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Introduction

The space enterprise is engaged in one of the most transformative times in its history, as space becomes an
increasingly democratized and contested environment.

In this emerging landscape, the strategies that secured the United States’ leading role in space won’t be
enough to sustain leadership in the twenty-first century and beyond. We’ll need new approaches, new
concepts, and new ways of thinking about space to address the growing hostile threat to our ability to operate
from space and realize the tremendous scientific and economic opportunities that development of space
capabilities can bring down to Earth.

Space Agenda 2021 is a resource—developed by The Aerospace Corporation’s Center for Space Policy and
Strategy—that is meant to aid and inform U.S. leaders and policymakers as they confront critical decisions
with long-lasting implications at this dynamic time. In the pages ahead, you’ll find cutting-edge analytical
insights on the pressing topics the incoming presidential administration and Congress will face over the next
four years as they work to advance our nation’s strategic interests as the world’s preeminent space enterprise.

Through Space Agenda 2021, Aerospace provides in-depth research and informed context as the U.S. space
enterprise positions itself to outpace the threat, expand the frontiers of our capabilities in space, manage
growth in space traffic, and strengthen U.S. leadership in a time of immense change. We offer these ideas
independently, not at the behest of any of the many government agencies that we support.

The topics covered in these 26 papers, organized into 4 sections, cut across the whole of the space
enterprise—from defense and intelligence to civil and commercial space—and speak to the growing
coordination that will be needed to navigate the way forward. You can view these insights here in this book, or
visit us online at www.aerospace.org/SA2021 to view and download them, along with our collection of other
space-related papers based on our nonpartisan research and strategic analysis.

This effort is just one way The Aerospace Corporation is delivering on its vision to be the nation’s trusted
partner, solving the hardest problems for the preeminent space enterprise. Thank you for your support of
Aerospace, and | look forward to the many informed conversations Space Agenda 2021 will help shape.

JL.)

Steve Isakowitz
President and CEO
The Aerospace Corporation
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Space Agenda 2021 Summaries

Section 1 - Outpacing the Threat

Developing a Foundational Spacepower Doctrine: Fostering an Independent Space-Minded Culture and Identity
The Space Force has taken a key step in establishing its doctrine, culture and identity by publishing the Spacepower
Capstone Doctrine in August 2020. But specific choices yet to come that favor either space control or survivability will
infuse the Space Force’s culture and identity and shape the tools the Space Force provides the nation for decades.

A Roadmap for Assessing Space Weapons

Given advances in the space weapon capabilities of China and Russia, and the United States Space Force’s priority to
project military power in, from, and to space, the United States needs a new debate on the merits of fielding U.S. space
weapons. Since the last debate, the strategic context has changed dramatically, invalidating many of the previous debate’s
core assumptions and primary alternatives. Thinking about space weapons cannot remain frozen in Cold War or post-Cold
War era analysis and debates. The roadmap offered here will help the United States fully assess the merits of deploying
space weapons, the best mix of space weapons, and how their development should be prioritized. The Department of
Defense (DOD) cannot do it alone. The complexities of the issue require a whole-of-government approach with
contributions from academia, industry, and other partners.

What Place for Space: Competing Schools of Operational Thought

The use of space is changing, with implications for U.S. national security. But there is not a consensus on how space is
changing nor on how to best organize to achieve U.S. national security in space. This paper identifies six different schools
of operational thought with different visions of what war will look like in the future leading to different technological and
organizational preferences for how to prepare for those wars.

1. Space Control First. Drawing on traditional naval and air power thought, this school presumes we must gain space
control first to allow all other uses of space to proceed.

2. Enable Global Missile War. This school presumes that precision-guided missiles, ballistic and hypersonic, are poised
to fundamentally change how war is fought so long as space-based capabilities for surveillance, targeting, and
navigation are available.

3. Keep the Plumbing Running. This school presumes traditional military operations remain dominant, though
dramatically more effective because of space.

4. Frictionless Intelligence. This school presumes the value of space for gathering strategic intelligence supersedes all
other uses.

5. Nukes Matter Most. This school presumes nuclear war is so terrible a possibility that space’s role in commanding
nuclear weapons must supersede all other uses.

6. Galactic Battle Fleet. A final school sees even grander long-term uses of space for national security, including space-
based weapons that can strike anywhere in the world, defense of the planet from any threat originating elsewhere in
the universe, and exploitation of key orbital “terrain” beyond geosynchronous Earth orbit. To respond, this school
sees a need in the future for as yet unrealized technologies.

While few people belong completely in one school at the expense of all others, identifying distinct schools allows us to
better understand the choices being made today about how to organize and fund space for national security.
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Organizing for Defense Space: Balancing Support for the Joint Force and Independent Space Operations

The United States Space Force is arguably the largest restructure of U.S. defense space organizations since 1960. The
reorganization also includes United States Space Command (USSPACECOM), the Assistant Secretary of the Air Force for
Space Acquisition and Integration, and other new organizations. Being new, these organizations face many challenges—
and how they address these challenges will define the tools that are available to senior political and military leaders for
years to come. Despite the historic nature of the moment, there are lessons to be learned from these organizations’
predecessors. Those lessons highlight that the greatest tension these organizations will face is how to balance the space-
based needs of the joint force against independent military operations in, to, and through space.

Getting the Most Deterrent Value from U.S. Space Forces

As space becomes more crowded and contested it becomes ever more important to prevent a conflict in, directed toward, or
from space. Without any actual experience of combat in space, however, we can only speculate about what role the space
domain might play in a breakdown of deterrence and the start of a war. This inexperience with space’s role in conflict
complicates social science’s already limited understanding of how wars begin and unfold—with their complex interplay of
political goals, differing levels of commitment, the friction generated in any actual fighting, and the inherently flawed
people (on all sides) making decisions. As the strategic environment changes, we must explore ways to strengthen the
contribution of U.S. military space capabilities to deterrence while also enhance any advantages should deterrence fail.
Focusing on the credibility of U.S. space capabilities in some narrow areas reveals steps that could be made to strengthen
their deterrent value.

Noninterference with National Technical Means: The Status Quo Will Not Survive

The strategic context for U.S. national security space (NSS) activities will change if the 2010 New Strategic Arms
Reduction Treaty (New START) expires in February 2021. Here we examine how this change would stress the NSS
community’s capabilities, assumptions, and habits, and is likely to present new challenges for maintaining stability in the
space domain.

Leveraging Commercial Space for National Security

The increasing commercialization of space is presenting new opportunities for national security acquisition. Because of
commercial developments in space-based weather; remote sensing imagery; radiofrequency collection; communications;
positioning, navigation, and timing; and space situational awareness—among other areas—U.S. intelligence and defense
agencies are considering alternatives to the traditional model of hiring contractors to develop bespoke capabilities. Some
space capabilities could be treated like personal computers or passenger cars, which the government acquires as
commodities from private companies rather than develops via contractors. Or space services could be treated like email
clients or search engines, such as Microsoft Outlook or Google search, which the government licenses but does not own. In
this new space era, U.S. space leadership will face many decisions over which acquisition model to use in a particular case.
Given the potential of leveraging commercial services to accelerate the fielding of important capabilities and to preserve
resources for quintessentially military capabilities, it behooves leadership to prepare for the analytic task of answering that
question in many different mission areas, and to take the necessary steps to prepare to acquire commercial capabilities and
services at scale for military applications. Our national security space enterprise and the commercial space sector are at
critical junctures. National security leadership needs to consider the models it wants to use for its next-generation systems
and business rules for how to balance them.
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Continuous Production Agility: Future-Proofing the National Security Space Enterprise

The space sector is not immune to today’s dizzying pace of change and constant technological disruption. The traditional,
highly customized launch-on-need approach that allowed the United States to field the world’s leading space capabilities
during the twentieth century is ill suited to the new era of rapidly evolving threats and emergent opportunities. To stay in
the race, the United States should shift toward modular national security space architecture, interoperability standards, and
a launch-on-schedule production tempo to create agility, efficiency, and predictability. This will, in turn, encourage broad
industry competition and provide frequent innovation opportunities.

Our national security space architecture can avoid competitive obsolescence by “future proofing” through regular
introduction of new technologies. The proposed acquisition strategy, Continuous Production Agility (CPA), introduces
modularity as a key element in the architecture. Modularity enables steady production flows for foundational space system
elements while providing open doors for technology insertion or agility in response to threats. It simplifies the scope of
rapid prototyping efforts and reduces the barriers to adaptation. While it requires more upfront engineering, it encourages
lean and focused acquisition teams. And, especially important, it fosters a thriving and motivated ecosystem of space
manufacturers and innovators.

The Future of Ubiquitous, Realtime Intelligence: A GEOINT Singularity

When assessing the trends of global connectiveness, commercial remote sensing from space, and advances in artificial
intelligence (Al), the trends point toward a future where information and overhead imagery will become available to the
general public in near-realtime. The rise of large constellations with remote sensing satellites and capabilities ranging from
synthetic aperture radar imaging, nighttime imaging, and infrared imaging is a global phenomenon. Coupled with Al
analysis, data from different sensors can be combined, processed and made useful for a specific user’s needs on handheld
devices worldwide. Large constellations of communication satellites and the rollout of 5G in metropolitan areas will
provide the data pipeline needed to reach users globally at broadband speeds. A scenario, coined the Geospatial Intelligence
(GEOINT) Singularity, is a future where realtime Earth observations with analytics are available globally to the average
citizen on the ground providing a tremendous wealth of information, insight, and intelligence. Civil application could
include identifying an empty parking spot from space or tracking autonomous vehicles in smart cities. These developments
will likely not be contained within the U.S. but will be a worldwide phenomenon. The opportunities seem immense, but
what would the availability of ubiquitous, realtime intelligence mean to the military operator and warfighter? The U.S.
approach to commercial remote sensing has been to regulate and limit the imagery that can be taken from space, but
international capabilities will not be so easily curtailed. Has the time come for the military operator to find better ways to
hide, rather than tell someone not to look?

Space-Enabled Persistence and Transparency in the Arctic to Support Infrastructure and National Security Needs
The United States has maintained territorial claims and has advanced political, economic, national security, environmental,
and cultural interests within the Arctic region since the 1867 acquisition of Alaska. The Arctic Council and the United
Nations Convention on the Law of the Sea (UNCLOS) are avenues to engage our partners to promote a stable and secure
Arctic. Commercial satellite data, including enhanced communications, navigation and timing, and remote sensing, will
play a key role in establishing persistent situational awareness. It is through reliable and ubiquitous commercial satellite
capabilities that the United States can meet its economic, national security, and environmental imperatives.

This chapter provides an overview of U.S. Arctic policy and national interests and describes how commercial satellite
services can provide domain awareness to observe and adapt to the region’s rapidly changing conditions. While geopolitical
tension is rising in the Arctic, stakeholders will benefit from sharing satellite data with each other and the public. Sharing
can enhance operations, establish greater transparency and accountability, and strengthen a common rule-based order.
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Section 2 - Expanding Frontiers

To the Moon and Beyond: Challenges and Opportunities for NASA’s Artemis Program

In just the next few months, multiple critical decisions will affect human exploration plans of the National Aeronautics and
Space Administration (NASA). The FY21 budget cycle will shape significant aspects of the content and pace of NASA
space programs and may make already ambitious exploration timelines unachievable. Even an extended continuing
resolution, delaying the start of FY21 budget levels, could put current goals out of reach, as would flat funding levels. The
continued effects of the novel coronavirus have already delayed progress on NASA programs in general, devastating the
broad economy that furnishes the resources for NASA exploration activities. The outcome of the 2020 election may also
affect the direction agencies and departments take from January 2021 onward.

The Trump administration has challenged NASA to return humans to the moon by 2024 with the goal of eventually sending
astronauts to Mars.! To respond to the President’s challenge, the NASA Artemis program has been established with the
primary goal of landing the first woman and the next man on the surface of the moon before the end of 2024 .2

The focus of this paper will be on NASA human exploration beyond low Earth orbit (LEO), specifically missions to the
moon and beyond. In the following pages, a review of the path back to the moon, from the end of Apollo up until the
present time, is provided. Recent exploration initiatives are explained, including the participation of the commercial sector.
The importance of the Artemis program in the moon-to-Mars planning is discussed. The Findings section includes
assessments of management and technical challenges, and policy points with opportunities highlighted in the closing
section.

Cislunar Development: What to Build and Why

The current administration is seeking ways to facilitate and accelerate the evolution of space commerce. At the same time,
the administration plans to pursue ambitious human exploration activities beyond low Earth orbit. Both of these objectives
include a key role for infrastructure in cislunar space. The administration can serve both objectives through a concerted
cislunar development program. Efforts are underway in areas such as space transportation and human habitats, but a
sustainable, comprehensive space infrastructure requires much more. This paper highlights some proposed development
scenarios and examines the components needed to form a coherent long-term strategy that delivers permanent, sustainable,
purposeful, value-generating space activity.

Human Spaceflight Safety: Regulatory Issues and Mitigating Concepts

Commercial spaceflight offers significant benefits to society, the economy, and national security. Financial experts project
that the global space economy could significantly grow over the next few decades.> However, spaceflight is also a risk-
prone and capital-intensive endeavor. In fact, as Congress pointed out in the Commercial Space Launch Amendments Act
of 2004, “Space transportation is inherently risky.” That assessment is certainly reflected in the historical human
spaceflight safety record. This paper explores ways to address the issues associated with the rise of commercial human
spaceflight.

Emerging Issues in New Space Services: Technology, Law, and Regulatory Oversight

Next-generation commercial on-orbit missions have started to include a variety of capabilities previously reserved only for
governmental missions. These commercial endeavors range from radio-frequency collections and satellite servicing to
planetary missions. Is the existing regulatory framework sufficient to provide oversight and compliance with our
international obligations? This paper highlights some of the commercial missions starting to push the boundaries and looks
at ways to address this exciting intersection between technology development, policy, and international treaties.
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Public-Private Partnerships: Stimulating Innovation in the Space Sector

Governments seeking to expand their capabilities for satellite communications, navigation, Earth monitoring, exploration
systems, and other space applications recognize the significant role that the private sector can play in delivering these
capabilities at reduced cost and risk through public-private partnerships (P3s). The government sector generally wants to
retain some level of control over key capabilities. P3s can provide significant advantages to government agencies by
leveraging commercial efficiencies and innovation while sharing risk with the private sector in exchange for profits linked
to performance. As space-related P3s proliferate for capital intensive projects and public-private data-sharing models,
understanding key challenges and underlying economic arguments from real-world case studies can help lay the
groundwork for future success.

Section 3 — Managing the Growth in Space Traffic

Space Traffic Management: The Challenge of Large Constellations, Orbital Debris, and the Rapid Changes in
Space Operations

Big increases in space activity and new approaches to space operations necessitate organizational and technical changes to
the way the United States and the world manage space traffic. Several key actions need to be taken to position the United
States to lead these changes, ensuring a safe operating environment in space and enabling future growth.

Slash the Trash: Incentivizing Deorbit

There is likely to be a surge of satellites launched into space over the next decade, which means the risk of collisions in
space will rise along with risks to the sustainability of the space environment from debris. How can the sustainability of the
space domain be protected in a looming new era of increasingly congested space? How can the international space
community reduce these risks and make them more manageable? One vital method is for satellite owners and operators to
voluntarily comply with the already internationally agreed-upon guideline to deorbit satellites no longer than 25 years after
the end of their mission. This paper outlines five distinct concepts to incentivize compliance with the “25-year rule” and
provides a framework for analyzing the merits of each concept. It focuses on commercial satellites in low Earth orbit but
could be applied more broadly.

Airspace Integration in an Era of Growing Launch Operations

Accommodating space launches in the National Airspace System (NAS) is burdensome, but at historical launch rates it is
manageable. However, it is expected that launch rates will increase substantially, with the preponderance of that increase
coming from commercial customers. This will require better integration of space launch activities in the NAS. This paper
presents the issues and highlights potential conflicts between the “space side” and the “air side” that may call for
intervention from high-level decisionmakers.

Light Pollution from Satellites

Commercial space companies, such as SpaceX, Telesat, OneWeb, and Amazon, have announced plans to launch large
constellations of small satellites into low Earth orbit (LEO). As companies deploy more satellites in orbit in much larger
numbers than in previous decades, this will become an issue in the next several years that requires leadership and
decisionmaking by the U.S. administration—because there is currently no formal regulatory or licensing process addressing
light pollution from space. The purpose of this paper is to provide an overview of an objective analysis performed by The
Aerospace Corporation to inform leaders and decisionmakers on the issue.’
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Cislunar Stewardship: Planning for Sustainability and International Cooperation

Space operations are expanding beyond the geosynchronous Earth orbit (GEO) to other parts of the Earth-moon system. As
this trend continues, space operators will find preferred orbits and seek to leverage points of relative gravitational stability.
These locations can enable lower-energy transits or provide useful parking places for various types of facilities (e.g.,
fueling depots, storage sites, and way stations with access to the lunar poles). As cislunar activity grows, a policy
framework should be developed to promote the sustainability of operations in these locations. Motivated by lessons learned
in space operations thus far, this paper discusses the need to extend best practices for debris mitigation (preventing its
accumulation) to cislunar space lest we create a space debris mess in this valuable regime. Additionally, current
international policy prevents spacefaring nations from removing space debris left by other actors. Significant policy
adjustments are needed if debris remediation (removal of nonfunctional and potentially dangerous objects from useful
orbits) is to become an effective complement to debris mitigation in cases where mitigation is not completely effective.
Beyond the extension of current practices, significant future work remains in characterizing new orbital environments,
monitoring their evolving use, and determining appropriate sustainability practices.

Developing a Sustainable Spectrum Approach to Deliver 5G Services and Critical Weather Forecasts
Fifth-generation (5G) wireless networks bring expectations of very fast, data intensive connectivity, with new capabilities
that exceed today’s 4G cellular networks. These 5G systems are the future of data connectivity, providing faster download
speeds and more capacity to facilitate realtime general consumer and industrial applications. Implementation of 5G wireless
networks will require the use of additional swaths of the radio spectrum.” Although 5G will utilize multiple frequency
bands, the United States is working to permit new communications system uses of the spectrum in millimeter wave bands
above 24 gigahertz (GHz) that are adjacent to key satellite remote sensing bands, making measurements of signals in that
part of the electromagnetic spectrum critical for weather forecasts difficult to detect without comprehensive regulatory
protection.

Section 4 — Leading in a Time of Change

Space Leadership in Transition

For generations, Americans have heard government officials, academics, technology pundits, and others talk about
leadership in space. From this we can infer that space leadership has enduring importance. However, it seems to mean
different things to different people. It also changes over time—space leadership today does not have the same
characteristics and share the same priorities as in the days of Sputnik and Apollo. This paper discusses how we should
characterize space leadership in the post-Cold War, twenty-first century context, and examines the hypothesis that the
primary showcase for national space leadership for the foreseeable future will be cislunar space development.

Strategic Foresight: Addressing Uncertainty in Long-Term Strategic Planning

The space domain and the policy issues surrounding it provide a key opportunity for the application of strategic foresight.
Space is an increasingly complex physical, political, economic, and threat environment, with significant and rising
uncertainty. Many space systems involve capabilities that are on the bleeding edge of technological development in a field
rife with surprise from both forward leaps and setbacks. Future uncertainty in space is not just about technology, however.
The geopolitics of great power competition in space, rising questions about the civil and commercial regulatory
environment, and the state of the space workforce all pose challenges for future planning due to complex interactions, long
lead times, and high costs of miscalculation. Strategic foresight can help because it takes a holistic approach to considering
and preparing for what is possible instead of relying on existing conditions and trends to predict the future. Long-term

“See FCC’s FAST plan and the discussion of high-, mid-, and low-band spectrum: https://docs.fcc.gov/public/attachments/DOC-354326A1.pdf
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vision is needed to navigate the toughest issues in space policy and help the United States proactively shape the path toward
its preferred futures.

Space Game Changers: Driving Forces and Implications for Innovation Investments

The advancement of new space technologies, architectures, applications, and emerging business models will continue with
many breakthroughs as well as some disappointments. A rapid and relentless pace of change requires timely analysis. This
report offers a framework for government decisionmakers as they consider complex space sector innovation strategies and
how best to prioritize investment decisions. The framework calls for recognizing innovations that offer market disruption
for new users or applications, breakthrough capabilities, or incremental improvements and suggests a strategy for
investment and risk management to advance these innovations to game changers that benefit civil, military, and national
security interests. Ultimately, a portfolio management approach is needed across the whole-of-government to rationalize
U.S. government investments in space innovation.

Defense Space Partnerships: A Strategic Priority

The United States has not fully leveraged its allies and defense partners in the space domain. This is partly due to
significant obstacles, like classification and releasability, that have impeded more and deeper defense space partnerships. It
also reflects the legacy of the Cold War, a period when space was dominated by a few major powers. A new space era is
upon us. Allies and partners are developing significant space systems that can enhance U.S. capabilities. Concurrently,
potential adversaries are developing weapons that could threaten U.S. and allied assets. The seriousness of the threat
demands a more concerted and international approach. In this new space era, U.S. leadership should treat defense space
partnerships as a strategic priority.

Space-Based Solar Power: A Near-Term Investment Decision

The concept of space-based solar power, also referred to as solar power satellites (SPS), has been evolving for decades. In
1968, Dr. Peter Glaser of Arthur D. Little, Inc. introduced the concept using microwaves for power transmission from
geosynchronous orbit (GEO) to an Earth-based rectifying antenna (rectenna). Since then, technology has advanced on
several fronts to remove some of the technological and economic barriers to practical full-scale implementation. U.S.
decisionmakers are now facing a pivotal moment as several countries continue to invest in this promising, game-changing
technology. This paper discusses the history of SPS, a few leading innovators, key functional components, and market
applications. Ultimately, the United States must decide whether and how to invest in SPS to optimize the various
operational, competitive, and societal benefits that this type of application offers to commercial, defense, and civilian
markets.

Survey of Space-Related Political Appointees and Offices in the U.S. Government

This chapter discusses the connection between political appointees and policymaking for space by exploring the universe of
appointees that make space-related decisions and support both development and implementation of the president’s policy
on space issues. The departmental space offices, space policy advisory group in the White House, space-focused political
appointees, and appointees with influence over space alongside a larger portfolio all contribute to the context and content of
space policy, and are analyzed here. This analysis explores key factors for consideration and choices made by past
administrations in order to demonstrate the breadth of options facing the new administration and potential consequences
following each choice.
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DEVELOPING A FOUNDATIO
SPACEPOWER DOCTRINE

INDEPENDENT SPACE-MINDED
AND IDENTITY, = %

Peter L. Hays, Russell Rumbaugh, and Michael P. Gleason

The Space Force has taken a key step in establishing its doctrine, culture and identity by publishing the
Spacepower Capstone Doctrine in August 2020. But specific choices yet to come that favor either space
control or survivability will infuse the Space Force’s culture and identity and shape the tools the Space
Force provides the nation for decades.

