgeoning spacecommercial industry in mind.

As the space economy expands and new pressures confront the orbital environment, commercial
space operators increasingly turn to the services of a growing space safety industry to provide the
surveillance and warning systems needed to achieve safe operatinos. Meanwhile, with the growth

of offensive challenges to U.S. space assets from other nations, DoD has in recent years sought to
focus on its core missions in security and defense. For these reasons, DoD is seeking to exit its
role in directly supporting the civilian space sector, a shift revealed in current and past policy
directives.

New Challenges to Global Policy Leadership

With the dramatic increase expected in the number of active satellites in LEO, and stalled
expansion in DoD-led monitoring capabi lities, there is a growing need for global capabilities to
allow continued access to orbits and ensure their sustainability. Recognizing this opportunity, the
European Union is seeking to become a global leader in this domain, offering to work both in
cooperation and competition with the United States. 4!

The European Union (EU) established in 2014 the Space Surveillance and Tracking (SST) Support
Framework, foreseeing the creation of an SST Consortium of, initially five EU Member States

(France, Germany, Italy, Spain and UK). This was enlarged to eight states in 2018 with the

addition of Poland, Portugal, and Romania.

3Christian Davenport, AThousands more satellites coul d
gover nment Washiegon Ropt,2Jdly 23, 2020.
40 Bhavya Lal et al.,Global Trends in Space Situational Awareness and Space Traffic Management , IDA
Science & Technology Policy Institute, 2018.
41 European Space Policy Institute, Towards a European Approach to Space Traffic Management ,
January 2020.
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The SST Consortium and the European Union Satellite Centre have been working together to
develop a European SST capabilityinaseriesof EF unded projects, ORmewik Uas 7
Member States of the SST Consorum have designated national Operational Centres for the

provision of operational SST services to SST Users via th&eUSST Service Provision Portalfor the

i mpl ementation of the ST Support Framewor k. o

Recognizing the shared interest with the United States in the need to lead in space to counter
perceived threats from Russia and China, some commentators see that the EU is seeking to prove
its fivalue as a partner and advocate for internat
to achieve statega | s and maintain t€#he stability of orbit.o

Policy Uncertainty and Commercial Risk

New technological advances, pushing the uses and utilization of orbital space, are creating new
opportunities as well as uncertainties for commercial space actors. While these actor® providing
products and services ranging from launch services to space data analysid may have different,
sometimes opposing, commercial interests, they increasingly see a common advantage in
developing shared rules and norms for operations in space. This convergence in interest has, in
turn, propelled policy action in the United States.

2.7 Outcomes

The final element of the IAD framework reviews the outcomes that result from the existing
features, incentive systems, and dynamics within the system. In this instance, the pressures
created by a growing space eonomy and stagnation in the DoD-administered systems that
monitor and ensure orbital safety have led to new policy initiatives that seek to commit the United
States to improve the safety and sustairability of space as well as encourage more competition
and innovation in the commercial uses of space.

A core aspect of the revival of the policy debate in the United States on the commercial use of
space has focused attention on twovital aspects relatedto shared used of this common pool
resource: the trusted monitoring of the shared resource and the actions (drawing on this

information) needed to ensure its sustainable use.

Since the start of the Space AgeDoD has played a critical role in SSA meaning the knowledge
and characterization of space objects and their operational environment. As noted earlier, this
work continues through today; using its network of radar and telescopes, the Air Force tracks
objects in space and provides warnings to space opetors about potential conjunctions. This
information is vital to STM, which encompasses the planning, coordination, and on-orbit

42 From eusst.eu homepage.
43 Alexandra Stickings, The Future of EU-U.S. Cooperation in Space Traffic Management and Space
Situational Awareness , Chatham House, August 2019.
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synchronization of activities to enhance the safety, stability, and sustainability of operations in
the space environment.

Current policy debates center on these two concepts and the tasks and responsibilities inherent
in these terms.

Move to a Civilian SSA/STM System

The effort to solve the emerging jam between growing use of orbital space and the limits to the
effective management of this domain was to move existing SSA and STM services, as currently
being provided by DaD, to a civilian agency.

Under the 2013 National Space Transportation Policy, DOT was directed to take a larger role in
the management of the commercial space enerprise and directed to coordinate with DOC on the
promotion of commercial space activities. FAA was further directed to work with NASA on a
Acomprehensive safety regi me for human spacef |l i
governmental and commercialacti vi t i es wi th Amini rtal regulatory o

This policy was subsequently overtaken by four Space Policy Directives issues by th&xecutive
Office of the President, by way of theNational Space Council. As of July 2020, these are:

1 Space Policy Directive 17 l1lcommits the United States to AL
sustainable program of exploration with commercial and international partners to enable
human expansion across the solar system and to bring back to Earth newknowledge and
opportu*hities. o

1 Space Policy Directive 1 2 sets out a series ofinstructions intended to reduce the
regulatory burden on commercial space entities. Those instructions include:

0 The review and appropriate streamlining of launch and re-entry licensing by
the Department of Tr ansportation.

0 The review and streamlining of regulations by the Secretaries of Defense and
Transportation, and NASA Administrator, with regards to commercial space
launch and re-entry associated with federal launch sites. This effort would be
to bring those regulations in line with the similarly streamlined ones to be
issued by the Department of the Transportation.

0 The review and streamlining of regulations by the Secretary of Commerce on
the matter of Commercial Remote Sensing.

e President, fANational Space Tr
e President, National Space Coul
s Human Spacel7.Expl oration Progr ;
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0 The review and streamlining of regulations by the Secretary of Commerce in
coordination with the Director of the Office of Science and Technology Policy,
and FCC, with regards to radiofrequency spectrum.

0 The review by the National Space Council ofexport licensing regulations that
impact commercial space activities and to issue recommendations to
streamline those regulations.

In addition to these tasks, SPD-2 directs DOC to consolidate, within the Office of the
Secretary, it he rDOEpionkibespecestofthdeodDepartm
commercial space flight activities, and to submit to OMB a legislative proposal to create

an entity tasked with Aadministering the Depa
flight dctivities. o

1 Space Policy Directive i 3 calls for the establishmentof a fAnew &pMtooacho
address the rising congestion and complexity of space and directs the Department of
Commerce to be the focal point of those efforts. SPD3 sets out eight principal goals to
successfully bolster safety and U.S. commercial leadeship in space:

0 Advance SSA and STM Sciencand Technology.
o Mitigate the effect of orbital debris on space activities.
o0 Encourage and facilitate U.S. commercial leadership in S&T, SSA, and STM.

o Provide U.S. government supported basic SSA data and basic STMervices to
the public.

o Improve SSA data interoperability and enable greater SSA data sharing.
o Develop STM standards and best practices.

0 Prevent unintentional radio frequency (RF) interference.

o

Improve the U.S. domestic space object registry.

o

Develop palicies and regulations for future U.S. orbital operations.

To achieve these goals, SPEB designated DOC as the civilian agency to conduct the data
sharing and collision avoidance support services required by the developing orbital
environment. SPD-3 also assigns various associated duties, such as tasking NASA to assess
and develop updates to the already existing Orbital Debris Mitigation Standard Practices,
and interagency efforts to develop best practices and standards with regards to multiple
entities of the commercial space enterprise.

1 Space Policy Directive 1T 4 establishes theU.S. Space Force as the sixth branch of the
U.S.Armed Forces. The Space Force, to be housed within the Department of the Air Force,
is to undertake all efforts by the United States toward addressing space as a warfighting
domain.

APresidenti al Memor andum on Reinvigorating Americads
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2.8 Toward Civilian Management of Space

It is clear that recent space policyinitiatives seek to refocus the efforts of DoD to its core mission
of protecting the security of the nation. Moreover, they call for a civil agency to bolster safety and
U.S. commercial leadership in space Even though commercial industry is not obviously viewed
as part and parcel with national security interests, there is a clear sense that the space commercial
domain should be seen as such. Thusthe U.S. government agency involvement is seen as vital
not only for commercial growth for the American econo my, but also is seen to take on broader
meaning with a national security dimension attached.

But how should this civilian agency be best structured to address its mission? The following
section considerstwo contrasting approaches to the challenge of govening the commons.

Centralized Governance for Space

To be effective, the civilian agency that governs the orbital commonsmust overcome the central
challenge of the Tragedy of the Commons. As notedearlier, the traditional approach to solving
this predicament calls for CPRto be managed top-down by the state#? This approach calls for the
development of a centralized bureaucratic structure, focused on a safety mission, that can procure
and field up-to-date technologies for SSA and STM.

A centralized approach to advancing national missions in space is not new.Economists have long
argued that public goods such as national security and basic science are typically underprovided
if left to the market, and NASA was founded to provide them duri ng t he Col d
command-and-control structure grew naturally from that objective, as the merits of
decentralization took a back seat to the imperatives of the Moonshot and other objectives.

While the economic logic for the centralized model for the Apollo missions was accepted at the
time, private -sector leaders increasingly warned that a centralized model undermined progress
on public and, especially, commercial priorities in space.*® Even so, NASA applied largely the
same centralized approach tothe missions of the Space Shuttle. After two tragic accidents, with
the Challenger shuttle in 1986 and the Columbia shuttle in 2003, momentum turned away from
the Shuttle and the centralized model of space it represented.

Given the new realities of a differentiated and distributed space economy and the dynamism of
New Space entrants making sizeable investments with private resources, it is not clear that a
centralized approach to governing orbital space would be effective The alternative may be a
hybrid approach that is broadly market -oriented, but where government frames and, if needed,

47 Garrett Hardin, 1968 .
48 Matthew Weinzierl, fiSpace, the Final Economic Frontier,0 Journal of Economic Perspectivesd Volume
32, Number 20 Spring 201808 Pages 173 192.
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enforces the rules governing the market (often with the participation of the users) to foster
competition among firms, technological innovation, and sustainability of the CPR.

New Incentives for Collective Action

The shift from public to private priorities in space is especially significant because commercial

s p a cnewdlsaders have sought to createa large-scale, largely selfsufficient, developed space
economyd one that is fiercely competitive and resistant to a government-led regulatory approach.
However, these actors do share a motivation to cooperate to avoid steeply rising costs of operating
in space arising from increased congestion. While the expected value of destroyed wealth because
of collisions is currently small because of the low probability of a collision, this price -tag can
quickly become significant if future collisions result in runaw ay debris growth.

Commenting on this 1issue, Levin and Carrolll not e
private and public actors should, for their own benefit, direct attention to the space debris
problem now. Global satellite revenue in 2014 totaled $195.2 billion. That stream of economic
activity is most threatened by significant®y incr
Li kewi se, Muel haupt and coll eagues aver that oper
significant vested interest in maintaining the space environment, and in protecting investments
that will run into the billions of dollars. Indeed, some of the new operators are among the
strongest proponents advocating or increased reg

Over-regulation is always to be avoided as that might stifle innovation. Instead, in the
competitive environment emerging in this industry, certain minimum standards will be essential
to facilitate, encourage, incentivize and catalyze (if necessary, through reguhtion) space operators
(both public and private) to develop industry common standards and best practices.

Decl aring their commit ment to being figood <citize
willing to share information and maintain good practice in s ustaining the orbital commons. These

activities include developing more reliable plans for post-mission disposal, investments in

automated collision avoidance, and building in the capability of high -precision orbit knowledge.

Some are willing, evenseekihj, t o share position and maneuver da:
citizensd is to encourage broader acceptance and
commercial and international actors.

This is all to be welcomed and paired with enlightened regulations. As the lead custodian of the
common pool resource of space, the U.S. government has @rimary role to ensure that these
orbital hygiene standards are developed, adopted, and evolved to pace developments in space
commerce and technologies, thus giaranteeing the viability of the CPR for future generations.

49 Eugene M. Levin and Joseph A. Carroll, ithe Costof Future Collisions in LEO12 15 8tar Technology
and Research, 2012.
50 Theodore J. Muelhaupt et al., fiSpace traffic management in the new space era dhe Journal of Space
Safety Engineering (6), 2019.
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The changing needs of space companies is also spurring the growth of a space safety industry.

New SSA companies are operating networks of telescopes (e.g., ExoAnalytics) and radars (e.g.,

LeoLabs). Companies like Analytical Graphics, Inc. (AGI) are offering conjunction prediction and

collision avoidance services. And the Space Data Associatior(SDA) was created as an industry
consortium to coordinate and deconflict its membe

Some Design Elements for  Distributed  Space Governance

Given the limited potential for a top -down regulatory approach to governing space, especially

given the intentions of New Space actors, a publicprivate partnership arrangement for governing

the space commonsis considered instead. Considering alternative institutional arrangement sto

govern outer space, humerous analysts have looked to see if insightfrom Ost r omés f r amewo
for institutional designcould das an alternative to Hardinds regul ¢
the Commonsd provide a robust governance regime that promotes the optimal management and

long-term safety and sustainability of the Space Commons for current and future space
appropriators. 51

Elinor Ostrom identified the characteristics of situations where the users of a common pool
resource themselves develop effective seimanagement mechanisms. Based on observations of
successfully managel terrestrial common pool resources such as forests, irrigation systems, and
fisheries, she found that such userdeveloped systems best emerge in circumstances where the
users can, inter alia, identify clear boundaries, participate in the formulation of co llective-choice
agreements and operational rules, sufficiently monitor the behavior of each other to limit
cheating, and respond to such violations with penalties that are proportion al to the severity of the
infraction. Such user-developed mechanisms for governing CPR also call for easily accessible
conflict resolution mechanisms. 52

While the domain of space is unique in many respects, public and private users of s@ace could
come to terms with many of the conditions that Ostrom found to support sustainable self-
governance mechanisms. Binging owners and operators into the management and rule -making
process, for example, increases their understanding and support for the rules and further reduces
pushback when it comes to enforcing them.

One example ofshared rulemaking is the fi 2-year ruledthat was developed cooperatively through
the work of the Inter -AgencyDebris Coordination Committee (IADC) . This rule recommends that
satellite operators remove spacecraft and orbital stages from useful and densely populatel orbit
regions no longer than 25 years after mission completion.

51See, for example Brian C. Weeden and Tiffany Chow, TaRing a common-pool resources approach to
space sustainability: A framework and potential policies, Space Policy 28 2012, 166-172
RebeccaReesman,Michael Gleason, et al. Slash the Trash: Incentivizing Deorbit, Center for Space Policy
and Strategy, The Aerospace Corporation, April 2020 .
Shane Chadda fElinor Ostrom Goes to Outer Spaced An Association of Space Appropriators, 6 Jul y 201 3.
52 Ostrom, Governing the Commons, 1990.
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A variety of associationshave beenformed to govern the space commonsincluding the three noted
here:

1 The Consortium for the Execution of Rendezvous and Servicing Operations (CONFERS)
is creating industry consensus on standards and norms of behavior for orrorbit satellite
servicing.

1 The Space Safety Coalition, an ad hoc coalition of companies, organizatias, and other
government and industry stakeholders, is taking a lead in developing best practices for
sustaining of the space domain.

1 The Space Data Association shares information on orbital positions and notifies
commercial and government members of collision risk.

These common pool resource management structures ar e a r i ch b keinkde 6o fanfdpr
A publliikce 0 i n Multiple cortsdrtia cas coexist, covering a broad spectrum of activities.

As Reesman and c ol Anendustly €eamsomiumi isnat bottonu -up appfioach that

creates buyin from stakeholders and enables voluntary, consensushbased standards, guidelines,

and best practices for safe deorbiting. A successful industry consortium needs participation from

major companies that own and operate the majority of commercial satellites around the world to

foster equity and support for the system. 58

Governments play an important role in developing these institutions. They can encourage the

formation of public -private partnerships through enabling legislation and early public

investments. They can also develop the regulatory frameworks and contract enforcement

mechanisms to encourage the adoption of new standards. For example, the federal government

could use the launch regulatory process (LRP), as a lever to encourage U5. companies to

subscribe to common standards relating to SSA Here, for example, the launch approval could be

made contingent upon a certification that ddhe | aul
SSA provider company.

As the landscape of space is rapidly changing with new actors and new challenges of sharing an
increasingly congested CPR, there is a freshimpetus to design new and effective governance
mechanisms that enhance commercial opportunities and ensure the sustainability of orbital
space. This report takes up this challenge, looking next to the how the capabilities inherent in the
management of space traffic can be organized through innovative institutions for collective action.

53 RebeccaReesman,Michael Gleason, et al. Slash the Trash: Incentivizing Deorbit, Center for Space
Policy and Strategy , The Aerospace Corporation, April 2020 .
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Chapter 3: Toward a Civilian Agency for Space Traffic
Management

The challenge of sustainably managing the orbital commons calls for a new vision of space traffic
management (STM)d one that acknowledges the growing challenges of cooperating in earth
orbital space, one that draws in the emerging technological innovations and the market
opportunities that it creates for a growing cast of actors, and one that takes into account a myriad
of technical and functional capabilities related to the lifecycle of satellite s and other space borne
assets. Harnessing these competing challenges,the opportunity at hand is to envision an agency
that can manage the space commons, promote commerce, and provide and provision services fo
the public as well as commercial users

The first part of this chapter focuses on the required capabilitiesd technical skills that are
necessary for an agency to fulfill mission objectives in space situational awareness (SSA)and
STMa which are distribute d across the federal government, commercial actors, and academia?
This discussion centers around a list of capabilities compiled and summarized in Table 3-1 The
components of each of these capabilities are described in turn, as are the roles played by gariety
of public, private, and international stakeholders in their production and provision.

The second part of this chapter addresses the broader set of organizational characteristics of an

agency that can marshal these functional capabilities, coupled with effective organizational

capabilities and support. Examples of such competencies include effective coordination and
collaboration, communications, facilitation, stakeholder engagement, fostering innovation, and

teamwork. In order to be successful in the capabilities, these soft skills are critical. Part of an

organi zationds abil ity dlsothepnaturd amd extent di egarzatioralb i | i t i e
support within its parent department or agency.

The chapter concludes with an operational model for space traffic management, pulling together
the key characteristics required of the agency th
vision for its success.

