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[bookmark: _Toc215058168][bookmark: _Toc225951427]Abstract
	This research analyzes whether the United States’ resilient-by-design (RbD) space architecture is sufficient to support deterrence by denial and ine-by-linrance in a contested space environment. Using the concept of celestial lines of communication (CLOCs) as an organizing framework, the research asks: What systemic vulnerabilities exist within the United States’ RbD space architecture when viewed through the CLOCs, and what additional considerations are required to ensure deterrence by denial and mission assurance if deterrence fails? The central thesis argues that while resilience improves survivability, unaddressed vulnerabilities across the CLOCs indicate that the current approach alone is insufficient to ensure deterrence by denial or to provide confidence in mission assurance.
	The research uses a qualitative and conceptual methodology grounded in unclassified United States policy, strategy, and doctrine, supported by open-source reporting, threat assessments, and current programs. The analysis evaluates three interdependent CLOCs that support spacepower: the orbital line, the command line, and the access line. Each is assessed based on current implementation, remaining vulnerabilities, and additional considerations needed to strengthen the overall architecture.
	The findings show that the United States has made significant progress regarding resilience by implementing the RbD approach. These measures improve the survivability and complicate adversary targeting. However, vulnerabilities remain across all lines, and because the CLOCs are interdependent, degradation in one line can reduce the effectiveness of the others.
	The research concludes that RbD is a necessary and directionally sound response to the contested domain. Still, it remains incomplete and does not entirely resolve the gray-zone non-kinetic vulnerabilities that currently exist. Its importance lies in showing that resilience alone is not enough; securing United States spacepower requires a more thorough understanding of how architecture-level degradation affects the ability to sustain space-enabled military effects and space superiority under attack.
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[bookmark: _Toc215058172][bookmark: _Toc225951429]Chapter 1. Combating Space Vulnerability
	The Department is prioritizing resilience as the primary means of denying adversaries the benefits of attack in space and assuring the availability of U.S. space missions in competition, crisis, and conflict.
	Resilience is fundamental, but resilience is not sufficient alone to deter all attacks or assure U.S. space-based services relative to the impact of their loss or degradation.
U.S. Department of Defense[endnoteRef:2] [2: 0. ChatGPT and Gemini were used to brainstorm initial research topic. ChatGPT and Gemini were used to help develop an outline/framework so thoughts flowed coherently throughout the paper. ChatGPT and Grammarly were used for copy editing, improving sentence structure, and grammar. NotebookLM and ChatGPT assisted in locating the correct material to reference for citations. Perplexity was used to help accomplish research. Zotero was used as a library for references and to create the end notes pages based on the citations used.
. Space Policy Review and Strategy on Protection of Satellites, n.d., 8,17.] 

[bookmark: _Toc215058173][bookmark: _Toc225951430]1.1	Introduction
	Space has historically been portrayed as a sanctuary. However, from its inception, the domain has been shaped by military competition enabled by scientific curiosity.[endnoteRef:3] The 1957 Soviet launch of Sputnik, widely celebrated as the beginning of space exploration, was a geopolitical act that demonstrated Soviet intercontinental ballistic missile technology.[endnoteRef:4] With the launch of Sputnik, the Soviets set a precedent in space, establishing freedom of passage in orbit and thereby enabling the goals of the Open Skies[footnoteRef:1] initiative to be achieved through space surveillance. The United States created the Advanced Research Projects Agency (ARPA) and began developing reconnaissance satellites, such as CORONA, which would become the foundation for strategic intelligence collection from orbit.[endnoteRef:5] [3: . Everett C. Dolman, Astropolitik: Classical Geopolitics in the Space Age, Cass Series: Strategy and History 4 (Frank Cass, 2005), 75.]  [4: . David N. Spires, Beyond Horizons: A Half Century of Air Force Space Leadership, Revised edition (United States Government Printing Office, 1998), 51–52.]  [1:  The Open Skies initiative was a formal proposal from President Eisenhower on July 21, 1955, at the Geneva summit conference to allow for mutual reconnaissance overflights for aerial photography to decrease information asymmetry and ease tensions.]  [5: . Spires, Beyond Horizons, 51, 71.] 

	Though the United States and the Soviet Union both publicly supported the peaceful use of space. The idea of space as a sanctuary benefited the United States’ interests by protecting early reconnaissance satellites from interference.[endnoteRef:6] The Soviet Union may have publicly supported the peaceful use of space, but simultaneously developed the Salyut 3, a space station equipped with a modified 23 mm tailgun from a Tu-22 bomber, suggesting otherwise.[endnoteRef:7] The dual nature of space, as a venue for exploration and as a strategic high ground, has been present since the beginning of the Space Age. [6: . Spires, Beyond Horizons, 55.]  [7: . Victoria Samson and Laetitia Cesari, eds., Global Counterspace Capabilities: An Open Source Assessment (Secure World Foundation, 2025), 103, https://drive.google.com/file/d/1FA8aLXiQeAEK1Z8mTpHFls_c27Ne50qa/view; Spires, Beyond Horizons, 53.] 

	The principle of space as a sanctuary was codified by two separate agreements between the United States and the Soviet Union: the UN Resolution of 1962 and the Outer Space Treaty of 1967. These agreements prohibited the placement of nuclear weapons and weapons of mass destruction in space, placed limitations on the sovereignty of celestial objects, and established free passage in space.[endnoteRef:8] This space sanctuary paradigm is responsible for the current United States space architecture. Operating in the presumably benign environment of competitors, space systems were designed to prioritize performance and reliability rather than survivability. [8: . Walter A. McDougall, The Heavens and the Earth: A Political History of the Space Age, Johns Hopkins paperbacks ed, A Johns Hopkins Paperback (Johns Hopkins University Press, 1997), 274; John J. Klein, Space Warfare: Strategy, Principles and Policy, Second edition, Space Power and Politics (Routledge, 2025), 17, https://doi.org/10.4324/9781003452133.] 