Introduction

The United States has a Space Force. Now what will the Space Force do? There are many ways to answer that question,
from daily tasks to formally assigned missions. But nothing will be more important in shaping what the new service does to
advance its efficacy than the Space Force’s identity, culture, and doctrine. Space Force leaders themselves acknowledge the
centrality of these factors. In his foreword to the Spacepower Capstone Publication (SCP) released in August 2020, Chief
of Space Operations General Jay Raymond noted that the doctrine represents the Space Force’s “first articulation of an
independent theory of spacepower” and “answers why spacepower is vital for our Nation, how military spacepower is
employed, who military space forces are, and what military space forces value.”! General Raymond’s foreword also notes:

Agility, innovation, and boldness have always been the touchstone traits of military space forces.
Today, we must harness these traits to pioneer a new Service and a new professional body of
knowledge. This capstone doctrine is a point-of-departure toward that goal, not a final adjudication.
Given the nascent state of spacepower theory, this publication will inevitably evolve over time as
it is applied, evaluated, and refined. Therefore, military space forces are encouraged to read,
critique, debate, and improve upon the ideas that follow.”?

This chapter seeks to critique the SCP and offer suggestions for the next version by positioning the SCP within the broader
evolution of thought about spacepower doctrine.

As the United States leverages space for military, commercial, and societal advantages and space becomes ever more
democratized yet contested, everyone in the United States should care how the Space Force will defend this domain. How
the Space Force sees itself and how it decides to fight will determine whether the Space Force delivers enduring strategic
advantages, achieves goals the nation’s leaders seek for space, or even becomes a liability. Once military organizations are
settled into their ways, senior political and military leaders can find their tools—no matter how polished and refined—do
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not achieve the ends national leaders seek. The Space Force is currently establishing its identity, culture, and doctrine; these
factors will be key in setting its priorities and explaining why it favors some missions over others. In essence, the next few
years will be critical for all space forces and what they do for the country.

Defining Terms

To understand what the Space Force must build and how it will employ these systems, we must first define what we mean
by doctrine, identity, and culture. Doctrine orients a military service and provides a foundation for further strategic and
operational thought. Military doctrine is a formal set of beliefs that help to translate national security strategies and policies
into specific military objectives, develop effective and efficient military strategies, and create the appropriate military
organizations, systems, and operations for obtaining these objectives. In theory, doctrine could exist without or be drafted
prior to an organization’s creation, but in practice doctrine and organizations are almost always inextricably woven
together. Historian 1.B. Holley, Jr. emphasized these inherent links between doctrine and organizations in his concise
definition of doctrine as “what is officially believed and taught about the best way to conduct military affairs.”

Identity and culture are more amorphous terms, centered on the things that distinguish one group from another, how group
members categorize themselves, the social behavior and values of a group, and the contributions and achievements of the
group. Distinct military identities and cultures arise from operational and social factors including shared perceptions,
concepts, values, and behavior. It can be difficult for formal processes to be the primary drivers in shaping military identity
and culture; new military identities can form rather quickly but it can be a generation-long process to develop or change the
culture of a military organization.

Doctrine—Ilike strategy itself—can be thought of as theory. Good doctrine will perform the primary roles of any theory:
description, explanation, and prediction. When the members of a military service see the world through that doctrine, they
have answers to basic operational questions and the service has a stronger foundation for a distinct identity and culture.

Main Drivers for Space Doctrine

Creation of the independent Space Force was the catalyst for the SCP, but space doctrine has been ripe for new
developments for at least a generation. When space forces were a part of the Air Force, they got caught up in the doctrine,
identity, and culture of that organization, itself a relatively new military organization. Now that the Space Force is

independent it must seize every opportunity to balance and prioritize in its own doctrine all the different tasks and units it
has inherited.

Early airpower advocates promulgated a simple, clear, and strongly held mantra: airpower is inherently offensive,
manifestly strategic, and should, therefore, be organized independently.* These powerful ideas helped guide the United
States toward creation of an independent Air Force in 1947 and drove Air Force decisions for decades. During most of the
Cold War, the Air Force insisted that space and air formed a seamless operational domain which it defined as “aerospace,”
a position opposed by the rest of DOD that saw distinct space and air domains.’

Under the seamless aerospace concept, for decades the Air Force tended to “force-fit” space doctrine into the mold of air
doctrine and argued that the three major airpower characteristics of speed, range, and flexibility applied equally well to
spacepower when, in fact, speed and range mean very different things in space than in the air and spacecraft are among the
least flexible of all today’s military systems.

As the Cold War was ending, the Air Force began thoughtfully addressing many of the problems with the aerospace
concept and the development of spacepower doctrine. Several of these improved approaches build from Dennis Drew’s
doctrine-tree model—the idea that doctrine should grow out of the soil of history, develop a sturdy trunk of fundamental
doctrine, branch out into doctrine for specific environments, and only then attempt to sprout the organizational doctrine
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analogous to “leaves.” Drew’s doctrine tree metaphor provided a comprehensive way to critique the aerospace concept and
the Air Force’s earliest space doctrine as an attempt to grow leaves on a nonexistent branch.

Comparing the Lupton and Rumbaugh Spacepower Doctrine Typologies

Finding the airpower mantra and the aerospace concept to be inappropriate for developing spacepower doctrine, space
officers searched for a better foundation to advance spacepower thought. One of the most influential examinations of these
concepts is the four-part typology developed by Air Force Lieutenant Colonel David E. Lupton in his 1988 book, On Space
Warfare.® He argued there were four schools on how the United States should use space: sanctuary, survivability, control,
and high ground. The first two, sanctuary and survivability, emphasized space capabilities’ role in supporting terrestrial
forces. The sanctuary school argued that the critical strategic utility of space systems in providing capabilities including
nuclear command and control, missile warning, and national technical means of verification (NTM) for arms control should
not be endangered by developing capabilities that raise the risk of conflict outside of the atmosphere. Survivability
acknowledged greater military use of space—and even the threat to space forces—but emphasized that space forces were
subordinate to the other, terrestrial military missions they supported. Lupton’s other two schools prioritized space forces.
The third, the control school, held that space should be thought of like other military theaters of operation where the
primary military objective is to gain control over the domain. “Control” implies an ability to maintain one’s freedom of
action while also having the ability to deny freedom of action to adversaries. The fourth school—high ground—goes even
farther, holding that space has the potential to be the decisive theater of combat operations. Reasoning by historical
analogy, the high ground school posits that just as holding the high ground is often the decisive factor in a land battle or as
airpower often prevails over land and sea forces, in the future, space forces will dominate terrestrial forces.

Russell Rumbaugh’s 2019 analysis on space doctrine schools of thought saw six distinct schools compared to the four from
1988, each of which has a different vision of war and therefore what role space forces will play.” Lupton’s control
translated directly into the space control first school, though it amended the school to give it decisive effects through the
same logic that other domains, like air superiority or command of the sea, have followed: If you do not win this domain
first, you will lose the war. Lupton’s high ground school is captured in one variant of the galactic battle fleet school, though
thirty years later, the promises of true terrestrial strike high-ground weapons remain technological dreams rather than
operational realities. But this new taxonomy suggests another variant of Lupton’s high ground school, enable global missile
war, which relies on strikes by terrestrially based, precision-guided missiles enabled by space-based sensors and command
and control. Today there is really no equivalent to Lupton’s sanctuary school. With years of developments of space and
four nations explicitly testing anti-satellite weapons, no one is seriously arguing space is not contested.® The big difference
between the 1988 and 2019 schools is the greater split of Lupton’s survivability school. The 2019 account posits three
separate schools that stress the importance of space but still see it subordinate to other priorities: Keep the plumbing
running emphasizes traditional terrestrial military forces; frictionless intelligence emphasizes strategic intelligence; and
nukes matter most emphasizes the nuclear deterrence mission. All recognize the importance of space and rely on space
forces but have unique priorities and demands on space forces.

Comparing and contrasting the two taxonomies highlights enduring challenges for Space Force’s doctrine and mission
priorities. Table 1 puts the 1988 schools on the left-hand column and the 2019 schools on the right-hand column. Within
those columns are the value space systems provide, the preferred system characteristics, and the missions each school
expects the various space forces to conduct in conflict. So arrayed, the table shows that many of the characteristics being
pursued for today’s spacecraft align with both Lupton’s survivability and control schools (highlighted in yellow). As
described above, few argue for a sanctuary approach. And while many advocates for high ground remain, the technology
remains unready, leaving the principal tension between control and survivability.
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Table 1: What Various Schools of Thought Want from Space Forces

Primary Value and Space System
Functions of Military Characteristics and Conflict Mission of
1988 Schools Space Forces Employment Strategies Space Forces 2019 Schools
Sanctuary + Enhance strategic ¢ Limited numbers ¢ Limited Nukes Matter Most
stability + Earth-focused + Survive nuclear war
+ Facilitate sensors most
intelligence important
gathering
Survivability ¢ Enhance strategic + Autonomous control = ¢ Force enhancement
stability + Attack warning + Degrade gracefully
S _Facillitate sensors + Fend off adversary Frictionless Intelligence
mtelhggnce ¢ Less vulnerable attacks in order to
gathering orbits preserve systems
+ Force + Maneuver
enhancement o
¢ Space mission
assurance
» Defensive
operations
» Resilience
M q Keep the Plumbing
Dlsagg.regatlon Running
— Protection
— Distribution
— Proliferation
Fight in space ~ Diversification ¢ Space domain
» Deception awareness
+ Reconstitution ¢ Space superiority
¢ On-orbit spares » Offensive
+ 5Ds: counterspace
Control > Deception e Space Control First
» Disruption counterspace
» Denial
» Degradation
» Destruction
¢ Bodyguards and
convoys
Target terrestrial Space-based comms ¢ Targeting
forces and sensors to track, .
*
Al-enabled C2, and St‘t"""‘(’e .advzrsatry Enable Global Missile War
target Earth-based attacks In or er”o
missiles preserve capability
High Ground

Coerce terrestrial
actors

Space-based Earth
strike weapons

Decisive space-to-Earth

strikes .
Galactic Battle Fleet®

*Rumbaugh’s Galactic Battle Fleet also encompassed a subschool that was less concerned about Earth-strike weapons as free maneuver space-to-
space weapons, whether directed at natural, adversarial, or extraterrestrial forces.
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Analogizing from Doctrine for Other Domains

Another longstanding and potentially rich source of insights for space doctrine is building from at least decades, if not
centuries, of the best military thought on military operations at sea or in the air. Seminal theorists who developed important
strategic frameworks on military operations in these two domains include Alfred Thayer Mahan, Julian Corbett, Giulio
Doubhet, Billy Mitchell, and John Warden.” Some of the key concepts that these theorists developed or applied to the air and
sea domains are command of the sea, command of the air, shared sea lines of communication, land and sea
interdependencies, choke points, harbor access, concentration and dispersal, and parallel attack.!® Several of these strategic
concepts have been appropriated directly through analogy into various strands of embryonic space theory; others have been
modified slightly, then applied. For example, Mahan’s and Corbett’s ideas about command of the sea being normally in
dispute, shared sea lines of communications between adversaries, and choke points have been applied directly onto the
space domain. General maritime and airpower concepts that have been modified to help provide starting points for thinking
about nascent space doctrine also include harbor access, command of the air, and sea control.

As discussed in recent books by John Klein and Bleddyn Bowen, however, much of our current thinking about space
doctrine may overemphasize the analogous use of British Royal and U.S. naval experience and the application of military
power within a single domain.!! Specifically, the use of Alfred Thayer Mahan’s seapower strategy and seeking the
“decisive battle” has shaped much of our current thinking about spacepower.!? This is problematic because it has led to an
offensive dominant approach to spacepower doctrine and a perceived first-mover advantage in the space domain.'3 In
contrast, Klein and Bowen advocate a more holistic and all-domain approach to space doctrine and strategy, building upon
the works of past strategists such as Charles Callwell, Raoul Castex, B.H. Liddell-Hart, J.C. Wylie, and others. They
believe space doctrine should include all instruments of national power and all-domain military operations in order to more
accurately address the character of great power competition in space.'* This perspective on the development of space
doctrine provides new considerations regarding the “cosmic coastline” of current space operations, emphasizes space’s
significant contributions in supporting both terrestrial conflict and economic prosperity, while also providing insights for
future conflict that may occur solely within the space domain.

Improving the Next Spacepower Capstone Publication

The Space Force deserves credit for recognizing the importance of doctrine to the new service and for delivering the SCP
less than eight months after it was established. The SCP is a wide-ranging document that provides strong support for the
importance of space to the United States and for creation of the Space Force. Unfortunately, however, it has less specific
guidance regarding how military spacepower should be employed. It is undoubtedly appropriate for a capstone publication
to avoid tactical details about employment of spacepower, but the SCP does not provide clear and comprehensive criteria
for why it chose to incorporate, reject, or ignore existing operational- and strategic-level space doctrine. This approach did
not provide a very strong foundation for the doctrinal content in the SCP or establish much of the framework needed to
build the next levels. In practice, this shortfall will make it more difficult for the various space forces to act on General
Raymond’s charge to apply, evaluate, and refine the SCP.

Future versions of the SCP should build much more explicitly from existing doctrine in Joint Publication 3-14, Space
Operations, and the Air Force’s Annex 3-14, Counterspace Operations, as well as from the Lupton and Rumbaugh
conceptual typologies. This is not to suggest that the next SCP should simply accept everything from existing doctrine and
conceptual typologies, but without clear and replicable criteria for evaluating the existing foundations, only limited
progress can be made. In particular, future versions should provide specific citations that extend or reject dialogue with
previous work, rather than providing a long list of previous spacepower-related materials at the end but without references
to these materials throughout the text. In the next version of the SCP, the Space Force should also consider
interdependencies and the comprehensive and holistic strategic contributions of space capabilities. Such an approach may
help the Space Force avoid stovepiped thinking and problems like the limitations the aerospace concept placed on Air
Force thinking about space doctrine.
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Doctrine is particularly important in space because we fortunately lack any experience with actual conflict in space to date.
Experience and trial and error, therefore, cannot help the Space Force select which systems and missions to favor. Indeed,
the SCP is likely to remain an important part of the Space Force’s thinking and may play an outsized role in shaping the
Space Force’s missions, priorities, and capabilities, particularly if space remains a warfighting domain without actual
warfare.

How Culture and Identity Flow from Doctrine

The chosen doctrine will also be infused throughout the organization by the culture and identity it favors. Edgar Schein,
author of Organizational Culture and Leadership,'> focuses on three “levels” of organizational culture, best visualized as a
pyramid. The first, least substantive level is observable artifacts. Artifacts are tangible and visible to the outside community
and include such things such as flags, emblems, uniforms, customs and courtesies, rituals and ceremonies, forms of address,
jargon, songs, artwork, and myths and stories about the organization. Discussions on Space Force uniforms, rank, and its
official song clearly belong in this level. The artifact level also includes architecture and technology, observed behavior,
organizational processes, and structural elements such as charters, mission statements, and organizational charts. Although
artifacts may be observable, that does not necessarily mean they are easily decipherable and meaningful to an outsider.

The first level is just the tip of the pyramid, however, and rests upon the second level, espoused beliefs and values. This
level includes strategies, goals, philosophies, values, rules, embedded skills, habits of thinking, mental models, and shared
meanings. The third, foundational level is shared, underlying assumptions, which are deeply embedded, taken-for-granted
beliefs that are the essence of a culture but often difficult to perceive. Culture at this level, according to Schein, provides
group members their basic sense of identity.

In a sense, doctrine has one foot in Schein’s second level of organizational culture, and one foot in the third. Doctrine is one
of the foundations on which strategy is based so it is reasonable to judge that doctrine may be placed more deeply in the
second level of the organizational culture pyramid than strategy. But Lupton also notes that doctrine includes influential,
unofficial beliefs that come in many levels of abstraction, putting the other foot in shared, underlying assumptions,
Schein’s third, taken-for-granted, foundational level of organizational culture.

In addition, Schein’s three organizational culture levels align closely with Drew’s doctrine tree metaphor discussed above.
The Space Force’s organizational culture should flow up from Drew’s fundamental principles at the root of the tree, be
informed by the beliefs found in environmental doctrine at the second cultural organizational level, and be particularized as
appropriate for individual unit culture. This will help the Space Force develop an organizational culture and identity that
dovetail with its doctrine, avoid overemphasis on less substantive observable artifacts, and avoid trying to grow leaves on a
nonexistent branch.

Conclusion

While a very important step, a document alone is not enough because doctrine must be assimilated into how the members
of the Space Force see their main missions and priorities. Doctrine must become part of their culture to help create a
common and distinct identity. As a new organization, the Space Force faces several enduring challenges in building this
doctrine, identity, and culture, not least because it has so many disparate responsibilities so critical to the nation. As a new
organization, the Space Force will grow from its roots and incubate a distinct culture and identity. The doctrine it pursues
will be one of the most important drivers of culture and identity—and once formed, they will shape every choice made
within the Space Force. Space is ever more critical to the United States. Not just the U.S. military but all of U.S. society
relies on space, which means all our nation’s leaders must care how space is used militarily and defended. The Space Force
was created for these purposes. The Spacepower Capstone Publication, along with the new service’s culture and identity,
will be primary drivers in forging the spacepower capabilities available to U.S. presidents and will answer basic questions
about what the Space Force does.
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A ROADMAP FOR ASSESSI

SPACE WEAPONS

Michael P. Gleason and Peter L. Hays

Given advances in the space weapon capabilities of China and Russia, and the United States Space
Force’s priority to project military power in, from, and to space, the United States needs a new debate on
the merits of fielding U.S. space weapons. Since the last debate, the strategic context has changed
dramatically, invalidating many of the previous debate’s core assumptions and primary alternatives.
Thinking about space weapons cannot remain frozen in Cold War or post-Cold War era analysis and
debates. The roadmap offered here will help the United States fully assess the merits of deploying space
weapons, the best mix of space weapons, and how their development should be prioritized. The
Department of Defense (DOD) cannot do it alone. The complexities of the issue require a whole-of-
government approach with contributions from academia, industry, and other partners.

Introduction

A top priority for the new U.S. Space Force (USSF) is “Projecting military power in, from, and to space in support of our
Nation’s interests.”! This includes applying lethal force in, from, and to space.? That new organizational imperative,
traditional military preferences for offensive doctrines, and advances in competitor capabilities all raise the question of
whether the United States will decide to field weapons in space. U.S. decisionmakers should carefully examine this most
fundamental and critical of all space security issues to assess how deployment of weapons in space by any country,
including the United States, will affect U.S. strategic interests.’ Yet the United States has not had a robust public debate
about the advantages and disadvantages of weaponizing space in almost 20 years. U.S. restraint carried the day then, but the
threats and the strategic environment have changed a great deal since that era, leading to the need for a fresh examination.

This chapter aims to spark a renewed public debate on any upcoming decisions to station American weapons in space.
Policymakers (and taxpayers) should understand thoroughly whether the United States requires space weapons to defend
U.S. space infrastructure, to provide the U.S. an advantage in conflict, or to maintain strategic stability. The United States
already has a large and varied arsenal of weapons that can attack different parts of adversary ground-based and space-based
networks, helping to deter aggression or win a fight in space if deterrence fails. But if the United States decides deployment
of space weapons is required, policymakers will need to decide the best mix of space weapons needed and decide which
types of weapons should be prioritized in development and deployment. As discussed below, options include ground-based
or space-based weapons; kinetic or non-kinetic weapons; weapons with reversible or non-reversible effects, and weapons in
different orbits for different purposes. Choices should be informed with deliberate thinking about the consequences of those
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choices on deterrence, strategic stability, and the sustainability of the space domain. Decisions should also be consistent
with U.S. treaty commitments, viewed as legitimate in international law, and ideally reinforce international norms of
behavior. Today’s space weapons debate should aim to identify the most effective ways to contribute to deterrence,
maintain strategic stability in the absence of conflict, and achieve advantage in conflict if deterrence fails.

Space Weapons

Military satellites have been in use for decades for military communications, surveillance, navigation, and weather
forecasting. While this was somewhat contentious in the initial years of the Space Age, since the 1960s the international
community has generally accepted the U.S. position that these uses of military satellites are non-aggressive; i.e., peaceful
uses of outer space. These military satellites are not considered weapons although they provide intelligence and enable
military operations.* Up to the present day, spacefaring nations have refrained from employing weapons in space for hostile
purposes although countries have deployed and tested weapons there.’

Space weapons can be divided into three main types: Earth-to-space, space-to-space, and space-to-Earth. They can be
further sub-divided into kinetic and non-kinetic weapons with either temporary or permanent effects.®

Earth-to-space kinetic weapons include direct-ascent and briefly orbital antisatellite (ASAT) weapons with a warhead or
projectile that directly strikes or detonates near the target spacecraft.” China, Russia, India, and the United States have
tested such weapons. Kinetic weapons generally have permanent effects on a satellite and create space debris.
Earth-to-space non-kinetic weapons include jammers, lasers, and cyber-attack methods, and their effects can be either
temporary or permanent. Jamming a satellite’s ability to communicate is temporary and localized, while lasers have the
ability to create temporary effects, such as blinding a satellite, and permanent effects that may irreversibly damage satellite
sensors. Several states have tested and deployed Earth-to-space non-kinetic weapons, including China, Russia, the United
States, Iran, and North Korea. Many other countries now have residual kinetic and non-kinetic weapons-like capabilities
that are inherent in the conventional technologies they have developed, such as missile defense interceptors and electronic
warfare capabilities.

Space-to-space kinetic weapons include debris-creating, co-orbital ASAT weapons which may directly crash into a target
satellite (damaging it or pushing it out of its orbit) or even explode near the target satellite. Space-based missile defense
interceptors, if deployed, could target ballistic missiles as the they transit space, but would also have inherent ASAT
capabilities. Space-to-space non-kinetic weapons include co-orbital jammers, high-powered microwaves, and lasers with
temporary or permanent effects (as noted above). Spacecraft that are used to closely track and examine target satellites, and
perhaps intercept signals and communications from such a target satellite, are not considered weapons for this discussion,
although the behavior of such satellites may indicate hostile intent, and could possibly be used for destructive purposes
even if the satellite was not intended to be a weapon.

Space-to-Earth kinetic weapons include exotic “Rods from God”-type concepts in which some sort of weapon is de-orbited
from a carrier spacecraft to attack terrestrial targets that may be airborne, on land, or at sea. Arguably, the Soviet Fractional
Orbital Bombardment Systems (FOBS), fielded operationally from the late 1960s until early 1980s, would also fit in this
category, though the Soviets argued that it was Outer Space Treaty-compliant (and the United States agreed) because it
executed a deceleration burn and, therefore, did not complete a full orbit.® Space-to-Earth non-kinetic weapons include
high-powered lasers which might attack similar target locations on land and in the sea, or in the air, although penetrating
the atmosphere may make this difficult. Space-based downlink jammers are also placed in this category. Again, effects can
be designed to be temporary or permanent.

The Traditional Advantages and Disadvantages of Space Weapons

As has been discussed over the last several decades, space-based weapons have some material advantages over weapons
based on land, in the sea, or in the air. First, if technologically and economically viable space-based weapons can be
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developed and deployed, any state that possesses them could have a significant advantage in a conflict against an adversary
that relies on space capabilities. Since the last public debate about space weapons, the technical and economic feasibility of
space weapons has increased. For example, space surveillance capabilities have dramatically improved and may better
enable the ability to track, target and attack objects in orbit than in the past. A new class of launch vehicles is making it less
difficult and less expensive to get objects to orbit. The arrival of highly capable smallsats and CubeSats and new forms of
propulsion imply that space-to-space kinetic weapons are less expensive and less technologically risky than in years past.
And lasers and high-powered microwave technological advances suggest the improved feasibility of space-to-space, non-
kinetic space weapons. Space-to-Earth weapons remain the most speculative, but with the advent of proliferated Low Earth
Orbit (LEO) constellations, even they may be more viable than in the past.