3.1 Tasks and Capabilities

A successful SA and STM mission depends on a suite of techical capabilities. However, a single
organization does not need to possess all the required capabilities on its own. Based on its core
competencies, an organization can acquire additional capabilities by procuring them (i.e.,
bringing in expertise from el sewhere in the organization) or partnering with other public and
private sector organizations that have the required expertise. As a result, as part of the analysis,
particular attention is given to the relationships and roles that exist currently and that may need
to exist in the future to perform the SSA and STM mission effectivelyd thereby providing an

54 For the purposes of this study, the definition of capability is us ed broadly as the collective set of skills,
abilities, and expertise.
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enterprise view of SSA andSTM. Given the dynamic and evolving SSA and STM landscape, a high
level of coordination is required among the many different entities involved. The government
agency tasked withleading the STM function must serve as a nexus of this coordinationas well as
serving the public good.

In addition to the critical role stakeholders play, the functional list of capabilities requires a
supporting framework of policy, regulations, and standards. Given that the space commercial
industry is in its infancy, that orbital space environment is increasingly congested, that technology
is in rapid development, and given the changing dynamics among actors, this policy regime will
need to be highly adaptable.

Methodology

With the rapidly evolving nature of the domain, there is wi despread variation in definitions of
core terms. Moreover, a comprehensive list of widely agreed upon capabilities that constitute
SSA/STM functions is not available.

As a resul, the report provides a list of vital capabilities to perform the task. This list draws on
three main sources: SPD3, other directives, studies and reports, and stakeholder inputs.
Discussions with subject matter experts, in particular, provided insight into how some current

capabilities need to evolve and what advanced capabilities will be required in the future.

The documentary research provides a baseline assessment of the required mission objectives to
perform SSA and STM. While SPD-3 provides a basic direction for which entities should be
responsible for leading or coordinatin g certain capabilities, the studies and reports also offer
insight into which entities have the organizational capacity to fulfill the SSA and STM mission
objectives.

The study team prepared a draft list of capabilities and their relevant components and sentit to a
variety of stakeholders, including individuals from government entities, the private sector, and
academia, for comment. Through an iterative and collaborative process, the stakelolders offered
new information, drawing out the descriptive list, the relevant components associated with each
capability, the separation between basic and advanced services, theole of the lead organization
in each capability, and the participation of other entities in fulfilling each capability.

Key Considerations
Scope

The list of SSA/STM capabilities is based on the lifecycle of satellite operations. This format,
moreover, ensures a holistic view to identify dependencies among @pabilities, if any. The scope
of the capabilities is intentionally defined broadly to encompass the SSA and STM functional
areas.

42



Starting with elements identified in SPD -3 this list was expanded through inputs from key
stakeholders along with research from relevant studies and reports. As a result, this list of
capabilities reflects the dynamism of this evolving landscape.

The primary focus for capabilities is on the role of government agenciesd in particular, based on

the purpose ofthis study, to identi fy the U.S. government lead agency role. However, as described
earlier, since the list is based on a lifecycle view of satellite operations, it invariably includes an

enterprise view and includes core activities, some of which will be performed by commercial

actors and other stakeholders.

Basic and Advanced Services

There is broad agreement among stakeholders that the currently provided situational awareness
information is limited and insufficient. As a result, there is an urgent imperative for the lead ST M
agency to expeditiously seek to improve the quality of information to reduce the risk to the space
ecosystem and enable safer and more sustainable operations in the space environment.

The Panel foresees a hybrid funding model that combines both a fee fo service and a no cost basis
to provide SSA and STM services. Basic services will provide accurate location of space objects
including small debris.

Advanced services are more complex and provideincreased accuracy, coverage and timeliness.
As the satelite population increases, it is likely that operators will need to purchase advanced
services as a condition of license. The exact nature of these services and obligations for use will
largely be defined by the STM manager, by industry capabilities,and shaped by market dynamics.

However, given the dynamic changes in space technology and the impending crisis with space
debris and satellites, it is urgently critical that current commercial services are engaged, and
further advanced services are developed and offered expeditiously. This will be an important
priority for the STM agency. This agency should act to facilitate development of the commercial
marketplace to enable rapid development of advanced services Ultimately, the Government
bears an obligation to the public to ensure safety and sustainability while also fostering
innovation.

If established properly, and if supporting authorities are enacted by Congress, a differentiation
between advanced and basi services will provide a revenue stream based on a fee for service
model to be adopted that is independent of the annual appropriations process. While more
consideration should be given to this question, one opportunity for the lead STM agency to
introduc e and implement a fee for services model may occur at the time when an entity applies to
the AST for a license to launch an asset into space. The fee for service model seems a reasonable
approach to apply when noting that the majority of entities seeking | aunch approval intend to
fund the project by charging fees to customers.

Notwithstanding the foregoing, the precise demarcation between basic and advanced services is
intentionally not defined in this report. The demarcation should be driven by STM needs and

market dynamics and should be the responsibility of the lead civil SSA/STM agency as part of its
program definition and planning. It will be critical to define basic services with input from
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industry and other stakeholders to ensure it meets stakeholder needs and avoids creating
disincentives for market development of advanced services. Once basic services are defined, it will
be equally important to communicate the scope and boundary of basic services the Government
intends to provide i this will enabl e industry innovation of advanced services. In so doing, the
lead STM agency can serve the commercial space industry by helping to stimulate evolution of
high-quality services. Given the rapid acceleration of technological advances in this domain, the
lead STM agency must be outward focused in order to observe changes in the marketplace and its
underlying technologies, and consider how these developments might shift the demarcation
between basic and advanced services as time goes on.

Current and Future S tate

In addition to the above considerations, the list of capabilities includes a description of the current
state of the landscape, including the required capabilities and key stakeholder roles and activities.
Since it is not possible to predict technology changes in the future, the description of future
capabilities and stakeholders constitute some general expectations and should not be considered
to be comprehensive. While SPD 3 identified OSC as the lead agency, the Panel urged the study
team to conduct an empirical, and independent research undertaking & considering the important
work of the inter -agency process. As a result, the key organizatioris explicitly identified as the
Ailead civil agencyo in the future state.
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Summary of Capabilities

As described in Figure 3-1 below, the list of capabilities is organized around key areas, with each
capability divided i nto its individual components.

Figure 3-1 Organization of the Capabilities

Capability Area (definition)

Components

Tasks & Activities, with examples of Basic and
Advanced Services

Palicy, Key U.S.
Regulations, & Standards and Federal Other Key
Standards Best Practices Government Stakeholders*
Regime Organizations

*U.S. government and military, commercial actors, academia and research, international actors

Source: National Academy of Public Administration

The capabilities list includes the following areas:

T

Capability: A capability is the collective set of skills, abiliti es, and expertise The scope of
the capability includes a short summary description.

Component: A capability is composed of one or more componentsd sub parts that together
define the capability. Included in the list is a short definition to describe the scope of each
component. In addition, a few components include basic and advanced servicesas
examples.

Tasks and Activities: Tasks and activities area granular description .

Policy, Regulations, and Standards Regime: Each component includes an associated
policy, regulations, and standards regime.

Key U.S. Federal Organizations and their Roles: For each component, the key organization
involved in the current state is identified , in addition to the role the lead civil agency is
expected to play in the future state. The primary focus is identifying the role of U.S.Federal
agencies and, as perthis study6 sbjective, this list identifies the role the civil lead agency
is expected to play in the future state.
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1 Key Stakeholder Roles: Key stakeholders include US. civil government agencies, US.
national security agencies,the private sector, academia, and international government
and organizations. It includes a brief description of the role of each stakeholder.

The below listed capabilities are essential to performing the SSA and STM functions and should
be viewed in the strategic context: they support the core mission objectives of proteding national
security interests, ensuring space safety, enabling commercial growth, establishing U.S.
leadership, and promoting international coordination.

Table 3-1 provides a summary view of the capabilities, mapped to the relevant SSA and STM
functions they enable. Notifications and Space Technology, for example, are fundamental
capabilities that enable both SSA and STM.

Table 3-1. Capabilities Summary View

CAPABILITIES COMPONENTS
Notifications Notification Database & Channels Notification Dissemination
Space Technology Open Network & Data Architecture Research & Development
Conjunction
Space Situational Surveillance & Asses;,ment . |
Awareness (SSA) Tracking Screenings & Environmental Data
Catalog
Maintenance
(I)v'rbnal Debris Debris Modeling and Measurements Debris Protection & Mitigation
anagement
Space Traffic : ..
Operations Spac.e Tfaﬁ'c (_:oII|S|on . Collision Frequency
Coordination & Cro i & AEIRENES RHE Mitigation Deconfliction
Safety Assessment
Management
Satellite & Spectrum
Design and Launch Constellation E;i'nl‘;]ugzh agrc: Management Early Orbit
Design PP & Use
Disposal and Safing, Repositioning, De- : :
Reentry Orbit/Reentry Disposal and Debris Removal
LEGEND
SSA Both SSA and STM STM

Source: National Academy of Public Administration

Key Takeaways

As it can be seen from Table3-2, most capabilities can be mapped discretely to the function they
enable: SSAor STM, along with a couple of fundamental capabilities (such as Space Technology
and Notifications, which enable both SSA and STM), are intertwined. However, it is important to
note that SSA capabilities are prerequisite to enabling STM functions.
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The analysis of the core capabilities reveals the following insights:
The Important Role of Stakeholders in Enabling a Successful SSA/STM M ission

Successful SSA/STM will involve coordination and synchronization between all stakeholders,
including U .S. civil agencies, U.S. military agencies the private sector, academia andthe research
community, and international governments and actors. Each stakeholder brings important
contributions to the value chain to enable successful SSA/STM capabilities. As a result, each
stakeholder has an important role, as further discussed below.

The Lea d Civil STM Agency Needs to Partner ~ with a Number of  U.S. Federal
Agencies

Currently, a number of U.S.federal organizations have authority over, and support multiple parts
of, the SSA/STM mission. As an example, consider Debris Protection and Mitigation: NASA
provides standards and requirements; FAA has authority over debris mitigation of launch vehicles
and upper stages (the most massive objects on orbit); FCC hasadopted rules regarding orbital
debris mitigation for Commission -authorized satellites and recently issued a Notice of Proposed
Rulemaking ;> and as part of its licensing requirements for CRS, NOAA requires the licensee to
assess and minimize the amount of orbital debris.5¢

This current state is not expected to change, and it is imperative for the lead civil agency to work
with and partner effectively with the relevant U.S.federal agencies based on the capability.

Private S ector Must Play an Active, Engaged Role

A critical component of this space enterprise is the private sector. Achieving a safe, stable and
sustainable space @erating environment will require effective data exchange and ongoing
interactions among private sector space operators. In fact, in the future, successful STM may
involve more communications between operators than between operators and government
SSA/STM organizations. Therefore, the lead civil agency must facilitate and set the conditions to
enable this coordination and communications. More importantly, the private sector brings
advanced capabilities to the space enterprise and it is vital to incorporate these advanced
technologies in support of establishing a safe operating environment. Facilitating the growth of
the commercial marketplace will incentivize innovation and private sector engagement.

Int ernational Coordination and Cooperation Are Essential

Space has no geopolitical boundaries, and no sovereign country can claim ownershi@ the Outer
Space Treaty forbids the appropriation of extraterrestrial territory by States. 57 Given the global

552004 FCC Rules and 2020 Notice of Proposed Rulemaking.
56 15 CFR Section 960.11
57 Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space,
including the Moon and Other Celestial Bodies January 27, 1967, Re2222 (XXI)
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nature of the space operating environment, it is important to highlight the important role of
international governments and other agencies. Ascan be seen fromthis analysis, international
governments and actors support a number of activities in the value chain. These activities include
providing and consuming, operating satellites, setting standards and rules of the road, supervising
and monitoring international spectrum use, maintaining the global registry of space objects , and
many more. As a result, international coordination and coo peration is a fundamental component
of each capability.

Academia and the Research Community

The academic and research community has a significant role to play and can define the art of
possible. Not only is the community a critical technical research partner, it contribute sto multiple

parts of the value chain, such as providing some sensor data, evaluating and refining predictive
algorithms, developing standards, and building payloads, to name a few. In addition, the
academic and research community can assst in policy, legal, and economic analysis. Quality
engagement with this community will yield significant benefits.

Key Capability Areas 1 Definitions and Description

This section provides an overview of each capability and its components. Where applicalbe,
examples of basic and advanced services are included, along with a description of detailed tasks
and activities. Finally, each section includes the key U.S federal organizations in the current and
future state, along with roles of the other key stakeholders.

Notifications

SSA and STM notification services establish safe, stable, and sustainable space operations to
enable operators to minimize the impact to a consumer's mission. Components include:

Notification Database and Channels and Notification Di ssemination : This includes the

notification of owners/operators of potential conjunctions. Some examples of what may be
considered Basic and Advanced services are included below. The notification service is just the
starting point for what could be extensive interaction between operators on an upcoming

conjunction.

Basic Servicescould include free-of-charge notifications rel ated to conjunction and reentry, static
content, and post-maneuver notifications could flow back into the SSA system.

Advanced Servicescould be made available to system users through a marketplace or brokerage
which might provide access to innovative advanced sevices to more users, incentivizing
innovation in the provider community. They could include tailored commercial services
notifications related to advanced conjunctions; dynamic content, for example related to collision
avoidance notifications made possibleby on-board transponders; refined modeling of continuous
thrusting ; and reentry and launch safety services In the future , this could lead to more extensive

operator-operator interactions. In addition, some missions will be dynamic, such as space tourism
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and Rendezvous and Proximity Operations (RPO), and these will lend themselvesto more active
monitoring than just an e -mail notification service.

1 Database to provide notifications; notification channels (email, website, automated
machine-machine, phone etc.) Note: some of the notification channels are relevant for
future. Ideally, operators notify affected operators of the outcome of their decisions and,
if appropriate, the post-maneuver location of their satellite.

9 Basic notifications include conjunction and reentry notification s. Advanced notifications
should include tailored commercial services.

Notification Database and Channels and Notification Dissemination

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: Department of State (Registry); Sources include
DoD NOAA and NASA. U.S. and mission partner civil spacecraft
receive the same level of support from DoD asit provides
Future: to national security spacecraft.

U.S. Civil Government

Military: Currently provided by DoD .
Agency Lead

Private Sector: Operators as providers (Space Data
Association) and as consumersi they receive emergency
notifications from DoD via SSA sharing agreement.
Commercial SSA and STCM dita analytics service
providers provide Advanced SSA Services.
1 Academia: Academia receive emergency notifications from
DoD; advanced notifications via SSA sharing agreement.
1 International: United Nations (Space Object Register);
International Governments as data providers and
consumers - International Governments (operators)
receive emergency notifications from DoD; advanced
notifications via SSA sharing agreement.

= =4

Space Technology

Space Technology includes the data repository, infrastructure, platform, software, products and
services to gather, store, manage, and enable access to SSA data, and to perform and disseminate
basic and advanced STM serviceslt enables and improves SSA data interoperability and sharing
via secure technology and data standards. Research and Development (R&Dadvances SSA and
STM and informs the Open Network and Data Architecture component.

Open Network and Data Architecture: Includes data repository (OADR), infrastructure,
platform, software, products, and services based on an open network archiecture. It includes
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design, modernization, and enhancement (DME); operations and maintenance (O&M); and
archival services.

1 Technology DME and O&M; data ingestion and processing (collect, catalog, and fuse
government/commercial data); data classification and markings, data integrity and
protection ( collection, vetting, categorizing, storing, protecting SSA datg; data standards;
data normalization constructs (timing systems, element set conversions, coordinate
frames, units). One approach could be a marketplace for advanced services: providing
access to innovative advanced services to more users, incentivizing innovation in provider
community.

A Note on Information Sharing :

1 Data and information are fundamental components of the space technology capability and
while they are described in later sections of this report, it is important to highlight their
critical role. For successful SSA/STM, data integrity, protection, and data sharing
mechanisms must be supported by an incentive structure that promotes those
mechanisms. Data security and competitive interests must be balanced.

| Open Network and Data Architecture ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: T Civil: DOC (NOAA, NIST, large data bureaus)
None 1 Military: DoD provides public access point for unclassified
data.
Future:  Private Sector: Commercial cloud services, commercial
U.S. Civil Government technologies and commercial data.
Agency Lead
Policy, Regulations , and Standards Regime:
9 Standards, Best Practices and Guidelines: could include setting up incentives to
promote sharing data among actors.

Research and Development (R&D) : Includes R&D related to the advancement of SSA and
STM in an environment that enables interaction between academia and industry and FFRDCs.
R&D influences and informs the Open Network and Data Architectures component.

1 Develop new hardware and software to support data processing and observations and risk
assessment methodologies. Visibility and trackability, advanced propulsion systems,
active debris removal technologies; develop innovative techniques to maximize use of
frequency spectrum and minimize interference.
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| Research and Development |

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: Federally Funded Research Development Centers
NASA; DoD; DOC (FFRDCs); FAA Center of Excellence (CoE) for
(NOAA & SWPC) Commercial Space Transportation.
1 Military: Air Force Research Laboratory (AFRL) Unified
Future: Data Library (UDL), Space and Missile Systems Center
NASA; DoD; DOC (SMC), United States Space Force (USSF)
(NOAA & SWPC); U.S.  Private Sector: Partner in R&D .
Civil Government 9 Academia; Partner in R&D.
Lead Agency 1 International: European Union Space Surveillance &
Tracking (EUSST) Consortium, various countries.

Policy, R egulations , and Standards Regime:
9 Standards and best practices- FAA Center of Excellence forCommercial Space
Transportation and Satellite Industry Association (SIA) - recommendations on
practices in general.

Space Situational Awareness (SSA)

According to SPD-3, SSA includes sufficient knowledge and characterization of space objects and
their operational environment to support safe, stable, and sustainable space activities. Based on
stakeholder inputs, this definition is expanded.SSA can be decribed as the sufficient knowledge
and characterization of the entire near-earth space environment including: resident space object
(RSO) location and physical characteristics, the natural space environment such as space weather
data forecasts and analyses, and monitoring close approachesbetween RSOs in order to ensure
safe, stable, and sustainable space activities. It supports decisioamaking processes with a
guantifiable and timely body of evidence (predictive/imminent/forensic) of behavior(s)
attributa ble to specific space domain threats and hazards.