	This paradigm, at least from the United States’ perspective, took a dramatic turn in 2007 after China successfully demonstrated an anti-satellite (ASAT) weapon. Following the 2007 demonstration, the United States published two documents, the 2010 National Space Policy (NSP) and the 2011 National Space Security Strategy (NSSS). These documents are the first to acknowledge the “increasingly congested, contested, and competitive”[endnoteRef:9] nature of space. Additionally, in response to the Chinese test, the United States redemonstrated its capabilities by striking US 193, a malfunctioning United States satellite. These events, and subsequent demonstrations of direct ascent and co-orbital intercepts by several nations, highlight the inherent vulnerability of the legacy space architecture, triggering a shift in philosophy to a resiliency-by-design architecture.[endnoteRef:10] [9: . Secretary of Defense and Director of National Intelligence, National Security Space Strategy (Department of Defense, 2011), i, https://csps.aerospace.org/sites/default/files/2021-08/Natl%20Security%20Space%20Strategy%20Jan11.pdf.]  [10: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites (Department of Defense, 2023), 6, https://www.spacecom.mil/Portals/57/Space%20Policy%20Review%20and%20Strategy%20on%20Protection%20of%20Satellites.PDF.] 

As the United States’ dependence on space has risen, the limitations of the sanctuary paradigm have become clear, and the United States needs to adapt. Resiliency and space security can be strengthened by securing the celestial lines of communication (CLOCs)—the “physical and electromagnetic routes in, from, and to space used for the movement of trade, materiel, supplies, personnel, spacecraft, information, and military effects.”[endnoteRef:11] Within the CLOCs, three interdependent lines underpin spacepower: the orbital platform or satellite network, the command and control (C2) system, and the launch or reconstitution capability. Securing all three is essential to achieving and sustaining United States space superiority. The loss of any one of those lines would severely impact the United States’ ability to acquire and maintain space superiority. Therefore, understanding the vulnerabilities of the CLOCs, in today’s resilient-by-design architecture, and what that means for deterrence and mission assurance frames the central question of this research. The following section examines why securing those lines is not simply a technical challenge but a critical imperative. [11: . Space Warfighting: A Framework for Planners (United States Space Force, 2025), 13, https://www.spaceforce.mil/Portals/2/Documents/SAF_2025/Space_Warfighting_-_A_Framework_for_Planners_BLK2_(final_20250410).pdf.] 

[bookmark: _Toc215058174][bookmark: _Toc225951431]1.2	Importance of the Study
	The United States relies on continuous access to space and space-enabled services for military operations, economic stability, and civilian infrastructure, and has leaned on the concepts of disaggregation, distribution, diversification, protection, proliferation, and deception to build resilience for space infrastructure. Still, resilience alone may not ensure deterrence by denial or guarantee mission assurance during a conflict. This study is critical because it evaluates the potential structural vulnerabilities in the resilient-by-design framework, which will impact the United States’ ability to secure the CLOCs through deterrence by denial or, when deterrence fails, secure them.
1.3 [bookmark: _Toc215058175][bookmark: _Toc225951432]Research Question, Thesis, and Hypotheses
Securing celestial lines of communication requires a comprehensive, integrated approach to space architecture rather than isolated defensive measures. To determine if current strategies meet this requirement, this research evaluates the potential structural vulnerabilities within the resilient-by-design framework. The central research question asks: What systemic vulnerabilities exist within the United States’ resilient-by-design space architecture when viewed through the lens of celestial lines of communication, and what additional considerations are required to ensure deterrence by denial and mission assurance if deterrence fails?
To answer this, the central thesis posits that while resilience improves survivability, unaddressed vulnerabilities across the celestial lines of communication indicate that it is insufficient to ensure deterrence by denial or mission assurance in a contested space environment.
Three hypotheses guide this evaluation and provide a basis for assessing the architecture’s effectiveness:
1. Interdependence Hypothesis – Degradation of any one CLOC—the orbital line, the command and control system, or the access line—significantly reduces the United States’ ability to achieve or sustain space superiority.
2. Sufficiency Hypothesis – The current resilient-by-design approach does not fully secure all three CLOCs against emerging counterspace threats and therefore cannot, by itself, provide credible deterrence by denial.
3. Mission Assurance Hypothesis – The United States cannot maintain mission assurance if any CLOC experiences significant degradation.
1.4 [bookmark: _Toc215058178][bookmark: _Toc225951433]Definitions of Key Terms
Celestial Lines of Communication – The physical and electromagnetic routes in, from, and to space used for the movement of trade, materiel, supplies, personnel, spacecraft, information, and military effects.
Resilient-by-Design – Space architectures that move away from dependence on high-value, specialized satellites, towards systems explicitly built to withstand, fight through, and recover quickly from disruption.
Deterrence by Denial – A strategic approach that aims to prevent an adversary’s aggression by ensuring that hostile actions taken will be futile because they will be unable to achieve their desired objectives.
Mission Assurance – A process to protect or ensure the continued function and resilience of capabilities and assets.
1.5 [bookmark: _Toc215058179][bookmark: _Toc225951434]Methodology Overview
This research combines qualitative and conceptual methods, with an exploratory component in examining emerging capabilities. The primary sources for this research are the United States security, strategy, and policy documents, which inform its space-related goals and objectives. This research examines the United States’ resilience-by-design strategy for each of the three CLOCs: orbital systems, command and control systems, and launch and reconstitution systems. Each CLOC is assessed to determine its current implementation, existing vulnerabilities, and additional steps to mitigate them. The current implementation is inferred from industry reporting, public statements, and contract announcements that reveal ongoing programs under development. The CLOCs framework provides the organizational framework for evaluating how United States actions secure the foundational pathways required for space superiority. The research is limited to unclassified, publicly available, open-source information.
1.6 [bookmark: _Toc215058180][bookmark: _Toc225951435]Scope and Limitations
The focus of this research is on contemporary United States space activities (roughly 2010 – present), the timeframe in which the United States formally acknowledged space as a congested and contested environment. Although there are multiple potential elements within CLOCs, this study focuses on three: orbital systems, command and control systems, and launch and reconstitution systems. The analysis relies exclusively on unclassified, publicly available sources and does not model, simulate, or provide quantitative analysis. The CLOCs are used solely as a conceptual framework for organization. The purpose of the study is to determine architecture-level vulnerabilities that affect deterrence and mission assurance, and those are best evaluated through strategy and policy analysis rather than detailed technical modeling.
1.7 [bookmark: _Toc215058181][bookmark: _Toc225951436]Primary Sources
This study examines unclassified national policy documents, DoD space strategies, contract announcements, and industry reporting to identify the United States’ goals and current implementation of resilience-by-design across the CLOCs. Open-source counterspace reports produced by the Office of the Director of National Intelligence, the Secure World Foundation, and the Center for Strategic and International Studies are examined to assess current vulnerabilities of the United States in the context of the resilient-by-design framework.
1.8 [bookmark: _Toc215058182][bookmark: _Toc225951437]Literature Review
Classic spacepower and history works have established that space has been dual-use and strategically contested since the launch of Sputnik, despite public commentary suggesting it was a sanctuary.[endnoteRef:12] These authors reveal that in reality, the early political statements of space as a sanctuary for peaceful purposes were diplomatic in nature, a means to secure and protect the overflight of the United States’ reconnaissance satellites.[endnoteRef:13] This sanctuary environment masked the inherent vulnerabilities in the satellite design and the space architecture of the time. Current policy and strategy have recognized that space is no longer a sanctuary and are aggressively pursuing an architecture that provides resilience and deterrence by denial.[endnoteRef:14] The Space Policy Review and Strategy on Protection of Satellites calls for disaggregation, diversification, distribution, deception, protection, and proliferation as the tools for resilience by denial. However, authors like Stone argue that effective deterrence needs to move beyond absorbing attacks to an architecture that “actively protects its space systems through credible offensive, counterforce capabilities.”[endnoteRef:15] This calls into question the effectiveness of the United States’ space strategy, primarily against determined adversaries and their growing counterspace capabilities. There are an increasing number of counterspace threats, including direct-ascent anti-satellite (DA-ASAT), co-orbital, electronic warfare, cyber, and directed-energy.[endnoteRef:16] United States strategy documents emphasize the importance of space and the need for a more resilient architecture capable of withstanding an adversarial attack. [12: . Klein, Space Warfare; Dolman, Astropolitik; McDougall, The Heavens and the Earth; Spires, Beyond Horizons.]  [13: . Dolman, Astropolitik; McDougall, The Heavens and the Earth; Klein, Space Warfare; Spires, Beyond Horizons.]  [14: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites; Philipp Rombach et al., Refresh or Reform: U.S. Space Strategy in 2025 (Center for Global Security Research, 2024), https://cgsr.llnl.gov/sites/cgsr/files/2024-10/Space%20Workshop_Annotated%20Bibliography_Oct.2024.pdf; Secretary of Defense and Director of National Intelligence, National Security Space Strategy.]  [15: . Christopher M. Stone, “Deterrence in Space: Requirements for Credibility,” National Institute for Public Policy, Information Series, no. 471 (November 2020), https://nipp.org/wp-content/uploads/2021/03/IS-471.pdf; Christopher Michael Stone, Reversing the Tao: A Framework for Credible Space Deterrence (Christopher M Stone, 2016).]  [16: . Annual Threat Assessment of the U.S. Intelligence Community (Office of the Director of National Intelligence, 2025), https://www.odni.gov/files/ODNI/documents/assessments/ATA-2025-Unclassified-Report.pdf; Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment; Clayton Swope et al., Space Threat Assessment 2025 (Center for Strategic and International Studies, 2025).] 