Space-based weapons, including space-based missile defenses and space-to-Earth weapons, offer enticing advantages in
conflict. Space-to-Earth weapons could attack targets deep inside enemy territory without the same risk aircraft and cruise
missiles have of being shot down. States possessing such capabilities would have enhanced ability to project power
globally. Also, space-to-Earth and space-to-space weapons may provide a persistent (albeit less visible) presence and
ability to respond to events rapidly across the globe—within minutes to hours as opposed to ships or aircraft that could take
days before they are in position to attack a target.” Currently, intercontinental range missiles are the only weapon system
with global reach and rapid response time.

Space-based weapons are potentially less vulnerable to traditional, kinetic methods of attack than terrestrial-based systems.
Tracking and targeting a satellite or a weapon in orbit is a complex, high technology endeavor. While China, Russia, India,
and the United States have demonstrated kinetic Earth-to-space weapons, and any nation with a sophisticated space
program could develop such capabilities, space-based weapons remain relatively invulnerable to kinetic attack by less
technologically sophisticated countries. In addition, space-to-space and space-to-Earth kinetic weapons would be difficult
to defend against because their very high speeds and very brief flight times provide only an extremely limited window for
warning and potential response options.

At a more strategic level, the USSF argues that space is the new high ground in modern warfare, providing a significant
advantage in conflict.!” Non-kinetic and kinetic Earth-to-space weapons provide the user an advantage by enabling
targeting of adversary space support capabilities (and space-based weapons), imposing costs on the adversary to defend
them and perhaps making the difference in who wins the war. The argument for space-to-space weapons—defensive and
offensive—to control the high ground of space follows as well.!! Others speculate that space weapons will be needed to
protect commercial satellites and the flow of potential future wealth from mining the moon, asteroids, or other celestial
bodies."”

Basing weapons in space, however, also has disadvantages in conflict. Even if a space weapon has self-defense capabilities,
its defenses could be saturated by an adversary that can take multiple or sustained shots at it. Space-based weapons are also
vulnerable to non-kinetic attacks, such as jamming or laser attacks. In addition, spacecraft follow highly predictable orbits,
diminishing their ability to surprise an adversary and making them vulnerable to countermeasures. Maneuvering the space
weapon reduces this weakness but might simultaneously reduce the weapon’s ability to fulfill its primary mission as its fuel
is used up, shortening its mission life. Making the weapons less visible through techniques to reduce their visibility, making
them appear as benign satellites to obscure that they are weapons, or distracting the adversary’s attention with decoys are a
few of the ways to mitigate this disadvantage but also drive up the cost of the weapon. Even though the technical and
economic feasibility of space weapons has improved over the last couple of decades, for the foreseeable future overall
development, deployment, sustainment, and reconstitution of space-based weapons likely will be expensive compared to
terrestrial-based weapon systems.

In addition, some argue that space weapons present broader geopolitical risks due to their potential effects on deterrence
and strategic stability. Space capabilities have a close relationship to nuclear stability and the potential for escalation
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between great powers. Space weapons could therefore alter how decisionmakers calculate nuclear deterrence. Many of the
visions of space-to-Earth weapons imagine them having incredible speed and accuracy tied to the ability to target any point
on Earth with minimal or even no warning. At enough scale and with sufficient destructive effects, such attributes would
threaten a first-strike capability; i.e., the ability to wipe out a target country’s nuclear deterrent before it has a chance to
launch a retaliatory strike. If so, nuclear deterrence may fail, a consideration that may outweigh all others. Similarly, some
have comparable concerns about space-based ballistic missile defenses nullifying a country’s nuclear deterrent and
providing a nuclear first-strike incentive for the country that possesses such capability.

Earth-to-space weapons create concerns because targeting early warning satellites, strategic surveillance satellites, and
nuclear command and control communication satellites could also be perceived as the immediate prelude to a nuclear first
strike by an adversary, triggering a response on the nuclear escalation ladder. Even if space weapons do not fatally
undermine nuclear deterrence, they still offer another path to rapid nuclear escalation.

Space weapons might upset strategic stability in other ways as well. Space is considered an offensive dominant arena,
meaning it is materially easier and less costly to attack a satellite—including space-based weapons—than to defend a
satellite. Earth-to-space and space-to-space weapons provide an offensive capability for attacking targets in space. Political
scientists contend that war is more likely when the offensive is dominant—especially if it is difficult to distinguish between
offensive and defensive weapons—and argue that there are strong incentives for striking first should a conflict appear
inevitable.'"® Surprise attack is perceived as leading to large rewards. Space weapons provide a first-mover advantage for
striking in space, but their speed could create crisis instability since decisionmakers—on all sides—will have very little time
(perhaps only a handful of minutes) to decide what to do in the face of a sudden attack in space, creating a high risk of rapid
escalation due to misunderstanding, miscommunication, and miscalculation.

Finally, the use of destructive, non-reversible kinetic Earth-to-space or space-to-space weapons would likely leave a
persistent cloud of debris and pose a long-term (potentially decades or much longer) hazard to all satellites, including
commercial and scientific satellites as well as satellites from non-adversary nations. Using weapons with non-kinetic,
non-permanent affects would mitigate this risk.

The Previous Debate: Changes in Context, Assumptions, and Alternatives

A vigorous public discussion covering many of the factors discussed above flared during the last period in which the U.S.
seriously considered the merits of space-based weapons, peaking around 2002 and waning a few years later.”* But a lot has
changed since then.

The earlier debate centered around two key alternatives: the first was whether the United States should deploy space-based
weapons first—well before China or Russia would be capable of doing so effectively—in order to take a significant
strategic leap ahead or, second, whether the United States should practice restraint in order to preserve strategic stability
and not provoke China or Russia to react in kind. Those core alternatives are no longer operative. Since that era, China has
deployed operational ground-based, direct-ascent, kinetic-kill ASATs and demonstrated co-orbital ASAT capabilities."
Russia has also tested ground-based, direct-ascent kinetic ASATs and appears to have tested in-orbit anti-satellite weaponry
as well. The United States no longer gets to choose whether to leap ahead or to seek to inspire restraint among U.S.
competitors. Indeed, today both China and Russia have the capability to station weapons in space and the June 2020
Defense Space Strategy states bluntly that China and Russia have already weaponized space.'® While a future
administration could revise U.S. strategy in space or attempt to secure new international agreements restricting space
weapons, the U.S. has rung a bell that cannot be unrung by declaring space as a warfighting domain and by revealing some
of what is known about potential adversaries’ activities there. There will be implications on behavior by allies, adversaries,
and third parties, as well as within the U.S. government.
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As noted earlier, the new space weapons debate should inform decisionmakers on which space weapons, if any, contribute
the most to deterrence and strategic stability, in the absence of conflict, while providing an effective means to achieve and
maintain advantage in conflict. In addition to the factors outlined above, that debate requires due consideration of major
changes in the strategic environment over the last 20 years.

The Strategic Space Environment in 2021

The strategic challenges in space presented by China and Russia, taken alone, may provide compelling reasons for the
United States to deploy space weapons of its own. However, rather than basing a U.S. decision primarily as a reaction to
China’s and Russia’s provocations, the United States should carefully consider the viability and effectiveness of space
weapons for itself, bearing in mind the advantages and disadvantages outlined above and in light of the changes in the
strategic environment identified below. Only then should the United States consider the best strategy and best mix of
capabilities needed to respond to China’s and Russia’s space weapons. U.S. decisionmakers must weigh the considerations
offered below when making decisions regarding space weapons.

China and Russia are great power competitors and space powers. The United States was far ahead of China

20 years ago in economic and military power, and in space capabilities. Today, China is a near-peer competitor with much
more military power across the board than two decades ago and possesses significant space capabilities, including a variety
of space launch vehicles, a wide array of modern satellites, and ASATs. China is asserting itself in its immediate region, the
South China Sea, Taiwan, and Hong Kong as well as globally. Space systems are an integral part of China’s ability to
achieve its goals.

China has an extensive arsenal of Earth-to-space weapons, including operational communication, radar, and GPS jammers
as well as Earth-to-space direct-ascent, kinetic-kill ASAT missiles to target satellites in LEO. In addition, in 2019, the
Defense Intelligence Agency (DIA) said China was likely to deploy a ground-based laser weapon in 2020 to target the
optical sensors of satellites in LEO, and have a more powerful laser by the mid-2020s that can damage the structural
components of LEO satellites."”

Because of these extensive Chinese capabilities, from the moment they are placed in orbit, future U.S. space-to-space and
space-to-Earth weapons in LEO will face potential attacks from these kinetic and non-kinetic capabilities. China is also
likely developing kinetic ASATs capable of destroying satellites in geosynchronous orbit (GEO), so these vulnerabilities
are not unique to LEO."™ The potential benefit of U.S. deployment of space-based weapons and whether their fielding will
contribute substantially to achieving and maintaining advantage against China will have to be carefully weighed in this
light.

Like the United States, China has also tested satellites with technologies which could be used as space-to-space weapons.
Technologies for on-orbit servicing, and rendezvous and proximity operations could serve dual-purpose roles as benign
on-orbit servicing and inspection satellites or as space weapons.'® U.S. defenses against these space-to-space capabilities
might be placed on the ground, as noted above, or placed in space. The merits of placing U.S. ASAT weapons on the
ground or in space, and the merits of relying on kinetic or non-kinetic options to defend against adversary space-to-space
weapons should differ significantly between satellites in LEO, GEO, and other orbits and should therefore be debated
separately.

The United States also should consider the possibility of China placing space-to-Earth weapons in orbit and debate the most
effective means to counter them. At present, this threat remains highly speculative and no open-source examples of
space-to-Earth weapons tests—kinetic or non-kinetic—exist. But the threat of space-to-Earth weapons to the United States
from China should not be entirely dismissed.? The People’s Liberation Army’s (PLA’s) 2013 Science of Military Strategy,
(SMS) published by the PLA’s top think tank and considered an authoritative, credible open source of PLA doctrine on
military space, indicates the PLA has done the intellectual groundwork for fielding space-to-Earth weapons.?! SMS
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identifies space-based attack operations against ground, sea surface, and targets in the air as a military space mission.??
SMS also stresses development of new technologies to offset U.S. military advantages, including space weapons, that will
leapfrog the United States in next generation defense technologies and give China asymmetric advantages.?? Culturally, the
Chinese put military strategists on a pedestal,>* and as an authoritarian political system, military requirements and
capability development more closely align with pronounced, authoritative strategy than is sometimes the case in the United
States. The United States should consider the possibility of China developing space-to-Earth weapons and debate the best
mix of capabilities to counter them should they appear.

While Russian resources are modest compared to China, the nation continues to develop high technology weapons systems
under Vladimir Putin’s authoritarian leadership. Since the last serious debate in the United States on deploying weapons in
space, Russia has invested in and tested counterspace weapons, including worrisome systems it never developed even in the
depths of the Cold War.

Russia has fielded Earth-to-space weapons (such as communication, radar, and GPS jammers) and in April 2020, Russia
tested a direct ascent ASAT. In addition, in 2018, Russia began fielding a mobile ground-based laser weapon that the
Russia Defense Ministry said could be used against satellites and is developing an airborne laser weapon system to use
against space-based missile defense sensors.” As with the PLA ground-based ASATSs, U.S. decisionmakers will need to
take into account U.S. space-based weapons’ potential vulnerability to these Russian capabilities and prudently evaluate
their ability to provide substantial benefit, compared to terrestrial-based alternatives, against Russia.

Russia has also tested space-to-space kinetic weapons. In late 2017, a Russian satellite demonstrated the ability to get close
to another satellite and fire a projectile at a very high velocity. In late 2019, a similar Russian satellite maneuvered
provocatively close to a U.S. government satellite in LEO, and in July 2020 the same satellite that approached the U.S.
LEO asset was observed firing a projectile.” U.S. options for achieving and maintaining space superiority in this scenario
may include Earth-to-space, or space-to-space weapons with kinetic or non-kinetic effects. The merits and risks of each of
these options should be debated and assessed thoroughly.

While the Soviets decommissioned their FOBS system after negotiating them away as part of the second Strategic Arms
Limitation Treaty (notwithstanding the U.S. Senate’s failure to ratify the treaty), at least the concept is back in the news. In
March 2018, Russian President Vladimir Putin showed a graphic of the RS-28 Sarmat heavy ICBM placing a nuclear
warhead on an orbital trajectory and descending on Florida. And although FOBS was a ground-based nuclear weapon
system, it demonstrates Russia has long had the technological capability to successfully reenter targeted warheads from
orbit.?’ In considering options for space-to-Earth weapons, the United States will want to evaluate whether it would be
more or less secure on balance if they were widely fielded.

Based on the discussion above, the new debate should carefully weigh how U.S. space weapons would fare in a conflict
with China or Russia in the face of the Chinese and Russian capabilities. It is reasonable to argue that U.S. space-to-space
and space-to-Earth weapons would be exposed, at some level, to already existing Chinese and Russian Earth-to-space
capabilities and nascent space-to-space capabilities. The United States will need to make significant investments to protect
and defend U.S. space-based weapons. In comparison, U.S. Earth-to-space weapons would not be directly threatened by
these Chinese or Russian capabilities but, instead, would be able to threaten Chinese and Russian space-based weapons and
other space-based capabilities. With U.S. territory spanning almost 60 percent of the globe East to West (Maine to Guam),
with territories from near the Equator to the Arctic Circle, and with bases around the world, U.S. Earth-to-space weapons
should be able to rapidly reach LEO to defend U.S. satellites or threaten adversary satellites there. However, U.S.
Earth-to-space weapons might not be so effective in scenarios at GEO and other orbits. In light of these considerations the
new space weapons debate should consider the best strategy and best mix of U.S. space-based weapons and terrestrial-
based weapons that gain the United States the most advantage and impose the most costs on Russia and China.
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The new strategic environment presents additional complexities, however. As noted above, the space weapons debate has
always included discussion of the affects space weapons could have on deterrence, and strategic stability. Those traditional
concerns still exist and should be debated anew. However, the changes to the strategic context outlined next need to be
added to the debate in order to more holistically inform decisionmakers of new potential strategic problems and dilemmas
that deployment of space weapons could create.

The Outer Space Treaty, Arms Control Treaties, and Overflight. Fresh thinking is needed regarding the right of
overflight as it pertains to space-based weapons. The 1967 Outer Space Treaty (OST)* and U.S.-Russia arms control
treaties since the 1970s established the legitimacy of satellite overflight, but neither instrument provides unambiguous
protection for space-based weapons in international law. The OST established the legitimacy of overflight when done for
peaceful purposes. Even after the OST went into effect the Soviets argued that accepting “nonaggressive” military
overflight as “peaceful” overflight did not mean they acknowledged the legitimacy of overflight that endangers their
security.?” With that in mind, it is difficult to argue convincingly that space-based weapons would be considered legitimate,
peaceful, or nonaggressive uses of space. The OST does not ban conventional weapons from being placed in orbit, but
neither does it provide any treaty protections.

Beginning with the 1972 Anti-Ballistic Missile (ABM) Treaty provision for noninterference with National Technical
Means (NTM) and language repeated in several subsequent agreements, arms control treaties legitimized overflight of
photo reconnaissance satellites and other types of satellites used to verify treaty compliance. The last of these arms control
treaties, the 2010 New Strategic Arms Reduction Treaty (New START) currently in force between the United States and
Russia is set to expire on February 5, 2021.% If that happens, formal prohibitions on interference with NTM also expire.
U.S. decisionmakers should not reflexively assume the OST or U.S.-Russia arms control treaties would protect the
legitimacy of overflight of space weapons, even in peacetime.

These two treaty-based protections for overflight helped establish a norm of unrestricted overflight that is broader than the
treaties grant. In fact, the norm of unrestricted overflight has become so taken-for-granted that the presence of the norm is
not even noticed. However, norms can shift suddenly, especially in response to a triggering event.”’ The new debate should
evaluate if deploying space-to-space or space-to-Earth weapons might be a strong enough catalyst for nations to recalculate
the norm’s value given their national security interests.

For example, if an adversary put a space-to-Earth weapon that presented a grave threat to U.S. national security into an
orbit that passed over U.S. territory tomorrow, adhering to the norm of unrestricted overflight means the United States
would accept the situation, not protest, and only retaliate if the adversary took some sort of destructive action. But some
political and military leaders—and opinion leaders—might reject acquiescing to such a grave new threat. The United States
and the other countries overflown may have the right to challenge such a space-to-Earth weapon based on the UN Charter
right to self-defense and the Law of Armed Conflict with its provisions on self-defense and anticipatory self-defense. On
the other hand, in the analogous nautical sense, in some cases another country’s warship may have a right to freedom of
passage within a state’s territorial waters. U.S. decisionmakers should work out what the U.S. strategy would be if China or
Russia deployed space-to-Earth weapons first.

Space-to-space weapons produce similar concerns although the risk to the overflight norm is less straightforward since
space-to-space weapons would not directly target a country’s sovereign territory—but only its assets in orbit (although
those, too, might be considered sovereign). In addition, the new debate should consider whether deploying any type of
space-based weapon could weaken the right of overflight for other military satellites. Just deploying space-based weapons
may mark all military satellites as targets, even in peacetime, since there is no guarantee that space-based weapons could be
confidently distinguished from other military satellites. Today’s debate should examine the indirect risks the deployment of
space-based weapons might create for military and intelligence community intelligence, surveillance, and reconnaissance
(ISR), communication, and other satellites.
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Earth-to-space weapons would not raise questions about the overflight norm, but they do allow the countries that possess
them to hold space-based weapons at risk even if a conflict has not started. When debating space-based weapons—along
with the merits of each weapon type—the United States should evaluate how such systems—whether China’s, Russia’s or
America’s—might not be protected by the assumed right of unrestricted overflight. Without a full assessment, major
decisions may be based on faulty assumptions and not result in the expected advantages for the United States.

The Expanding Gray Zone. U.S. policymakers and decisionmakers will also need to understand what effect deploying
space weapons would have on gray zone activities. Gray zone tactics are the use of force or other means to achieve
objectives while staying below the threshold of a conventional war.”” Satellites have long been an integral part of gray zone
activities. Fielding space-based weapons would add another dimension of ambiguity to such activities that the United States
should consider when making space weapon deployment decisions.

As space becomes more congested with more countries and commercial entities in orbit and dual-use capabilities
proliferate, threats increase and space becomes more contested with an expanded gray zone. Space is not immune from
China’s growing emphasis on its military-civil fusion (MCF) strategy in which China seeks to integrate military and
civilian resources more effectively for military purposes. The employment of MCF in China’s space activities focuses on
using dual-use space capabilities militarily and portends China’s use of gray, proxy forces in space, much as China’s
maritime militia of armed fishing vessels plays an influential role in asserting China’s claims in the South China Sea.”
Gray, proxy space forces could potentially challenge U.S. space-to-space and space-to-Earth weapons (as well as
non-weapon space capabilities) without crossing the threshold that triggers a military response. Such a scenario would
create difficult dilemmas for decisionmakers and disturb strategic stability.

In addition, if a U.S. space-based weapon is attacked in peacetime, either by gray or conventional forces, public attribution
of the attack could be problematic. While U.S. military capabilities to attribute bad behavior in space have improved over
the last 20 years, unless the attack is easily observable to many independent observers, public attribution may require
release of sensitive information about U.S. satellites and the sources and methods used to attribute the attack. Commercial
or partner unclassified space surveillance information about an attack might be shared with the public, but an adversary
could potentially obscure the information and create doubt about its validity. In that way, since conflict escalation might
need broad support by American politicians (and therefore the public), as well as allies and partners, the adversary may
avoid significant retaliation in such a case. Furthermore, tempting adversaries to use gray zone tactics to challenge space-
based weapons, without facing clear consequences, could weaken deterrence and disrupt strategic stability.

In total, this argues that all scenarios would have to be explored if a decision is made to field a classified space weapon. An
analogy could be made to the risk associated with an alternative history in which the U.S. fielded submarine-launched
nuclear missiles while attempting to hide the very existence of those submarines; if an adversary became aware of the threat
and the submarines were fielded anyway, adversaries could have incentives to destroy the submarines on the presumption
that the U.S. would not acknowledge the destruction.

For these reasons, the new debate on space weapons must evaluate the challenges gray zone activities (the new normal
today) create for the viability and effectiveness of space weapons, and the risks gray zone activities produce for deterrence
and strategic stability. Decisionmakers will need to decide the best mix of space weapons and decide which types of
weapons should be prioritized in development and deployment while keeping the gray zone firmly in mind.

Way Ahead

The strategic environment has changed since we last had a national debate about deploying weapons in space. The United
States should revisit the debate in the new era of great power competition and in light of the creation of U.S. Space
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Command and the U.S. Space Force. This paper provides a roadmap for the new debate but does not fully assess all the
factors introduced here and reaches no fully fleshed out conclusions. That is for the community to do now.

Today’s debate should be informed by the debates of the past, but must be updated and based on a fresh analysis, new core
assumptions, and an appreciation for new conditions. To avoid Russia and China imposing unnecessary costs on the United
States, U.S. decisions on space weapons should not be made simply in reaction to China and Russia’s space weaponization.
U.S. decisions on space weapons require an exhaustive comparative analysis of the value to U.S. national security to
develop, build, and deploy any type of space weapon and the downsides to such a decision. Is the United States better off
with or without space weapons of any type? Indeed, the answer may not be binary. The analysis might lead to a conclusion
that certain types of weapons or certain functions of such weapons are advantageous while others are not.

The United States should consider how deployment of space-based weapons might drive changes internationally in the
interpretation of the OST right to peaceful uses of outer space and the norm of unhindered overflight. The status of
U.S.-Russia arms control agreements and likely demise of treaty provisions for noninterference with overflight should also
weigh on decisionmakers’ minds. The United States should recognize space lends itself to gray zone approaches and
consider how gray zone attacks against space weapons would be deterred. As well, we must bring back to mind the old
concerns about the effect of space weapons on strategic stability. China and Russia face most of the same concerns
discussed above. The question is, can the United States use such concerns and technologies to its advantage?

The increasingly congested space domain with ever more debris, more spacecraft, and more stakeholders may create
additional dilemmas and trades for decisionmakers to balance. For example, how does a decisionmaker balance an
increased risk of casualties (by not denying an adversary use of its space capabilities) with the risk that use of a debris-
creating weapon in space may later cause the unintended destruction of friendly or third-party satellites, significantly
increase the risk of operating in that orbit and surrounding regions of space for generations, or cause unknowable, harmful,
tertiary effects? While current political tensions may make it unlikely in the near term, it is possible the United States,
China, Russia, and other countries could find it in their mutual interest to agree to formally proscribe weapons that create
space debris. The Geneva Conventions and their Additional Protocols regulate armed conflict and seek to limit its effects,
providing an example of a framework for limiting conflict that extends into space. Mutual restraint in deployment and/or
employment of debris-creating space weapons would reduce the indirect risk of indiscriminate, disproportionate harm to
civilians or non-combatants, help preserve the sustainability of space environment, and temper decisionmakers’ dilemmas.
The community should continue to investigate ways to develop diplomatic instruments that would reduce the indiscriminate
risks of debris-producing space weapons.