SSA includes the following major components:

Surveillance and Tracking: It includes managing the space catalog which requires the
maintenance of positional information for space objects by synchronizing th e aggregate sensor
contributor network, including frequency tracking and interference mitigation. Information is
provided by sensor networks.

1 Sensor Information: Sensor information is provided by sensor networks which use
different sensor types (optical, radar, radio frequency (RF), laser) and sensor systems
(ground-based and spacebased) to search, discover, track and characterize (SDTC) space
objects. It includes tasking of sensors, collection of observations, processing observations,
and creating resolution of information inconsistencies.
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1 Frequency Tracking: Includes tracking assigned frequencies and interference mitigation
measures.

Surveillance and Tracking

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 9 Civil: Data consumers and providers- NASA, NOAA,
DoD USGS. NIST (Standards)
1 Military: Data consumer and providers - DoD (sensor

Future: information provision - unclassified data).
U.S. Civil Government  Private Sector: Data providers - SSA Operators and SSA
Agency Lead; using commercial tracking companies (optical, radar and RF);
DoD and commercial Data consumers- Operators, others. In addition, private
SSA information from sector is involved in standards development and best
sensor/SSA data practices. Other entities include: United Nations
companies and Committee for the Peaceful Use of Outer Space,
operator shared data International Organization for Standardization (ISO), The

Consultative Committee for Space Data Systems (CCSDS),
CONFERS, American Institute of Aeronautics and
Astronautics (AIAA) .

1 Academia: Data providers - provide some sensors and
sensor data; research and development

1 International: Data providers and consumers - United
Nations (UN) Committee on the Peaceful Uses of Outer
Space (COPUOS), European Space Agency (ESA), Centre
Nati onal D6Etudes Spatial es
Cooperation for Space Standardization (ECSS)

Policy, Regulations , and Standards Regime:
1 Policy & Regulations:
o Department of State has authority over International non -compliance of
spectrum use.
0 FCC is charged with domestic noncompliance of spectrum use.
i Standards and best practices- commercial, international and SDOs (Committee) and
Satellite Industry Association (SIA) - recommendations on practices in general.

Conjunct ion Assessment (CA) Screenings and Catalog Maintenance: For static orbit
mission type, it includes Orbit Determination (OD) and data ingestion, which includes operator
sharing of data, operational conjunction assessment screening, and catalog updates and
maintenance; dynamic orbit missions require more proactive measures.

9 Orbit Determination: The computation of orbital parameters, including manual orbit
determination for difficult situations, covariance realism, and ephemeris generation.
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91 Data Ingestion: The ingestion of spacecraft operator data includes maneuver plans,
ephemerides, observations, object dimensions, and attitude rules. Dynamic operations
require real-time monitoring and communications. Also, data ingestion includes sharing
data among operators.

i Catalog Updates and Maintenance includes sensor calibration and sensor observation
association.

9 CA Screenings: includes sceening and catalog updates, reevaluation, refinement
screening; risk assessment and management.

Conjunction Assessment (CA) Screenings & Catalog Maintenance

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: T Civil: NASA - for U.S. and international mission partner
DoD; NASA (for NASA robotic and crewed spacecraft.
conjunctions) § Military: DoD - Currently provided by DoD to all space
operators.

Futu—re:__ 9 Private Sector: SSA and STM providers currently receive
U.S. Civil Government support through DoD SSA sharing agreements.
Agency Lead; NASA 1 Academia: Evaluation and refinement of predictive tools;
(for_NAS_A algorithm development. Academia currently receive
conjunctions); support through DoD SSA sharing agreements.
Commercial (.:A and 9 International: Data consumers.
STM companies

Environmental Data . includes Space Weather (thermospheric for CA, ionospheric for
communication ), micrometeoroid forecast, Timing and Earth Orientation parameters, space
debris population modeling, encounter risk frequency , etc.

1 Space Weather (thermospheric for CA, ionospheric for communications), Timing and
Earth orientation parameters, space radiation data and warnings for human space flight,
micrometeoroid forec asts and warnings, anomaly resolution caused by the natural space
environment.

1 The key space weather data includes the 10.7 cm Solar Flux (often referred to &1F10.7)
and the Geomagnetic Index (Kp), both received fr omPrédiCtiaAd s
Center.
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| Environmental Data ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: NASA: model and algorithm development & data
NOAA (DOC), DoD, source. NOAA: Data source
NASA 1 Private Sector: Earth Observation companies providing
value added advanced services

Future: 1 Academia: University of Colorado Boulder's Space
NOAA (DOC), DoD, Weather Technology, Research, and Education Center
NASA (SWx TREC).

1 International: International space weather organizations
such as ground sites, other spacecratft, including data &
analysis from ESA Space Weather Office, UK Met Office
and Australian Bureau of Meteorology.

Orbital Debris Management

Orbital D ebris Management includes development, implementation, and enforcement of policy,

procedures, and best practices to mitigate the impact of existing debris on space activities, and to
minimize unnecessary creation of additional debris. It Includes activitie s in the unlikely event of

a collision.

Debris Protection and Mitigation: Protection includes the assessment of the risk presented
by orbital debris to operating spacecraft, and development of new materials and new designs for
better protection. Mitigation focuses on controlling the growth of the orbital debris population by
improved satellite design requirements and operational procedures.

1 Long term environment al risk assessment, debris prevention and curtailment, satellite

design, satellite operational procedures. It includes debris field tracking in the unlikely
event of a collision.
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| Orbital Debris Management ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: NOAA and USGS apply NASA standards during
NASA, FCC, DoD, FAA acquisition phase.
(DOT) (for rocket § Military: DoD (for its own assets).
bodies); NOAA (DOC) | Private Sector: provides deep analytics and predictive
for Commercial algorithms to inform the applications/licensing and STM
Remote Sensing(CRS) process; flight safety systems (Space Data Association).
i Academia: Research and Development

Future: 1 International: IADC, ISO and others for design standards;

NASA, FCC, DoD, FAA
(rocket bodies); DOC
for CRS, U.S. Civil
Government Agency

diplomatic agreements to prevent debris generating Anti -
Satellite (ASAT) activities by governments are needed.

Policy, Regulations , and Standards Regime:

1 Policy & Regulations: FAA - debris mitigation of launch vehicles and upper stages
(the most massive objects on orbit). FCC- Rules of 2004 and NPRM 2020.

I Standards, Best Practices and Guidelines: DOC chairs Interagency Working Group
on Orbital Debris Mitigation Requirements for Industry. International agreement s
between commercial sector and government. International standards development
via codification of commercial debris mitigation best practices (Space Safety
Coalition) .

Debris Modeling and Measurements: Describe and characterize the current and future
debris environment; conducting ground -based and spacebased observations of the orbital debris
environment.

1 Impact testing; debris environment observation, characterization and prediction; work
with industr y to incorporate the most current and accurate debris models.
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| Debris Modeling and Measurements ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: FCC
NASA 1 Private Sector: Industry assembles debris and
fragmentation/breakup models and applies deep analytics

Future: and predictive algorithms to inform the
NASA applications/licensing, mission design, mitigation

requirements and STCM process
Academia: Basic and applied research.
Internati onal: IADC and ESA

= =4

Space Traffic Operations Coordination & Management

Activities performed by space operators and SSA/STM organizations to prevent and mitigate
unwanted orbital conjunctions in orbit. This is informed by, and dependent on other capabilit ies,
such as SSA, Space Techrogy, Notifications and others. It includes the following components:

Space Traffic Coordination and Safety: Space traffic coordination and safety includes
setting the conditions for effective data exchange and ongoing interadion between space
operating stakeholders to promote a safe, stable and sustainable space operating environment. It
primarily involves coordination of space activities to ensure safety by sharing information and

synchronizing operationsd the government needs to facilitate and promote operator

synchronization and coordination, such as by creating and maintaining Operator Forums.

| Space Traffic Coordination and Safety ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Military: DoD.
DoD 9 Private Sector: Private sector companies as both
consumers and providers; Space Safety Coalition
M 1 Academia: Standards Development.
U.S. Civil Government f International: Establishing data Standards and rules of the
Agency Lead road; ISO, Inter -Agency Space Debris Coordination
Committee (IADC), American Society for Testing and
Materials (ASTM) International .

Policy, Regulations , and Standards Regime:
1 Regulatory environment & licensi ng (future) .
9 Standards and best practices as key mechanisms
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Collision Avoidance Risk Assessment: Collision risk assessment and management; anomaly
resolution.

1 Risk Assessment and Management, including collision likelihood assessments, collision
consequence assessments and data actionability, including collision likelihood
assessments, collision consequence assessments, and data actionability; Anomaly

resolution
Collision Avoidance Risk Assessment ‘
Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: NOAA, USGS and EUMETSAT are participants.
DoD, NASA Separate NASA office performs assessments for ISS and
human space flight.
Future: 1 Military: DoD, for DoD assets- performed for all national
U.S. Civil Government security space missions within a classified environment.
Agency Lead, 1 Private Sector: New commercial services- may be under
operators contract to DoD or selling commercial analyses in the
marketplace.
1 Academia: Research partner.
1 International: EUSST is focused on Risk Management;
European Organisation for the Exploitation of
Meteorological Satellites (EUMET SAT).
Collision Mitigation: Collision Avoidance, Synchronization, and Maneuver planning
operations.
Collision Mitigation |
Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Future: 1 Civil: NASA (for its own and NOAA assets)
U.S. Civil Government 1 Military: DoD (for its own assets).
AgencyLead 1 Private Sector: Commercial services
1 Academia: Science research, informing public policy.
 International: EUSST, ESA
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Frequency Deconfliction: Coordinate and synchronize frequency spectrum traffic to prevent
or mitigate interference.

Frequency Deconfliction ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: NASA (for its own and NOAA assets), NTIA.
FCC, NTIA (DOC) f Military: DoD (for its own assets), NTIA.
1 Academia: Assist tracking high-interest reentries.
Future: 9 International: International Telecommunications Union
FCC, NTIA(DOC) (ITU) - International Allocations and Operational
Requirements.

Design and Launch

Design and launch include the necessary activities to promote a safe, stable, and sustainable space
operational environment.

Satellite, Constellation & Orbit Design: includes performance guidelines and requirements,
including orbital deb ris mitigation requirements (which are also addressed in Orbital Debris
Management). It includes effective design actions by operators and innovation for satellite and
constellation design.

1 Providing performance guidelines and requirements for satellites and constellation
design; ensure safety in the design to include hardware/software design and constellation
design; orbit selection deconfliction .
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Satellite, Constellation & Orbit Design

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: FCC, DOC's CRSRA licenses commercial remote
FCC, FAA(DOT), sensing, State, and NASA (NPDs, NPRs, S&MA
NOAA (DOC) regulations). NOAA and USGS apply NASA standards

during design.

Military: DoD through CSpOC and USSTRATCOM
(USSPACECOM) and OSD Policy

Private Sector: Manufacturers, Operators, Commercial
insurance underwriters .

Academia: Academia builds and launches payloads
International: International design and test standards
organization.

Future:
Current: FCC, FAA
(DOT), NOAA (DOC)

A=A =2 =

Policy, Regulations, and Standards Regime:
1 Policy & Regulations: NASA - NASA Policy Directives (NPDs), NASA Procedural
Requirements (NPRs), Safety & Mission Assurance (S&MA) regulations.

Pre -Launch and Launch Support: Activities include pre-launch coordination and post-
launch early orbit determination, including conjunction assessments and mitigation. Registration
is coordinated in the same way that payload reviews are coordinated for U.S. based launches
(FAA-led coordination with all space-related interagency) and then forwarded to State
Department for final determination an d transmittal to the UN. Unless exempt, the FAA requires
a payload detrmination for launch license 8 a payload review is conducted to make the
determination. 58

1 Range safety certification, launch manifesting, launch commit criteria development;
predicted tracking, pre-launch coordination, post-launch early orbit determination;
Collision Avoidance, pre-launch vetting and safety, including predicted conjunctions
during launch windows, launches, and initial spacecraft orbit spatial allocation

58 U.S. Code of Federal Regulations, Title 15, Chapter 3. Subchapter C. 418.
https://ecfr.federalregister.gov/current/titte  -14/chapter-lll/subchapter -C/part -415
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Pre -Launch and Launch Support

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: FAA (commercial launch); NASA or DoD (USG
FAA (DOT), NASA, launches), State (UN Registry) and EPAI National
DoD, NOAA (DOC), Environmental Policy Act (NEPA) .
USGS(DOI) § Military: DoD.
9 Private Sector: Launch companies and manufacturers,

Future: satellite companies and manufacturers, launch and LCOLA
FAA (DOT), NASA, service providers, operators, insurance and underwriters.
DoD, NOAA (DOC), 1 International: Handled by countries as Launching States
USGS(DOI)

Policy, Regulations, and Standards Regime:
1 FAA - The FAA requires a license or permit from any U.S. Citizen or entities seeking
to conduct or operate vehicle launch/reentry in the U.S. A payload review is included
as part of its U.S commercial launch authorization, unless it is exempt.

1 NASA or DoD are responsible for U.S. government launches.
1 Department of State is responsible for UN Registry updates
Spectrum Management and Use: it includes Spectrum Allocation and Licensing and

developing policies for spectrum use. It involves innovative design by satellite operators to
mitigate impact and enable efficient use of spectrum.

9 Licensing and Regulation (Remote Sensing, Export Control etc.); improve policies,
processes, andtechnologies for spectrum use (including allocations and lice nsing)
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Spectrum Management and Use ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: FCC- Commercial Spectrum Allocation, Licensing,
FCC, NTIA (DOC), BIS Operational Requirements; NTIA (DOC )8 allocations and
(DOC), NOAA (DOC), assignments; Department of State.
State 9 Private Sector: Radio Frequency Interference (RFI) and
Equiv. Power Flux Density (EPFD) modeling tools, used by
Future: ITU and the space industry.
FCC, NTIA (DOC), BIS {1 International: ITU - International Allocations and
(DOC), NOAA (DOC), Operational Requirements.
State
Policy, Regulations, and Standards Regime:
1 FCC- Spectrum allocation and licensing; NTIA (DOC) i Government allocations and
assignment.

Early Orbit: Management of transit orbits to on -station positions.

Early Orbit ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: T Civil: NASA
FAA (DOT) § Military: DoD i early orbit CA
9 Private Sector: Commercial SSA service providers (initial
Future: object association, refined orbits, launch performance
FAA (DOT) assessment, spacecraft maneuver calibrations); Industry-
formed associations (CONFERS) and SSC

Policy, Regulations, and Standards Regime:
1 FAAT clearing airspace

Disposal and Reentry

Disposal and Reentry involves safingand repositioning of expended space capabilities to prevent
interference with existing and future space activities.®® It includes reentry predictions and
assessments and postmission disposal by satellite operators and debris removal.

Safing, Repositioning, De ~ -Orbit/ Reentry includes reentry predictions and assessmentsand
effective operator planning. It includes operational procedures for compliance, ground traces and
tracking confirmations, debris assessment and survival and determining graveyard parking
orbits.
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Safing, Repositioning, De  -Orbit/Reentry

Key U.S. Federa | Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: Department of State - for reentries outside of U.S.
FAA (DOT), FCC, territory classified as "high -interest" uncontrolled
DoD, NOAA/OSC reentries); DOE for reentries involving radioactive power
(DOC) for Commercial generators (high-interest by definition); 6 FAA (AST) i
Remote Sensing (CRS) Reentry.
1 Military: DoD (reentry).

Future: T Private Sector: Commercial SSA service providers, On
Agency, FAA(DOT), f International: Assist tracking high-interest reentries.
DoD, FCC,
NOAA/OSC (DOC) for
CRS
Policy, Regulations, and Standards Regime:

1 FAA (reentry licensing). The FAA and DoD provide support for reentries. This
includes reentry predictions, safety analysis, and ground, maritime, and aviation
safety and notices as well as orbital collision avoidance from orbit to reentry. FAA
AST has responsibility for reentry - Commercial space is authorized for global
responsibility under Title 51.

Disposal and Debris Removal: includes primarily post -mission disposal by satellite operators
and debris removal. It includes End -of-Life support and guidelines, advise on disposal orbits and
related maneuvers, and legal adjudication of debris ownership/removal authority. Advanced
Services indude but are not limited to active debris removal.

Disposal and Debris Removal ‘

Key U.S. Federal Other Key Stakeholders and their Roles
Organizations &
their Roles
Current: 1 Civil: FAA (end-of-mission planning, as part of licensing
FAA (DOT), DoD process).
1 Military: DoD.

Future: . 1 Private Sector: Debris Mitigation and Remediation
FAA (DOT), U.S. Civil (removal) companies.
Government Agency
Lead

Policy, Regulations, and Standards Regime:
1 Establish standards and guidelines.
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3.2 Departmental Capacity and Support

The analysis of the capabilities points to the breadth and depth of expertise required to
successfully execute on the SSAnd STM missions. As described earlier, an organization does not
need to possess all of the required capabilities and can successfully partner with other
stakeholders. However, if it has access to these capabilities within its host department, it is a much
easier proposition than trying to establish partnerships with external agencies, and other external

stakeholders. As a result, two primary organizational aspects become important: intra-
departmental capacity and intra -departmental support.

Departmental capacity refers to the combined expertise a department can bring to the table as a
force multiplier. It includes not only the relevant, transferable technical expertise and experience
but also the diversity of such experience. As an example, a core objective is to grow the space
commercial marketplaced as such, to grow a market sector, an organization need expertise in
economic development, commerce and trade domain knowledge, building consensus in the
industry, enabling marketplace innovation and other attributes. An organization that can leverage

its departmental capacity in these areas will have a signficant advantage.

The criticality assigned to evidence of departmental senior leadership supportd including both

political appointees and career senior executive cannot be overstated$ Departmental
leadership support complements overall departmental capacity. First, leadership and
management mission clarity and support can provide significant advantage since executive vision
and leadership is avital factor for success.The level of support from organizational management
and leadership toward the new mission requirements, as observed visa vis their other priorities ,
can determine if organizational management and leadership will be an asset in achieving the
mission.