Taken together, the existing literature establishes the historical context of space as a contested domain and identifies the primary tools for achieving resilience through architectural disaggregation and proliferation. However, the strategy does not discuss the interdependence among CLOCs or whether this architecture will achieve the desired deterrent effect and ultimately provide mission assurance, especially if deterrence fails. Existing work tends to assess portions of the architecture or specific resilience techniques. This research fills a gap by evaluating systemic vulnerabilities across all three CLOCs as an integrated architecture. Addressing this gap is consequential because if the United States relies on a framework that secures one segment of the CLOCs while leaving others vulnerable, it will fail to guarantee mission assurance and space superiority when it matters most.
1.9 [bookmark: _Toc215058183][bookmark: _Toc225951438]Overview of the Work
The rest of this document is organized as follows. Chapter 2 presents the current history of the issue, examining the historical transition from sanctuary to today’s contested environment and emergence of resilience-by-design. Chapter 3 provides the theoretical framework for evaluating space vulnerability. Chapter 4 applies this framework to assess the United States’ actions, vulnerabilities, and mitigation considerations across the orbital, command and control, and launch and reconstitution systems. Finally, Chapter 5 concludes the work by summarizing the main findings, evaluating the hypothesis, and identifying implications for deterrence, mission assurance, and future research. 

[bookmark: _Toc215058184][bookmark: _Toc225951439]Chapter 2: History of the Issue
Because of their actions, space is no longer a sanctuary. It is now a warfighting domain. This is not a future or theoretical threat. This is today’s threat. We are not going to sit back and watch. We are going to act. We are going to deter conflict from extending into space, and ensure we can respond decisively if deterrence fails.
Acting Secretary of Defense Patrick M. Shanahan[endnoteRef:17] [17: . “Remarks by Acting Secretary Shanahan at the 35th Space Symposium, Colorado Springs, Colora,” U.S. Department of War, accessed November 26, 2025, https://www.war.gov/News/Transcripts/Transcript/Article/1809882/remarks-by-acting-secretary-shanahan-at-the-35th-space-symposium-colorado-sprin/.] 