Further research and analysis in the areas identified in Table 1 should inform a new public debate on space weapons. Doing
so will contribute to strategies to advance U.S. security and promote strategic stability.

The spotlight should be placed on countering China’s capabilities first, since China is developing and deploying space
weapons the most aggressively. The USSF and Department of Defense (DOD) cannot do it alone, however. The issues
require a whole-of-government approach with contributions from academia, industry, and other partners. While the DOD
and Intelligence Community (IC) should take the lead on evaluating the advantages and disadvantages of space weapons,
for example, the Department of State (DOS) should take the lead on evaluating if space-based weapons are protected by the
right of unrestricted overflight and investigating diplomatic avenues to reduce the risk of debris-producing space weapons.
Then the DOS, working in close coordination with the DOD, should articulate U.S. positions in the international
community in order to shape international opinion favorably toward the U.S. position. Likewise, the Department of
Commerce (DOC) could play an important role in narrowing the gray zone with its civil space traffic management
initiatives establishing international standards, guidelines, best practices, and norms of behavior for activities in outer space.
The DOC will play a key part in bolstering stability and deterrence in space by working with commercial and international
partners to shine light on non-standard or nefarious gray zone activities there.
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Table 1: Areas for Further Research and Strategizing

1. Consider the advantages and disadvantages of U.S. space weapons given Chinese and Russian ASAT capabilities against
potential U.S. space weapons.

a. Separately weigh the relative advantages and disadvantages of each space weapon type, for each type of orbit, in the
overall context of U.S. security.

b. Review the various technologies available, determine potential asymmetries, and assess if these asymmetries are
acceptable or can be offset in some way.

2. Evaluate if space-based weapons are protected by the right of unrestricted overflight and the effect on decisions if they are not
protected.

3. Explore how space-based weapons can be protected against nefarious gray zone activities or how such activities can be
deterred.

a. Assess if potential gray zone vulnerabilities in space could weaken deterrence and stability.
4. Examine potential U.S. courses of action should China or Russia deploy space-to-Earth weapons first.

5. Gauge the indirect risks the U.S. deployment of space-based weapons might create for U.S. military and intelligence ISR,
communication, and other satellites.

6. Investigate ways to develop diplomatic instruments that would reduce the indiscriminate risks of debris-producing space
weapons.

7. Develop strategies for the U.S. to turn the concerns raised here to its advantage

Only by considering all these points can the United States make fully informed decisions about the deployment of space
weapons, the best mix of space weapons, and how their development and deployment should be prioritized. Hopefully, the
roadmap offered here will help inform and guide those decisions. Times have changed and the new era of great power
competition means core assumptions, questions, and concerns about space weapons cannot remain frozen in Cold War or
post-Cold War era analysis and debates. U.S. decisionmakers should make these choices consciously having weighed each
of the considerations flagged here.
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Summary

The use of space is changing, with implications for U.S. national security. But there is not a
consensus on how space is changing nor on how to best organize to achieve U.S. national
security in space. This paper identifies six different schools of operational thought with
different visions of what war will look like in the future leading to different technological and
organizational preferences for how to prepare for those wars. These schools are:

1. Space Control First. Drawing on traditional naval and air power thought, this school
presumes we must gain space control first to allow all other uses of space to proceed.

2. Enable Global Missile War. This school presumes that precision-guided missiles,
ballistic and hypersonic, are poised to fundamentally change how war is fought so long
as space-based capabilities for surveillance, targeting, and navigation are available.

3. Keep the Plumbing Running. This school presumes traditional military operations
remain dominant, though dramatically more effective because of space.

4. Frictionless Intelligence. This school presumes the value of space for gathering
strategic intelligence supersedes all other uses.

5. Nukes Matter Most. This school presumes nuclear war is so terrible a possibility that
space’s role in commanding nuclear weapons must supersede all other uses.

6. Galactic Battle Fleet. A final school sees even grander long-term uses of space for
national security, including space-based weapons that can strike anywhere in the world,
defense of the planet from any threat originating elsewhere in the universe, and
exploitation of key orbital “terrain” beyond geosynchronous Earth orbit. To respond,
this school sees a need in the future for as yet unrealized technologies.

While few people belong completely in one school at the expense of all others, identifying
distinct schools allows us to better understand the choices being made today about how to
organize and fund space for national security.
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Introduction

The use of space is changing, with implications for
U.S. national security. Adversaries threaten U.S.
space assets. Commercial industry offers new
opportunities. Given widespread acknowledgement
of these environmental changes, the president has
proposed changes in the U.S. national security space
enterprise, including a new U.S. Space Force, U.S.
Space Command, and Space Development Agency.
However, even as the U.S. national security
enterprise reorganizes, there is not a consensus on
how changes in the threat and commercial
opportunities will affect the use of space for national
security in the future. Different proponents identify
different aspects of these changes as the most
salient. These proponents therefore champion
different solutions for how the U.S. government
should reorganize national security space to adapt to
those changes.

To provide a framework for understanding these
differences, this paper bins many loosely associated
and even competing ideas into a limited number of
schools of thought on how the United States should
operate in space to advance its national security. It
identifies distinct schools based on their different
views of war in the future and the technology and
organization they see as necessary to prepare for that
future vision. These schools each bring specific
assumptions that lead to specific priorities.

This paper proposes six distinct schools of thought:
Space Control First, Enable Global Missile War,
Keep the Plumbing Running, Frictionless
Intelligence, Nukes Matter Most, and Galactic
Battle Fleet. Each of these schools is explored
further in the following sections and Table 1
provides a summary of them. Together, these
schools capture the bulk of contemporary thought
on how the U.S. national security enterprise should
operate in space.
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Implications

This paper does not evaluate the merits of each
school. But by comparing them next to each other in
a like way, it clarifies what is at stake in decisions
today about how to organize space. General John E.
Hyten, commander of U.S. Strategic Command,
said, “We’re going to change the way we look at
space. We’re going to look at space and we’re going
to define our future, and we’re going to treat space
like a warfighting environment.”!

How space is treated as a warfighting domain
depends on which school dominates the new
national security space organizations. Each of the
schools of thought outlined in this paper has a
coherent vision of future war, what space’s role in
that future war would be, what technology should
therefore be pursued, and some institutional base to
argue for its vision. The space community should be
aware of how these visions intersect or conflict. Too
often, because space involves a small number of
high-dollar decisions, members of the space
community focus on specific programmatic
decisions, leaving unsaid the broader explanation of
why one decision is favored over another; thus,
divergent intellectual currents remain unexplored.
Instead, proponents of each school should be aware
of the arguments other schools are making and the
vision on which those arguments are based. The
public should be aware of the logic used by the
people it has entrusted with national security space,
and decisionmakers should be aware there are
distinct schools of thought, how they relate to each
other, and how the competing visions inform
potential decisions. Only with such an awareness
will the decisions being made today be fully
informed.

This paper cannot answer which school of thought
will shape the new space organizations. It does not
even argue which school of thought should shape



the organizations. But by describing the schools of
thought in a common way, it provides a framework
for understanding how each school of thought
would shape the organizations differently than the
others. Hopefully, in this time of change, this paper
can serve as a resource to decisionmakers,
practitioners and the broader public.

Caveats

Though this paper seeks to describe all the schools
of thought relevant to how space achieves U.S.
national security, it still is limited in its scope and
claims. First, this paper only seeks to describe the
different arguments for how space might be used for
national security. There are many other uses of
space, including commercial efforts, scientific
exploration, and even shaping the destiny of
mankind. However, the scope of this paper does not
include those ideas despite their frequent relevance
to national security. For example, advocates of
commercial companies often argue their services or
products can best fulfill a school’s goals either
through dedicated assets or as commodities
purchased by the U.S. government.? Others argue
for national security capabilities because they seek
to harness those capabilities for broader social goals,
as with weather satellites and GPS, and advocates of
space exploration can often pursue similar
technology as both they and the national security
space enterprise require similar capabilities to
achieve their goals.> While these topics are an
important part of the space policy debate, these
perspectives are not based on differing visions of the
future of war and the role of space, so this paper
does not include them.

Second, for analytic purposes this paper sets out
stark distinctions between the different schools of
thought—but in practice most people are not
proponents of only one school and instead accept
partial beliefs of multiple schools. Even the most
ardent proponents of specific schools would not
want the other schools’ preferences completely
neglected. At the least, proponents of all the schools
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often dream of yet more capability, which, if
realized, would theoretically better be captured by
the Galactic Battle Fleet school. For instance, Space
Control First values satellites that can maneuver. If
this maneuverability increases so much so that they
act more like the spaceships of science fiction, that
vision of war is better captured by the Galactic
Battle Fleet school rather than the Space Control
first school. Moreover, the United States has been
able to leverage technology to achieve multiple
schools’ preferred capabilities in single programs.
Ideally, these technological solutions will allow the
United States to continue achieving the goals of
multiple schools simultaneously. However, to better
highlight differences between the schools, this paper
draws the boundaries of each school sharply even if
the lines blur in practice.

To explain the differences between the six schools,
the following sections describe each school’s vision
of future war, the role of space in that war, its
technological preferences and exclusions, and the
organizations most commonly affiliated with the
school.



Space Control First

The school of Space Control
First presumes we must gain
space control first to allow
all other uses of space to
proceed uncontested. In
formal U.S. Air Force
thought, space control is a
part of “space superiority.”
But space superiority also connotes excellent space
capabilities that support terrestrial forces, like
cutting edge sensors and communications channels.
Describing this school as Space Control First
clarifies that while these supporting capabilities are
important, they are secondary to securing space
assets, potentially by targeting adversary space
assets.

Vision of Future War

Space-based assets enable the U.S. military’s
operations in powerful ways. Military units can
maneuver easily relying on space-based precision
navigation and timing; they can communicate
around the globe to coordinate action no matter
where they are; and they have more accurate
weather, imagery, and other sensor data than ever
before. So enabled, today’s U.S. military is more
effective and lethal than any other force in history.

The Space Control First school emphasizes that
space has become such a force multiplier, it will be
an adversary’s first target.* Because U.S.
adversaries know our military is so empowered by
space, the adversaries will target U.S. space
capabilities to take that advantage away and
potentially deter the United States from taking
action. Proponents of this school, however, argue
space capabilities up until now were able to make
terrestrial forces so effective only because space has
been assumed to be a “sanctuary.” They point to
China’s and Russia’s pursuits and fielding of a range
of anti-satellite or counterspace weapons and argue
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space is not only no longer a sanctuary but instead a
central battle area.’

Future war will then escalate along a spectrum from
reversible attacks against satellites like lasing and
jamming through irreversible attacks involving
kinetic anti-satellite weapons. Potentially, this could
escalate all the way to nuclear explosions to
incapacitate space assets, with each step all the more
likely because adversaries can tell themselves each
action is less escalatory than a terrestrial action
because there are no direct U.S. deaths stemming
from hostile acts in space.® In the strongest version
of this argument, escalation of hostilities in space
may happen without any parallel escalation
terrestrially.

Role of Space

This school sees space as the dominant asymmetric
military capability. Without space assets, all other
military capabilities degrade far enough to level the
playing field or even give adversaries the advantage
over the United States. Because of that dominance,
space assets” most important mission is defending
space assets.” Only once space assets are secure—
even during a shooting war—can space properly
support the rest of the U.S. military.

In this way, Space Control First follows the logic of
other military specialties. For instance, Alfred
Mahan in the nineteenth century argued that the
correct role of a nation’s navy was to defeat other
navies because once done, the nation would have
“command of the seas,” allowing them to trade,
transport, and even blockade or provide fire support
from the uncontested sea.® So supported, the nation
could achieve any other goal it had. In the 1990s,
John Warden offered a version of this argument for
fighter jets elevating ‘“air superiority” from an
operational circumstance to an organizing
principle.” Warden argued that because the
opportunities to target what the enemy valued were



so great, yet these opportunities were contested only
by the enemy’s own fighters, those fighters should
be the first priority of any war and all resources in
war should initially be dedicated to U.S. fighters to
destroy them. Once done, other military capabilities
can be brought to bear. But until done, those other
military capabilities will enjoy only degraded
effectiveness anyway. Space Control First posits a
similar logic for space. Without U.S. space assets,
other military forces are dramatically less effective,
so defending space assets must be the priority,
potentially by attacking adversaries’ own space
systems that might threaten U.S. space assets.

As adversaries’ own reliance on space increases,
Space Control First also contains the logic that the
United States can undercut adversaries by
threatening their space assets, doctrinally termed
offensive space control.

Technological Preferences

To defend U.S. space assets and potentially attack
adversaries’ threatening space systems, Space
Control First prioritizes focusing on a smaller
number of defendable satellites, enhanced
spacecraft maneuverability, and exquisite custody
of priority space objects. A smaller number of
satellites makes it possible to equip each of the
satellites with the capability to defend itself or
dedicate distinct assets to the task. However, to keep
the number of satellites low, each satellite must be
capable of accomplishing multiple missions.
Spacecraft maneuverability allows those assets to
confuse and even evade an adversary’s hostile
actions, sometimes by capitalizing on advanced
orbital mechanics. In the extreme, spacecraft
maneuverability may allow offensive action.
Spacecraft must be designed and orbited to
maneuver more aggressively than stationkeeping
requires, sometimes forcing tradeoffs with other
capabilities, including sensors. Finally, space
objects must be tracked much more closely than is
done today if maneuvering and orbital mechanics
are used to confuse, evade, or potentially even attack
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an adversary system. Today’s space situational
awareness is more focused on cataloging what is in
space, presuming each object will likely follow the
same orbit over its entire life. Maneuvering among
these assets requires much more precise locations of
key objects.

Some of these desired attributes share
characteristics of traditional space assets. Economic
reasons have driven reliance on a small number of
highly capable satellites. All satellites must be
maneuvered into orbit and kept on station in the face
of radiation and other space weather. Many space
assets have sensors to see out in space, across orbits,
or down to the Earth. However, Space Control First
requires exquisite versions of these capabilities to be
effective according to its proponents.

“l also talked about a Space
Warfighting construct which
started with a CONOPS, having
the ability to command and
control, having space situational
awareness, being able to go fast
to develop the capabilities that
we need to defend our
constellations and critical
partnerships.... Over the past
year we have turned a construct
into reality, and it all boils down
to its [sic] just warfighting.”

— General John Raymond
“National Space Symposium 2018
Keynote Address,” April 17, 2018




Most Common Organizational Affiliation
Organizationally, the Space Control First school is
most commonly associated with Air Force Space
Command in Colorado, whose mission it is to
operate most U.S. space assets, including defending
them in the face of adversary action. With the
creation of U.S. Space Command, these operational
concepts will likely be more fully embodied even as
Air Force Space Command retains its organize,
train, and equip mission focused on acquiring space
assets and training space operators. Both are likely

to be bastions of this school of operational thought.
Proponents of the school often use the phrase “space
is a warfighting domain” to emphasize space is not
just a supporting capability but one under threat and
with the ability to defend itself and potentially even
strike back.
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Enable Global Missile War

The school of Enable Global
Missile War argues that the
reconnaissance-strike revolution
has matured and long-
distance missile war is
possible if space capabilities
are harnessed.!® Space-based
assets could provide global
targeting and command of U.S. missile strikes and
warning and targeting of adversary missiles, both
throughout their flight and on the ground before
launch.

Vision of Future War

Since the rise of accurate missiles and the sensors to
target them, advocates have been arguing “present-
day military establishments will probably be
superseded by new, far more capable means and
methods of warfare.”'! In their view, traditional
military units will not be able to survive in a
battlefield swept by precision-guided munitions.
Instead, advocates envision a war solely of long-
range standoff weapons striking from afar targeted
by long-distance yet very accurate sensors. Military
units and tactics as currently known would be
rendered obsolete. So far, however, the bolder
claims of war based solely on long-range precision
strikes by missiles have not been realized.'

The Enable Global Missile War school argues
technological and commercial advances in space
and artificial intelligence will finally make this way
of war possible and it will inevitably be dominant
because of its lethality. Proponents emphasize that
global missile war is more likely than ever by
pointing to adversaries emphasizing investment in
long-range missiles. China may field more than 50
long-range, 100 medium- and intermediate-range,
and more than 200 short-range missile launchers.'?
It also promoted its rocket forces to a full service in
2015."* Russia has long sought to harness long-
range precision-strike, has invested in those
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capabilities in recent years, and is now fielding
previously banned intermediate-range missiles.!> To
proponents, this means adversaries are already
implementing the force structure to fight a global
missile war.

Role of Space

This school sees space as the key to realizing this
revolution. Only space can provide the global
sensors and command and control to target,
offensively and defensively, the long-distance
missiles that can reach around the world and
maintain their accuracy, including on the ground
before they have even been launched. While today
the U.S. military can field precision targeting and
command and control in localized areas, it must first
deploy forces into the area on traditional military
systems, like ships and aircraft, and over longer
distances, often relying on static targeting. Space, in
contrast, could provide global, persistent, and
dynamic coverage, making the only constraint the
range of the missiles, which already have
intercontinental range.

Technological Preferences

For space to fulfill the promise of global persistent
and dynamic coverage, space assets must make
significant jumps in capability from what is possible
today. Today’s space assets provide the widest
geographic coverage, but that coverage is still not
persistently global. This works when policymakers
have already identified those regions they are most
concerned about, but this lack of comprehensive
coverage is unacceptable when an adversary might
launch a missile from anywhere on Earth at any
time. Today’s space assets provide the broadest
coverage by being able to revisit the same spot over
and over for years, but that coverage remains
intermittent—not an issue when policymakers only
need to know if significant changes are occurring
over days. However, this lack of constant coverage
is unacceptable if one needs to know exactly where



“The United States will pursue
greater integration of attack
operations with active and
passive missile defenses. The
United States will seek to use the
same sensor network to both
intercept adversary missiles after
their launch, and, if necessary,
strike adversary missiles prior to
launch.... The exploitation of
space provides a missile defense
posture that is more effective,
resilient and adaptable to known
and unanticipated threats.”

— Missile Defense Review, Department of
Defense, January 2019, p. 35-36.

missile launchers are (given their ability to move
every couple of hours). Today’s space assets
provide the greatest indication and warning of
missile launches but still require integration with
other sensors to track missiles throughout their
trajectories.'® While fine for defending known
regions, to achieve truly global defense, space assets
must be able to track—and maybe even target—
missiles on their own. Other required advances may
include spectral diversity, broader bandwidth, and
higher frequencies.

Today, the most ardent proponents of this school
argue proliferated low-Earth orbit constellations are
the most likely avenue to field those technological
capabilities. Proliferated constellations imagine
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hundreds if not thousands of small-size satellites
orbiting the FEarth. For these advocates, such
numbers can be deployed only in low-Earth orbit. A
priority technological preference is perfecting a
communications network among a proliferated
constellation to enable satellites to work together,
exploiting their sensors and with greater command
and control of the entire constellation. While there
are alternatives in how space might enable global
missile war, a proliferated low-Earth orbit solution
is currently dominating the conversation.

Most Common Organizational Affiliation
Organizationally, this school is currently most
closely associated with the Under Secretary for
Research and Engineering, including the Missile
Defense Agency and the Defense Advanced
Research Projects Agency (DARPA), which report
to the Under Secretary. A new organization, the
Space Development Agency, has been created
specifically to pursue space-based capabilities in
line with the technological preferences of this
school and also reports to the Under Secretary of
Defense for Research and Engineering.



Space Control First

Enable Global
Missile War

Keep the Plumbing
Running

Frictionless
Intelligence

Nukes Matter Most

Galactic Battle Fleet

Vision of Future
War

Space-based conflict

Long-range and
lethal missiles
sweeping away all
other forces

Traditional military
units fighting like
units

Constant awareness
of adversary
activities not limited
to wartime

Potential
catastrophe of
nuclear war

Threats to humanity
beyond those known
today

Role of Space

The dominant
military capability

Key to providing
necessary sensor
net

Empowering, but not
decisive

The premier
collection platform to
populate the
President’s Daily
Brief

Critical to warning
and command and
control

Superseding all
existing weapons
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Technological
Preferences

Small numbers of
defendable assets,
maneuverability, and
exquisite custody

Persistent, global
coverage;
proliferated, low-
earth orbit
constellations

Incremental
improvement and
availability

High-quality sensors

Dedicated warning
and hardening

Beyond what is
possible today

Table 1: A Framework for Understanding: Six Schools of
Operational Thought in Space Today

Most Common
Organizational
Affiliation

Air Force Space
Command

Under Secretary of
Defense (Research
and Engineering)

Military services

Intelligence
Community

U.S. Strategic
Command

No specific affiliation



Keep the Plumbing Running
The school of Keep the
Plumbing Running recognizes
how dependent modern
military operations are on
space-based positioning,
navigation, and timing;
communications; targeting;
weather; and early warning.
This school, though, prioritizes the military
operations at land, sea, or air being supported by
space capability.

Vision of Future War

As with the Space Control First school, this school
embraces the idea that today’s U.S. military is
empowered by space. However, this school does not
accept that being empowered by space has made
space all important. Instead, it believes future war
will transpire much as it has in the past: traditional
military units like ships, soldiers, and planes will
fight one another, sometimes in more
technologically advanced ways but always with a
local force-on-force fight determining tactical,
operational, and even strategic outcomes.

While proponents acknowledge space creates new
dependencies, they are unconvinced that the
strategic calculus of war will be changed, especially
after shooting starts. Space assets may be vulnerable
to kinetic attacks. But the adversary’s ground
stations, the adversary’s tanks and ships using space
capabilities, and even an adversary’s leadership and
people are vulnerable to kinetic attacks. Moreover,
post-World War II, a number of conflicts remained
limited in scope—geographically, by weapon type,
or by participants. Proponents in this school are
skeptical that a terrestrial conflict will inevitably
extend to space, that a conflict in space will stay
contained in space, or that forces reliant on space are
the only way to win a war.

This school lumps together many different visions
of future war. They include those who think future
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wars will be decided on the high seas by large fleets,
those who think wars will be decided by large land
armies clashing on open plains or deserts, those who
think future wars will be proxy wars involving
irregular forces and stability operations, those who
think future wars are unlikely to cross the threshold
of open violence and instead involve constant low-
level gamesmanship, and even those who think
future wars will involve long-range strikes by
conventional bombers. While these visions may
conflict with each other, they agree on space’s role:
important, but not decisive.

Role of Space

This school sees space assets as important but
supporting capabilities. The purpose of space assets
is to empower other military capabilities.!”
Therefore, space assets should be built and operated
in a way that best supports other parts of the U.S.
military. At the least, operations of space assets
should not hinder in any way operations of
terrestrial assets. At the most, the funding of space
assets becomes an opportunity cost that must be
weighed against investing more in terrestrial assets.
To advocates for other uses of national security
space, prioritizing these terrestrial assets prevents
the investment that might allow space assets to
achieve fundamentally new capabilities.