Building on its leadership and management support, an organization must be able to leverage the
capacity that existsd either through formal or informal agreements. Although formal agreements
are more sustainable and can increase the probability of success, theycan also decrease the
reliance on personal relationships (an important factor) to incentivize departmental
collaboration.

Finally, a critical enabling factor is the organizational culture t hat can support the agencyin

meeting its adaptive challenges and collaborating internally. The importance of a dynamic and

collaborative agencycultur e cannot be emphasized enough. Wiile it is intangible and hard to

measure, it can effectively help, or serve as an obstacleinan or gani zati onbés eff or
to successfully leverage the departmental capacity and support.

61 Senior leadership includes political appointee -level employees, career SESevel employees, and GS15
level employees.
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3.3 Capabilities in Decision  -making

The capabilities assessment and evaluation of departmental capacity and supportprovide an
enterprise view of the fundamental functional capabilities required to successfully meet the
SSA/STM mission requirements and objectives. SSA/STM functions require a breadth and depth
of capabilities which are expected to evolve giventhe dynamic and evolving SSA and STM
landscape. This analysis of the enabling capabilities highlights the role that the lead civil agency
will play to effectively:

1. Partner with other federal agencies;

2. Engage and incentivize the private sector to promote cooperation among industry partners
and advance space technology;

3. Engage and work with the international community to facilitate and establish
internati onal consensus norms, standards, and guidelines for safe space operations;

4. Leverage the expertise of the research and academic community; and

5. Develop a supporting network of policies, regulations, and standards.

STM Operational Model

The P a n e | dalsconsiderations hoiv turn to more specific features of an operating

model that will perform in this unique, rapidly changing environment. To be successful, the new
civil STM organization needs to adapt to the speed of innovation, drawing from commercially
available goods and services where possible to advance national need®. Further, it must

recognize the new players in the commercial environment and serve as an industry advocate
within the Executive Branch. 83 Finally, the new civil STM org anization must draw from design

principles that guide the development of a network-based governance systenf* Such a
decentralized approach is necessary in order to foster the following six mission objectives:

9 Foster Collaboration across the Space E conomy : The STM agency should be a
network -based organization that connects the public and commercial actors across the
space economy through a shared interest in safety and sustainable use dfrbital space.

9 Foster Public -Private Collaboration for Research and Standards: The STM
agency must foster platforms for collaboration where commercial and research and
development activities may thrive. To advance thenon-military commercial and research

6251 USC 50702 (d) (4)

63 See for example: Keith Carlisle and Rebecca L. Gruby fiPolycentric Systems of Governance: A

Theoretical Model for the Commons, Bolicy Studies Journal, Volume 47, Issue 4, November 2019,

Pages927-952.

64 Sources informing the development of these six objectives include Stilwell, Morin, and Panel research.
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uses of spacethe STM agency must work collaboratively with public agencies, private
industry, academia,and other actors engaged in this domain. It must place a high priority

on serving as a convener, coordinator, and trusted leader among and within the larger
domestic and international community.

1 CreateaShared P latfor mfor SSA: The STM agency should foster a joint effort among
government, industry, and academia to create a robust system that allows for inputs of
SSAdata from multiple sources. This effort can be coordinated through work defining an
open architecture for sharing SSA data.

1 Market -Driven Data Management: The STM agency willseek to tap commercial and
other sources of SSA data to improve basic SA& service® such asconjunction assessment
and warningsd without displacing private services. At the same time, it will seek to enable
innovation of more advanced services to meet diverse and evolving operational needs,
including attribution and maneuver optimization.

1 Encourage Responsible Industry Leadership: The creation of the standards and
best practices dould be developed in consultation with industry. Industry, particularly
the New Space operators themselves, have the capability (as well as the responsibility) to
create new metods of mitigating risk connected with their activities in space. However,
such action may not evolve spontaneously, given the extant incentives facing private
actors. The STM agency should take the lead in establishing the framework within which
competing firms can compete, innovate, and sustain the orbital commons

1 Foster Inter national Cooperation : The STM agency will foster international
agreements on standards of behavior for the purpose of collision avoidance. It will consult
with commercial space actors, international partners, and relevant organizations (e.g.,
CONFERS) in developing data-sharing protocols, standards and norms for operating in
orbit and mitigating debiris.

Based on these principles, the agency selected for STMnust have an operating vision to remain
relatively small as an organization, focused onenhancing its capabilities and market service reach
via engaging creatively with force multipliers . These can begleaned from its active approach to
collaboration with stakeholders both within and external to g overnment.

The focus of worhmust baigtegralty yc@ansected to data management first and
foremost to be effective. To that end, the agency shouldestablish commercial and international
relationships that will help it procure high quality SSAdata from trusted sources. Theagency & s
objective is not to accumulate data in volume, but rather curate data with utility to enhance
industry growth.

In addition, an important function is to fuse these data and provide outputs that are useful to the
community at large. In many respects, an agewcy given to the STM task should operate with
flexibility and creativity when acquiring and processing data, placing a maximum focus to
enhanceacuity ofalli ey e s i nln $oldang,ghle gim i8 to enhance the utility and veracity
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of conjunction noti ces so that these can maximally support safe and rapid growth of the
commercial space industry, thus enhancing its commercial viability.

With respect to STM, the agency should approach its work with the aim to initially establish its
reputation serving as aspacetraffic facilitato r. As data sets improve, and their utility grows for

the space community, the agency can mee forward to serving more of a space traffic
coordination role. In time, in consultation with space actors, the agency will have an opportunity

to perform more of a space traffic management role. In short, there is a crescendo of expectations

best embraced Ly this operator that moves progressively from facilitation to coordination, and

finally nearing fimanagement.0 Management is not the first step, but rather logically more of a
laterdevel opment, as the agencyo6s managesmatutks.r ol e as

3.4 AVision foran SSA/STM Agency

The outlined set of capabilities required, as well as the broader set of principles that should guide
its operations, create the mosaic of an agency charged to integrate and coordinate a whole of
government solution.

Envisioned is an entity that harnesses the capacity and depth of agencies/departments which
gather the data and situation awareness for their core mission purposes and engages that
collective capacity in a more organized, coordinated, and efficient manner. By encouraging
public -private partnerships, the agency canfully engagein devising the most efficacious model to
provide public services and formulate a market dynamic.

Most importantly, the forgoing analysis suggeststhe role of an integrator, coordinator , and
process manager what is not called for is an operational role to provide SSA or conduct STM on
a transaction basis. Instead, this vision set forth here puts the lead agencyin the role of prompting
the collective public capabilities to orchestrate a sum-of-the-parts outcome that is greater than
the simple arithmetic value. By framing the market for space safety, where commercial success is
predicated on innovation, service, and stewardship of common pool resources, the agency will
encouragecommercial customers introduce cost and service efficiencies.

A Scenario for 2025

The features described in theprevious paragraphs provide an outline of how the STM agency lead
should work. To better grasp these points, the following narrative offers a more animated view
on how it should operate in the coming years.

By the year 20250 with the continued growth of the space commercial industry i close to 2,000
satellites will be launched each year. Several types of objects will be whirling in orbit, starting
with manned and unmanned space vehicles, active and inactive satellites. With advances in
technology and capabilities, there should be advanced capabilities to identify a more granular
array of space objects, including many of those present in 2020 but not currently trackable. Based
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on current estimates, there will be an estimated 2,500,000 space objects in 20258 both human-
generated and otherwise.

In addition, there is the prospect of the Kessler Syndrome coming true in its projection: Due to
the growing density of space debris and objects in the lowEarth orbits, the probability of collisions
and the amplified debris that such collisions will generate, will have significantly increased over
the years. As a result, in this look forward, the availability of open orbital slots in LEO will be
increasingly quite limited and governed by an updated Outer Space Treaty, that is likely needed
to be modified to include a commitment for state actors to minimize debris in space.

For this imagined scenario for 2025, the Panel introduce s a hypothetical commercial entrant into
the space domain. CalledSmallSpaceFirm (SSF, not a real company) it is a relatively budding
U.S-based entrant into the market seeking to launch a constellation of 150 satellites into spacein
order to set up an advanced communications network.To do so, SSF must submitan application
to AST (true in 2020 and assumed to remain true in 2025) as part of the payload review process.
While AST is the agency thd receives launch applications, the application (as it does now)triggers
an inter-agency approval process involving theLead STM Agency, DOC, NASA, DODFCC, State
and others. As part of the launch regulations, the U.S. government requires the following:

(a) Subscription to an approved SSA baic data service,required and enforced by the Lead
STM Agency, in order to have high quality SSA data that allow for precise analytics that
lead to actionable conjunction warnings (STM)

(b) Agreement to international standards and best practices on debris mitigation and proper
disposal, according to what might be an approved future International Debris
Management Standards, as certified by an approvedfederal certifying authority.

(c) Insurance and liability coverage that will require launch and satellite compani es to
purchase Advancead STM services through the Space Technology Platform.

(d) Perhaps alditional licenses, as currently or in future will be required from FCC, FAA, and
DOC (NOAA), as needed.

Oversight of spaceorbital operations in the U.S. in 2025 should be the responsibility of the Lead
STM Agency. That Agency should playa facilitator/ coordinator role of civilian space operations.
To foster collaboration across the space economy, thd.ead STM Agency will foster a connected
network of the different actor s across the space economyln addition, it will facilitate a number
of international agreements on standards of behavior for the purpose of collision avoidance. All
of these actions led by the Lead STM Agency should occur with close collaboration with feleral
partners, which will include DOD, NASA, AST, FCC, State and others, as appropriate. The work
will be planned within an all -of-government tent, with responsibility to effectively collaborate and
convene by the Lead STM Agency.

The Lead STM Agencywil | have established a shared technology platform that allows consumers
and providers to connect, share resources and sell products and services. These products and
services are built on curated data from multiple space situational data sources, that is oveseen
and managed and by the Lead STM Agency.
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In addition to commercial companies, the platform should include space entrepreneurs,
innovators, the academic and research community, and international governments and
companies. Thegoalis to foster a trusted environment where all parties have a forum in which to
work together in a thriving and rapidly changing commercial marketplace to ensure safe,
sustainable operations. All of platform actors have access to the curated SA dataset, provisioned
by the Lead STM Agency.

At this point, the narrative advances forward: aftera ppr oval of t he SSiRthes | aunc
year 2025, and after it has launched its satellites into operation, the company receives an urgent,

escalated message fromits Advanced Services Providerof a potential conjunction warning to one

of its satellites to that of one of its bigger competitors, which will be named BigSpaceFirm (BSF).

This message includes a short summaryrisk assessment and suggested maneuver planning The

warning is delivered promptly because both companies are part of the networked ecosystem,

where they have worked together on and agreed to standard guidelines, and where these

guidelines have beenestablished and led by the industry consortium and facilitated by the Lead

STM Agency. At the same time, SSFis alerted by its research partner of the potential conjunction.

Unlike SSF, the research partner has signed onto theLead STMAge ncy 6 s baandthusser vi ce
has access to necessary and relevant basic information. It uses this information to improve its

conjunction predictive algorithms.

From here, efforts to resolve a potential conjunction proceed quickly and most of the interactions
are between thetwo satellite operator firms. According to established standards and guidelines
(Arul es ovhichthed ead 8TMd\gehcy facilitated development and adoption ofby 2025,
there is more clarity surrounding what maneuvering actions are recommended for BSF to avoid
the conjunction. Similar to its other partners, the satellite companies will keep the Lead STM
Agency informed of all subsequent activities following the conjunction assessment warnings.
Presuming a maneuver is successfully executed a brief summary report, including data and

lessons learned from the incident are shared on the platform.
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Chapter 4. Data, Financial, and Regulatory
Components of Agency Space Traffic
Management Operations

This chapter provides insights into thr ee important elements that will enable the agencyselected
to implement the civilian -commercial STM mission. These three includeimproving capabilities
for integrating, processing, and sharing SSAdata; putting in place enabling statutory authorities
and regulations; and planning budget requests sufficient to build STM capabilities over time. This
chapter is divided into three sectionsto cover each element.

4.1 Establishingan Open, Networked Approach to SSA
Data Management : Opportunities and Challenges

This section is organized into five segments:

1. New developmentscreating an imperative to improve SSA services

2. The importance of establishing an a more open, networked approach to SSA data
management

3. Ensuring data integrity and national security
4. Major challenges to establishingan open, networked approach to data management

5. The advantages of using a third-party cloud service provider

New Developments Creating an Imperative for Improved SSA
Services

There is broad agreement among stakeholders that the conjunction warnings currently provided

by DoD are not sufficiently accurate ortimely.Evi dence of dissatisfaction w
is provided by the emergence of private sector service providers catering to both federal

government and commercial satellite operators.

Two recent developments are generally recognized as creating an imperative to improve SSA
services in the nearterm and over the longer term: 65

1 The move toward launching large constellations of satellites in LEO puts many more
objects in an already crowdedorbit al regime.

65 Glenn Peterson, Marlon Sorge, and William Ailor, Space Traffic Management in the Age of New Space,
The Aerospace Corporation, April 2018.
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1 The modernization o f DoDO6s S pvhichalloisdan detection of much smaller
space objects than before.

Together these two developments create thep ot ent i al for a great i ncr ea
alarms, 0 that is, conj unct iacourate ahese davegopmenthfarde ar e i
satellite operators to spend significant resources on additional risk assessment expensive

maneuvers or to ignore warnings. The latter choice has the potential to imperil not only their

assets, but also the future viability of the orbital path in the event of a collision that generates

significant debris.

At the same time, two trends promise to enable the production of more actionable conjunction
warnings. First is the proliferation of sensor capabilities, including multiple types of sensors
(radar, optical, passive RF and laser) from independent sources across the world available from
governments and commercial providers. One of the most promising is the development of active
RF transponders on new satellites that will allow very high accuracy tracking that can enable
close-proximity maneuvers. However, this technology is still in the prototype stage. The second
trend is the improvement of software/algorithms for processing the sensor data to enable more
accurate conjunction warnings and other more advanced SSA/STM services such as attribution
and maneuver optimization .66

The Importance of Establishing an Ope n, Networked Approach
to SSA Data Management

DoD is not well positioned to take advantage of these new developments and strategies because it

relies on a legacy system thatistiedtoas ensor net wor k with software gea
original purpo se of providing early warning of nuclear missile attack not providing persistent

tracking and guidance for collision avoidance. While DoD observational data might be sufficient

in many cases, algorithms for orbit determination are not. Relatedly, the DoD system is not

scalable to meet the demands of a growing number of detectable objects in space and to deal with

an increasing number of space operators.The limitations of DoD6 software/algorithms hinder its

ability to rely on automation; a significant number of staff must be devoted to validatin g

conjunction assessments

DoD has made some progress in integrating various nonDoD sources of data via the Unified Data
Library (UDL ). However, the UDL is hindered by a prescriptive approach to accepting SSA data
from non-DoD sources. Data providers must submit data in specific formats that meet the
requirements of the DoD internal system architecture. Not only is this process inefficient and
burdensome for data providers, but also important information can be lost in the translation
thereby limiting the contribution of this data to more accurate conjunction warnings.

There is a general consensus among stakeholders thah more open, networked approach to SSA
data management is needed to enable not only more accurate and timely conjunction warnings in

66 Global Trends in Space Situational Awareness and Space Traffic Management , 2018.
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the near term, but to enable the innovation of more advanced SSAand STM servicesto meet the
diverse and evolving operational needs of the emerging space economyRecognition of the
I i mi t at i o n sscloséd, intamel syBténDigreflected in the call for an Open Architecture
Data Repository (OADR) in SPD-3. However, it is important to recognize that an OADR is an
essential piece, but not the only piece, of on open, networked approach to data management as
discussed in Chapter 3.

One additional element, as suggested by the above discussion
the need for a more flexible, dynamic capability to take in SSA data from different sensor types

and a proliferating set of data providers in a way that is more efficient and preserves information

needed for more accurate conjunction warnings and other more advanced services.Format-

neutral, extensible approaches to data ingestion have been demonstrated in the private sector.

With regard to the repository itself , in applying the open architecture concept, it is useful to think

in terms of dbhedeiactudenhe dafalageywharesSSA data from diverse sources is
normalized and integrated or ifusedd together t
generating conjunctio n warnings and other more advanced services. There is the business process

layer where the software (e.g., algorithms) resides for translating observations data from different

sources into orbital determinations that are the foundation of conjunction warni ngs and other

services Also, within the open-architecture repository would be a securespace for experimenting

with available data to develop potential new products and services (sometimes referred to as an

R&D sandbox).

It i s importantr etpoosn atoea ytohats tnlog fia single physic
governing how data are managed and shared across potentially many locations. Not all data must

reside in asingle location but may be shared according to agreedupon protocols across data bases

maintained by various providers.

Primaryadvant ages of gropriétaryaehtecture approanhdanelude:

1 Interoperability among components;

1 Ease of modernization and upgrading components to take advantage of, and remain
current with, innovatio ns;

1 Ease of data sharing; data integration from various sources and multiple organizations;
and

1 Enabling competition/avoiding vendor lock -in because requirements for vendors are
written in terms of outcomes to be achieved and the standards to which the product must
be developed to make it consistent with the architecture used

Ensuring National Security and Data Integrity
An important consideration for DoD and any civilian agency taking on the civil/lcommercial SSA

mission is how to provide the reliable warnings of possible conjunctions with military and other
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classified assets without disclosing information about those assets that would threaten national

security. To address this issue in the context of its own SSA servicesto civil/lcommercial

customers, DOD haslimited itself to providing the warning while disclosing limited information

on the objects themselves or the methodology used
approach has contributed to mistrust among some operators about the credibility of conjunction

warnings.%” The concern about disclosing sensitive information about the location of military

assetsis likely to be rendered moot over time, if it has not been already, as more and better

commercial sources of SSA data become available globally that allow the surveillance and tracking

of objects independent of the DoDb&ds sensor networ

Concerns about data integrity in the context of an open, networked approach to data management
include ensuring the quality and accuracy of the data taken in and the security of data against
cyber-attacks. Neither presents a notable technical challenge. It is generally acknowledged that
the best way to ensure data integrity and protect against cybersecurity threats is a multi -pronged,
or layered approach. Such an approach includes encryption of data in transit from providers and
in storage; collection of data from multiple types of sensors (e.g., radar, optical, passive RF, laser),
locations and provider systems; and high-fidelit y calibration to enable automated rejection of bad
data. This approach has an established track record of success ithe private sector.