[bookmark: _Toc215058185][bookmark: _Toc225951440]2.1	Origin of the Issue: The Sanctuary Paradigm
	The Space Age emerged from national security competition between the United States and the Soviet Union during the Cold War, leading to government-run military programs.[endnoteRef:18] Although the launch of the first satellite into orbit in 1957 was not explicitly combative, the technology introduced a dual-use reality: any vehicle capable of placing a satellite into orbit could also deliver a weapon. In fact, the United States and the Soviet Union investigated both terrestrial and space-based counterspace weapons. The United States began researching the feasibility of using its air-launched ballistic missiles to destroy satellites.[endnoteRef:19] Also, it began developing a satellite inspector that could be used as a dual-use co-orbital ASAT weapon.[endnoteRef:20] Similarly, the Soviet Union started developing the Istrebitel Sputnikov, a satellite designed to move in proximity to a target satellite and explode, producing shrapnel and destroying the target.[endnoteRef:21] The Outer Space Treaty (OST) of 1967 was not created to preserve the sanctity of space; rather, it was intended to slow an arms race between the two superpowers.[endnoteRef:22] The OST provided a binding framework that suggested space would be used for “peaceful purposes,” slowing the arms race and offering some assurances regarding on-orbit assets, but was written ambiguously enough to leave room for interpretation regarding weaponization. [18: . James Clay Moltz, The Politics of Space Security: Strategic Restraint and the Pursuit of National Interests, Third edition (Stanford University Press, 2019).]  [19: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.]  [20: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.]  [21: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.]  [22: . McDougall, The Heavens and the Earth.] 

After the establishment of the Outer Space Treaty, under the guise of a sanctuary environment, the United States relied on large, sophisticated, and expensive systems to support early-warning, communications, and reconnaissance missions.[endnoteRef:23] However, despite this sanctuary paradigm, the Soviet Union continued to develop counterspace capabilities, including: co-orbital ASATs, fractional orbital bombardment systems (FOBS), and the armed Salyut-3.[endnoteRef:24] Even then, though the OST and sanctuary paradigm sought to secure the use of CLOCs, the Soviet Union remained steadfast about its quest to attain the capability to deny freedom of access to space. The United States’ reliance on space continued to increase, changing what was once seen as an asymmetric advantage into a critical vulnerability. As counterspace technology continues to proliferate and our adversaries recognize the United States’ space advantage, the domain has shifted from a sanctuary to a congested and contested warfighting domain. [23: . Charles D. Lutes et al., eds., Toward a Theory of Spacepower: Selected Essays (National Defense University Press, 2011).]  [24: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.] 

[bookmark: _Toc215058186][bookmark: _Toc225951441]2.2	Evolution: The Emergence of a Contested Domain
	The United States finally recognized the shift away from a sanctuary paradigm on January 11, 2007, when China successfully tested a DA-ASAT, destroying one of their weather satellites that was orbiting at 865 km.[endnoteRef:25] Not only did this demonstration show the United States that a competitor can put its satellites at risk, but it also highlighted the risk posed by orbital debris to all satellites. Subsequent counterspace capability demonstrations by China, Russia, and India followed this event. [25: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.] 

China, Russia, and India have all displayed their capability to destroy objects in low Earth orbit (LEO) using DA-ASATs.[endnoteRef:26] Additionally, both China and Russia have conducted rendezvous and proximity operations (RPOs), demonstrating their ability to carry out co-orbital attacks.[endnoteRef:27] In addition to these kinetic capabilities, adversaries have also expanded their non-kinetic capabilities, including: intelligence, surveillance, and reconnaissance (ISR) of on-orbit assets from space, cyberattacks, jamming, and laser dazzling.[endnoteRef:28] The proliferation of these counterspace capabilities and the resulting debris from destructive kinetic tests prompted the United States to shift its space-related policy. [26: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.]  [27: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.]  [28: . Samson and Cesari, Global Counterspace Capabilities: An Open Source Assessment.] 

	The National Security Space Strategy, in January of 2011, was the first time that the United States publicly acknowledged space as a “congested, contested, and competitive” domain.[endnoteRef:29] The United States recognized the congested nature of the domain, citing the global issue posed by ASAT tests and the resulting debris to satellites in orbit, explicitly calling out China. It highlighted adversaries’ development of counterspace capabilities and stated the threat they pose not only to the United States but also to the world. However, despite recognizing the congested and contested domain, the United States essentially adopted a liberal strategy towards space. The goals of the National Space Policy were focused on expanding international cooperation, stabilizing space, and supporting the domestic industry.[endnoteRef:30] The United States planned to build international partnerships and to be prepared to “fight through a degraded environment and defeat attacks targeted at our space systems and supporting infrastructure.”[endnoteRef:31] The United States’ objectives were to promote security and stability in space through the inherent right of self-defense.[endnoteRef:32] [29: . Secretary of Defense and Director of National Intelligence, National Security Space Strategy.]  [30: . Barack Obama, National Space Policy of the United States of America (White House, 2010), https://obamawhitehouse.archives.gov/sites/default/files/national_space_policy_6-28-10.pdf.]  [31: . Secretary of Defense and Director of National Intelligence, National Security Space Strategy.]  [32: . Barack Obama, National Security Strategy (White House, 2010), https://history.defense.gov/Portals/70/Documents/nss/NSS2010.pdf?ver=Zt7IeSPX2uNQt00_7wq6Hg%3d%3d.] 

	Though the United States recognized that space had become an increasingly competitive environment and that adversaries were developing the capabilities to deny the United States’ asymmetric advantage, it adhered to a policy of strategic restraint, prioritizing the preservation of orbital norms over the development of offensive counterspace deterrents. Accordingly, the United States’ response to adversary provocation was limited to rhetorical censure. Competitors now had systems and capabilities to target CLOCs, degrading and disrupting the United States’ space capabilities. This strategic approach continued until 2017-2018 with the release of the National Security Strategy and National Defense Strategy. These two documents explicitly recognized space as a “warfighting domain” and called for “peace through strength,” focusing on rebuilding military capabilities, to include those in space.[endnoteRef:33] Shortly following, on December 20, 2019, the United States Space Force was established. [33: . Donald Trump, National Security Strategy (White House, 2017), https://trumpwhitehouse.archives.gov/wp-content/uploads/2017/12/NSS-Final-12-18-2017-0905.pdf; Jim Mattis, Summary of the 2018 National Defense Strategy (Department of Defense, 2018), https://media.defense.gov/2020/May/18/2002302061/-1/-1/1/2018-NATIONAL-DEFENSE-STRATEGY-SUMMARY.PDF.] 