Proponents of this school are not Luddites, however;
they recognize how technological advances have
changed the ways wars are fought, but they are
skeptical these advances will mandate wars are only
fought in a certain way. They are skeptical because
they do not share assumptions made by other space
schools of operational thought. While they
acknowledge how much space-based assets
empower units, they also see technological
alternatives to those space-based assets. GPS-
guided weapons are great, but laser-guided weapons
also provide precision without requiring space
assets. Space-based communications are important,
but terrestrial networks can provide connectivity
that allow greater access, more flexibility, and even



greater bandwidth for localized fights. While they
acknowledge that units are more effective using
space-based assets, Keep the Plumbing Running
proponents do not believe those units will stop
fighting if they do not have access to space-based
assets. Ships may not be able to target as accurately,
but they will still search out and fight the adversary
even if they cannot rely on space-based assets. Even
when tank units are unclear of their own or the
enemy’s location, they will still seek to find the
enemy and bring their organic firepower to bear.
The war will go on, whether fought high-tech or not.

Technological Preferences

Technologically, this school prioritizes keeping
existing  space capabilities available and
incrementally improving the capability. Today’s
U.S. military relies heavily on space. They therefore
emphasize maintaining their access to existing space
capability, which their other assets now use.
Because that access already exists, this school can
often presume space capability and not consider
how to maintain it. These proponents often weigh in
on technological preferences only when a capability
seems endangered by a flawed acquisition program.

Despite their only occasional interest, proponents of
this school do value advancing technologies in
space. As the space age has matured, both militarily
and commercially, essentially everyone can see the
value of space-based capabilities. However, because
they are concerned about balancing advancing
space-based technology and the development and
fielding of other terrestrial assets, proponents of this
school can be skeptical of the value of unproven
technologies, especially ones that require paradigm
shifts. The fielding of GPS is a canonical case study.
The eventual military users of the system were
skeptical of the system, preferring to advance
existing methods of navigation like inertial
guidance.'® Only when proven during the Gulf War
did the broader military embrace GPS.
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“Army Maj. Gen. Daniel P.
Hughes and Navy Rear Adm.
Christian ‘Boris’ Becker stressed
the importance of joint
cooperation and incremental
modernization to deliver systems
that enable expeditionary
operations by providing U.S.
forces with resilient
communications in the harshest
environments [like]...urban,
jungle or mountainous terrain.”

— “Army, Navy leaders: New Technology, Joint
Collaboration Advance Comms for Asia-
Pacific,” U.S. Army PEO C3T and U.S. Navy
PEO C4l Public Affairs, February 12, 2015.

Most Common Organizational Affiliation

Organizationally, this school is most commonly
associated with the military services. The military
services all have visions of war that do not prioritize
space, even as they rely on space-based assets. This
school is affiliated with the legacy term ‘“force
enhancement,” which emphasizes the role of space
in making other forces more effective. The military
services tend to think of space as a utility like
plumbing, which will always be available for use
given minimum investment needs are met. The
groups most sensitive to this dynamic are the Army
and Navy space cadres who interface between the
Air Force space operators or acquirers providing the
capability and their parent service using the



capability.'” Because it accommodates a broad
range of visions in how future war might play out,
this school includes a very large number of
proponents with influential positions in Department
of Defense decisionmaking.
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Frictionless Intelligence

The school of Frictionless
Intelligence represents the
original national security
mission for space.?* It
prioritizes space’s ability to
provide senior policymakers,
particularly the president,
intelligence of adversary
activities. For this school, the ideal goal is being able
to peer into adversaries’ activities with no
interference, confusion, or friction. Space
capabilities offer unrivalled penetration and near-
uncontested awareness of these activities, just as
they did at the dawn of the Space Age.

<>y

Vision of Future War

Frictionless Intelligence focuses more on ensuring
the president has insight into what other nations are
doing than preparing for future wars. This may
include investigating those nations’ war
preparations but also encompasses other activities
such as diplomatic negotiations, economic
investments, and staying apprised of cultural and
political developments. For  Frictionless
Intelligence, the highest priority is on avoiding
strategic surprise: a fundamental shift in a nation’s
role in the international system, whether an
unexpected military move, technological advance,
or societal change. Frictionless Intelligence argues
the primary concern must be ensuring the senior-
most U.S. policymakers are not taken by surprise
and understand the context of their decisions.

While Frictionless Intelligence is wary of the
increase in space threats, it is focused on constant
awareness and not just wartime performance. Space
threats to Frictionless Intelligence are chronic rather
than acute and fit in the traditional understanding of
spy-vs.-spy games of espionage and counter-
espionage. Frictionless Intelligence is more
concerned with an adversary’s ability to deny and
deceive than to destroy. While adversaries are
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harnessing technological advances to increase their
denial and deception methods, these methods
remain descendants of traditional efforts like hiding
activities under cover.

Role of Space

Today, space still provides many of the advantages
for collecting intelligence as it did in the early Space
Age, making it critical to gather information on
other nations’ activities, intentions, and capabilities.
In the 1990s, the military lamented its lack of access
to the Intelligence Community’s (IC’s) space assets
and the information they produced. These
complaints—Ilodged at a time of depressed strategic
competition—led to greater focus on leveraging
intelligence space assets for military use and not just
for strategic intelligence consumers. These efforts
culminated in 1995’s Presidential Decision
Directive 35 that gave top priority to “supporting
our troops and operations, whether turning back
aggression, helping secure peace or providing
humanitarian assistance.”! Though the IC accepted
this direction, the logic of the Frictionless
Intelligence school continued to emphasize the
importance of strategic intelligence to senior
policymakers.?> That priority remains the focus of
the strongest strands of the Frictionless Intelligence
school even as proponents acknowledge the need to
fulfill other missions as well.

Technological Preferences

Because intelligence is best collected if the
adversary does not fully understand U.S. capability,
to protect those capabilities this school prioritizes
secrecy over all other technological or operational
concerns. The strongest advocates of this school
may even accept degraded capabilities for other
intelligence purposes, including supporting military
operations in order to preserve the effectiveness of
systems providing strategic information. Given
these priorities, Frictionless Intelligence may
unconsciously create technological barriers to
sharing information gleaned from space systems.



“The Commission believes that
ensuring a proper balance
between strategic and tactical
requirements—in terms both of
the use of current NRO systems
and of the design of future NRO
systems—is a matter of utmost
national security importance....
There also appears to be no
effective mechanism to alert
policy-makers to the negative
impact on strategic requirements
that may result from strict
adherence to the current
Presidential Decision Directive
(PDD-35) assigning top priority to
military force protection.”

— “The NRO at the Crossroads,”
Report of the National Commission for the
Review of the National Reconnaissance Office,
November 1, 2000, p. 51.

Frictionless Intelligence further prioritizes advances
in sensor capabilities to improve what can be
collected in space; processing for better
dissemination (albeit focused on intelligence
collection and analysis rather than operational
relevance); and unpredictability to limit adversaries’
ability to counter these capabilities. Frictionless
Intelligence is more concerned with how well a
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place is observed than with how often it is observed.
Frictionless Intelligence also values global coverage
less than localized coverage because it is most
concerned with slow-developing trends, and
systems can be retasked or even redesigned as the
specific regions of focus change.?*

In recent years, Frictionless Intelligence’s priorities
have not been in conflict with other schools’
technological preferences because space assets have
been so capable they can meet the priorities of both
Frictionless Intelligence and other schools.
However, Frictionless Intelligence does have
distinct preferences and, if forced to choose, would
prioritize secrecy and precision over other

capabilities.

Most Common Organizational Affiliation

Organizationally, the school of Frictionless
Intelligence is most commonly associated with the
IC, which has responsibility for keeping senior
policymakers informed, though it also has
responsibility to other customers as well. The
senior-most policymakers, however, stress the
importance of the strategic information the IC
provides, requiring the IC to prioritize that mission.



Nukes Matter Most

The school of Nukes Matter
Most prioritizes over all
other considerations the
traditional contributions of
space to nuclear deterrence
such as missile warning,
secure communications (even
during nuclear conflict), and
national technical means verification of arms
control agreements.

Vision of Future War

Nuclear war remains the most catastrophic outcome
of state-on-state conflict. Nuclear weapons have a
destructive scale fundamentally different than all
other uses of force and are tightly coupled to globe-
spanning delivery systems. Though the world has
experienced “only” two hostile uses of nuclear
weapons 75 years ago, proponents of this school
emphasize that as the most catastrophic—even if not
the most likely—possibility, nuclear war should be
the United States’ top national security priority.
Most proponents do not claim that its top-priority
status means Nukes Matter Most should receive the
greatest funding or even attention, nor do they
dispute the greater likelihood of other visions of
future war. But because of its catastrophic nature,
proponents of this school argue that when a conflict
or even tension between priorities arises, matters of
nuclear war should take precedence.

Role of Space

Nuclear deterrence is the second original mission of
national security space and remains dependent on
space-based capabilities today. U.S. nuclear forces
depend on space for indications and warning of an
attack and for command and control to respond to
an attack. Only space can provide the coverage—
even in areas to which adversaries deny the United
States access—necessary to monitor the potential
start of a nuclear war. Only space can host the
communications necessary to reach U.S. nuclear
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forces deployed around the world without a lengthy
and visible support tail.

Space also plays a critical role in monitoring
compliance with arms control agreements and
setting the baseline for the United States’
understanding of what and how a nuclear war might
play out. When the United States and the Soviet
Union first began agreeing to arms control, national
technical means—the reconnaissance satellites—
provided the ability to verify compliance when the
two adversaries were unwilling to be more open
with each other and remained skeptical of the
other’s motives.

Technological Preferences

As with other schools, Nukes Matter Most values
technological advances across the spectrum of space
capabilities. But this school makes technological
demands on space assets other schools do not. It
distinguishes itself from other schools because of
how much it favors specific attributes like hardening
against electromagnetic effects of nuclear weapons
and dedicated warning of strategic nuclear attack
within strict timelines. These attributes are
demanding in design, often requiring sacrificing
other capabilities. The other schools may resist
those tradeoffs but Nukes Matter Most accepts them
readily.

In recent years, the demands of Nukes Matter Most
have not prevented advances in other areas. Secure
satellite communications and missile warnings were
extended to conventional, theater-based forces using
the same platforms providing the secure, hardened
nuclear war communications and the dedicated
missile warnings. But many of these systems still
favored the Nukes Matter Most school. Current
plans involve separating satellite-based nuclear
command and control from conventional and
tactical command and control and giving them each
dedicated systems. An entire new constellation of
missile warning and tracking is being pursued,



driven largely by the Enable Global Missile War
school. As these programs develop, the overlap
between the nuclear- and conventional-supporting
systems may shrink. But as long as the nuclear-
supporting systems meet the needs of nuclear
deterrence, this school is not against other systems.

Most Common Organizational Affiliation
Organizationally, this school is most commonly
associated with U.S. Strategic Command
(USSTRATCOM), which has had the responsibility
of preparing for and responding to nuclear war for
almost 30 years. While both the Air Force and Navy
provide nuclear forces and command and control,
their systems all support other missions as well.
Only USSTRATCOM is dedicated to nuclear
deterrence. For the last 20 years, USSTRATCOM
has been responsible for space operations as well,
though in practice Air Force Space Command has
dominated this conversation, not least because
within USSTRATCOM nuclear deterrence has
always taken precedence over space operations
more broadly. With the creation of U.S. Space
Command, USSTRATCOM is likely to focus even
more narrowly on nuclear deterrence and how space
systems support it. Nuclear war is, however, a
catastrophic enough threat that USSTRATCOM
often finds high-level support for its priorities, even
if those senior levels do not spend the bulk of their
time focused on nuclear deterrence.
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“Yet, deterrence depends not
only on a modernized triad but
also on survivable systems for
decision-makers to understand

the nature of a nuclear attack,

and to command and control the
response... The United States’
strategic “thin line” is the
communications network, much
of it spaceborne, that connects
our nuclear weapons, sensors
and related systems to the
president and his national
security team.”

— Admiral Dennis C. Blair (ret.)
“Why the U.S. Must Accelerate all Elements of
Space-based Nuclear Deterrence,”
Defense News, February 7, 2019.




Galactic Battle Fleet

The school of Galactic Battle
Fleet  remains  distinct
because of its focus on
scenarios requiring yet-to-be
developed technology and
applications, including space-
based attack of terrestrial
targets, planetary defense,
and manned space combat. Proponents of this
school in the near-term support other schools but
always hope to advance longer-term goals as well.

Vision of Future War

The universe is unimaginably vast. It is possible a
greater threat to humanity lurks in the far distances
of space that will trump all of mankind’s internecine
conflict. Concerns about these possibilities motivate
one variant of the Galactic Battle Fleet school. This
threat might be natural, like planetary defense from
a meteor or asteroid. Or the threat might be
manmade, like an adversary exploiting Lagrange
points or the moon to threaten activity in space.?*
Another manmade threat might be the need to
regulate commerce in space with force, calling for a
space coast guard, or even a need to militarily
colonize space.?® At the most extreme, it is a threat
from the vast reaches of space not natural but from
another intelligent species.?

Another variant imagines space weapons that
supersede any existing weapons systems, even
nuclear weapons. Space-based weapons that can
strike terrestrial targets offer reach, lethality, and
surprise unmatched by today’s weapons.?’ For some
proponents, the first nation to achieve such weapons
will be able to force other nations to bend to their
preferred political outcomes requiring the United
States to pursue them.?®

Whether proponents want mankind prepared for
threats in or from the deep reaches of outer space or
think space can force mankind to transcend its
current divisions, they find common ground in
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envisioning national security outcomes driven by
technologies well beyond existing forces.

Role of Space

Outer space is central to this school of thought. It is
the limitless possibilities of space that open up new
vistas—and threats—for mankind. It is space that
will transcend our current geopolitical constraints.

Technological Preferences

Technology that will overwhelm today’s forces is
definitionally beyond what is possible today. This
school’s defining preference, therefore, is pursuing
such technology. Because such technology is
beyond what is possible, this school finds itself
supporting the technical capabilities other schools
are pursuing as a way station to new possibilities in

“The Moon could be the ideal
location to launch intercepting
missions to hazardous asteroids.
Hazardous asteroids could be
slowed down to not hit the Earth,
by ramming heavy spacecraft
into them. This mitigation
method is known as the kinetic
impactor approach, and is
considered to be the most
technologically mature approach
to mitigate hazardous asteroids.”

— Thomas Drake Miyano
“Moon-Based Planetary Defense Campaign,”
Journal of Space Safety Engineering,
Volume 5, Issue 2, June 2018.




space. Space Control First might generate enough
maneuverability to make science-fiction-like
spacecraft a possibility. Enable Global Missile War
offers the possibility of a global sensor and
command and control net that can be retrofitted with
Earth-striking ~ space  weapons.  Frictionless
Intelligence and Nukes Matter Most have already
provided the political support to advance technology
beyond the dreams of early space visionaries.

Most Common Organizational Affiliation
There is no single organizational home for this
school. Some proponents are attached to scientific
or research organizations as they push technology,
though they often favor solely peaceful uses of such
technology and underestimate the security threats
proponents of this school. Some proponents are too
troubled by the political demands of existing
organizations to hold an affiliation. Because of these
dynamics, one sign of this school’s proponents is
their dissatisfaction of existing organizations, even
those dedicated to space. Proponents often identify
themselves by emphasizing that the grandest visions
of space will not match existing organizations, and
so future space organizations should be organized
differently. One common proposal is to use naval
ranks to distinguish Galactic Battle Fleet
organizations from existing Air Force- or Army-
based rank structures.”

This school matters organizationally because it
provides a near-constant push for change as it seeks
to transcend today’s order. Yet this school has few
immediate goals to be gained, making it a potential
partner for all other schools in pursuing
organizational change, resources, or new
technology.
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Conclusion

These six schools of operational thought capture
most of the ideas being advanced today in the debate
about organizing national security space. Space
Control First focuses on an unmanned war in space.
Enable Global Missile War presumes the sweeping
away of old modes of war with the arrival of a
reconnaissance-strike complex. Keep the Plumbing
Running insists on continuity in how wars are
waged, albeit ever more empowered by space.
Frictionless Intelligence and Nukes Matter Most
concentrate on already traditional roles for space.
And, finally, Galactic Battle Fleet envisions space
changing mankind’s future completely.

By considering these ideas as discrete schools, this
paper better identifies the assumptions each makes
about how wars of the future will transpire, what
role space will play, and what technologies and
organizational structure should thus be pursued.
Because the assumptions and implications in each of
these categories differ, each school would organize
and fund national security space differently.
Conversely, when decisions are made about how to
organize or fund national security space, those
decisions will likely favor or hurt the schools
unequally. Sometimes decisions can achieve
multiple schools’ preferences, but at other times a
decision will force a choice among the schools’
preferences. Today, proponents of each school are
jockeying to see their visions and preferences
dominate.

But this jockeying of ideas is not clear to many.
Proponents of schools may not fully understand the
assumptions and arguments of other schools. They
may not appreciate how best to accommodate or
contest the arguments being made by proponents of
other schools. Decisionmakers themselves may not
understand how proposals they are considering tie
back to assumptions each school is making. Also, if
proponents  of school help
decisionmakers understand, decisions may be made
in a vacuum. Decisionmakers may not realize they

each cannot
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are choosing an option that is based on assumptions
with which other decisionmakers do not agree. In
the worst-case scenario, decisionmakers may seek
compromise among the proponents only to choose a
solution that achieves none of the schools’ goals and
leaves national security space worse off than if any
one school was supported.

This paper offers a framework for clarifying where
the schools of thought are competing with each
other. It clarifies the assumptions each school makes
and the implications of those assumptions. By doing
so, this paper hopefully helps everyone involved in
the debate about how space should be organized and
funded regardless of their own preferred school of
thought.

Space is an area of utmost importance to everyone,
yet it is a field dominated by a small group of
experts, who themselves are divided on what is most
important about space in achieving U.S. national
security. The better those divisions are understood,
the better the nation can prepare for the future when
making choices about how to organize and fund
space.
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R. Russell Rumbaugh, Peter L. Hays, and Michael P. Gleason

The United States Space Force is arguably the largest restructure of U.S. defense space organizations
since 1960. The reorganization also includes United States Space Command (USSPACECOM), the
Assistant Secretary of the Air Force for Space Acquisition and Integration, and other new organizations.
Being new, these organizations face many challenges—and how they address these challenges will define
the tools that are available to senior political and military leaders for years to come. Despite the historic
nature of the moment, there are lessons to be learned from these organizations’ predecessors. Those
lessons highlight that the greatest tension these organizations will face is how to balance the space-
based needs of the joint force against independent military operations in, to, and through space.

Introduction

The U. S. Space Force is the first new military service created in 70 years and is arguably an even larger restructuring of
national security space than the creation of a separate agency for satellite reconnaissance in 1960. While the biggest, this
reorganization is not the first and likely will not be the last. Most of these reorganizations have sought to balance the needs
of the joint force, which relies on space to achieve the military effectiveness it enjoys today, against the value of a domain-
focused organization for developing independent military options in, to, and possibly even from space. In the next few
years, that tension is likely to come to a head as the new space organizations define their doctrine, role, and organization.

The United States leverages space for military, commercial, and societal advantages.! As space becomes ever more
democratized yet contested, everyone in the United States should care how the new organizations shift the balance between
supporting the joint force and pursuing independent options. Once military organizations are settled into their ways, senior
political and military leaders can find their tools—no matter how polished and refined—do not achieve the ends national
leaders seek.? The new space organizations are building and establishing their priorities now and in so doing, inevitably will
favor some missions over others. Thus, the next few years will be critical for the new space organizations to truly define
what they are and what they do for the country.

U.S. Space Force. Despite its historic creation, the U. S. Space Force still faces challenges, some of which may be
informed by how its antecedents dealt with similar tensions. Drawing from those experiences, the U. S. Space Force will be
successful if it can build a cohesive single organization dedicated to space that meets the needs of military space’s many
users, effectively balancing requirements for force enhancement and space control.
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The clearest predecessor of the U.S. Space Force is Air Force Space Command (AFSPC), created in 1982.3 The Air Force
had become the military service responsible for most military space programs by the early 1960s.* Most of these programs
were secret research and development efforts and the Air Force considered air and space a single operational area
doctrinally.® As a result, space efforts then were not organized around space as a separate domain, but instead were owned
by multiple commands in a more functionally aligned way. With the demise of Air Defense Command in 1977, the growth
of military space capabilities created an opportunity with the creation of AFSPC to organize space in one place separate
from the research and development community.® For the first time, AFSPC was focused on the space domain, not any
particular function.

Those supported by space did not accept the separation of space capabilities easily. It took more than a decade to
consolidate space activities under AFSPC. AFSPC inherited Air Defense Command’s early warning radars.” Then, AFSPC
took over Strategic Air Command’s weather satellites in 1983; in 1985, the Satellite Test Facility from Systems Command;
in 1987, the ground-based satellite control network; in 1990, launch systems; and in 1991, the Air Force’s astronaut
program was transferred to AFSPC.® By the early 1990s, space itself seemed a mission with an organization dedicated to it.
No longer was it a supporting capability spread throughout the force.

The end of the Cold War stalled that refocus on space as a domain for action itself. The first Gulf War showed how much
the joint force could leverage space to be the most effective military force in the world and possibly in history.” Once
proven, everyone in the DOD wanted space to provide “force enhancement” and saw AFSPC’s role as providing that
support.!'?

Additionally, AFSPC took responsibility for the ground-based intercontinental ballistic missiles (ICBMs) that had belonged
to Strategic Air Command. This merger gave two small communities a scale equivalent to other Air Force communities,
including providing the two career fields a better promotion pyramid.!' To some, it was also a consolidation of missions in
response to the argument that [CBMs belonged in a space organization because they transited space.'?

But the merger never quite brought the cultures, let alone missions, together.!® Instead it blurred whether space could
achieve decisive effects itself, while being perceived as simultaneously diluting sufficient focus on safe nuclear
operations.'* The Rumsfeld Commission report of 2001 restarted the conversation by recommending sharper delineation of
space organization, though it stopped short of recommending a separate service.'> When the commission’s chairman,
Donald Rumsfeld, became Secretary of Defense, AFSPC took control of building as well as operating satellites with the
transfer of Space and Missile Systems Center from Air Force Materiel Command.'¢ Finalizing this era, in 2008 the ICBMs
were organizationally split back out from space activities, once again leaving the space domain as AFSPC’s mission.!”

The next decade sharpened the focus on the space domain, eventually leading to the U.S. Space Force as an independent
service. First, a distinct space budget was mandated in law—virtually in 2008 and completely in 2015."® Then in 2017, the
House Armed Services Committee proposed a Space Corps within the Air Force.! After more negotiations on how to best
organize defense space, the U.S. Space Force was formally established within the Department of the Air Force in 2019.

Embedded in the sixty years of evolution described in the last few paragraphs is a running fight about whether space should
be organized separately to focus on a fight in space itself or whether space capabilities’ main purpose is to support the rest
of the joint force, as discussed in the previous section.?’ The U.S. Space Force will now have the dominant role in
allocating how dollars are invested for space. Will it favor those capabilities focused on military action in space
independent of other efforts or those capabilities that support the joint force? Will the other military services trust the Space
Force to provide capabilities on which they depend? Or will they develop their own space-based capabilities, just as the
U.S. Navy always maintained its own ultra-high frequency satellite program to support its submarines, or even non-space-
based alternatives, or just as the U.S. Army developed attack helicopters when it feared it could not depend on the Air
Force to provide it air support?
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Now that the Space Force is independent, it will be successful if it can address this tension and achieve a cohesive culture
and mission that also serves the many parts of the U.S. military—and even U.S. society—that are dependent on space.