Major Challenges to the Successful Establishment of an Open,
Networked Approach to SSA Data Management

The major challenges to the successful establishment ofopen, networked approach to data
management have less to do withtechnical obstaclesthan with difficulties in reaching agreement
on issues such as the conditions under which data will be shared and howthey will be paid for. In
interviews with stakeholders, two major considerations were identified. These considerations are:

1. What will be produced by the government versus purchased from commercial providers
and provided by the government?

2. What types of data will be provided, with whom will they be shared, and under what
conditions will the sedata be shared?

There is little controversy over whether the federal government should provide a basic service for
no charge. However, there is concern about what is produced by the government versus what is
purchased from commercial providers to be included in the basic service. The core concern is that
direct government production will substitute for private sector production , threaten to limit
private sector innovation, both of which are keys to meeting evolving operational needs.

Thinking ahead to the provision of more advanced services related to meeting the evolving
demands of space traffic management, a major issue relates to the level or granularity of

67 Global Trends in Space Situational Awareness and Space Traffic Management, 2018.
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information shared by operators. In addition to near -term imperative of avoiding collision
between satellites, three areas include:

1 Spectrum warning, sufficient to pro vide continuous radio frequency interference
avoidance;
1 Cyber warnings, sufficient to provide real -time cyber alerting ; and

91 Debris identification and avoidance, sufficient to provide real -time debris avoidance.

In all cases, more detailed information will be needed from operators to enable useful warnings.
However, this will require operators to share information often considered to be proprietary.

There is precedent for successfully addressing this information sharing challenge. One example is
the National Information Exchange Model (NIEM) in the airline industry. NIEM sets standards,
has stakeholder representation, governance, longterm commitment from participants, a
documented architecture, and increasing levels of trust between participants. This inform ation
sharing program has enabled extensive sharing of information about operations while protecting
the anonymity of operators.

Advantages of Using a Third -Party Provider of Cloud Services

Good practice research clearly indicates thatan OADR should be hosted by a third-party cloud
services provider. Successful precedentscan be found in the private sector and in the NOAA Big
Data Program. The use of a third-party provider of cloud services offers many advantages
compared to developing and maintaining an internal system that are important to meeting the

challenges of the emerging mission environment. These include:

Scalability;

Redundancy;

Speed;

Ability to stay on the cutting edge of technology;
Flexibility; and

=A =4 =4 =4 -4 =4

Reputational incentive of external provider to ensure security of data.

Contracting with a third -party provider of cloud services( or fii nf ragad a ruwéllaves )
an agency to take advantage of greater computational and backup capacity. Relying on athird -
party cloud service provider obviates the need for data to travel through agency firewalls, enabling
greater speed and therefore more timely service to stakeholders. Aprivate sector cloud service
provider is better positioned to attract and retain top talent a nd make investments in new
technology. In keeping with an open architecture approach employed by cloud providers, agencies
can avoid the common npitfall of becoming locked into a proprietary system. Finally, the
established cloud services providershave a dear reputational incentive to prevent cyber -attacks.
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It is important to emphasize that the federal government generally has a poor track record in

procuring IT systems and services compared with the private sector. While the choice to procure
infrastruct ure-as-a-service avoids many of the challenges of procuring the development of an
internal system it is still a non -trivial task. Careful and sustained attention will be needed on

developing and carrying out a requirements process to inform the procurement that balances
meeting specific needswhile leaving open opportunities to evolve technologies and capabilities in
response to a rapidly changing technical and market environment.

4.2 Establishing Regulations and Authorities

This section provides an assessmenbf what statutory and regulatory changes might be needed to
enable a successful transfer of the civiliancommercial STM mission to civilian agency. The
assessment is guided by the understanding that any agency selected will need to coordinate
effectively across other federal agencies with authorities and capabilities pertinent to the
successful performance of the civilian-commercial STM mission, across the life cycle of space
objectsd from | aunch to de-orbiting/disposal & as described in Chapter 3. This discussion focuses
on two of the four candidate agencies:D O T ®ffice of Commercial Space Transportation (AST)
and DOfficeé ef Sgace Commerce (OSC) While there may likely to be some similarities
between these two and NASA and DoD, this report does not eamine all four in detail due to time
and other constraints.

The Department of Transportation

Public Law 89-670 finds that the establishmentof DOTi s necessary to fAassure
effective administration of transportation programs of the Federa | Gover rA8Silewas . 0
established by the Commercial Space Launch Act of 1984 as amended and recodified at 51 U.S.C.

50901 i 50923) as part of the Office of the Secretary of Transportation within the DOT. In

November 1995, Commercial Space Transportation was transferred to FAA as the FAA's only
spacerelated line of business. AST was established to:

1 Regulate the U.S. commercial space transportation industry, to ensure compliance with
international obligat ions of the U.S., and to protect the public health and safety, safety of
property, and national security and foreign policy interests of the U.S,

1 Encourage, facilitate, and promote commercial space launches and reentries by the private
sector;

1 Recommend gppropriate changes in Federal statutes, treaties, regulations, policies, plans,
and procedures; and

i Facilitate the strengthening and expansion of the United States space transportation
infrastructure.

With the rapid growth of the space economy, and in response to directives in SPD-2, AST is
seeking to develop new performancebased regulations for launch and reentry operations. In his
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letter from April 3, 2020, Wayne Monteith, the Associate Administrator of AST noted the
principal challenge facing his agency

AiSince 2012, Il i censed parcentiawvnidt iAeSsT Oisn cbruedagseetd aln,c
staffing increased roughly 40 percent. Moreover, we are nhow looking at another

potential increase of 100-500 percent in commercial launch activity by 2021 while

our staff may only increase about 20 percent. Making this period even more

interesting is the significant uptick in the complexity and variability of proposed

launch and reentry vehicles. We also expect a commercially viable human

spaceflight participant landscape involving space tourism that could lead to 100+
flights®er year. o

AST licenses commercial launches. As such, the agenclgas authority to control access to orbital
space and can stipulate the safety characteristics and other parameters of space launch vehicles
and the reentry of objects from spacethrough the atmosphere. It is important to note that the
mandate of AST, and theDOT more generally, does not extend into outer space

Existing legal authority allow s all civilian agencies to share governmentowned data, variously
through Cooperative Research and Development Agreements; through the Paperwork Reduction
Act 44 U.S.C.A. 8 3506 (d); and/or through the provisions of the Evidence Act.

Department of Commerce

The mission of DOC s to promote job creation, economic growth, sustainable development, and
improved living standards for all Americans by working in partnership with businesses,
universities, communities, and workers. The department was originally created as the United
States Department of Commerce andLabor on February 14, 1903. It was subsequently renamed
the Department of Commerce on March 4, 1913, as the bureaus and agencies specializing in labor
were transferred to the new Department of Labor.

The OSCis the principal unit for space commerce policy activities within  NOAA within DOC. Its

stated mission is to foster the conditions for the economic growth and technological advancement

of the U.S. commerci al space i ndu Office yocusesaonc or di n ¢
various sectors of the space commerce industry, including satellite navigation (GPS), commercial

remote sensing, space transportation, and entrepreneurial activities. The Office participates in
government-wide discussions of space policyy ssues as well as internal ef:
use of commercial space solutions.

U.S. Code Title 51, Chapter 50702 (c)establishes the OSC as a legal entity. It calls on OSC to be
the principal unit for the coordination of space -related issues, programs, and initiatives within
DOC, including:

68 Wayne Monteith, April 3, 2020 letter.
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to foster the conditions for the economic growth and technological advancement of the
U.S. space commerce industry;

to coordinate space commerce policy issues and actions within DOC;

to represent DOC in the development of U.S. policies and in negotiations with foreign
countries to promote U.S. space commerce;

to promote the advancement of U.S. geospatial technologies related to space commerce,
in cooperation with relevant interagency working groups; and

to provide support to Federal Government organizations working on Space- Based
Positioning Navigation, and Timing policy, including the National Coordination Office for
SpaceBased Position, Navigation, and Timing.

In addition, 51 U.S. Code Section 50702 (d)vests the OSC director with carrying out the functions
of the Office to included

a.

g.

promoting commercial provider investment in space activities by collecting, analyzing,
and disseminating information on space markets, and conducting workshops and
seminars to increase awareness of commercial space opportunities;

assisting United States commercial providers in the efforts of those providers to conduct
business with the United States Government;

acting as an industry advocate within the executive branch of the Federal Government to
ensure that the Federal Government meets the spacerelated requirements of the Federal
Government, to the fullest extent feasible, using commercially available space goods and
services;

ensuring that the United States Government does not compete with United States
commercial providers in the provision of space hardware and services otherwise available
from United States commercial providers;

promoting the export of space-related goods and services;

representing the Department of Commerce in the development of United States policies
and in negotiations with foreign countries to ensure free and fair trade internationally in
the area of space commerce; and

seeking the removal of legal, policy, and institutional impediments to space commerce.

Given these roles most authorities that OSC might need to serve as the lead civilian agency for
SSA/STM are already in place. In addition to the authorities available to all civilian agencies with
regards the sharing of government-owned data, OSC assertsthe authority to provide basic
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messaging through i t stofastetthecconditorsdor theureconomic growtht o
and technological advancement of the United States space commerce industry $1 U.S.C.
50702(c) (1)) and t o da, edidy, afdtinsteutionakimuedina ents tofspatee g
commer ce 0 51 W3.@ BAydG2 (d)(7). It also asserts the authority to provide analytics
related to space commerce through 51 U.S.C. 50702 (d) (1) (3).

In addition, OSC needsbridge language amending10 USC 2274 to acknowledge transition of SSA
information to non -U.S. government entities from DoD to DOC. This would provide continuity ,
clarity, and comfort for DOD, the entire USG, industry, a nd the international community. OSC
would also benefit from clear authority for coordinating actions of other agencies such as FAA
(e.g., launch licensing) and FCC (regulation regarding debris mitigation) to help ensure an
integrated approach across the life cycle of space objects.

4.3 Establishinga Budget and Fiscal C onsiderations

The issue of resources is a key factor when considering the transfer of STM. Without a doubt,
adequate resources are required to carry out the job successfully. While lower than expected
appropriated resources may not change an a g emiowadsSTMnit svill icertainly
constrain the speed atwhich the work is done. This is a critical aspect for market growth. A level
of funding below the cost requirements would be problematic given the important task at hand.

During these times of budgetary uncertainty, agencies are vulnerable to the ebb and flow, and
velocity of change, that takes place in budget policies and funding cxles. This is an added risk
that must be managed effectively. Ensuring that funding is committed to on a short and long -term

basis is the proper mitigation to employ. It further emphasizes why the need to procure adequate
resources based on appropriate furding models is even more critical.

There is a general sense that the U.S. is in a critical race against time and can lose ground in space
commercial leadership if actions regarding the funding of a lead agency for STM arefurther
delayed. Given these obsevations, there is agreement across academia, the commercial sector,
public/private partners, and government that Congress must authorize appropriate funding. Th is
report recommends where these funds should be appropriated.

Funding Models

This report establishes that the agency selected to serve ashe Executive Branch advocate and
coordinator for U .S. leadership in space commerce will not operate as a status quo organization.
The fluidity and elasticity of the space industry as a whole is on an acceleratedpath. This requires
an agile organization apprising many interconnecting segments and that must approach its task
with finesse and innovation to meet the challenge of the current crisis as well as maximize the
opportunities.

An organization of this magnit ude demands committed resources that will fuel th e burgeoning
enterprise. There are multiple options to consider for funding this enterprise over a sustained
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period. It may require a hybrid approach or one that leverages the strongest funding model that
leads to cost and service efficiencies.

Stakeholders are interested in looking across potential models (e.g, partnerships with industry
and/or academia, and regulatory approaches) to execute the SSA and STM missions without
creating a large expansion of government roles and resource needs.

As an entrepreneurial, start-up organization, financing this operation could incorporate a hybrid
of component pillars: fee for service and appropriations.

Fee for Service and Appropriations

Within an entrepreneurial start -up, there are often reasonable concerns pertaining to the
sustained financing of an STM enterprise without adding a burden to taxpayers. To address this
issue, a public finance model that could alleviate this concern would consider two pillars: Fee for
Service and Appropriations. It is urgent that the STM lead agency develop a model that would
leverage multiple avenues for financing to support an agile organization, imposing minimal

burden upon the Treasury, and shifting funding needs as the organization matures and grows with
the market.

Fee for Service

As the STM agency grows and expands over time, it might envision future additional fee-based
activities beyond basic services.Coupled with a Revolving Fund and Working Capital Fund, some
government services are financed via dedicated taxes or an Industrid Fund. Likewise,
commercial users would be charged fees tied diectly to that service.

Examples include the federal gasoline tax which supports interstate highway construction and
maintenance and the aviation excise tax which supports construction and safety improvements at
airports, and technological upgrades to the air traffic control system. 6° This same structure might
be adapted for some SSA and STM functions, thus supporting robust, governmentprovided
services. If created properly under authoriti es enacted by the Congress, a revenue stream is
created independent of the SSA and STM servicesHowever, the Panel notes that any operator
can pass the fees on to their customers. If this commercial data provides an acceptable level of
coverage, then there would be no need for the U.S. government to pay for commercialdata and
pass it on to the industry. Fees would only be charged to cover other essential costs of maintaining
an STM operation and other government entities (including foreign government enti ties) that
consume these data in the process of delivering public goods and services.That said, a fee-for-
service financing mechanism ought not inhibit public interest uses of SSA data. Finally, a feefor-
service financing regime must consider the effed on access to SSA data. Fees (subject to legislative
authority being enacted) would be deposited into a fund that has the authority to retain and
expend the fees without regard to fiscal year limitation.

FAA, AAirport and Airway Tr utps/whufaadov@boet/budgettaaif/ O
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Appropriations

The COVID-19 pandemic has impactedday to day living. Without a doubt, the safety and well-
being of U.S. citizens are first and foremost. Having the government, public private partnerships,
and the community as a whole working together to resolve this pandemic has not fallen short of
inspir ation. But imagine not having the ability to communicate with one another while in
guarantine either through social media, networking platforms, mobile communications, GPS, and
even videos. It is through this connectivity w here citizens are able to reach ait and make the best
of an extremely challenging situation.

Satellites are launched into orbit with the intent to capture, synthesize, and analyze valuable data
that are packaged and presented for comsumption by the general public. These data and
informat ion make lives of citizens easier. Data thatare interpreted to deliver accurate weather
predictions and forecasts, through commercial services such as the Weather Channel, that help
farmers plan for and produce a food source are critical in supporting communities across the
country during the pandemic. When communities cannot fully access their local grocers, they also
look to farmers and markets to fill the gap in the food supply chain to maintain healthy
communities. Utilizing weather forecasts built on data captured by satellites is a key element of
planned food production to help mitigate global risks. But that data resource is constantly being
threatened.

The United States relies on two satellite systems for weather forecasts and observations: (1) polar
orbiting satellites that provide a global perspective every morning and afternoon and (2)
geostationary satellites that maintain a fixed view of the nation. NOAA is responsible for the polar
satellite program that crossesthe equator every afternoon, and for the geostationary satellite
program. DoD is responsible for the polar satellite program that crosses the equator in the early
morning orbit. These agencies are planning or executing major satellite acquisition programs to
replace existing polar and geostationary satellites that are nearing the erd of, or are beyond, their
expected life spans?®

Any gap in satellite data would result in less accurate and less timely weather forecasts and
warnings of extreme eventsd such as hurricanes and floods. Given the criticality of satellite data
to weather forecasts, the likelihood of significant gaps in weather satellite data, and the potential
impact of such gaps on the health and safety of the U.S. population and economy, the GAO
concluded that the potential gap in weather satellite data was a high-risk area and added it to the
High -Risk List in 2013.7%

More recently, in recognition of NOAAOGs progress,
segment from the high-risk area in 2017. However, NOAA continues to experiment with other
data sources and assimiate these data into its weather models Balancing the use of proprietary
commercial data and serving the public good, the agency also continues to invest millions of
dollars in data acquisition from the commercial sector; ingesting that commercial data int o

70 GAO 2019 High Risk Report.
71GAO 2019 High Risk Report.
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numerical model sto help gauge a precise state of the conditions for weather predictions further
mitigating the risk of a weather gap.

The space industry is on an accelerated path for unprecedented growth. Unfortunately, the more
satellite launches there are, the greater the risk for collision. This is the threat and uncertainty
that space debris presents. Without proper coordination and oversight, these collisions can
potentially disrupt the very networks that keep citizens connected during challenging times, such
as a pandemic. For the fraction of the cost of weather satellites, the gap of uncertainty regarding
the impact of collision on daily activities, directly or indirectly, can be reduced.

Many estimates of the global and international space econanmy currently exist from various private

and government organizations. The space economy has been estimated somewhere betweerd$4

billion up to $1.5 trillion, with commercial space revenues representing 79 percent of total space

activity according to advocacy organizations, such as the Space Foundation. The OECD (2014)

found commercial revenue in the global space economy was dominated by consumer services (58

percent), followed by space manufacturing and launch services (33 percent), and satellite operator
services (9 percent) in 2013. The Canada Space A
generated revenues of $5.6 billion (CAD) in 2017, spearheaded by satellite communications.

Likewise, the German space industry generated an estimated $3.1 billion n sales in 2013, driven

by satellite manufacturing. 72

Under an appropriations funding model, the operational costs for the lead STM agency, as
suggested by authoritative agency projections, would range between 45 million in a start-up year
to an average of $5 million a year in outyears. Furthermore, the space commerce STM agency
operations are projected to cost a small fraction of the current $5 billion NOAA budget as a whole.