[bookmark: _Toc215058187][bookmark: _Toc225951442]2.3	Current State: The Resilience-by-Design Era
	By 2020, the United States had fully recognized that space had transformed into a warfighting domain. The 2020 Defense Space Strategy recognized the emergence of great power competition in space, the vitality of space to the American way of life and war, a need to “integrate military spacepower into national, joint, and combined operations,” and build a comprehensive military advantage in space.”[endnoteRef:34] The United States no longer views space as a sanctuary, and subsequent policy and strategy documents highlight the need for its space systems to operate through and recover from disruptions.[endnoteRef:35] [34: . Defense Space Strategy Summary (Department of Defense, 2020), https://media.defense.gov/2020/Jun/17/2002317391/-1/-1/1/2020_DEFENSE_SPACE_STRATEGY_SUMMARY.PDF.]  [35: . 2022 National Defense Strategy of the United States Including the 2022 Nuclear Posture Review and the 2022 Missile Defense Review (Department of Defense, 2022), https://apps.dtic.mil/sti/trecms/pdf/AD1183514.pdf.] 

	Across the United States’ policy and strategy documents, resilience emerged as the central concept for ensuring the success of space missions.[endnoteRef:36] The 2021 United States Space Priorities Framework emphasizes the importance that the United States “accelerates its transition to a more resilient national security space posture.”[endnoteRef:37] The United States looks to deter adversary attack by “fielding diverse, resilient, and redundant satellite constellations.”[endnoteRef:38] The “resilient-by-design” (RbD) approach calls for proliferated constellations, more distributed architectures, disaggregation of capabilities across platforms, diversification of mission sets, active and passive protection of space systems, and deception meant to confuse and mislead adversaries.[endnoteRef:39] Through this RbD architecture, the United States hopes to deny adversary aggression by reducing the benefits of attack.[endnoteRef:40] [36: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites.]  [37: . United States Space Priorities Framework (White House, 2021), https://bidenwhitehouse.archives.gov/wp-content/uploads/2021/12/United-States-Space-Priorities-Framework-_-December-1-2021.pdf.]  [38: . 2022 National Defense Strategy of the United States Including the 2022 Nuclear Posture Review and the 2022 Missile Defense Review.]  [39: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites.]  [40: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites.] 

	Another key aspect of the RbD architecture is its emphasis on partnering with the commercial sector and allies to bolster resilience. The United States will look to hybrid systems, a blend of government, commercial, and allied systems, as a method of distributing and diversifying mission architectures to complicate adversarial targeting calculus.[endnoteRef:41] These relationships will provide the United States and its partners with redundancy and surge capacity across the space enterprise. [41: . U.S. Space Force Commercial Space Strategy (United States Space Force, 2024), https://csps.aerospace.org/sites/default/files/2024-04/USSF_Commercial_Space_Strategy_April%202024.pdf; United States Space Priorities Framework.] 

	The 2023 Space Policy Review and Strategy on Protection of Satellites and Space Warfighting: A Framework for Planners further develops this strategic posture by identifying the need for active space protection across the space, ground, and link segments.[endnoteRef:42] Should deterrence fail, mission assurance must be sustained. The United States Space Force has been charged with active and passive counterspace operations. Active space defense consists of escort, counterattack, and suppression of adversary counterspace targeting, and passive space defense consists of threat warning, military deception, hardening, dispersal, disaggregation, mobility, and redundancy.[endnoteRef:43] A full list of counterspace operations, both offensive and defensive, is depicted in Figure 1. These documents present a strategic shift in the United States’ policy away from the Cold War and highlight the need not just to protect on-orbit assets, but also all space infrastructure. [42: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites; Space Warfighting: A Framework for Planners.]  [43: . Space Warfighting: A Framework for Planners.] 
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[bookmark: _Ref215060363][bookmark: _Toc215060516]Figure 1 USSF Counterspace Operations
Since 2020, the United States’ policy has focused on an RbD architecture, partnering with commercial and allied systems as the fundamental approach to deterrence by denial and mission assurance. Adversaries have the capabilities to threaten on-orbit assets, command and control links, and reconstitution systems. The United States plans to protect these vital CLOCs through both active and passive defense measures. Still, these documents are less explicit about the interdependencies among these CLOCs and the practical constraints in the RbD architecture that resilience alone cannot resolve.
[bookmark: _Toc215058188][bookmark: _Toc225951443]2.4	Current Limitations and Vulnerabilities
	These recent United States strategy documents show a clear shift away from the Cold War sanctuary mindset toward a warfighting mindset. Moving away from exquisite one-off systems to an RbD approach, acknowledging that current space systems must fight through attacks and that the United States will need to leverage commercial and international partnerships to sustain space superiority. DA-ASAT tests demonstrated adversaries’ capability to target space assets from the ground. Additionally, the United States has also recognized threats to launch and communication systems, both kinetic and non-kinetic. The RbD architecture is a step towards deterrence by denial and mission assurance, but is it enough?
	Vulnerabilities still exist across the CLOCs. Proliferated constellations in LEO may increase the number of adversary targets, but they are still exposed to orbital debris, co-orbital threats, and emerging directed-energy capabilities. The capability to perform on-orbit hardware upgrades is currently nonexistent, so the exquisite one-off systems of the past remain high-value targets. Responsive launch and reconstitution efforts require a drastic shift in the industrial base and manufacturing, from low-rate production and launch to rapid, high-throughput output and launch. These, along with other persisting challenges, suggest that RbD may not fully address architecture-level vulnerabilities created through the interdependence of the orbital, command and control, and launch and reconstitution systems. The persistence of these systemic vulnerabilities directly challenges the sufficiency hypothesis, suggesting that resilience alone cannot provide the level of mission assurance required in a contested domain. Ultimately, the decisive issue is this inherent interdependence; because a failure in one line of communication fundamentally undermines the survivability of the others, the CLOC framework serves as the necessary lens for the theoretical analysis conducted in Chapter 3.