U.S. Space Command. SPACECOM has clearer antecedents than the Space Force but also faces the core tension the
Space Force faces. SPACECOM will be successful if it can provide independent strategic options in space while remaining
a critical part of U.S. global operations.

A unified space command has long been one option to focusing on space while still weighing joint force equities. In the late
1950s, the Chief of Naval Operations, Admiral Arleigh Burke, proposed such a command to address intense interservice
rivalry between the Army and Air Force.?! When the Air Force was planning to create AFSPC in the 1980s, some of the
concerns and equities the other services had regarding space roles and responsibilities were reawakened. Some of the
original planners for AFSPC expected it would become a specified command—an operational command responsible for
DOD-wide operations but controlled and manned by only one service.?? Recognizing space’s wider value, the services
insisted on creating a command for all joint operations, which led to the creation of the unified U.S. Space Command in
1985.%

Independent space operations remained subordinate for the next couple of decades. When the Gulf War highlighted what
capabilities space could provide, the joint force sought to better leverage space, which was reflected in giving command of
SPACECOM to General Chuck Horner, a fighter pilot who had overseen the air campaign in the Gulf War.?* Ironically,
Secretary Rumsfeld’s ascension worked against independent space options despite his heading the Rumsfeld Commission.
The September 11th attacks drove a need for a greater homeland defense mission, which in 2002 resulted in the separation
of North American Aerospace Defense Command from SPACECOM to form U.S. Northern Command (NORTHCOM).?
The space mission was merged into U.S. Strategic Command (STRATCOM) in Omaha as NORTHCOM stayed in
Colorado Springs.

In the last few years, despite being submerged in STRATCOM, independent space operations gained ground. Operational
command was reenergized as the Combined Space Operations Center (CSpOC) in 2018.2° In 2015 the Joint Interagency
Combined Space Operations Center was created to better interface with intelligence community space operations and was
later renamed the National Space Defense Center (NSDC).?” In 2017, AFSPC was dual-hatted as the Joint Force Space
Component Command to direct both the CSpOC and NSDC.*

Ironically, all of these changes may have culminated in the creation of the U.S. Space Force. In contrast, SPACECOM’s
main focus may be on supporting the joint force rather than independent space operations.?® Despite the likelihood that the
Space Force will provide nearly all of DOD’s capabilities that operate 100 kilometers above the Earth, which is designated
as SPACECOM’s geographic domain, SPACECOM has been kept as a separate organization and SPACECOM is to draw
forces from all the services, not just the Space Force.*® An Army general—not a Space Force general—is the first non-dual-
hatted SPACECOM commander.*!

Will SPACECOM become the organization that champions space’s support of the joint force? What will be the relationship
between the two four-star generals— the SPACECOM commander and the Space Force’s Chief of Space Operations? Will
it become adversarial as each becomes the champion for competing visions of what space should do? How will
SPACECOM support the joint force if the Space Force focuses ever more on capabilities to conduct independent activities
in space? Will SPACECOM serve as a champion for space as STRATCOM serves as one for nuclear weapons? Will the
resourcing process within DOD respond to these calls? Will Congress? Will the other geographic combatant commands see
SPACECOM’s support as critical or will they feel they should have direct control of space assets?
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As with the Space Force itself, SPACECOM must balance the demands of providing options in space independent of other
military forces and enhancing the joint force’s lethality. SPACECOM will have to do so even as it relies for most of its
capabilities on a single service—the U.S. Space Force.

Assistant Secretary of the Air Force for Space Acquisition and Integration. Along with the Space Force, the fiscal
year 2020 defense authorization bill also created the position of assistant secretary of the Air Force for Space Acquisition
and Integration (SA&I).*? The individual confirmed for this new position is to be responsible for all architecture and
integration of the Air Force for space systems and programs, chair the Space Force Acquisition Council (more on this
below), become the Department of the Air Force service acquisition executive with responsibility for space systems and
programs by October 1, 2022, and oversee and direct the Space Rapid Capabilities Office, the Space and Missile Systems
Center, and the Space Development Agency. Just as the Space Force and SPACECOM must balance the dual roles of space
(independent missions and missions to support the joint force), SA&I will be successful if he or she can serve as a locus for
DOD-wide space efforts while also being an integral partner of the Space Force.

SA&I has 30 years of clear precedent that shows how difficult it is to serve as a single authority over the institutional side
of space. While the Goldwater-Nichols Reform Act of 1986 successfully made DOD operationally more joint, the DOD has
never been as successful in coordinating the acquisition and institutional side.** Space has long been one of the clearest
examples of this dynamic.’* Every part of DOD depends on space but organizational seams keep many programs and
responsibilities fragmented, particularly those for programming space budgets, prioritizing between air and space programs,
and synchronizing deployment of space, ground, and service-procured user equipment.*’

The DOD tried to create just such an organization in the 1990s. Facing congressional frustration with several major space
programs, the department created the deputy under secretary of defense for space and the related space architect in 1995.3
Tasked to integrate space policy, architecture, and acquisition, these offices found that, despite their high-level tasking, they
could not force other department components to conform, usually resulting in guidance that was unobjectionable to all
stakeholders at the expense of clarity. 3’ Worse, the deputy under secretary position did not survive the 1990s budget
downturn that saw the office dissolved as an efficiency measure.*8

In 2004, the Air Force tried again by implementing several major recommendations from the Rumsfeld Space Commission
by establishing a National Security Space Office to staff the architect and integration roles.* This office lasted until 2010,
when the executive agent for space staff was transferred from OSD back into the Air Force secretariat and a new Defense
Space Council was created as a forum where the principals of each stakeholder could come together to make coordinated
decisions.** In 2015, a new position, the principal DOD space advisor, was created with enhanced authorities, a more robust
staff, and the intent to provide more centralized direction and oversight of DOD’s newly mandated dedicated space
budget.*! But by 2017, the commander of STRATCOM recommended doing away with all these organizations and
Congress did so in the fiscal year 2018 defense bill.**

Embedded in each of these organizational changes is the challenge of balancing support for the joint force against
independent space operations. When SA&I’s predecessors sought to prioritize space as an independent area for action, the
other military services and other oversight bodies used their authorities to undermine centralized control of space.** When
SA&I’s predecessors sought to represent the joint force’s equities, the space organizations saw them as interlopers.**

How will SA&I balance these tensions? Will SA&I use its service acquisition executive authority to prioritize independent
space capabilities or support for the joint force? Will SA&I become the civilian spokesperson for independent space
capabilities including as chair of the Space Acquisition Council? Or will SA&I become the DOD’s point person in
emphasizing space’s critical supporting role using the Space Acquisition Council to force the space-focused organizations
to incorporate needed support functions?

OCTOBER 2020 50 CENTER FOR SPACE POLICY AND STRATEGY



SA&I will be successful if it is seen both as a civilian champion of independent space capabilities and as the representative
of the rest of the DOD in ensuring space’s role supporting the joint force. In doing so, SA&I will in turn shape how the
Space Force and SPACECOM see their role in maintaining the balance between these two missions.

Other Organizations. The fiscal year 2020 defense bill also created an assistant secretary of defense for space policy
(ASD(SP)) and DOD created a Space Development Agency (SDA), while all the reorganizations have left the intelligence
space agencies outside of Space Force. These organizations, too, represent enduring tensions in overseeing and balancing
between independent space options and supporting the joint force, while also providing strategic intelligence.

ASD(SP), like SA&I, builds on the many efforts to create a civilian to oversee and deconflict competing needs for defense
space. DOD currently has a deputy assistant secretary of defense for space policy, one level down from the new statutory
position.*> Because ASD(SP) is not part of the Department of the Air Force but part of the Office of the Secretary of
Defense (OSD), it might represent the joint force perspective even more than SA&I.*® Alternatively, it might come to be the
champion of independent space options throughout DOD, potentially even goading Space Force and SPACECOM into
greater independent options. The emphasis on maintaining space superiority in the Defense Space Strategy Summary
released in June 2020 may indicate OSD is leaning slightly more toward independent options than support to the joint
force.¥

SDA represents the fruition of one solution to the defense space organization problem. Many have proposed a defense
agency over the years to capture the joint nature of space.*® Usually, these proposals have presumed a supporting role like
the Defense Logistics Agency though some imagine it more like the Missile Defense Agency.* The Missile Defense
Agency and its predecessors are defense agencies, but with an operational focus. Though sometimes seen as a place to
acquire space equipment differently, SDA has primarily taken on a distinct mission from Space Force and SPACECOM,
focusing on tracking long-range missiles on the ground and in the air, and on creating a space-based communications
network fast enough to make that data actionable.’® SDA is slated to become part of the U.S. Space Force no later than
fiscal year 2023 and—depending partly on whether it has proven the military capability it is pursuing—may remain semi-
independent, may revert to a distinct approach to acquisitions, or may be subsumed completely within other Space Force
organizations.

Finally, the recent changes reaffirmed a formal split between defense and intelligence space. The presidential directive
explicitly exempted intelligence space agencies from being part of Space Force.”! While that decision maintains the status
quo, it also leaves intact a perennial challenge: how to balance the different missions of defense and intelligence space
against the value from integrating the architecture and programs of all national security space programs.’? Keeping
intelligence and defense space separate means the balance will stay tipped toward differentiation even as the intelligence
community and Space Force work to better ensure unity of effort, particularly in times of conflict in space.’® While the
manner in which scarce resources are allocated between strategic intelligence and intelligence support for military
operations will always require balancing, this organizational differentiation emphasizes that the focus of the next few years
will likely be on balancing support for the joint force and independent space missions.

Conclusion

The U.S. Space Force and its related organizations are the greatest changes to defense space institutions in half a century.
These new organizations have advantages many of their predecessors did not have. They are more unitary, more senior, and
created at a time when space enjoys high-level support and attention. Each of these new organizations faces the central
challenge of balancing support for the joint force against independent space options. How each seeks to address this
balance will depend on how and where the other new space organizations also seek to achieve that balance.

While their creation alone is significant, they remain nascent organizations that will face many of the same challenges their
predecessors faced, and their success is not guaranteed. By learning lessons from past efforts to address the tension between
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independent space operations and supporting the joint force, senior leadership can potentially improve the coherence and
effectiveness of U.S. space capabilities for the coming decades. If the leadership of the country does not watch how the new
organizations develop, they may find the organizations have chosen paths at odds with leadership’s goals for space.
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As space becomes more crowded and contested it becomes ever more important to prevent a conflict in,
directed toward, or from space. Without any actual experience of combat in space, however, we can only
speculate about what role the space domain might play in a breakdown of deterrence and the start of a
war. This inexperience with space’s role in conflict complicates social science’s already limited
understanding of how wars begin and unfold—with their complex interplay of political goals, differing
levels of commitment, the friction generated in any actual fighting, and the inherently flawed people (on all
sides) making decisions. As the strategic environment changes, we must explore ways to strengthen the
contribution of U.S. military space capabilities to deterrence while also enhance any advantages should
deterrence fail. Focusing on the credibility of U.S. space capabilities in some narrow areas reveals steps
that could be made to strengthen their deterrent value.

Background

Russian and Chinese efforts to field antisatellite (ASAT) weapons represent serious threats to U.S. national security and
complicate U.S. deterrence efforts. According to the U.S. Defense Intelligence Agency (DIA), China’s People’s Liberation
Army (PLA) already has operational ground-based ASAT weapons to destroy satellites in low Earth orbit (LEO), and the
PLA has military units dedicated and trained to use them. In addition, China may already have a limited capability to use
laser systems against satellite sensors, will likely deploy a ground-based laser weapon operationally before the end of 2020,
and within the next ten years may have lasers powerful enough to damage satellites themselves, not only satellite sensors.!
China is also developing advanced on-orbit capabilities which could serve as inspection and repair satellites or co-orbital
weapons. Dedicated counterspace electronic warfare and jamming weapons also threaten U.S. space capabilities and cyber-
attacks are a threat in space, just like in other domains.” While reflecting different priorities and investment decisions,
Russian efforts generally mirror Chinese development of counterspace weapons.

The vulnerability of U.S. military, intelligence, and partner satellites to these threats weakens the United States’
conventional deterrence abilities and potentially undermines the U.S. nuclear deterrent. Conventionally, Russia and China
see their space attack capabilities as a means to level the battlefield with the U.S. military. U.S. military and intelligence
satellites, as well as the commercial satellites the U.S. military uses, are critical to the modern American way of war. But if

“For a more detailed discussion see 4 Roadmap for Assessing Space Weapons, also from CSPS.
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those satellites can be destroyed or at least disrupted, Russian and Chinese terrestrial forces may perceive a narrower
disadvantage and those nations may be more willing to start a war.

U.S. space capabilities enable U.S. nuclear deterrence strategy by gathering and delivering intelligence on adversaries’
nuclear weapons dispositions, verifying Russian compliance with nuclear arms control agreements, providing the United
States with warning of a nuclear attack, and providing U.S. decision-makers with tight command and control of U.S.
nuclear forces. If attacking those satellite capabilities is perceived as a way to prevent the United States from responding to
a nuclear attack, nuclear deterrence may be undermined. Moreover, even if the adversary attacks U.S. satellites only in
pursuit of limited, regional objectives, the United States may perceive itself to be under strategic attack.

Worryingly, space is perceived as an offensive dominant arena, meaning it is considered materially easier and less costly to
attack a satellite than to defend a satellite. Political scientists contend that war is more likely when the offensive is
dominant—especially if it is difficult to distinguish between offensive and defensive weapons as is the case with space—
and they argue that there are strong incentives for striking first should a conflict appear inevitable.? Surprise attack is
perceived as leading to large rewards, fueling a first-mover advantage for striking in space. But the speed with which events
can happen in space leads to the potential for crisis instability since decisionmakers—on all sides—will have very little
time (perhaps only a few minutes) to decide what to do in the face of a sudden attack in space. In short, perceived
weaknesses in the ability of space forces to protect themselves can lead to a broader breakdown in deterrence.

An exploration of deterrence theory fundamentals can serve as a guide on how to mitigate some of these weaknesses and
strengthen the deterrence value of U.S. military space capabilities while contributing to achieving advantage should
deterrence fail.

Fundamentals

Deterrence is a psychological concept intended to prevent undesired behavior and activity. As detailed in the study of
nuclear deterrence, there must be at least two actors in the deterrence calculus and there are two basic approaches:
deterrence by punishment and deterrence by denial.> Each approach emphasizes different concepts of operations and favors
different capabilities and architectures. An integrated approach is ideal, but trades between the two approaches make a fully
integrated approach difficult. Punishment attempts to deter undesired behavior by credibly threatening to punish assailants
with overwhelming force or other punitive action in retaliation for an aggression. The punishment need not be in the same
domain or region as the initial attack; it may not even need to be a military response. The December 2017 National Security
Strategy of the United States of America sends a deterrence by punishment message where it states:

The United States considers unfettered access to and freedom to operate in space to be a vital
interest. Any harmful interference with or an attack upon critical components of our space
architecture that directly affects this vital U.S. interest will be met with a deliberate response at a
time, place, manner, and domain of our choosing.

Under this threat, actors may be deterred from undesired behavior if they conclude that the costs of the behavior outweigh
the benefits. Denial, by contrast, attempts to deter undesired behavior by leading actors to conclude that they will be unable
to achieve the objectives they seek from their behavior. Denial requires effectively responding in the same time and place
as the attack.

To prevent a breakdown in deterrence, both punishment and denial require that the actor attempting to deter undesired
behavior is perceived as possessing needed capabilities, is credible in exercising those capabilities under threat of counter-
retaliation and potential escalation, and has successfully communicated its capabilities and credibility to the actors it
intends to deter.
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Table 1: Requirements for One Actor to Deter Another Actor

Be perceived as possessing required capabilities

Be perceived as credible in exercising those capabilities and in possessing the willingness
to suffer counter-retaliation and escalation

Be able to successfully communicate capabilities and credibility to those being deterred

The study of deterrence reveals many complexities and nuances associated with the concept of deterrence which could lead to
a breakdown in actual deterrence, including:

+ Differing perceptions of undesired behavior, rationality, and credibility
¢ Divergent ways different cultures allocate values to cost-benefit analyses
¢ Philosophical differences in understanding causation

These are not addressed here so the focus can remain on the issues particular to deterrence in the space domain and how a
breakdown in general deterrence may follow several paths flowing from these peculiarities. Demonstrating the credibility
of U.S. capabilities is at the core of the issue and is key to getting the most deterrent value from U.S. space forces.

The Credibility of U.S. Attribution of Attacks in Space

To deter, the United States must be able to attribute an attack on its satellites. Attribution refers to the ability to determine
the actor(s) responsible for creating certain effects and, in many space scenarios, can be difficult to determine. Space has a
wide range of naturally occurring phenomena such as micro meteoroids and geomagnetic storms which can interfere with
satellite operations in ways that can be hard to distinguish from interference intentionally caused by human actions. We
also have limited fidelity about many ongoing space activities, satellite systems, and their orbital locations. Moreover, the
amount of and dangers posed by debris continue to grow and pose problems. Accounting for the effects of debris that is too
small to track but still large enough to damage or disable a satellite presents one of the most daunting attribution challenges.
Finally, many space capabilities can be used for military, civil, and commercial purposes. These growing dual-use
entanglements make it difficult to identify individual space actors or single uses of space capabilities, complicating
attribution and leading to several potential paths to a broader breakdown in deterrence.

A key challenge for strategists is to identify ways for the United States to demonstrate its capability to attribute malicious
behavior in space in light of these problems. The adversary should perceive that it will be caught.

Table 2: Attribution Difficulties in Space

Distinguishing natural phenomenon from intentional interference
Limited fidelity about space activities and sensor limitations
Space debris that is too small to track but still can cause damage

Dual-use entanglements
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A deterrence by punishment strategy has more stringent attribution requirements. To justify a punitive response elsewhere,
an actor must have defensible evidence of what happened that it is willing to share with allies and the public. If an
adversary is confident that its responsibility for an attack may be obscured or unattributable—quite possible in space with
all the attribution difficulties noted above— the adversary may calculate that it can avoid retaliation for the attack and get
away with a fait accompli. Therefore, for deterrence by punishment to be most credible, the adversary must perceive that it
will not be able to escape responsibility for an attack in space due to the United States’ inadequate ability to confidently
attribute the attack.

Table 3: Attribution, Punishment, and Space

Possess the most stringent attribution requirements
Shape an adversary’s perception of the United States’ capability to confidently attribute an attack

Have the need to share some amount of attribution information to get domestic political/allied support
for retaliation

Have the need to reveal, to some degree, U.S. decisionmaking processes for retaliation

However, an adversary’s mere perception of attribution is not sufficient. Since conflict escalation might need broad support
from American opinion leaders and the public as well as support from allies and commercial partners, attribution
information likely needs to be credible and available to share with this broad range of stakeholders.

If the United States decides to emphasize a deterrence by punishment strategy for attacks on its space assets, it will have to
communicate, to some extent, its criteria and decisionmaking processes for deciding to retaliate. The United States provides
such insights about its nuclear deterrence strategy in the public release of how information on a nuclear attack warning
flows to the president, about how much time the president has to make a decision, and how the president gives the
command to retaliate. But the United States, by necessity, also must keep some aspects of its nuclear capability secret to
ensure it is effective; if too much is exposed, an adversary could exploit that knowledge. As with nuclear deterrence, senior
decisionmakers will have to balance what to share and what to keep secret.

In contrast, deterrence by denial emphasizes the ability to absorb an attack at the time and place it occurs, so rapid, precise
attribution of an attack in space may appear relatively less important. However, the line between deterrence by denial and
punishment is blurry at best. Strategists might assume that if the threat of denial fails, they still have the threat of
punishment to wield. In essence, the threat of punishment usually backstops a denial deterrence strategy. If that is the case,
it leads to the notion that both denial and punishment strategies require the same attribution strategy.

An effective attribution strategy will drive the spectrum of technologies, architectures, and decisionmaking processes
needed to maintain deterrence. Even with near-perfect technologies for understanding what is happening in space, without a
comprehensive attribution strategy for space, many of the attribution challenges outlined above would remain.

The Credibility of U.S. Denial, Space Mission Assurance, and Resilience Efforts

The United States must also ensure that adversaries know U.S. space capabilities can withstand attacks. Weak links make
for tempting, first-strike targets and can lead to a breakdown in deterrence no matter where the capabilities physically
reside. Increasing satellite and space architectural resilience and defenses can make space a strong link that discourages
rather than tempts attack. For the past decade, the Department of Defense has attempted to strengthen deterrence by
advancing the concepts of denial, space mission assurance (SMA), and resilience.* This approach moves beyond the Cold
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War nuclear warfighting context of the deterrence by punishment and denial concepts and focuses on the space domain and
today’s security dynamics.

Denial, SMA, and resilience approaches for strengthening space deterrence are closely related but there are some
distinctions that can be drawn to sharpen these concepts. The goal of denying adversaries the objectives they seek from
their space attacks or undesired behavior can be achieved by reducing reliance on space capabilities, developing alternative
means of providing these capabilities (perhaps not space-based), or creating resilient space architectures. Alternative
concepts of operations (CONOPS) and enhanced training can acceptably reduce Joint Force reliance on space capabilities
in some cases. In other cases, such as the positioning, navigation, and timing (PNT) capabilities provided by the Global
Positioning System (GPS), there currently is no comprehensive alternative and this places a premium on ensuring delivery
of this critical capability or fast-tracking development of an alternative.

Active and passive defense measures such as decoys, escorts, or convoy approaches could be used to strengthen denial
capabilities. One interesting historical precedent for covertly strengthening defense capabilities is the “Q Ship” approach,
whereby decoys for high-value satellites would be designed to lure adversaries into attacks that could be countered by
active defenses. This and other active defense approaches could deter adversaries from attempting attacks. Options include
the range of resilience approaches: disaggregation, diversification, deception, protection, proliferation, and distribution.
Ongoing commercial programs and plans to deploy very large constellations of low-Earth orbit satellites can be leveraged
and should dovetail nicely into the DOD’s efforts to enhance resilience.

Credibly communicating the resilience of U.S. space capabilities to a potential attacker and convincing them that it will be
unable to achieve its objective is a sticky problem, however. To derive deterrent value from the resiliency of U.S. space
capabilities, decisionmakers have to decide the right balance between demonstrating space capabilities’ robustness (and/or
spotlighting alternative means to accomplish terrestrial military missions), while keeping capabilities’ strengths hidden in
order to surprise an adversary in conflict, disrupt its plans, and win the fight.

Table 4: Difficulties for Deterrence by Denial in Space

Credibility: Balancing communicating satellite resilience to adversary while maintaining the ability to surprise the
adversary if deterrence fails

Credibility: Balance communicating alternatives that enable system resilience without identifying targets for the
adversary if deterrence fails

Overemphasis on warfighting could lead to deterrence failure

Overemphasis on deterrence could lead to warfighting failure

As with attribution, decisionmakers must grapple with this tension between the need for transparency and the need for
secrecy. Overemphasizing secrecy may allow more warfighting options, but it also might leave a path open for deterrence
failure. On the other hand, overemphasizing transparency to signal adversaries might make a war harder to win.
Decisionmakers will need to choose their path carefully.
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Conclusion

This paper focuses on only a few—but important—areas that would strengthen the overall deterrent value of U.S. space forces
and serves as a guide on how to mitigate some weaknesses. It finds that strengthening the deterrent value of U.S. space
forces requires a degree of transparency that could weaken the nation’s hand should deterrence fail, creating difficult
dilemmas for decisionmakers. A thorough assessment of these tensions is in order.