However, if desired, annual appropriationswoul d provi de for the dApublic
overall cost of STM operations (such as assisting nonprofit institutions), while fees generated
from the for -profit industry could cover the other portion.

Activities and Costs

Efforts to establish a civil agency to serve the STM task is built on a strong legag of space
leadership by the U.S. Receiving the task of STM from DoD means that a civil agency must
estimate the cost for doing the work. At what price would this transfer be to the b eneficiary
agency? What are the funding implications of a transfer, including infrastructure and personnel
costs? What are the cost drivers?

During the course of this study, the study team received pre-decisional, confidential, cost
projections from various agency documents Based on content reviewed, there is no major
distinction in the cost projections that wo uld influence a decision toward one agency over another,

72 Highfill, Georgi, and Dubria, 2019.
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and thus provide a distinctive conclusion as to which agency should lead STM basedsolely on
estimated cost projections.

Infrastructure and Personnel Costs

The projected infrastructure and personnel costs represent funding to support a market -driven

approach to STM. The infrastructure and personnel costs for STM excludes the classifiedparts of
DoD tasks. The remaining tasks are mapped to an estimate of cost ranges. This required ruling
out the classified portions of the DoD budget that would not apply to the civilian agency

responsibilities under SPD-3.

The classified DoD tasks exempt from costestimates are:

Space Surveillance Network
Operations and Management

1
1
9 All Classified Infrastructure - people, SCIF costs, secure communications
1

Recapitalization of mission systems

Implementation of STM tasks successfully requires funding several core operational and
development activities: staff, FFRDC and contractors, OADR and Cloud Infrastructure,
Interagency Agreements, and Commercial SSA Data Buys. Funding plans anticipate a fiveyear
phased approach to upstarting the STM work.

It is estimated that the costs for executing the requirements for providing STM over a five-year
period (FY2020 -FY2024) range from a total of $153.0 Million to $218.6 Million (See Table 4 -1)
with an inflation rate of 2 percent per year. In FY2025, it is anticipated that the STM task will be
in a steady state of funding.

When assessing the cost estimation dollars as a percent of total agency operations and
development, Commercial Data Buys represent the lions-share of the costs followed by staffing.

Both commercial Data Buys and Staffing are also the cost drivers over the next fiscal years for
FY2021-FY2024.
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Table 4-1. Projected STM Cost Estimates(in millions )

FY20 FY21 FY22 FY23 FY24 Total
Staff (Benefits, Facilities, $2.0 $5.3 $8.8- $9.1- $9.3-%14.4  $34.4 - $46.1
Travel and Support) $10.8 $13.7
FFRDC and Contractors $1.4 $4.5 $9.6- $9.9 - $8.4-%$11.4 | $33.8 -%$42.2
(Technical and Ops Center) $12.0 $12.9
OADR and Cloud $0.0 $1.9 $4.6 - $6.0 - $6.0 -$18.5 $18.5 - $49.0
Infrastructure $12.1 $16.5
Interagency Agreements $0.7 $0.9 $1.7 $2.7 $2.8 $8.9
Subtotal - Agency $4.1 $12.6 $24.7 - | $27.7 - $26.4 -$47.1 | $95.6 - $146.2
Development and $36.6 $45.8
Operations

Commercial SSA Data Buy $0.0 $2.4 $15.0- $20.0 -  $20.0 - $57.4- $72.4
$20.0 $25.0 $25.0

Grand Total with $4.1 $15.0 $39.7 - | $47.7 - $46.4 - $153.0 - $218.6
Commercial Data Buy $56.6 $70.8 $72.1

Source: DOC Position Paper May 2020
Infrastructure Costs

The OADR and Cloudinfrastructure costs support an expanded market-driven approach to STM
and canrange from an estimated total of $18.5 million to $49.0 million over five years. Initially,
the ramp-up phase of the STM work in FY2020 does not include any new money for OADR @
Commercial SSA Data Buys, but the activities are focused on active experimentations by
leveraging existing assets (e.g.NOAA Big Data Program Cloud Service Providers for OADR).

Personnel Costs

The overall projected costs just for staff ranges between $31.4 million to $46.1 million. The staff
estimates represent a strong investment in people andan expected growth in federal full-time
equivalents (FTEs). Stakeholders have emphasized the importance of having access to technical
expertise.

The cost projections reflect the growth investment in highly skilled technical personnel. Expertise
is essential and a pool of candidates can be trained through academic pipelines by partnering with
universities to fill critical positions .

Key Cost Drivers
Some requirements will drive the funding costs over time. The key cost drivers based on the

highest dollar estimate includes, by rank (1) Commercial Data Buys, followed by (2) Staff (3)
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Research and Development €osts of services provided by FFRDCs) (4) OADR and Cloud
Infrastructure, and (5) Interagency Agreements.

Future of Funding

There is a consensus across industry, academia, government, and the commercial sector that
Congress must appropriate adequate funding for STM. The expectation is that investments and
costs associated with carrying out this work should reflect specific outcomes: a safer space orbit,
accountability for behaviors, and less risk.

The market that supports this outcome should be enterprising, accessible, and affordable. Space
commerce is a dynamic field. What it is today is not what it will be tomorrow and flexibilities
regarding assuring appropriate funding requirements must also be fluid. The accelerated growth
is at an aggressive pae as more actors enter into industry. The funding aspects for the civil agency
to take a leading role in STM are just as critical.

83



This page is intentionally left blank.

84



Chapter 5: Final Space Traffic Management Agency
Evaluation

This chapter provides an assessment of thesuitability of selected agencies is assessed to perform
the STM task. The final evaluation is based upon the criteria outlined in this report with respect
to key capabilities, departmental support, and concept of operations. Four agency candidates are
given a thorough review based on these criteria. The chapter concludes with a recommendation
for which agency should be legislatively mandated to perform the STM task.

As described in Chapter 3, the STM landscape is a complex networked ecosystem. This
complexity is due to a number of factors: the evolutionary and dynamic nature of the enabling
capabilities; the inter-dependency between and among capabilities the multitude of actors
required to achieve successful mission objectives, and the balance of policy, regulatory, standards,
and best practices that are needed to ensure safety of space operations, catalyze innovation and
spur commercial growth. Such a dynamic landscape requires an operating model with certain key
characteristics (as described inChapter 4) and a STM agency that is a coordinator and a catalyst
a network-based organization that connects the different actors across the space economy through
a shared interest in safety and sustainable use of orbital space. It neds to monitor and track the
evolution of the enabling capabilities and foster innovation in the ecosystem. To be successful the
STM agency needs to have an enterprise view of thelynamic and evolving STM landscape.

5.1 Methodology of Agency Evaluation

In support of the assessment, and as a starting point, an initial analysis of the landscape helped
to determine agencies that are currently, and/or in the past, have been involved in SSAand STM
activities. Building on this analysis, the study team validated the list of agencies with inputs from
more than 100 stakeholder interviews and identified four possible leading candidates: OSC, ST,

NASA, and DoD. As seen fromFigure 5-1 , each candi dat e éasd STMiactivigy n t | eve
is mapped to the capabilities.

The Federal Communications Commission (FCQ is not included as a potential candidate because

of its narrower role in the SSA and STM mission It adopted comprehensive rules on orbital debris

mitigation in 2004 which requiredi scl osur e of an appl i caastpartsof debr i s

the technical information submitted to the Commission. 73 It has since issued proposed rules that
state that unless the FCC has already authorized a satellite system, the satellite system must
submit a description of the design and operational strategies it will use to mitigate orbital debris .74
FCC wasnot included as a leading candidate given that the focus of the agencyis on one specific

73 Federal Communications Commission, Mitigation of Orbital Debris , Second Report and Order, 19 FCC
Rcd 11567 (2004) @004 Orbital Debris Order ).
74 FCC,Mitigation of Orbital Debris in the New Space Age , Report and Order and Further Notice of
Proposed Rulemaking, IB Docket No. 18-313.
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area of the STM mission: Orbital Debris Mitigation. In comparison, the four leading candidates
have multiple STM mission-related activities or authorities.

The Panel identified a few important considerations as context for the assessment:

First, it is not possible to accurately evaluate agenciesbased on their current SSAand STM
activities since some candidates have the legal authority to work on a number of mission activities,
while other agencies do not. As an example, OSC has been named as the lead agsy in SPD-3
while DoD and NASA have been continuing to provide SSAand STM services’> However, due to
the lack of specific authority in other STM mission activities, AST is focused in areas of its current
authorities : pre-launch, launch, and reentry.

Sewmnd, rather than evaluating and comparing candidate approaches against each otherthe focus
of the evaluation must be on the approach and its alignment with the ideal operational model, as
described in detail in Secion 3-4 in Chapter 3. The approach must enable a network-based
ecosystem, foster public-private collaboration, create a shared platform to enable market-driven
data management, leverage industry leadership and foster international cooperation. It is
important to evaluate the approach on its relevance to the dynamic environment and its
probability of successto meet mission objectives.

Third, it should account for what factors can be changed compared to those factors that may be
harder to change. Asanexampe, a candi dateds | ack of resources
if it is identified as the lead agency and it is able to securesufficient congressional appropriations.

75 While OSC was identified as the lead agency for STM, it is noted that Congress has not allocated
necessary budgetary resources to OSC in order for it to fulfill all of its preparatory tasks.
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Figure 5-1. Key Federal Entity Role Mapping to Capabilities

Current Federal Entity Capabilities and Components

Notifications

Space Technology

Space Situational Awareness

Orbital Debris Management

Conjunction

e Open .
Notification T . Assessment . Debris . .
. Notification Network Research and | Surveillance . Environmental . Debris Protection and
Entity Database and Dissemination and Data Development | and Tracking Screenings and Data Modeling and Mitigation
Channels Architecture Catalog Measurements
Maintenance
DoD b b b b b b b
NASA b b b b b
DOC b b b
FAA D
Space Traffic Op?\;atlons Coordination and Design and Launch Disposal and Reentry
anagement
Space Traffic Acvgliltljiﬁge Collision Frequenc Satellite and Pre-Launch Spectrum Re i:iftlir;%in Dlsé%c;sal
Entity Coordination Risk Mitigati D qﬂ_ i Constellation and Launch Management Early Orbit P D 9 Debri
and Safety IS ftigation econfliction Design Support and Use g ebrns
Assessment Orbit/Reentry Removal
DoD b b b b b
NASA b b
DOC b b b b b
FAA b b b b

Source: National Academy of Public Administration
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Evaluation Factors

The evaluation uses four primary factors to ensure a sound assessment of each candidate, the
factors not only assess the technical approach and organizatimal capacity, but also the necessary
non-technical skills (coordination, building partnerships, culture etc.). In the following section, a
description of each factor, along with its sub factors, is included.

1. Functional and Technical Competency
2. Organizational Leadership and Capacity
3. Partnerships

4. Stakeholders and Customers

In the evaluation, a potential fifth factor, financial and legislative issues, hasnot been included,

in large part because these factors can change, largely by congressional action With the

appropriate legislative action by Congress, an agency that lacks the required appropriations or
legislative authority may be granted those to assist in successfully fulfilling the mission objectives.

Research with respect to this set of issues des not reveal a distinctive difference between
candidate agencies. In contrast, the four primary factors are more characteristic of the agency
and cannot be readily enhanced by congressional action in the same manner as financial and
legislative factors.

For each factor and sub factor, an evaluation scale, with rankings of 0,1, 2, and 3, is used to
consider suitability of each agency. The evaluation scale is connected with each factor and sub
factor.

Functional and Technical Competency

Thefactoroffunct i onal and technical competency assesses t
grow its functional and technical competency. It includes two sub factors:

Technical Approach: How effective is the candidate's technical approach to
meet primary mission objectives? How well does the approach address the
dynamic landscape? What is the probability of success of the approach?

The technical approach, is guided by the following questions:

1 How sound is the overall technical approach with included performance
metrics and risk management principles.

1 As technology evolves, how well does the approach scale?

1 What is the long-term technical relevance of the approach?
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Technical Approach  Evaluation Scale

0 | Approach does not map well to the primary mission objectives. Probability
of success is low.

1 | Approach will help to accomplish a few primary mission objectives.
Probability of success is low-medium.

2 | Approach will help accomplish many of the mission objectives. Probability
of success is mediumhigh.

3 | Approach will help accomplish most or all primary mission objectives.
Probability of success is medium-high,

Organization's  Capability Competency : How effective will the candidate be
in each capability? How will the approach aid or hinder each capability?

Capabilities _include: Notifications, Space Technology, Space Situational
Awareness, Orbital Debris Management, Space Traffic Operations, Coordinaion
& Management, Design and Launch, Disposal and Reentry.

1 How is the organization looking to address each capability?

f What is the organizationds competency

Capability Competency  Evaluation Scale

0 Candidate will find it hard to grow, procure or partner to build the
necessary capabilities

1 Candidate will be able successful in a few capabilities. Probability of
success is lowmedium.

2 Candidate will be able to establish many of the required capabilities.
Probability of success is mediumhigh.

3 Candidate will accomplish most, or all required capabilities. Probability
of success is mediumhigh

Organizational Leadership & Capacity

This factor provides an assessment of organizational leadership and management support,
department -wide support, and organizational culture. It includes the following subfactors:

Leadership and Management: How supportive is the organizational
leadership and management toward the new mission requirements compared to
their other priorities? How ef fective is the management structure?
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1 What is the leadership vision? How does the expertise and experience of
the management team align with organizational needs?

Leadership and Management Evaluation Scale

0 Leadership and management support will be low or minimal; multiple
competing priorities.

1 Leadership and management support are expected to be somewhat
supportive.

2 Leadership and management support are expected to be quite supportive.

The new mission will rank as one of the top priorities.

3 Leadership and management support are expected to be very high. The
new mission is one of the topmost priorities for the organization.

Organizational Capacity, Including Support: What resources and capacity
does the candidate have as support within its parent organization? While it does
not have to be current, how effective is its support?

T What capacity does it hawe o0t ddcedmpearadt eOfdn d es’

1 What support does it have within the department and/or agency to support
its mission? Are there specific examples of working together?

I What does the support structure look like within the Department or
Agency?

1 How has the organization performed historically and how does it respond
to management challenges?

Organizational Capacity Evaluation Sca le

0 Little support exists/is expected within the organization.
1 Low or minimal support exists/is expected within the organization.
2 Some support exists/is expected within the organization. Some evidence

or clarity on the degree of support.

3 Good support exists/is expected within the organization; evidence of the
type and nature of support from related or comparable efforts.

Organizational  Culture and Collaboration : How will the organizational
culture support the organization in meeting its a daptive challenges and
collaborating internally?

T What i s the organi z aand manayeorganizdtionalt y t o f os
change as needed?

90



Organizational Culture and Collaboration Evaluation Scale

Organizational culture can run counter to mission needs and objectives,
including suggested approach.

Few parts of the organizational culture can be helpful with the new
mission needs and objectives. Probability of organizational culture being
helpful is low.

Much of the organizational culture will help the candidate be successful in
meeting its mission objectives. Probability of organizational culture being
helpful is low -medium.

The organizational culture is well aligned and will make the candidate be
successful in meeting its mission objectives. Probability of culture being
helpful is high.

Partnerships

This factor examines the ability of the candidate to build, sustain and grow key partnerships.

1 How effective will the candidate be in developing partnerships with other

government agencies, commercialplayers, academia and international actors?

federal

Partnerships  Evaluation Scale

0 | Ability to partner or collaborate with external/internal stakeholders is low or minimal.

1 | Organization can establish key partnerships with a couple/few of external/internal
stakeholders. No data or clarity exists from current or comparable efforts.

2 | Organization can establish key partnerships with a couple/few external/internal
stakeholders. Some data or clarity exists from other or comparable efforts.

3 | Organization is expected to be successful at building relationships and partnerships

efforts.

with all external/internal stakeholders. Data or clarity exists from other or comparable

Stakeholder or Customer View

This factor providestheirper cepti on of the organizationods

mission objectives. While some of the evaluation and insights on the other factors do come from

stakeholders and customers, this factor really focuses on the getting the stakeholder/customer

centric point of view, perception and (any) experience with each candidate.

1 What do external stakeholders think of the candidate's approach? How do external

stakeholders perceive the candidate's ability to partner?
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1 How well does the organization work with external stakeholders? How effective is the
stakeholder engagement process?

Stakeholder or Customer View Evaluation Scale

0 | Stakeholders & Customers view organization as hard to work with - perception
is unfavorable.

1 | Stakeholders & Customers view on organization is neutral.

2 | Stakeholders & Customers view organization as positive- few examples cited

3 | Stakeholders & Customers view organization as positive - many examples
cited.

Finally, each factor and its sub factor are assignedweights, which are shown in Table 51 The
weights are based on the key attributes as described irthe ideal operating model and are further
described belowin Table 5-2.

5.2 Final Candidates and Evaluation

This section provides summary observations of each of thefour leading candidates on each key
factor: functional and technical competency; organizational leadership and capacity;
partnerships; and stakeholders and customers. It includes observations for each agencythat are
incorporated to make a final determination of each candidate.

Department of Defense (DoD)

For an overview of DoD and its mission, please refer toSedion 2.5 in Chapter 2. With respect to
viewing a snapshot of the DdD 6 aurrent role in SSA/STM activities, please refer to Figure 5-1
above Key Federal Entity Role Mapping to Capabilities.

Functional and Technical Competency

1 As the space economy expands and new pressures confront the orbital environment, DoD
is facing challenges inprovid ing up-to-date surveillance and warning servicesfor the non-
national security -related sector. That sector requires much more precise information than
the DoD system was designed for.Also, the DoD system is not scalable to meet the
demands of a growing number of objects in space and to deal with an increasing number
of space operators.After several years of efforts, DoD has not yet successfully upgraded
the computer systems that underpin its own monit oring and analysis capabilities. There
have been multiple failed acquisition programs over the last two decades to try and replace
those systems at significant expense’s

76 Brian Weeden, fiSpace Situational Awareness: Examining Key Issues and Changing Landscapé,
Testimony before the Subcommittee on Space and Aeronautics, U.S. House of Representatives, February
11, 2020.
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1 Commercialoper at ors increasingly view todayos DoD s
inadequate to achieve safe operat o n's i n commoedcialysg@ase environment. It is
al egacy system that is tied to sensor network
original national security purpose of providing early warning of nuclear missile attack.
Nonetheless, it supports limited persistent tracking and guidance for collision avoidance.