[bookmark: _Toc215058189][bookmark: _Toc225951444]Chapter 3: The Celestial Lines of Communication Framework
	Space systems consist of three interdependent segments: orbital, link, and terrestrial.
United States Space Force[endnoteRef:44] [44: . Space Warfighting: A Framework for Planners, 13.] 

Chapter 2 showed that the United States has moved from treating space as a sanctuary to treating it as a contested and congested warfighting domain, with RbD emerging as the central response to counterpace threats. However, describing that shift in policy and posture does not explain where architectural-level vulnerabilities exist or how they affect the United States' ability to achieve and sustain space superiority. To evaluate those vulnerabilities systematically, this chapter uses the celestial lines of communication, first introduced by Klein, as a conceptual framework for organizing the orbital, command, and access functions that underpin the United States’ spacepower. It then explains each line, its interdependence, and relevance to deterrence by denial and mission assurance.
[bookmark: _Toc225951445]3.1	Defining the Field of Study
	Spacepower vulnerability in a contested domain is fundamentally tied to the United States’ ability to achieve and sustain space superiority. “In modern warfare, without space… we lose.”[endnoteRef:45] Joint doctrine defines space superiority as “the degree of control in the space domain of one force over another that permits freedom of access and action without prohibitive interference from an adversary and, as required, simultaneously denies an adversary’s freedom of access and action.”[endnoteRef:46] This definition reinforces the dynamic and temporal nature of space superiority, which is contingent on the availability of space-based capabilities. As a result, any disruption or degradation of these capabilities undermines both space superiority and the broader objective of mission assurance, increasing risk to both the mission and the force. [45: . United States Space Force, Space Force Doctrine Document 1 (Space Tracking and Resilience Command (STARCOM), 2025), 3, https://www.starcom.spaceforce.mil/Portals/2/Space%20Force%20Doctrine%20Document%201%20FINAL_4Apr25.pdf.]  [46: . Joint Publication 3-14, Joint Space Operations, nos. 3–14 (Department of Defense, 2023), 3–14.] 

	In this context, spacepower vulnerability refers to the susceptibility of space architecture to disruption or degradation that reduces or prevents the United States from achieving or sustaining space superiority. The focus is not on the failure of individual systems in isolation, but on the reduction of functional capability across the architecture. Given the RbD architecture, a single satellite or launch failure may not significantly affect operations. Still, disruptions or degradations that affect the ability to deliver space-enabled effects can directly challenge the conditions required for space superiority. As a result, vulnerability must be understood in terms of its impact on the ability to operate effectively in, from, and to the space domain.
	Space capabilities are provided through an integrated architecture across the CLOCs, and the effectiveness of that architecture depends not just on the performance of the individual components but also on how they function together. “Preserving a space capability requires protection in all three segments. An attack on any segment of the space architecture can deny, degrade, or destroy a space capability.”[endnoteRef:47] Therefore, to assess the RbD policy and its effectiveness, spacepower vulnerability needs to be examined at an architectural level across the CLOCs. [47: . United States Space Force, Space Force Doctrine Document 1, 23.] 

[bookmark: _Toc225951446]3.2	Introducing the Celestial Lines of Communication
	The concept of CLOCs is not introduced in this research as a new theory or framework; it is being adopted from existing spacepower theory associated with John Klein and carried forward in Space Force doctrine.[endnoteRef:48] The concept of CLOCs and its application to the space system architecture serve as an organizing framework for assessing vulnerabilities within the United States space posture. CLOCs are the decisive lens because it shifts the analysis away from whether individual systems survive and toward whether the architecture can still function. In a contested domain, spacepower vulnerability is determined by the interaction of the space architecture, not by the condition of any single line of communication. This approach is intended to support the evaluation of space interdependency across the orbital, command and control, and access components. [48: . Klein, Space Warfare, 85; Space Warfighting: A Framework for Planners, 13.] 

	This research organizes the CLOC framework into three lines or components: the orbital line, the command line, and the access line. The orbital line comprises physical satellites, constellations, and on-orbit systems and sensors that provide space effects. The command line comprises the ground systems, command and control nodes, data links, and pathways that connect users to the on-orbit systems. The access line comprises the launch, reconstitution, logistics, and launch sites that are required to place satellites and sensors in orbit. 
Organizing the CLOCs into these specific lines is a deviation from Klein, who broadly defines the CLOCs as “those lines of communication in, from, and to space used for the movement of trade, materiel, supplies, resources, personnel, spacecraft, electromagnetic transmissions, and some military effects.”[endnoteRef:49] The specification of three distinct lines, which, by Klein’s definition, can all be classified as CLOCs, enables vulnerabilities to be assessed more tangibly. However, these lines are distinct; they do not function independently. Examining spacepower through the CLOC framework helps identify how weaknesses in one part of the architecture could impede the United States’ ability to achieve and sustain space superiority. [49: . Klein, Space Warfare, 85.] 

[bookmark: _Toc225951447]3.3	The Orbital, Command, and Access Lines
	The orbital line comprises the physical satellites, constellations, and sensors in orbit that deliver the space-based services and effects on which the United States military operations depend. This line serves as the primary platform for space missions, hosting the physical hardware that delivers critical communications, missile-warning, and navigation capabilities. However, the orbital line cannot be understood in isolation because the value of on-orbit systems depends on their ability to relay the information they collect to the end user and be tasked for future requirements.
	The command line includes the ground systems, command and control nodes, data links, and pathways that connect Earth and space. This line allows on-orbit systems to be assigned tasks and maintained, and enables the information they gather to be sent back to Earth. The usefulness of the orbital line is directly tied to the command line. Without the command line and the satellites’ connection to Earth, the on-orbit systems become space debris.
	The access line includes the launch, reconstitution, logistics, and launch sites required to field, replace, and sustain space systems. This line is essential, as the RbD framework advocates not only for the proliferation of satellites but also for the ability to restore space capabilities by replacing degraded or destroyed satellites. Access is not a supporting component, but a necessary condition for sustaining space superiority should deterrence fail in a contested environment.
[bookmark: _Toc225951448]3.4	Interdependence of the CLOCs
	Although the orbital, command, and access lines can be analyzed separately, they are inherently interdependent and collectively determine the effectiveness of the space architecture. The orbital systems provide space-based services, but those services can only be achieved through the command line, closing the gap between the system and the end user. Without the access line, that system does not make it to orbit and cannot be upgraded or replaced. Similarly, without the on-orbit systems, the command line has no system to link to an end user, and the access line has nothing to provide access for. Any single line cannot achieve space superiority; it requires the integrated effects of all three.[endnoteRef:50] [50: . Klein, Space Warfare, 204.] 