U.S. space strategists need to develop a comprehensive attribution strategy that will cement the adversary perception that
the United States has overcome the challenges outlined above. The strategy should define the technologies and
decisionmaking processes needed to close this possible path to deterrence failure. It also needs to consider what technical
details and other attribution information and data can be appropriately released to the public, or released only to a narrow
group of leaders that, in some cases, must include trusted allies and key commercial providers.

To strengthen denial, U.S. strategists should also consider how to best communicate directly or indirectly to potential
adversaries the resilience of U.S. capabilities—for example, through public release of information, or demonstrations, or
via diplomatic channels. The United States may simply hope its reputation is enough to make credible its ability to attribute
attacks or withstand attack—but hope is not a strategy.
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Summary

The strategic context for U.S. national security space (NSS) activities will change if the 2010
New Strategic Arms Reduction Treaty (New START) expires in February 2021. Here we

examine how this change would stress the NSS community’s capabilities, assumptions, and
habits, and is likely to present new challenges for maintaining stability in the space domain.

Introduction

The 2010 New Strategic Arms Reduction Treaty
(New START) currently in force between the
United States and Russia is set to expire on
February 5, 2021. When that happens, formal
prohibitions on interference with national technical
means (NTM) of verification expire along with
limits on U.S. and Russian nuclear arms. This will
mark a significant change in the strategic context
within which U.S. national security space forces
operate. U.S. space forces’ resources will be taxed,
and the stability of the space domain will face new
risks.

The United States needs a comprehensive strategy
to address these challenges. This paper introduces a
thought experiment to identify the key factors that
should be considered when such a strategy is
formulated. It does this by contemplating four
alternative futures. Each alternative future assesses
the implications of New START’s expiration for the
U.S. national security space enterprise and for the
strategic stability of the space domain. No
alternative future foresees the existing status quo
surviving after New START expires.
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Table 1: Reasons NTM Are Not Defined

or Identified

Protect sources of sensitive information
Protect methods used to gather information
Permit maximum flexibility in what means to use

Create uncertainty about specific capabilities to
deter cheating

Allow for new technologies

What are National Technical Means of
Verification and why are they important?
Formal prohibitions on interference with NTM of
verification began with the 1972 Anti-Ballistic
Missile (ABM) Treaty between the United States
and the Soviet Union. Subsequent arms control
treaties also included protections for NTM satellites
used to verify treaty compliance.

However, the systems and sensors that constitute
NTM for treaty verification have never been defined
in the text of the arms control treaties or in the treaty



negotiating records.! The United States and Russia
have preferred to keep the precise definition and
identity of NTM purposefully ambiguous for the
following reasons: to protect the sources of sensitive
information; to protect the methods used to gather
such information; to permit maximum flexibility in
what methods are used to gather information; to
create uncertainty on the other side about specific
capabilities being used as a deterrent against
cheating; and to allow flexibility to introduce new
technological innovations.

NTM for treaty verification may include sensors

based on the ground, on aircraft, or even
underwater.” However, arms control experts
New START states:

“For the purpose of ensuring verification of
compliance with the provisions of this Treaty,
each party undertakes:

(a) to use national technical means of
verification at its disposal in a manner
consistent with generally recognized principles
of international law;

(b) not to interfere with the national technical
means of verification of the other party
operating in accordance with this article; and

(c) not to use concealment measures that
impede verification, by national technical
means of verification, of compliance with the
provisions of this treaty.”

Substantively the same language has been
included in preceding nuclear arms control
agreements (no longer in force), including the
1972 Anti-Ballistic Missile (ABM) Treaty?, the
Interim Agreement on Offensive Arms

(SALT 1)3, the 1979 SALT Il Treaty*, the 1987
Intermediate-range Nuclear Forces (INF)
Treaty®, and the 1991 START | Treaty®. The
1996 Comprehensive Test Ban Treaty
(CTBT), which the United States has signed
but not ratified”, and the multilateral
Conventional Forces in Europe (CFE) Treaty®
also use substantively the same language.
However, Russia has unilaterally “suspended”
its participation in the CFE Treaty.
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consider satellites the most important type of NTM.
Indeed, many different types of satellites may be
considered NTM.!® For example, various types of
photoreconnaissance  satellites and synthetic
aperture radar satellites collect detailed imagery of
things on the ground, such as inter-continental
ballistic missiles (ICBMs) and aircraft. Other
satellites detect electronic signals, which may
provide insights into a missile’s or missile
launcher’s performance.!! U.S. missile launch
warning satellites such as Defense Support Program
(DSP) and Space-Based Infrared System (SBIRS)
spacecraft detect the intense heat generated by a
missile launch and may be considered NTM since
they monitor Russian ICBM and submarine-
launched ballistic missiles (SLBM) launch tests and
can thereby reveal their capabilities. '?

The lack of clarity around which space systems are
considered NTM of verification also suggests that
other satellite systems that aid in the detection of
treaty violations can be considered NTM for treaty
purposes. For example, the nuclear detection
capability of global positioning satellites (GPS),
which detect the flash and radiation of nuclear
detonations, may be considered NTM for
verification of compliance with the Limited Test
Ban Treaty (LTBT) and the Comprehensive Test
Ban Treaty (CTBT)."* Furthermore, the CTBT’s
International Monitoring System (IMS) is part of a
verification regime detecting nuclear explosions and
infrastructure for satellite
communications IMS
international data center (IDC), which processes and
distributes data to state parties. In that regard, even
commercial telecommunication satellites may be
considered NTM for treaty verification.'

includes a global

from stations to an

In this milieu of purposeful ambiguity, the United
States and Russia extended the ban on interference
to be effectively a de facto ban on interfering with
the entire national security space constellation of the
other.”” In short, for treaty verification purposes
NTM include all military and intelligence satellites,



broadly defined. Despite this intentional vagueness
concerning what NTM are, arms control treaty
language for the last 50 years has consistently
included protections for NTM because they remain
critical to the overall compliance verification
process and for detecting cheating against treaty
requirements.

Arms control treaties have long included protections
for NTM satellites used to verify treaty
compliance.!® As such, noninterference with NTM
has always been linked tightly to arms control,
forming a key component of the strategic context in
which U.S. and Russian behavior in space has taken
place for nearly five decades.

Since prospects for New START’s extension are
dim, consideration should be given to what the
change in strategic context may entail. For example,
New START’s expiration could have negative
implications for the legitimacy of NTM overflight.
The formal prohibition on interference with NTM of
verification, beginning with the 1972 ABM Treaty,
was key to establishing NTM overflight legitimacy.
The Eisenhower administration began the process of
legitimizing overflight by not objecting to Sputnik’s
overflight of the United States. Indeed, many
observers believe that NTM overflight was
legitimized in Russian minds with the launch of
Sputnik, but that is not completely true.!” Overflight
was considered legitimate when done for peaceful
purposes. However, while the United States asserted
that peaceful means “nonaggressive” beginning in
the early 1960s, the Soviets did not recognize that
definition and continued to object to overflight of
“spy” satellites as a form of espionage. In 1962, the
Soviet Union submitted to the United Nations a
“Draft Declaration of Basic Principles Governing
the Use of Outer Space,” which asserted “use of
artificial satellites for the collection of intelligence
information in the territory of foreign states is
incompatible with the objectives of mankind in its
conquest of outer space [emphasis added].”'® Some
Soviet officials continued to object to U.S. spy
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The Outer Space Treaty (OST) prescribes
broad principles rather than detailed
regulations. The most relevant obligations
regarding noninterference are found in

Article IX: “In the exploration and use of outer
space...States Parties to the Treaty...shall
conduct all their activities in outer space...with
due regard to the corresponding interests of
all other States Parties to the Treaty.”

This obligation is significantly less explicit than
the prohibitions against interference with NTM
in New START and its predecessor
agreements. Even so, many scholars take the
view that intentional interference with the
satellite of another country would run afoul of
this “due regard” obligation.

Article IX also requires “appropriate
international consultations” rather than outright
prohibiting activities that would cause
interference. However, it would be surprising if
a State targeting NTM carried out advance
consultations with the target State, and failure
to conduct such consultations would constitute
a breach of Article IX.

The dispute resolution mechanism in either of
these cases is not defined, however, making
these OST protections less clear and specific
compared to the bilateral noninterference
protections in New START.

satellite overflights into the late 1970s, even after
the ABM Treaty came into force. '

Eventually, with the ABM Treaty, the Soviets
accepted the legitimacy of NTM overflight for
treaty verification purposes, but it is not clear if they
(or Russia) ever accepted the legitimacy of
overflight for intelligence collection. For example,
in 1979, a member of the Institute of State and Law
of the USSR Academy of Sciences argued that
NTM overflight activities are unlawful if they go
beyond treaty compliance monitoring to gather
information for intelligence purposes.”® Although
the United States consistently rejected these
objections, the United States also kept U.S. spy
satellites’ existence secret from 1962 until 1978,



when President Carter publicly acknowledged the
existence of photo-reconnaissance satellites in the
context of their importance as NTM for monitoring
arms control agreements.”!

With this history in mind, the current trends and
rhetoric toward a conception of space as a
warfighting domain may also contribute to
undermining NTM overflight’s legitimacy in
international law, since the U.S. position from the
1960s—that overflight is a “peaceful use” of outer
space—is difficult to reconcile while avowedly
preparing for warfighting in, through, and from
space. Again, the Soviet Union accepted the
“nonaggressive” definition for what peaceful use
means only in connection with NTM use to verify
compliance with arms control treaties. But Russia’s
continued acceptance of that definition in lieu of
New START and in the face of a more aggressive
U.S. posture in space should not be taken for
granted. Indeed, active interference with NTM
might not be considered illegitimate when NTM are
used for finding, tracking, and fixing targets in a
crisis or conflict. And perhaps other countries also
will begin to question the legitimacy in international
law of NTM overflight.

Four Alternative Futures

As a thought experiment, consideration of four
alternative futures helps predict how the strategic
context will be different when New START expires.
The scenarios represent a spectrum of possibilities.
They are (a) noncodified, bilateral mutual
restraint; (b) codified, bilateral mutual restraint;
(¢) multilateral restraint; and (d) no mutual restraint.
These are by no means the only potential futures—
many variations are possible—but the alternatives
offered here serve to highlight some key challenges.

Each alternative future contemplates two key issues:
changes in demand on U.S. NTM collection
capabilities when New START is no longer in force
and how the strategic stability of the space domain
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may be affected. Borrowing from a recent definition
of what strategic stability means in the nuclear
context, strategic stability in space is the peacetime
management of strategic relationships to avoid
conflict extending into space. Strategic stability is
facilitated through processes, mechanisms, and
agreements, which, combined with the deployment
of military forces, minimize any incentive for first-
use of offensive space capabilities.”> When these
instruments for managing strategic relationships
erode, are absent, or are misapplied, the likelihood
for miscommunication, misunderstanding, and
miscalculation leading to conflict increase. There is
less crisis stability and, in turn, less strategic
stability.

To subjectively assess how strategic stability of the
space domain may be affected, each scenario
evaluates how the legitimacy of NTM overflight
might be affected; how interference with NTM may
increase (or not); how the end of legally binding
U.S.—Russian prohibitions on interference with
NTM may shape other nations’ attitudes, beliefs,
and behavior in space; how military space control
strategies might be influenced; and how the
cumulative effect of these factors influences crisis
stability. Table 2 captures the differences among the
scenarios and compares them to the current status
quo, with the light green color indicating no
expected change in the status quo for that factor
under each scenario.

Scenario A: Noncodified, Bilateral

Mutual Restraint

In Scenario A, the United States and Russia each
decide separately that it is in their national
interest to continue current practices regarding
noninterference with NTM, even in the absence of a
bilateral agreement and without direct, bilateral
engagement on the issue. Overall, they decide
unilaterally that exacerbating tensions in the space
domain is not in their national interest.



Nevertheless, as Table 2 illustrates in light pink,
Scenario A still presents new challenges for the U.S.
national security space community and is not
conducive to the stability of the space domain. First,
the United States will have to rely, to the greatest
degree in a generation, on space-based observations
to persistently track Russia’s strategic nuclear forces
when New START provisions for onsite inspections
of Russia’s nuclear forces end. Regular bilateral
warhead counts, notifications, exhibitions, and
telemetric and information data exchanges will also
end with New START’s demise. As a result,
demand on NTM for tracking Russian nuclear
weapons development, testing, and deployments
will intensify. Commercially available space-based
remote sensing imagery may augment NTM but will
not be a substitute for NTM exquisite capabilities.
With competing requirements for limited NTM
resources, such as monitoring China, North Korea,
Iran, and terrorist organizations, any decisions to
shift attention and scarce resources to more
persistently track Russian nuclear forces impose an
opportunity cost.?> Furthermore, the end of
prohibitions on concealment at ICBM and SLBM
test ranges will make the task of monitoring Russian
nuclear developments from space more complicated
as Russian denial and deception efforts surrounding
test ranges intensify. NTM satellite systems, ground
systems, and the workforce will need to be scaled to
accommodate these new strategic requirements.

Challenges for the stability of the space domain in
this scenario are more nuanced but also differ from
the status quo. In this case, NTM overflight’s
legitimacy in international law is not challenged by
either party and the incidence of interference
between the United States and Russia remains at the
same level as the current status quo, as reflected in
light green in Table 2, Scenario A. However, the
loss of the sole legally binding treaty-based
prohibition on interference with NTM between the
two traditional major space powers could negatively
shape the attitude, beliefs, and behaviors of other
nations regarding interference. Although the United
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States and Russia practice noncodified, bilateral
mutual restraint in this scenario, other countries
such as China may see an opening to practice less
restraint themselves once interference with NTM is
no longer explicitly proscribed anywhere in
international law. The U.S. national security space
community and U.S. diplomats may have to make
additional efforts to counter such an impression.

Similarly, international efforts to develop norms of
behavior for responsible use of outer space may lose
momentum should the two leading space powers
abandon their clear, legally binding restraint. Why
make the effort internationally to develop
nonlegally binding, voluntary “rules of the road”
when the two traditional major space powers
abandon existing, legally binding treaty constraints?
Likewise, the lack of a U.S.-Russia agreement may
have a chilling effect on the development and
implementation of international,  voluntary
Transparency and Confidence Building Measures
(TCBMs) for space.

While U.S. and Russian space forces practice
noncodified, bilateral mutual restraint in routine,
peacetime operations in this scenario, the space
domain at large will be less stable because in a crisis,
or in the gray zone between peacetime and conflict,
the threshold for initiating active interference will be
lower due to the absence of the usual treaty check
on military offensive space operations. In other
words, military commanders will not be delayed by
their staff judge advocate lawyers raising treaty
compliance issues. In addition, the lack of an
agreement to drive regular dialogue between the
United States and Russia, either military-to-military
or between diplomats, also makes the strategic
environment less stable. In combination with
accelerated planning for warfighting in space, such
an  environment raises the chances of
miscommunication, misunderstanding, and
miscalculation. For these reasons, even noncodified
mutual restraint will lead to a comparatively less
stable space domain.



Treaties, conventions, and other types of
agreements that are in force (signed and
ratified by participating states) are considered
“legally binding” agreements between
governments in international law. In contrast,
unratified instruments are considered
“nonlegally binding” agreements between
governments in international law. Such
agreements are still politically binding, and,
while breaching such an agreement may
increase political tension, breaches are not
considered violations of international law.
Examples of nonbinding agreements may
include voluntary guidelines and norms, codes
of conduct, and other instruments such as
nonbinding memorandums of understanding
(MOUs) and memorandums of agreement
(MOAs).

Table 2, Scenario A, illustrates that ultimately,
noncodified mutual restraint dampens some
negative impulses, but also presents some concerns.
NTM overflight remains legitimate, and the level of
interference remains at status quo levels. However,
the demand for NTM collection rises along with the
difficulty of observing Russia’s nuclear weapons
development, testing, and deployments. The
stability of the space domain weakens due to the
undermining of existing processes for developing
international norms of behavior and TCBMs for
space, the risk that other countries feel less
restrained in the absence of U.S.—Russia formal
restraint, and the fact that military forces face a
lower threshold for initiating the first-use of
offensive space control capabilities, resulting in less
crisis stability.

Scenario B: Codified, Bilateral

Mutual Restraint

In Scenario B, the United States and Russia sign a
bilateral agreement to continue noninterference with
their respective space-based NTM. This bilateral,
noninterference agreement stands on its own,
unconnected to other arms control treaties. Since
prospects for new, broader arms control treaties are
dim, noninterference with NTM by itself provides
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the basis for a narrower agreement and provides a
way forward in preserving stability in the space
domain.

A bilateral agreement between the United States and
Russia that simply prohibits interference with NTM
is feasible, given that all it does is maintain the status
quo as it has been since the 1970s. Moreover, the
United States finds the agreement meets U.S.
prerequisites to enter into a new arms control
agreement as required in the 2010 U.S. National
Space Policy; i.e., such an agreement must be
equitable, effectively verifiable, and enhance the
national security of the United States and its allies.>*
Also, the Russians find it difficult to argue
convincingly against reestablishing the 50-year-old
status quo in space. Indeed, the United States,
chided internationally for years over its opposition
to the Russian “No First Placement of Weapons in
Outer Space” (NFP) initiative and the Russian and
Chinese draft “Treaty on the Prevention of
Placement of Weapons in Outer Space, the Threat
or Use of Force Against Outer Space Objects”
(PPWT), could offer an agreement on
noninterference with NTM as an alternative to
Russia and, eventually, to China and the
international community. A formally ratified
agreement may be difficult to achieve, given the
troubled nature of the current U.S.—Russia strategic
relationship and with the high hurdle of U.S. Senate
consent. If so, such an arrangement might be
accomplished through a nonlegally binding MOU
that does not necessitate ratification.

As in Scenario A, the collection requirements for
tracking Russia’s nuclear forces grow due to the
lack of onsite inspections, while at the same time the
Russian concealment of their activities makes
monitoring their nuclear forces more challenging.
However, the stability of the space domain would be
unaffected in Scenario B, and the challenges arising
from the increasing contested nature of the space
domain would not be exacerbated. The bilateral
U.S.—Russian agreement means NTM overflight’s



legitimacy in international law would not be
challenged by either party, and the incidence of
interference between the United States and Russia
would remain at the same level as the current status
quo (reflected in light green in Table 2, Scenario B).

Contrary to noncodified mutual restraint outlined in
Scenario A, a new formal U.S.—Russian agreement
reduces the impetus for China, India, and other
countries to change their attitudes, beliefs, and
practices regarding interference with NTM. This
finding is based on a key assumption that runs
throughout all the scenarios: that the United States
and Russia, as the traditional space powers,
influence what other countries consider legitimate,
acceptable behavior in space. It is reasonable to
predict that more antagonistic behavior in space by
the United States and Russia will likely lead to more
antagonistic behavior in space by other nations and
a less stable space domain. Conversely, U.S.—
Russian mutual restraint, especially codified
bilateral mutual restraint, will ideally shape the
strategic environment toward restraint among all
spacefaring nations and build a more stable space
domain. The international community’s
development of norms of behavior for outer space
will be shaped correspondingly.

The United States and Russia approach space
control activities more cautiously than in
Scenario A, due to the codified agreement raising
the threshold for initiating active interference with
the others NTM. The agreement also drives regular

The United States and Russia, as
the traditional space powers,
influence what other countries
consider legitimate, acceptable
behavior in space.
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dialogue between the United States and Russia,
further supporting stability. The opportunity for
miscommunication, misunderstanding, and
miscalculation remains at today’s level, as well as
the level of risk to crisis stability.

The Scenario B row in Table 2, with six of the seven
columns showing light green (status quo), reflects
the idea that a bilateral, codified, noninterference
agreement between the United States and Russia is
as close to maintaining the status quo as possible.
Despite increased demand for NTM collection and
the difficulty of observing Russian nuclear weapons
development, the stability of the space domain
remains at status quo levels. The bilateral
noninterference  agreement bolsters  existing
processes for developing international norms of
behavior and TCBMs for space, and there is no
change from the status quo regarding the risk of
first-use of offensive space operations capabilities,
keeping crisis stability level.

Scenario C: Multilateral Mutual Restraint

In Scenario C, multilateral mutual restraint could
develop along a couple of paths. A bilateral
agreement between the United States and Russia, as
outlined in Scenario B, could be widened to include
other countries. With the United States and Russia
setting the example, other countries would be
welcome to sign on. Alternatively, in the interest of
global strategic security, the United Nations
Security Council (UNSC) five permanent members
(P5) could move to formalize prohibitions on
interference with space-based NTM.

A group of like-minded nations, such as the United
States, the United Kingdom, and France could
provide the impetus for a wider agreement or a
UNSC resolution that proscribes interference with
NTM. The UNSC’s interest in maintaining
international peace and security and reducing the
chance of miscalculation leading to war could drive
the development of this alternative. UNSC
resolutions carry the force of codified, international



law so such a UNSC resolution would carry great
weight. In either case, the Russians would find it
difficult to argue convincingly against simply
reestablishing the 50-year-old status quo in space as
such an agreement would do. Presented as an
alternative to the Russian NFP initiative and the
PPWT, an NTM noninterference proposal might
gain traction within the international community.

As in Scenarios A and B, even if one of these paths
came to fruition, the demands on NTM for tracking
Russia’s nuclear forces would still grow and be
more difficult than today. Any path to multilateral
restraint in Scenario C, however, strengthens space
domain stability more than Scenario B (as reflected
by the predominately dark green cells in the
Scenario C row of Table 2). In this scenario, NTM
overflight legitimacy is not questioned and the
amount of interference remains as expected given
the status quo. However, other countries’ attitudes,
beliefs, and practices regarding interference with
NTM are shaped toward more restraint, driven by
the combined diplomatic signaling and subsequent
political impetus created by the United States,
Russia, and other countries acting in concert.
Scenario C also fosters an environment conducive
to norms development and the establishment of
TCBMs for space.

A multilateral agreement significantly raises the
stakes for taking offensive space control actions, as
military commanders would have to check with
their staff judge advocate lawyers to weigh the
implications of violating a multilateral agreement or
a UNSC resolution (i.e., international law) before
initiating offensive space operations. In turn, crisis
stability is strengthened since the increased decision
time raises the threshold for military action and
reduces the opportunity for miscommunication,
misunderstanding, and miscalculation.

The Scenario C row in Table 2 illustrates how
multilateral mutual restraint improves stability in
space compared to the status quo. Stability improves
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due to the multilateral agreement creating new,
broad processes and mechanisms that reduce the
risk of miscalculation leading to crisis. Also, the
multilateral agreement accelerates processes for
developing international norms of behavior for
space. And the threshold for first-use of offensive
space control capabilities is raised, resulting in
improved crisis stability.