Organizational Leadership and Capacity

1 DoD hasa number of competing missions in the spacearena. In addition , with the growth
of offensive challenges to U.S. space assets froma few other nations, DoD seeksto focus
on its core national security mission. For these reasons, DoD is seeking to exit its role in
supporting the civilian space sector. The SSA/STM mission supporting commercial space
is a diversion from the core mission of DoD, which is national security.

1 As described in Chapter 3, the lead civil agency role requires agility and flexibility , and
requires extensive collaboration with stakeholders, including international governments
and other actors. D o D fnission and culture pose some inherent challenges to meet the
above objectivesfor the commercial sphere.

91 DoD continues to face challengesin its efforts to upgrade software for its space systems’?
Cost and schedule overruns are attributed in large part to a lack of user engagement. GAO
notes that this problem is more general to DoD software development, citing a recent
Defense Acquisition Board report t h at describes DoDOG6s current
development as broken and a leading source of risk.

Partnerships

1 Inits current role, DoD has built effective partnerships with a number of stakeholders,
including those in government, the private sector, academig and in the international
arena. However, there is some concern onD o D @b#ity to grow international partnerships
given its core national security mission.

Stakeholders and Customers

1 Most stakeholders agreethat the commercial-facing STM function should be moved away
from DoD while some stakeholders have also raised the concern that international
partners may find DoD less favorable to work with because of itsnational security mission .

National Aeronautics and Space Administration (NASA)

For an overview of NASA and its mission, please refer to Setion 2.5 in Chapter 2. For its current
role in SSA/STM activities, please refer to Figure 5-1 above Key Federal Entity Role Mapping to
Capabilities.

77TGAO, Space Acquisitions: DOD Faces Significant Challenges as it Seeks to Address Threats and
Accelerate Space Programs, GAO19-482T, pp. 1516.
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Functional and Technical Competency

1

Conjunction Assessment(CA) and other SSA-related activities are managed separately for
the Human Spaceflight program and for its robotic missions. NASA has dedicated
personnel co-located with DoD personnel who perform CA screenings for NASA missions
and provide the predicted close approach data back to the risk assessment analysts at JSC
and CARA.

NASA is the only agency aside from DoD, with an established SSA/STM operation. It is
well regarded but is limited to providing conjunction analytics and warnings for NOAA
and vis-a-vis its own assets’®

Organizational Leadership and Capacity

T

NASA has multiple competing research and developmentmissions and has faced a few
challenges in meeting cost andprogram schedule objectives. According to the GAO, its
portfolio of major projects continued to experience significant cost and schedule growth
this year and the performance is expectedto worsen,” and NASA acquisition continues to
be on the GAO High Risk List.8% As a result, its organizational researchcompetency, while
highly respected, may not align well with a new and expansive STMoperational role as
foreseen in this context since the lead civil agency inserving as anotifications provider in
a commercial marketplace is expected toplay an important coordination and facilitation
operating role.

Partnerships

T

NASA is well respected in the international community and is therefore well positioned to
establish and sustain relationships with other inter national civilian government actors
given its apolitical posture as a science agency. NASA has very strong partnerships with
academia and the larger research community as well and has also established strong
partnerships and technical interfaces with all space-focused U.S. government agencies
in addition to international actors. 8!

Stakeholders and Customers

1

Most stakeholders reinforce the need for NASA to continue its research role which is a
critical enabler for a successful SSA/STM mission.As a widely and highly respected
organization, stakeholders wish that NASA will continue to build on its core competency
of providing technical expertise and research to improve an SSA/STM mission.

78 NASA has performed CA for 30 years. Initial USSTRATCOM capability and high-accuracy catalogue
(ASW) developed with NASA. [NASA Conjunction Assessment Risk Aralysis (CARA) Overview].

79 NASA Assessments of Major Projects GAO-20-405: Published: Apr 29, 2020. Publicly Released: April
29, 2020.

80 GAO, High Risk List i NASA Acquisition Management,
https://www.gao.gov/highrisk/nasa/why_did_study

81 NASA Conjunction Assessment Risk Analysis Updated Requirements Architecture
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Federal Aviation Administration (FAA) Office of Commercial
Space Transportation (AST)

For an overview of AST and its mission, please referto Sedion 2.5 in Chapter 2. For its current
role in SSA/STM activities, please refer to Figure 51 Key Federal Entity Role Mapping to
Capabilities.

Functional and Technical Competency

T ASTO6s appr oabaded dn operBaschitectusethati s f ocused-fomsa 0fisa
approach. While there is some discussion of working with stakeholders on developing
standards and guidelines, ASTOsofacpnpmamdaacdh has b
control approach, akin to how FAA operates the air traffic control system, and also similar
to DoD. As aresult, its approach will have some limitations with flexibility and scalability
in meeting the evolving needs of the marketplace, as outlined in Chapter 3. In addition,
the agencyds technical approach on the import
while important to this task, may lead to undue regulatory burdenson a nascent, growing
industry, and thus may impede the growth of a vibrant commercial marketplace.

1 Asdiscussedin Chapter 3, AST has its current competency andcongressionally directed
activity connected with Orbital Debris Management, Launch & Design, and Disposal and
Reentry activities. For Orbital Debris Mitigation, AST handles debris mitigation for launch
vehicles. As part of launch operations, the agency has consolidated all commercial and
civil registration information for registration at the United Nations since 2018. FAA leads
space inter-agency coordination of registration and payload reviews. The FAA provides
support for reentries which includes reentry predictions, safety analysis, and ground,
maritime, and aviation safety and notices as well as orbital collision avoidance from orbit
to reentry. AST is consistently described as competent and experiencedn performing
these prescribed functions.

Organizational Leadership and Capacity

T ASTO6s organizational capacity and the culture
may be limited. Its parent organization (FAA), and other DOT organizations, are focused
on the transportation mission, which is clearly understood byt he Depart ment 6s M
St at e me nniissioniis @lan, deliver, operate and maintain a transportation system
that is safe, enables easy movement of people and goods, enhances the economy @n
i mproves our gqual i,A$ hasdprircipal fecuson gafe tramspartatienu | t
in order to be consistent Howweteh STMhsemuddéaqgerr t me nt
than pre-launch, launch and reentry areas which are the core focus of AST,dcused on the
transportation mission.

1 In the past, during the Obama Administration, AST was deemeda leading contender to
perform the STM task. However, severalinterviews with knowledgeable sources indicate
that there was substantial skepticism and opposition to AST taking on the STM task from
within FAA and Department , and even resistance in some cases The lack of high-level
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FAA and Departmental support prompted further consideration, and later a decision of
the National Space Council, to look elsewhere for an Agency to fulfill this role.

1 Furthermore, the projected exponential increase in launches may serve to distract AST
from what would be a new and rapidly expanding SSA/STM mission that will require a
coordinator role in a complex networked ecosysem. AST continues to face challenges in
its current missions. For example, a recent GAO report (GAG19-437) highlighted that
AST has not effectively planned or projected for future workforce growth in its planning. 82

Partnerships

1 Based o rexp&iéhdeonsth the air traffic environment, AST seems positioned to
establish robust partnerships with key stakeholders, including international partners. In
addition, based on its previous efforts in STM, the agency has engaged industrys?

Stakeholders or Customers

1 Many stakeholders and potential customers have a respectful view of AST and its team
that works in its pre -launch, launch, and reentry role. However, when given a choice
between OSC and AST, stakeholders overwhelmingly favor OSCa serve in the STM task.
Most commercial stakeholders view AST unfavorably as compared to OSC to lead the STM
mission and views of commercial partners and AST seem to differ on whether safety
should be the pivotal factor in the context of space operations. In addition, U.S.
Government agency stakeholders made their preferences known through the SPDB3
coordination process. A few key stakeholders question the overall effectiveness of AST's
philosophy, mind set, and likely approach toward potentially managing STM function.

Department of Commerce (DOC) Office of Space Commerce
(OSC)

For an overview of OSC and its mission, please refer to Se@n 2.5 in Chapter. For its current role
in SSA/STM activities, please refer to Figure 5-1: Key Federal Entity Role Mapping to Capabilities.

Functional and Technical Competency

T OSCb6s technical agolpng, sedyioghon thes comneerrcial enarleetplace to
|l everage industry capabilities. I n addioti on,
safety andthe importan ce of risk managementfor commercial market development. OS C0 s
approach alignswell with t h e P @ealopeéatonal model to spur commercial activity.

82 GAO,Commer ci al Space Transportation: | mprovements to
Prepare f or Anticpatdd Gobwtls GAOy-Bs137, May 2019.
83 FAA, Office of Commercial Space Transportation, iTowards a Civil Space Traffic Management
System,0
https://www.faa.gov/about/office_org/headquarters_offices/ast/media/6_space _traffic_management_
plans.pdf.
96

C

F A



1 Since being named as the lead agency in SPE3 more than two years ago, OSC has
managed to grow its canpetency in a number of capabilities, such as Space Technology,
Orbital Debris Management, Notifications and others. It is involved in regulatory policy
for Commercial Remote Sensing (CRS) and chairsan inter -agency working group on
orbital debris. More im portantly, through the various bureaus of Commerce, OSC has
significant expertise and experience in most of the capabilities. This diversity of experience
in most areas can be a significant advantage. For example, OSC igniquely positioned to
leverage the experience from the NOAA Big Data Project. Finally, OSC is also looking to
extend its technical expertise by proactively increased engaging and partnering with the
private sector.

Organizational Leadership and Capacity

1  While OSC supports theCommercial Remote Sensingmission, it is clearly complementary
to the SSAand STM mission and its current approach supports the future operating model
provided in Chapter 3. In particular, OSC aids in developing government policies
faffecting tvitoé cii mglugthrey ,i ndustryods i nterests
di scussions, and representing U.S. com#fterci al

 OSC has demonstrated the available support capacity via the multiple bureaus and
components within its dep artment that are providing support already to the OSC. Many
of DOCO6s bureaus, such as Bureau of I ndustry ¢
Atmospheric Administration (NOAA)/National Weather  Service (NWS) Space Weather
Prediction Center (SWPC), National Telecommunications and Information
Administration (NTIA), National Institute of Standards and Technology (NIST) , and
others, bring relevant and cutting -edge expertise. This diversity of mission expertise and
experience in DOC is transferrable to the SSA/STM mission and can enhance prospects
for mission success. TheDepartment offers the successfulNOAA Big Data Program as
evidence for successful creation of an open architecture data repository, in addition to the
National Weather Service (NWS) which performs a comparable function of aggregating
data from multiple data sources and fusing the data together to provide weather data to
its customers and the larger community. DOC has some open GAO priority
recommendations in IT management and workforce plannin g.8

Partnerships

1 There is clear evidence that OSC has been proactive in building partnerships both
internally and externally. The Agency has built on its SPD-3 mandate to establish
partn erships with all stakeholdersd civil government, military, private sec tor, academia
and international (particularly France, Japan, the United Kingdom, Germany, and the
United Arab Emirates). It already has an established and broad network in the space
industry community, both domestically and internationally, and has relatio nships to

8 Depart ment of Commerce, Office of Space Commerce, AArchi
https://www.space.commerce.gov/category/remote -sensing/
85 Department of Commerce, GAO-20-497, April 20, 2020.
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commercial entities that will be necessary for this industry to grow safely and at a pace
that will ensure U.S. primacy.

Stakeholders or Customers

9 Stakeholders/experts are almost unanimous in favoring OSC as the lead agency to provide
STM services given the Agency's mission and culture, which is more conducive to
promoting and enabling space commerce. A minority of them express concerns about the
Departmentdéds |l ack of regul atory experience anc
and business promotion.

5.3 Final Candidate Evaluation Scores

The following section includes an evaluation of each candidate based on the above technical
factors with their associated key guiding questions. Table 5-1 provides a summary evaluation;
Table 5-2 provides the detailed evaluation that includes both the raw and the weighted scores for
each candidate.

Summary Candidate Agency  Evaluation

To interpret the scores, the guide below is included, with summary observations, derived from
Sedion 5.1, which includes detailed observations.

9 Scoring Range (0-1): Candidate has significant limitations to perform the role of the lead
civil agency.

9 Scoring Range (:2): Candidate has a number of keylimitations to perform the role of the
lead civil agency.

1 Scoring Range (23): Candidate has very few or minor limitations to perform the role of
the lead civil agency.

98



Table 5-1. Evaluation Summary?86

Factors Weights | OSC | AST | DoD | NASA Comments
. DoD scores low in this factor given the
Huniens! Zi limitations with its current approach of
Technical 20% | 05|05 03 | 05 s h '|p? %
Competency using its legacy system built for another
purpose.
Due to its focus on the important
priorities of its national security mission,
Organizational raigsi[())r? isS expoe(;te%l ?o rIc]JeI aZIoE\J/lvér Ip)ri(ZJrEya
) 0 .
Leacdaerzgilf & 35% 1.05) 08 | 07 0.9 OSC scores high in this factor given the
pactty depth and breadth of expertise and
experience its departmental bureaus can
bring to the STM mission.
DoD scores low in this factor due to its
. limitations in building effective
0
Partnerships 25% 0.75]10.75| 05 | 0.75 partnerships with international
governments and commercial actors.
Most commercial stakeholders and
academia view OSC favorably to lead the
Customers & . STM Coordinator role. Other
Stakeholders 20% 06102 02 0.4 stakeholders, such asother U.S.
Government agencies and international
actors, are neutral.
TOTAL 100% 29 225 17 255
86 Table 5-1 highlights key summary observations foracandd at e6s score that is wel/l b €
other candidatesdé scores. For dtohad |l ed observations, pl
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Table 5-2. Final Evaluation Scores- Detailed

Weighted Scores Raw Scores
Factor Sub Factor Weights OSC | AST | DoD NASA OSC | AST | DoD NASA
Technical
10% 0.3 0.3 0.1 0.3 3 3 1 3
Functional and Approach
Technical
Competency Organization's
capability 10% 0.2 0.2 0.2 0.2 2 2 2 2
competency
k/leaderSh'pa”d 10% 03 | 03 02 | 03 3 3 2 3
anagement
o Organizational
(L)erggglrzsitilor;(al & Departmental
'Ship capacity, 15% 045 | 03 | 03 0.3 3 2 2 2
Capacity
including
support
Organizational
culture and 10% 0.3 0.2 0.2 0.3 3 2 2 3
collaboration
Partnerships 25% 0.75 | 0.75 0.5 0.75 3 3 2 3
Customer &
Stakeholder 20% 0.6 0.2 0.2 0.4 3 1 1 2
View
TOTAL 2.9 2.25 1.7 2.55

As the space domain is increasingly congested, and national security issues connected with space

expand, DoD6és focus on its core missions of

and resources required to work with the non-military commercial space community. In addition,

due to the classified nature of its principal work, DoD is somewhat constrained to build effective
external partnerships, in particular with non -mi | i t ary i nternational
continued involvement in providin g catalog and SSA data will be critical going forward. But this
work is best performed in a supporting role, rather than as a core responsibility. Thus, it will be
important for the STM agency to collaborate closely with DoD.

Given its technical expertise and experience of supporting the STM mission over the years and
its experience in building effective partnerships with the academic and research community,
NASA is considered a strong candidateto perform this function since it continues to be an
invaluable technical resource to theentire SSA/STM community. As such, NASAshould continue
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in its current role as a technical and research partner but adding the role of coordinator of the
STM enterprise may serve to distract it from its core competency. Furthermore, NASA enjoys
relatively strong bipartisan congressional support. Such support might be threatened as STM
functions are likely to mature into more toward a regulatory role over a period of years.

AST is a strong potential candidate for performing the STM mission. As shown in Chapter 3, it

has its current competency and activity connected with Orbital Debris Management, Launch and
Design, and Disposal and Reentry activities. AST ably leads space interagency coordination of
registration and payload reviews, and provides support for reentries which includes reentry
predictions, safety analysis, and ground, maritime, and aviation safety and notices as well as
orbital collision avoidance from orbit to reentry. However, AST may be limited in terms of
departmental capacity and support, which focuses resourceson a transportation mission . In this

respect STM can be seen as an additional task that does not squarely fall intdhe transportation

mission, albeit that space objects arein flight. In addition, most commercial stakeholders view
AST unfavorably when compared to OSC to lead the STM missionlt is important to note that U.S
Government agenciesmade their preferences known through the SPD-3 coordination process and
unanimously selected OSC ashe | ead agency. Accor di thg SPD3

process is described as an extensive interagency process involving both career professionals and

political leadership.

5.4 Recommendation

Based ona rigorous evaluation of the severaldimensions of this evaluation, the Panel determines

that OSC is best suited to performnonmi | i t ary SSA and STM tasks.

as well as its skills and capabilities identified in research, fall most closely in line with the optimal
model outlined in Chapter 3. OS s concept reflectstheiden that OSTCshsuld serve
asa guiding force to help bring about a safer operating environment in the space domain. To that
end, the Panelsees OSCasbest suited to approach the STM work with the following six prominent
objectives to guide its start-up and continued operations:

1. Foster collaboration across the space economy.

2. Foster public-private collaboration for research, standards.
3. Create a sharedplatform for SSA.

4. Expand market-driven data management.

5. Draw on industry leadership.

6. Foster international cooperation.
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Furthermore, clear departmental support to OSC to take on this task and on-going similar
missions (e.g. space weather and earth weather missions) involving data management and
commercial engagementstrongly support this recommendation.

The changes to advare SSA/STM that should be introduced over time are not clearly seen today,

nor can they be. This is an enormously dynamic environment in which to operate, and it will be

virtually a death knell to an innovative commercial space industry if this agency approaches its

task with a command and contr ol phil osophy. Even
a misnomer. As noted earlier, this agency, at least at the outset,must serve as a convener, staffed

with requisite technical skills and experience in it s staffing, that can bring actors together and,
collaboratively drive them to find common objectives and coalesce to enhance safety and precision

in space. This agency must evolve with thetechnological and industry changes that are occurring

quickly and profoundly. Over time, as space becomes increasingly congested and this agency
establishes a reputation respected among stakeholders, this agencyshould be prepared to lead
domestic and international ef forts t dhatcambelvabor at i
to advance asafer operating environment for the diverse universe of space actors.