	This interdependence means that weaknesses in any one line can reduce the effectiveness of the others and expose vulnerabilities across the space architecture. A more survivable on-orbit posture cannot compensate for lost command and control links, and similarly, resilient ground stations cannot offset an inability to replenish or reconstitute on-orbit systems. Architecture-level vulnerability is not limited to the perseverance and resilience of any single line; rather, it is the interconnectedness among them. The CLOC framework’s usefulness resides in its capacity to identify how capability reductions in one part of the architecture can affect the United States’ ability to achieve and sustain space superiority.
[bookmark: _Toc225951449]3.5	CLOCs, Deterrence by Denial, and Mission Assurance
	The CLOC framework allows evaluation of the United States’ space architecture ability to support deterrence by denial and mission assurance. “Deterrence by denial strategies seeks to deter an action by making it infeasible or unlikely to succeed, thus denying a potential aggressor confidence in attaining its objectives.”[endnoteRef:51] In space, that judgment cannot be based on the survival of the orbital line alone, given the interdependence across the three lines. Similarly, mission assurance, defined as “a process to protect or ensure the continued function and resilience of capabilities and assets,” depends on the space architecture’s ability to continue delivering the required capabilities despite adversary intentions and actions. Both deterrence by denial and mission assurance depend on the functioning of the orbital, command, and access lines together. [51: . Michael J. Mazarr, Understanding Deterrence, n.d., 2.] 

	Chapter 4 applies this framework by examining each line in terms of current implementation, vulnerabilities, and additional considerations that could strengthen the overall architecture. The purpose is not to determine whether resilience measures exist, but to assess whether they are sufficient across the CLOCs to deny adversaries the benefits of attack, ensuring deterrence by denial and mission assurance.
[bookmark: _Toc215058190][bookmark: _Toc225951450]Chapter 4: Case Studies
	In modern warfare, without space, kill chains do not close, operations are less synchronized, indications and warnings are constrained, and we lose.
United States Space Force[endnoteRef:52] [52: . United States Space Force, Space Force Doctrine Document 1, 3.] 

	This chapter applies the framework established in Chapter 3 to analyze spacepower vulnerability at the architecture level. It assesses the orbital, command, and access lines to determine how current resilience measures strengthen the architecture, where vulnerabilities remain, and other considerations that may be required to strengthen deterrence by denial and mission assurance. The emphasis is not on the existence of resilience measures, but whether they are sufficient in practice across the space architecture.
[bookmark: _Toc225951451]4.1	Orbital Line
	Current United States resilience efforts in the orbital line focus on disaggregation, diversification, proliferation, and distribution, intended to reduce the vulnerability of space-based capabilities traditionally enabled by a small number of highly exquisite satellites. The Department of War has stated that it is prioritizing resilience as the primary means of “denying the adversaries the benefits of attack” and assuring mission availability, while shifting from dependence on high-value specialized satellites towards more RbD architectures.[endnoteRef:53] That shift is evident in the Space Development Agency’s (SDA) Proliferated Warfighter Space Architecture (PWSA), which is described as a pLEO constellation of optically linked satellites being delivered every two years in what is called a “tranche.” The PWSA is comprised of several layers, meant to augment, support, or provide additional capabilities to tracking, navigation, battle management, and communication. “These layers are constellations themselves; some are payloads, and some are not physical assets at all. Each layer, however, represents an add-on capability for the overall system.”[endnoteRef:54] This shift also extends beyond government-owned constellations, as recent Department of War (DoW) and Space Force commercial integration efforts indicate a move toward hybrid architectures that can diversify sources of space support to the joint force.[endnoteRef:55] Current examples of commercial integration are on display in the Russia-Ukraine conflict with SpaceX’s Starlink, as well as with SpaceX’s Starshield for the United States. The United States also leverages commercial partners such as Planet Labs for high-resolution imagery. [53: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites, 8.]  [54: . Rachael Zisk, “The Proliferated Warfighter Space Architecture (PWSA): An Explainer,” Payload, December 5, 2022, https://payloadspace.com/ndsa-explainer/.]  [55: . U.S. Space Force Commercial Space Strategy.] 

	However, greater orbital proliferation does not eliminate the vulnerability of the orbital line in a contested environment. Recent threat assessments indicate that competitor counterspace capabilities continue to increase in scale and complexity. ODNI assessed in 2025 that China has fielded electronic warfare systems, directed-energy weapons, and ASAT missiles intended to target satellites, and Russia continues to expand its jamming, direct-energy, on-orbit, and ground-based ASAT capabilities.[endnoteRef:56] Proliferated architectures may be resilient to the loss of a few satellites, but they are vulnerable to attacks at scale. Additionally, proliferated architectures can introduce systemic risk when many satellites share common designs or supply-chain dependencies; if a single exploitable flaw is uncovered, the vulnerability could propagate across a large portion of a constellation. Finally, the orbital line remains vulnerable to debris-generating attacks, which an adversary less dependent on space may view as an asymmetric advantage worth pursuing to impose high costs on the United States. [56: . Annual Threat Assessment of the U.S. Intelligence Community.] 