Scenario D: No Mutual Restraint

Scenario D is the most pessimistic scenario on the
spectrum of possible futures. In this scenario, the
United States and Russia each decide separately that
it is in their national interest to disregard restraint.
Each begins interfering regularly with each other’s
NTM satellites, even in the absence of crisis or
conflict, undermining the stability of the space
domain and eventually even threatening strategic
nuclear stability. Scenario D contemplates a new era
where the entire concept of noninterference with
space-based NTM is rendered obsolete due to
various factors, including (a) the lack of an arms
control treaty that provides legitimacy in
international law for NTM overflight;*> (b) the
availability of commercially available, ubiquitous,
space-based remote sensing; (c) the fact that the
United States and other countries now identify space
as a warfighting domain; (d) rising tensions and
mutual distrust between the United States and
Russia; and (e) China’s and other countries’
growing assertiveness in space.

In this unrestrained scenario, highlighted in dark red
in Table 2, the U.S. national security establishment
faces increasing challenges in tracking Russian
nuclear arms. Demand on NTM surges with the end
of New START onsite inspections, data exchanges,
and notifications. At the same time, fulfilling NTM
collection requirements becomes especially difficult
as unrestricted Russian denial and deception
activities accelerate and interference grows. In turn,
U.S. confidence erodes in regard to its
understanding of Russian nuclear forces. In such a



future, the United States and Russia face the danger
of miscalculation leading to greater risk of nuclear
conflict.

Even in the absence of crisis or conflict, as the
United States and Russia alter their operations
toward routine, everyday interference with NTM, it
follows that China, India, and other countries also
feel less restrained compared to the status quo. They
alter their attitudes, beliefs, and practices in a very
negative direction as interference with space-based
NTM is no longer proscribed by any treaty, the
international legitimacy of NTM overflight is
weakened, and they mirror U.S. and Russian
changes of behaviors in space. Hence, Scenario D
also represents the demise of good faith efforts to
develop norms of behavior for outer space. In this
scenario, an unfettering of offensive space operations

amplifies the risk that miscommunication,
misunderstanding, and miscalculation could lead to
confrontations spinning out of control, making crisis
management much more difficult.

Scenario D in Table 2 portends a future with no
mutual restraint and deviates the furthest and most
dramatically from the current status quo. Tracking
Russia’s nuclear forces becomes increasingly
difficult. The stability of the space domain
deteriorates severely due to the absence of mutual
restraint and the degradation of existing processes for
developing international norms of behavior for space.
The danger of miscommunication, misperception,
and miscalculation swells along with the risk of
conflict quickly extending into space. Current
threats to stability in the space domain are greatly
exacerbated, resulting in its full destabilization.

Table 2: A Thought Experiment—Analysis of the Four Alternative Futures

NTM Stability of the Space Domain

Collection
Requirements

Shaping
3rd Country
Behavior

Amount and
Difficulty

Interference
with NTM

Overflight
Legitimacy

. Noncodified
bilateral,
mutual
restraint

Increase
amount

Status quo Status quo

. Codified
bilateral,
mutual
restraint

Increase

SR Status quo

Status quo

. Multilateral
mutual
restraint

Increase

Statu
amount LR

Status quo

. No mutual
restraint

Less restraint

Status quo

More restraint

Disruptive
Policy
Change
Opportunity

Space
Control Crisis
Aspects Stability

Norms
Development

Formal check

Difficult Yes2?
removed

Discouraged

Status quo Status quo Status quo Yes

1

Encouraged ~ Greater check  Improvement Yes

1. Break synergistic relationship between arms control agreement and noninterference with NTM.
2. The United States begins calling out bad behavior by attributing interference to shape strategic environment and bolster deterrence.
3. The United States reveals its NTM spacecraft to enable attribution of interreference and to bolster deterrence.



Disruptive Policy Changes

As the end of New START approaches, U.S.
national security decisionmakers will have the
opportunity to make some disruptive policy
changes, shaping the post-New START strategic
context toward or away from the scenarios laid out
above. For example, Scenario B and Scenario C
depend on breaking the symbiotic relationship
between noninterference with NTM of verification
and U.S.—Russia arms control agreements. U.S.
decisionmakers will have to decide if negotiating a
new bilateral or multilateral NTM noninterference
agreement that stands on its own (i.e., unconnected
to other arms control treaties) will encourage
stability in the space domain and be in U.S. interests.

Enabling the bilateral or multilateral agreements on
which Scenario B and C are based may also require
decisionmakers to identify NTM satellites. As noted
earlier, the United States and Russia have preferred
to keep the precise definition and identity of NTM
purposefully ambiguous. Nevertheless, reaching a
separate agreement on noninterference with NTM
seems more likely if specific satellites, on all sides,
are identified as NTM. That does not mean specific
NTM spacecraft capabilities would need to be
revealed, but removing the ambiguity over which
satellites are NTM might be judged worthwhile in
order to proactively shape the future strategic
context in space.

Today, deterring aggression in space is more
important than ever, so decisionmakers might also
judge that revealing the identity of NTM spacecraft
may strengthen deterrence, benefiting stability in
space across all four future scenarios. In September
2019, during a discussion on space and deterrence,
the commander of U.S. Air Force Central
Command, Lieutenant General Joseph Guastella,
implied that some senior leaders need to make tough
decisions about which NTM capabilities should be
revealed in order to make deterrence credible,
explaining that adversaries have to know about
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Table 3: Potential Disruptive Policy

Changes Post-New START

Negotiating a standalone NTM
noninterference agreement

Revealing the identity of NTM satellites

Publicly attributing interference with
U.S. satellites

one’s capability to be deterred by it. “At some
point,” he said, “we have to reveal some things.”?°

In parallel, New START’s end may provide the
United States the opportunity to reconsider the
current policy of not attributing interference against
U.S. satellites. The current reasons for not publicly
attributing incidences of interference has been the
concern that attributing interference may divulge
U.S. technological capabilities. Also, attributing
interference could subject the United States to
criticism by other countries. Senior leaders will need
to weigh those concerns and balance them against
the needs of the alternative futures. For example,
decisionmakers may judge that such a policy change
makes a lot of sense in the context of verifying
compliance with the notional agreements on which
Scenarios B and C are based. In addition, General
Guastella noted that a key component of deterrence
is being able “to call them out” when an adversary
acts threateningly. He said, “Attribution has kind of
become the new deterrence.” In that light, New
START’s end could provide a catalyst for the U.S.
government to set in place a new policy for the
public attribution of attacks on, and interference
with, U.S. government satellites—for the sake of
deterrence—even in lieu of any noninterference
agreement.

Public attribution of bad behavior could also shape
the strategic environment by reinforcing
noninterference as an international norm of



behavior. Indeed, the national security space
enterprise could follow in the wvein of the
cybersecurity community, in which incidences of
cyber interference and attacks are publicly “named
and shamed” comparatively aggressively.

New START’s end presents an opportunity for
decisionmakers to carefully weigh updating a half
century’s worth of entrenched security space policy.
The cost-benefit calculus of the current policies and
strategies, which have held over that period, may
need to be recalculated with the end of New START
and the increasingly contested nature of the space
domain.

Conclusion

The strategic context for U.S. national security
space activities is about to change with the
expiration of New START. This change will stress
the national security space community’s
capabilities, assumptions, and habits, and is likely to
raise new risks for the stability of the space domain.
U.S. national security space leaders should
proactively  consider the challenges and
opportunities this looming change in the strategic
environment presents, and act now to develop a
comprehensive post-New START strategy.

Each alternative future contemplated how the
demand on U.S. NTM collections would increase
when New START is no longer in force and how the
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stability of the space domain would be affected in
that scenario. In all foreseeable cases, demand on
NTM collections increases. In Scenario A, if key
assumptions ring true, the stability of the space
domain would be marginally worse than today. In
contrast, Scenario D shows that if NTM overflight
legitimacy is broadly challenged, space stability will
be significantly worse than today. On the other
hand, Scenarios B and C show that a formalized
mutual restraint agreement may prevent stability in
space eroding at a greater pace than the status quo.
Importantly, all scenarios represent clear
opportunities for U.S. policymakers to proactively
shape the new strategic context with a variety of
disruptive policy changes. With the growing threats
to the stability of the space domain presented by
China and Russia and the increasingly contested
nature of the space domain, the national security
space community should consider how the demise
of New START may exacerbate these challenges.
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CENTER FOR SPACE
POLICY AND STRATEGY

FOR NATIONAL SECURITY

Jamie Morin and Robert S. Wilson

The increasing commercialization of space is presenting new opportunities for national security
acquisition. Because of commercial developments in space-based weather; remote sensing imagery;
radiofrequency collection; communications; positioning, navigation, and timing; and space situational
awareness—among other areas—U.S. intelligence and defense agencies are considering alternatives to
the traditional model of hiring contractors to develop bespoke capabilities. Some space capabilities could
be treated like personal computers or passenger cars, which the government acquires as commodities
from private companies rather than develops via contractors. Or space services could be treated like
email clients or search engines, such as Microsoft Outlook or Google search, which the government
licenses but does not own. In this new space era, U.S. space leadership will face many decisions over
which acquisition model to use in a particular case. Given the potential of leveraging commercial services
to accelerate the fielding of important capabilities and to preserve resources for quintessentially military
capabilities, it behooves leadership to prepare for the analytic task of answering that question in many
different mission areas, and to take the necessary steps to prepare to acquire commercial capabilities and
services at scale for military applications. Our national security space enterprise and the commercial
space sector are at critical junctures. National security leadership needs to consider the models it wants
to use for its next-generation systems and business rules for how to balance them.

Introduction

In May 2020, U.S. astronauts launched into orbit aboard a commercially procured rocket for the first time in history.' The
launch was both a direct manifestation of, and a metaphor for, the dramatic growth we have witnessed in the commercial
space sector in the last decade. This growth is largely due to rising private investment, lower technical barriers to entry, and
conscious choices by government to permit commercial activity in previously restricted areas. Private investment in startup
space firms increased from less than $500 million per year from 2001 to 2008 to roughly $2.5 billion per year in 2015 and
2016.2 Satellites are getting smaller and cheaper; launch costs have fallen.

In this new space era, increasing commercialization extends to national defense, with private companies offering services
such as space situational awareness, responsive launch, synthetic aperture radar, and hyperspectral imagery that used to be
exclusively carried out by the governments of major powers. In other areas, such as in communications and electro-optical
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imagery, private companies have been engaged for decades but are
now fielding systems in quantities that dramatically surpass those of
the U.S. military and intelligence community. Based on Seradata’s
Spacetrak subscription database, Figure 1 shows the number of active
satellites in orbit from 2005, 2010, 2015, and 2020.> As shown in the
figure, satellites owned by U.S. private companies are driving much of
the increase in satellite activity.

Three Models of Space Acquisition and Hybrids

The increasing commercialization of satellite technology with defense
applications presents serious opportunities for defense acquisition. It
also places pressure on the traditional model of hiring contractors to
develop bespoke capabilities for government programs. But
conceiving of the changes as offering a binary choice of make-versus-
buy is overly narrow and could lead to missed opportunities. It is more
productive instead to think of the democratization and
commercialization of space as offering a spectrum of opportunities to
leverage commercial capabilities.

Over time, some space capabilities could be treated like personal
computers or passenger cars, which the government acquires as
commodities from private companies rather than develops via
contractors. Or space services could be treated like email clients or
search engines, such as Microsoft Outlook or Google search, which
the government licenses but does not own. Table 1 lists these three
broad models but, in the emerging environment, acquisition
approaches are likely to be less frequently a pure manifestation of one
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Figure 1: Satellites by owner, from 2005 to 2020.

of these models and instead a hybrid that combines the different models to meet different parts of the need.”

In this new space era, U.S. space leaders will find themselves considering the latter models more frequently in multiple
capability areas, and likely will shift further toward the latter approaches to take advantage of ongoing and future
commercial developments. Currently, U.S. national security space leadership is seeking to reduce the cost of providing
basic capabilities on which the national leadership, the joint force, and the nation as a whole rely in order to free up
resources for addressing potential adversaries’ efforts to deny those capabilities to the United States. In this environment,
programmatic options that rely on commercial and hybrid architectures to provide some degree of capability may enable
the national security space community to shift investment to next generation bespoke systems, and these options may also

deliver novel capabilities.

* For more information about the defense acquisition models, please see Karen Jones and Geoffrey Reber’s chapter in the Space Agenda 2021 titled,
“Continuous Production Agility: Future Proofing the National Security Space Enterprise,” September 17, 2020 (https://acrospace.org/policy/space-

agenda-2021).
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Table 1: Three Models for Defense Acquisition

I . . N

1. Traditional (Developmental Programs of Record) Hiring contractors to develop custom-made capabilities

I e e IR e Procuring existing commgrcial .hardware, which the gpvernment
would own and operate, including for government-unique
purposes

Procuring services from commercially owned and run space and
ground systems (including potentially in a Services Oriented
Architecture or Infrastructure as a Service)

3. Purchased Services

Shifting Balance Among Models

Some areas in commercial space activity that have national security applications have progressed substantially in recent
years. Notable examples include remote sensing or Earth observation, satellite communications, and space situational
awareness. U.S. national security space acquisition has been shifting to leverage some of these commercial capabilities.
This includes defense and intelligence agencies contracting with commercial companies for capabilities and services as
well as promoting concepts that would integrate commercial and government systems.

Remote Sensing/Earth Observation. Remote sensing satellite

capabilities are advancing significantly, both qualitatively and Remote Sensing Satellites
quantitatively. Commercial systems now comprise a large share of

remote sensing satellites. Based on data from Seradata, about 270 of the .'

620 remote sensing satellites in orbit are privately-owned, about 200 of oy

which are owned by U.S. companies. In contrast, about 50 are owned J
by the U.S. military or intelligence agencies.* Figure 2 shows, from 200 B | 197
2005 to 2020, the evolution in the quantity of U.S. commercial remote

sensing satellites in comparison to remote sensing satellites owned and 100
operated by U.S. defense and intelligence agencies. While the number

of U.S. national security assets has stayed relatively flat, the number of

2005 2010 2015 2020

commercial systems has jumped dramatically — nearly tripling from USG Natlonal Security [l U.S. Commercial
2005 to 2010, nearly quadrupling from 2010 to 2015, and nearly Figure 2: Remote sensing satellites by owner, from
quintupling from 2015 to 2020. 2005 to 2020.

The large number of commercial remote sensing satellites is due, in part, to companies offering traditional electro-optical
imagery (digital pictures) with high revisit rates (being able to take imagery of the same location frequently), which can
help companies monitor changes on the ground to make informed decisions. Commercial providers have realized that
excellent temporal resolution (revisit rates) can be complementary or in some cases more valuable than high spatial
resolution. To achieve this capability, companies are deploying large numbers of small or midsized satellites. Planet, for
example, achieved a 150-satellite constellation in 2018 with the goal of being able to take an image of the entire Earth each
day.’ Maxar is working on its next generation constellation called WorldView Legion, which reportedly will be able to
revisit some locations on Earth up to 40 times per day.® Other remote-sensing satellite companies, such as BlackSky and
SatRevolution, are also seeking to deploy large satellite constellations for electro-optical imagery.’

And the rise in commercial remote sensing is not limited to just electro-optical. Companies such as PredaSAR Corp, Iceye,
Umbra Lab, and Capella Space are developing commercially-owned synthetic aperture radar satellites, which can take
imagery of the Earth through different atmospheric conditions during the day and at night.® Maxar and other firms market
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infrared imagery.” HawkEye360 and Aurora Insight are two examples of companies that offer satellite-based
radiofrequency collection services, which—by detecting and geolocating a range of radiofrequency emitters—could be
valuable for transportation tracking and search and rescue, among other applications.'® A slew of companies are also
proposing hyperspectral remote sensing satellite systems, technology that could theoretically identify chemical
composition, which might help agricultural conglomerates better decide what crops to plant in which fields but also can be
used to spot a camouflage tarp hiding a weapon system.!!

The surge in activity and improvement in quality is contributing to what we have called a “GEOINT Singularity”—the
potential for the “convergence, and interrelated use, of capabilities in artificial intelligence, satellite-based imagery, and
global connectivity, where the general population would have realtime access to ubiquitous intelligence analysis.”!?

As of late, U.S. national security elements have been leveraging more of these commercial remote sensing ventures. Maxar,
Planet, and BlackSky have contracts in place for their data with an intelligence agency.'® In 2019, HySpecIQ was awarded
an intelligence contract for a commercial hyperspectral imaging study.'* In June, Capella Space announced a cooperative
research and development agreement with the National Geospatial Intelligence Agency (NGA), the first such agreement for
commercial synthetic aperture radar data, and has received contracts from the Navy and the Air Force.!>'®!7 Another
intelligence agency recently established a Commercial Systems Program Office that will oversee procurement of
commercial imagery.

Perhaps more so than any other satellite service capability, remote sensing epitomizes the rapid commercialization of
previously tightly held government national security technology, allowing national security organizations around the world
to use the third model: buying commercial services rather than simply designing their own capabilities. That many world-
leading companies are based in the United States provides an advantage to the U.S. and its allies.

Space Situational Awareness. Space situational awareness capabilities have historically been primarily owned by major
government powers. A 2018 Institute for Defense Analysis report says: “Until recently, the United States Department of
Defense (DOD) was the only organization in the world—outside perhaps Russia—to develop high-fidelity space situational
awareness information.”'® But in recent years, commercial players have been more involved in developing space situational
awareness capabilities for purchase. LeoLabs established a space radar in New Zealand in 2019 that allows it to track
objects as small as two centimeters in low Earth orbit.!” Numerica offers commercial space situational awareness services,
and it receives data from more than 130 optical sensors positioned worldwide. These are just two examples of a burgeoning
industry trying to fill a need for commercial companies to monitor and track their satellites.

U.S. defense organizations are seeking to exploit these commercial projects. The Air Force has collected information from
several commercial space situational awareness companies as it experiments with how to integrate a wide variety of data
sources. According to a report from Breaking Defense, Assistant Secretary of the Air Force Will Roper said that the Air
Force was receiving information from LeoLabs, Numerica, ExoAnalytic Solutions—which can track objects in
geosynchronous orbit using optical and passive radio frequency telescopes—and Rincon, a commercial network using
passive radio frequency telescopes.?’2!2? The Air Force is not the only government customer for these companies: on its
website, ExoAnalytic Solutions also notes that it has been “committed to developing technologies for the U.S. Missile
Defense Agency to enable robust missile defense architectures.”??

As commercial solutions improve, DOD will have more options for integrating and using more commercial space
situational awareness data. In some case, the companies, such as LeoLabs, are only selling their data, not their radars or
telescopes, which might push the department to rely more on the third model of purchasing capabilities as a service.
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Communications. Satellite communications are perhaps the richest

place for defense agencies to leverage commercial capabilities. The Number of Communication Satellites
vast majority of communications satellites are owned and operated by
private companies. Based on data from Seradata, there are 1,000 . 963
approximately 1,570 communications satellites in orbit, about 1,040 900 . .‘ Z
of which are U.S. systems. Of the U.S. satellites, about 960 are owned é
by private companies and 50 are owned and operated by the U.S. ool é
military and intelligence community. Figure 3 shows, from 2005 to 700 g
2020, the evolution in the quantity of U.S. commercial 600 é
communication satellites in comparison to communication satellites 500 é
owned and operated by U.S. defense and intelligence agencies. As is 00 é
the case with remote sensing satellites, the number of U.S. military é
and intelligence community-owned assets has stayed relatively flat 500 é
while the number of U.S. commercial systems has increased 200 é
dramatically. 100 Z
%
Even these large numbers may see geometric growth in the next few 2005 2010 2015 202

years. Multiple companies, including SpaceX and Amazon, have filed
requests to launch hundreds or thousands of small communications
satellites. This would represent a transformation in the level of activity ~ Figure 3: Communications satellites by owner, from
we have grown accustomed to in space. For example, SpaceX has 2005 to 2020.

announced plans to launch 40,000 satellites for its Starlink

constellation, far exceeding the about 3,000 active satellites of all kinds currently in orbit.* (This scale of increase would
also create a need for space traffic management services far beyond those currently in use.?)

USG National Security U.S. Commercial

The Department of Defense has contracted for some of its satellite communications needs for years.” But today the DOD is
exploring new ways to capitalize on this explosion of commercial communications satellites, including in its “Fighting
Satcom” operational vision released in 2020. % In it, the Space Force refers to Fighting Satcom as collectively using
military satellite communications and commercial satellite communications, as a single enterprise, in a contested
environment. While traditional commercial satellite communications are more susceptible to jamming and interference than
military communications, a more diverse set of capabilities complicates adversaries’ planning and investment. This
ambitious vision will entail acquiring services from commercial entities in addition to acquiring unique military capabilities
and commercially derived capabilities like the Wideband Global SATCOM system, thus pushing toward a hybrid of the
first, second, and third acquisition model.

Other Capabilities and Services. Remote sensing, space situational awareness, and satellite communications are just
three examples of the broader commercialization of space and the associated opportunities it brings to national security.
Positioning, navigation, and timing (PNT) is another area where there are many players. To name just a few, Draper
Laboratory offers alternative navigation technologies to GPS; The Aerospace Corporation (Aerospace) has demonstrated
another GPS-independent positioning technology; CTSi and L3 Technologies developed an enhanced link navigation
system that could be used in the absence of GPS; and Iridium uses communication links to provide satellite time and
location services.?”*? Like PNT, space-based weather has long been dominated by government-owned capabilities, but
commercial providers are emerging. Companies such as Spire, GeoOptics, and PlanetiQ use small satellites in low Earth
orbit to develop profiles of moisture and other properties of the atmosphere.*°

’ The Defense Information Systems Agency (DISA) has for decades contracted to gain additional bandwidth from commercial providers. “Satellite
Communications: Strategic Approach Needed for DOD’s Procurement of Commercial Satellite Bandwidth,” Government Accountability Office,
GAO-04-206, December 2003 (https://www.gao.gov/new.items/d04206.pdf).
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The possibilities extend beyond simply satellites. For ground stations, for instance, Kongsberg Satellite Services and
Amazon both offer access to a ground network of locations and antennas across the globe.?!3? The first director of the
Space Development Agency (SDA), Fred Kennedy, said that for its proposed proliferated satellite constellation the agency
was looking to acquire commercially off the assembly line, espousing the second acquisition model, not just for the
satellites but for an array of capabilities: “If I can buy payloads, if I can buy ground command and control software,
hardware, user equipment, if we could get user terminals from the commercial side, then I can maybe do minimal
ruggedization and put [it] on ships, planes, Humvees, you name it. That’s big,” said Kennedy.*>* The SDA architecture now
includes elements from all three models, and explicitly embraces hybrid approaches which build on strengths of each. The
opportunities for using commercial systems span the full range of capabilities and services.

Advantages and Risks in Acquiring More Commercial Services

Realizing the potential of commercial systems for national security acquisition—relying on the latter acquisition models—
will pose advantages and risks. For several space capabilities, the advantages of using commercial capabilities are
significant enough that U.S. space leadership should seriously consider embracing more risk.

Quicker Acquisition and Technology Refresh Versus Giving Up Control. A big advantage of buying off-the-shelf
capabilities or services is saving time. As Aerospace has previously reported, “Under the current approach, it can take more
than 10 years to develop, build, and launch highly com