In this analysis, the Panel identifies AST and NASA asstrong candidates to perform the STM
function. Indeed, there are many important features and contributions to the commercial space
environment provided by AST, including its proven track record of regulating pre -launch and re-
entry of private sector space vehicles. It is critical that AST maintain its able leadership in the
sphere of regulating launch and reentry. Similarly , NASA should continue in its important role in
research and development. Thus, the Panel recognizes the important roles that AST and NASA
play in the space domain and stresses the criticality of a continued close collaboration between
OSC andthese agencieggoing forward.

The role of DoD remains critical to mission success in STM. OSC must find ways to leverage the
DoD data and capabilities to produce them in order to advance this important mission. DoD and
other national security agenciesocapabilities are classified and must remain so, but there is
opportunity for OSC to use these to benefit the commercial space sector appropriately.

OSC must actively engage with the Department of State, FCC, and all other agencies with
important roles to ensure there is a close collabaation that enhances confidence in U.S.
Government leadership across all actors, friend and even foe.

Given these findings, the Panel makes the following recommendations:

First, the Panel requests the Congress to enact authorizing legislation without delayensuring that
OSC has the requisite onorbit authority allowing it to promulgate STM regulation(s), when
appropriate, for orbital operations that fall outside the current licensing and continuing
supervision framework. The Congress should also promptly act to provide DOC with the correct
mix of appropriated funds and the authority to assess and utilize fees so that OSC can build this
critical capability with the requisite personnel, office infrastructure, and authorities, as needed.
With respect to transition of SSA information to non -U.S. Governmental entities from DoD and
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DOC, OSC already has the authority to collect, share, analyze and disseminate data. That said, the
Panel calls on the Congress to make this existing authority (embedded in 10 USC 2274kven
clearer in statute in order to benefit the entire space sector.

Second,recognizing the dynamic and evolving nature of the STM function, the Panel recommends
that OSC should continue on a path to adopt the operating model outlined in this report . This
model should guide how OSC develops its organization and operating concepin order to enhance
its work, not only within the federal government, but also within the broader constellation of
stakeholders active in building the commercial space industry.

Finally, should the Secretary of Commerce deem it appropriate, the Panel would endorse and

support a decision to elevate the OSC from its current place, as a part of NOAA, into the Office of

the Secretary. Having the OSC as a direct report to the Secretay is an important signal of senior

l evel Depart ment al support to the SSA and STM mi s
engage and leverage important external audiences, both domestic and international.
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Security Challenges

Lt. Colonel Stephen Hobbs , USAF, Military Advisor , Office of Emerging Security
Challenges

Major Robert Wray , USAF, Military Advisor , Office of Emerging Security Challenges

Amber Charlesworth, Foreign Affairs Officer, Office of Space and Advanced
Technology, Bureau of Oceans and International Environmental and Scientific Affairs

Bureau of Oceans and International Environmental and Scientific Affairs

Dr. Ryan Guglietta , Foreign Affairs Officer, Office of Space andAdvanced Technology
Robert Theodorsian , Foreign Affairs Officer, Office of Space and Advanced Technology

Neevy P. Van Laningham, Foreign Affairs Officer, Office of Space and Advanced
Technology

Federal Aviation Administration

Stephen Dickson,  Administrator

Wayne Monteith , Brig adier General , USAF (Ret), Associate Administrator for
Commercial Space, Office of Commercial Space Transportation

Kelvin Coleman , Deputy Associate Administrator for Commercial Space, Office of
Commercial Space Transportation

Stephen Earle, Lieutenant Colonel, USAF (Ret), Space Traffic Program Lead,
Office of Commercial Space Transportation

Dr. George Nield , Former Associate Administrator for Commercial Space, Office of
Commercial Space Transportation

Federal Communications Commission

T
T
il
il
)l

Thomas Sullivan,  Chief, International Bureau

Jose Albuquerque, Division Chief, Satellite Division, International Bureau
Jennifer Gilsenen , Assistant Bureau Chief, International Bureau
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Troy Tanner, Deputy Chief, International Bureau
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Aeronautics, Committee on Science, Space, and Technology
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Frank Backes, Senior Vice President, Kratos Defense & Security Solutions
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Doug Engelhardt,  Technical Fellow, Satellite Navigation Systems, Maxar
Weston Faber, Research Scientist, L3Harris
Brien Flewelling,  Chief Space Situational Awareness Architect, ExoAnalytic Solutions
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Global

Ty McCoy, Chairman, Space Transportation Association

Charlie McGillis,  Director, Customer Engagement and Strategy, Slingshot Aerospace
Dr. Darren McKnight, Technical Director, Centauri Corporation

Dan Oltrogge, Director, AGI Center for Space Standards and Innovation

Chirag Parik, Azure Space Lead, Microsoft Corporation

Jilli anne Pierce, Project Administrator, Space Florida

Tami Plofchan, Director, Government Affairs, Lockheed Martin

Jared Stout , Policy Advisor, Venable LLP; formerly, Deputy Executive Secretary and

Chief of Staff, National Space Council
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Melanie Stricklan, CSO,Slingshot Aerospace

John Wagner, Vice President for National Security and Space, Sierra Nevada
Corporation

Jennifer Warren, Vice President, Technology Policy and Regulation, Lockheed Martin
Wagar Zaidi, Lead System Engineer, Space Domain Awareness, L3Halis

Ann Zulkosky, Director of NASA Programs, Lockheed Martin

International Stakeholders

T

Francois LaPorte , CAESAR System Manager National Centre for Space Studies
(France) (Centre national d'études spatiales, CNES

Monigue Moury , Head of Operational Flight Dynamics, National Centre for Space
Studies (France) (Centre national d'études spatiales, CNES)
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Appendix D:  Department of Commerce and Department
of Transportation Organizational
Overviews

Department of Commerce

The Department of Commerce was created in 1903 as the Department of Commerce and Labaf”

Ten years later, it was renamed the Department of Commerce when the bureaus specializing in
labor were transferred to the new Department of Labor. The Department of Commerce (DOC)

was createdto promote job creation and economic growth .88 DOC provides U.S. companies with

programs such as the National Weather Service, Foreign Commercial Service, and NOAA
Fisheries. It helps negotiate trade agreements and create a level playing field for American

businesses and workers Since 2017, Wilbur Ross has beenhe Secretaryof Commerce. DOC is
comprised of 13 bureaus and 15 €ices.8°

Bureau of Economic Analysis (BEA)

The Bureau of Economic Analysis (BEA) creates economic indicators such as theyross domestic
product (GDP) and the trade balance, which directly impact the decisions of business leaders,
policy makers, and the American people.?® BEA is currently run by Acting Director and Deputy
Director, Mary Bohman .

Bureau of Industry and Securit y (BIS)

The Bureau of Industry and Security (BIS) maintains and strengthens efficient export controls
and treaty compliance systems to advance U.S. leadership in strategic technologie$! BIS is led by
Acting Undersecretary for Industry and Security, Cordell A. Hull .

United States Census Bureau

The U. S. Census Bureau collects and di ssemi
society, and institutions to facilitate informed policy decisions .92 It is led by Director Dr. Steven
Dillingham .

87fi Hi s,t @epaytment of Commerce, July 9, 2020. https://www.commerce.gov/about/history

8/ About Co om®&IOER 2020. https://www.commerce.gov/about

ABur eaus @bAC,Jolyd, 2020e hetps://www.commerce.gov/bureaus -and-offices

YABur eau of Ec qoaDO@iuly 9, B02@& htipss//ivvew.commerce.gov/bureaus -and-

offices/bea

91 fBureau of Industry and Security , 0 DOC, July 9, 2020. https://www.commerce.gov/bureaus -and-

offices/bis

92 fU.S. Census Bureayo DOC, July 9, 2020. https://www.commerce.gov/bureaus -and-offices/census
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Economi c Development Administration (EDA)

The Economic Development Administration (EDA) leads the federal economic development
agenda by promoting innovation and competitiveness through investments .93 Dana Gartzke
currently performs the delegated duties of the Assistant Secretary of Commerce for Economic
Development.

Office of the Under Secretary for Economic Affairs

The Office of the Under Secretary for Economic Affairs (OUS/EA) manages the U.S. Census
Bureau, BEA, and the Office of the Chief Economist(OCE).** OUS/EA uses the data collected and
analyzed by these groups to write indepth reports, fact sheets, and briefings about economic
policy issues and economic events. Karen Dunn Kelley is the current Deputy Secretary of
Commerce.

International Trade Administration (ITA)

The International Trade Administration (ITA) promotes trade and investment and ensures
compliance with trade agreements and fair trade.® Joseph C. Semsar is the Deputy Under
Secretary for International Trade and is performing the non -exclusive functions and duties of this
position . Diane Farrell is the Acting Deputy Under Secretary for International Trade .

Minority Business Development Agency (MDA)

The Minority Business Development Agency (MBDA) promotes the growth of minority -owned

businesses through business assistance services and the advancement of public and private sector
programs.®¥Davi d J. Byrd has just been announced as t hi
joining MBDA last year as the National Deputy Director .%7

Nationa | Institute of Standards and Technology (NIST)

The National Institute of Standards and Technology (NIST) works on developing technology and
determining how new technologies will fit into the regulatory network of the country .98 Dr. Walter

BAEconomi c Devel opme&b@C,Jalylana020i Htps://vavwicoonmerce.gov/bureaus -
and-offices/eda
94 fOffice of the Under Secretary for Economic Affairs,0 DOC, July 9, 2020.
https://www.commerce.gov/bureaus -and-offices/ous/ea
9 finternational Trade Administration ,0DOC, July 9, 2020. https://www.commerce.gov/bureaus -and-
offices/ita
9 AMinority B usiness Development Agencyo DOC, July 9, 2020. https://www.commerce.gov/bureaus -
and-offices/mbda
“ADepart ment of Commerce Announces New National Direct ¢
Agency,0 Mi nor ity Busi nes sJuflke, 2OROhipsdvwmv.middg.gow/ews/press -
releases/2020/06/department -commerce-announces-new-national -director -minority -business
98 fiNational Institute of Standards and Technology, ¢ DJGIC10, 2020.
https://www.commerce.gov/bureaus -and-offices/nist
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Copan leads NIST, acting as the Under Secretary for Standards and Technology as well as the
NIST Director.

National Oceanic and Atmospheric Administration (NOAA)

The National Oceanic and Atmospheric Administration (NOAA) provides weather forecasts,
storm warnings, and climate monitoring for fisheries and coastal restoration systems.?® NOAA
has high-tech instrumentation and scientific research to provide policy makers, businesses, and
the American public with reliable information. Dr. Neil Jacobs leads NOAA as the Assistant
Secretary of Commerce for Environmental Observation and Prediction, while also performing the
duties of the Under Secretary of Commerce for Oceans and Atmosphere.

National Technical Information Service (NTIS)

The National Technical Information Service (N TIS) provides innovative data services to federal
agencies through partnerships with the private sector to promote economic growth and advance
federal data priorities .19° The National Technical Information Service Director is Avi Bender.

National Telecommunications and Information Administration (NTIA)

The National Telecommunications and Information Administration (NTIA) advises the President
on telecommunications and information policy issues, emphasizes expanding broadband Internet
access, and pomotes ensuring the Internet continues to fuel innovation and economic growth 101
Adam Candeub leads NTIA as the Acting Assistant Secretary of Commerce for Communications
and Information .102

United States Patent and Trade Office (USPTO)

The U.S. Patent andTrademark Office (USPTO) provides high quality and timely examinations of
patent and trademark applications, delivers intellectual property (IP) information worldwide, and
guides American and foreign IP policy.103 Andrei lancu acts as the Under Secretary ofCommerce
for Intellectual Property and as the USPTO Director.

29 fANational Oceanic and Atmospheric Administration ,06DOC, July 10, 2020.
https://www.commerce.gov/bureaus -and-offices/noaa
100 fiNational Technical Information Service ,0DOC, July 10, 2020. https://www.commerc e.gov/bureaus-
and-offices/ntis
101 fNational Telecommunications and Information Administration ,0DOC, July 10, 2020.
https://www.commerce.gov/bureaus -and-offices/ntia
102pA d a m Ca nMTeAu August 19, 2020. https://www.ntia.doc.gov/page/adam -candeub
103 J.S. Patent and Trademark Office, 6 DOC, July 10, 2020. https://www.commerce.gov/bureaus -and-
offices/uspto

121



Office of the Secretary

The Office of the Secretary is the general management side of DOC and provides support to the
Secretary, Wilbur Ross.104 The office assiststhe Secretaryin formulating policy, provides advice
to the President, and supervisesthe operating units of DOC.

104 fOffice of the Secretary,0 DOC, July 10, 2020. https://www.commerce.gov/bureaus -and-offices/office -

seaetary
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Department of Transportation 105

Congress established the Department of Transportation (DOT) in 1966 with the mission of
ensuring U.S. transportation systems were safe and efficient It also tries to ensure that
transportation is used to improve the quality of life of all Americans and increase the productivity
of American workers. DOT employs around 55,000 people through its 11 operating
administratio ns. The Secretary of Transportation is Elaine L. Chaa

Office of the Secretary of Transportation (OST)

The Office of the Secretary (OST) assists the Secretary of Transportation in leading the DOT and

in advising the President on federal transportation pro grams. OST also oversees the creation of

national transportation policy and encourages the use of intermodal transportation. The Office

also enforces transportation legislation and regulations and helps negotiate international

transportation agreements. The Of f i cebés Chief .of Staff is Todd I n

Federal Aviation Administration (FAA)

The Federal Aviation Administration (FAA) oversees the safety of civil aviation by issuing and
enforcing regulations and standards for the manufacture, operation, certification , and
maintenance of aircrafts. It also operates airport towers, air route traffic control centers, and flight
service stations, as well as develops air traffic rules to meet national defense standards. The FAA
also licenses commercial space launch facilites and private sector launches Steve Dickson is the
FAA Administrator .

Federal Highway Administration (FHWA)

The Federal Highway Administration (FHWA) runs highway transportation programs that ensure
the safety and accessibility of roads and highways néion -wide. FHWA provides funding to states
to construct and improve the National Highway System, bridges, and roads. It also plans and
supervises the building of roads to national parks and Indian reservations. Nicole R. Nason is the
FHWA Administrator .

Federal Motor Carrier Safety Administration (FMCSA)

The Federal Motor Carrier Safety Administration ensures safety in motor carrier operations by
enforcing safety regulations and improving safety information systems. The Administration
works closely with law enforcement, the motor carrier industry, and labor safety interest groups

1054 Ab o ut , UBODepartment of Transportation , July 10, 2020.
https://www.transportation.gov/about
iOQur Admi ni,¥SrDepartment of Gransportation , July 10, 2020.
https://www.transportation.gov/administrations
AMeet Key,UGt DepactmeatlofsT@nsportation, July 10, 2020.
https://www.transportation.gov/mission/meet  -key-officials

123



to achieve its mission. Jim Mullen is the Acting Administrator for the Federal Motor Carrier Safety
Administration .

Federal Railroad Administration (FRA)

The FederalRailroad Administration (FRA) promotes railroad safety through federally mandated
safety standards, operating practices, and safety inspections The FRA also conducts research to
try to improve safety measures and to enhance the usefulness of the railroadsystem. The FRA
Administrator is Ronald Batory .

Federal Transit Administration (FTA)

The Federal Transit Administration (FTA) provides grants to cities and communities to help plan
and build transit systems that are convenient, cost-effective, and accesdble. The FTA offers both
leadership and resources to assist cities in the creation of technologically advanced transit
systems The FTA upkeeps the National Transit Library (NTL), which holds reports, documents,
and data created by professionals in transit studies. K. Jane Williams is the Acting Administrator
of the FTA.

Maritime Administration (MARAD)

The Maritime Administration (MARAD) encourages the maintenance of the U.S. merchant
marine, ensuring that it can carry domestic commerce and a portion of its foreign commerce and
that it is capable of aiding the Navy in times of war or emergency. MARAD also oversees U.S.
shipbuilding and repair services, the ports, and intermodal water and land transportation
systems The MARAD Administrator is Mark H. Buzby.

National Highway Traffic Safety Administration (NHTSA)

The National Hi ghway Traffic Safety Administrati
injuries and economic losses from motor vehicle crashes To achieve its mission, NHTSA provides

grants to state and local governments to conduct highway safety programs as well as creates and

enforces safety performance standards for motor vehicle use In addition, NHTSA researches

safety defects in motor vehicles, promotes the use of safety belts and air bags, ah sets and

enforces fuel economy standards NHTSA also provides consumers with auto safety information

via a hotline. James Owens is the current Acting Administrator of the NHTSA..

Pipeline and Hazardous Materials Safety Administration (PHMSA)

The Pipeline and Hazardous Materials Safety Administration (PHMSA) oversees the safety of over
800,000 shipments daily of hazardous materials in the United States and the transportation of
energy through pipelines. PHMSA focuseson reducing the number of deaths and injuries related
to the transportation of hazardous materials and energy in addition to promoting transportation
solutions that help communities and protect the environment. The PHMSA Administrator is
Howard ASkipo EIIliot
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Saint Lawrence Seaway Development Corporation (SLSDC)

The Saint Lawrence Seaway Development Corporation (SLSDC) operates the waterway between
the Great Lakes and the Atlantic Ocean to ensure safe, reliable, and efficient travels for
commercial and noncommercial vessels The SLDC also works with the Saint Lawrence Seaway
Authority of Canada to supervise operations safety, vessel inspections, and traffic control for the
Great Lakes and the Saint Lawrence Seaway. In addition, the SLSDC encourages trade
opportunities that benefit p ort communities, shippers, and receivers. Craig H. Middlebrook is the
Deputy Administrator of SLSDC.
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