	For deterrence by denial and mission assurance, the critical question is whether the orbital line can continue to produce useful effects under stress or with partial reductions. Proliferation, distribution, and diversification may complicate adversary targeting and reduce the impact of individual satellite losses. However, they do not ensure that the United States can still deliver the critical space-enabled capabilities at the required time and place. The orbital line must also be evaluated in relation to protection and deception measures, as well as its dependence on the command and access lines, because resilience in orbit does not ensure the architecture will remain effective during conflict.
[bookmark: _Toc225951452]4.2	Command Line
	Current United States RbD efforts at the command line are showing up less in the number of satellites in orbit and more in the modernization and protection of supporting ground architecture. One example is Future Operationally Resilient Ground Evolution (FORGE) Enterprise OPIR Solution (EOS), which SSC describes as a more resilient OPIR ground architecture. It is a scalable, cyber-secure, and modular framework for processing missile warning and tracking data across legacy and contemporary OPIR constellations. FORGE is a modernization of ground network hardware and software, intended to improve the processing and delivery of missile warning and tracking data across the enterprise.[endnoteRef:57] Additionally, Space Force doctrine identifies SBIRS Survivable Endurable Evolution (S2E2) as a transportable ground station, and SSC organizational information also lists mobile ground stations among its mission focus areas, highlighting that greater mobility and distribution of ground network infrastructure are also part of the current posture.[endnoteRef:58] [57: . “USSF Strengthens Missile Warning Mission with FORGE Enterprise OPIR Solution Effort Award,” Space Systems Command, May 6, 2025, https://www.ssc.spaceforce.mil/Newsroom/Article/4175204/ussf-strengthens-missile-warning-mission-with-forge-enterprise-opir-solution-ef.]  [58: . Space Systems Command, External SSC Org Chart (2025), https://www.ssc.spaceforce.mil/Portals/3/ORG%20Charts/External%20SSC%20Org%20Chart_Jun2025.pdf?ver=of8ioTGARn2J7EGR9n3JbQ==; Space Training and Readiness Command (STARCOM), Space Doctrine Publication 3-103, Missile Warning and Tracking, Doctrine for Space Forces, nos. 3–103 (United States Space Force, n.d.), 17, https://www.starcom.spaceforce.mil/Portals/2/SDP%203-103%20Missile%20Warning%20and%20Tracking%20%284%20September%202025%29.pdf.] 

	Even so, the command line remains vulnerable because it depends on terrestrial infrastructure and electromagnetic links that can be jammed or exploited. Space doctrine defines the link segment as the signals in the electromagnetic spectrum and the nodes that connect the orbital segment to the terrestrial segment.[endnoteRef:59] The same doctrine also warns that intentional attacks on “terrestrial-based systems, operations centers, terrestrial-based radars, launch facilities, C2 nodes, communication relays, or supporting infrastructure can… including directed energy, cyber threats, nuclear detonation, electromagnetic pulse, and physical attack.”[endnoteRef:60] The Department of Defense’s 2023 satellite protection strategy states that both China and Russia are fielding systems, including jamming and cyberspace capabilities, to degrade or deny United States space-based services.[endnoteRef:61] Additionally, ODNI’s current threat assessments continue to describe the expansion of adversary counterspace capabilities.[endnoteRef:62] This means that even if satellites remain survivable in orbit, the command line can still be compromised, preventing reliable transmission and reception of information between users and assets in a contested environment. [59: . United States Space Force, Space Doctrine Note, Operations, Doctrine for Space Forces (2022), 8, https://media.defense.gov/2022/Feb/02/2002931717/-1/-1/0/SDN+OPERATIONS+25+JANUARY+2022.PDF.]  [60: . United States Space Force, Space Doctrine Note, Operations, Doctrine for Space Forces, 8.]  [61: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites.]  [62: . Annual Threat Assessment of the U.S. Intelligence Community.] 

	For the command line, resiliency depends on maintaining connectivity throughout the space architecture rather than just protecting a few critical ground-station nodes. Therefore, additional consideration should be focused on proliferating access points to complicate adversary targeting, similar to proliferated satellite constellations. This would reduce dependence on a limited number of fixed infrastructure, increasing resiliency in the command line. One way this could be accomplished is through direct-to-device links, in which mobile devices connect directly to satellites. Though this approach has not yet been implemented, it is consistent with the hybrid architecture that RbD advocates and current doctrine focusing on “leveraging alternate paths, changing frequencies, moving spot beams, or altering beam shape.”[endnoteRef:63] Ultimately, in a contested environment, the command line needs to ensure that the gap between Earth and space is bridged and that end users are connected to the information required to conduct the mission. [63: . United States Space Force, Space Doctrine Note, Operations, Doctrine for Space Forces, 14.] 

[bookmark: _Toc225951453]4.3	Access Line
	Current efforts in the access line are primarily focused on the Tactically Responsive Space (TacRS) program. TacRS is a program that looks to accelerate launch timelines and build more resilient launch and range support. The program demonstrated its first success in 2024 with VICTUS NOX, successfully launching a satellite into a previously unknown orbit within approximately 90 hours and becoming mission-ready 37 hours after launch.[endnoteRef:64] This program has several follow-ons looking to build on the success of VICTUS NOX. In addition to the growing emphasis on tactically responsive launch, the United States is also leveraging modular open system architecture (MOSA) with Handle 2.0 to expedite satellite design and build. The effort hopes to “encourage broad adoption, with the aim of establishing an industry-wide standard,” providing a “platform-centric architecture to allow spacecraft and payload changes with minimum impact to the payload suites and ground system.”[endnoteRef:65] [64: . “U.S. Space Force Successfully Concludes VICTUS NOX Tactically Responsive Space Mission,” Space Systems Command, February 19, 2024, https://www.ssc.spaceforce.mil/Newsroom/Article/3679056/us-space-force-successfully-concludes-victus-nox-tactically-responsive-space-mi.]  [65: . “U.S. Space Force, Falcon ExoDynamics, and The Aerospace Corporation’s Handle to Leverage M,” Space Systems Command, December 29, 2025, https://www.ssc.spaceforce.mil/Newsroom/Article/4371929/us-space-force-falcon-exodynamics-and-the-aerospace-corporations-handle-to-leve.] 

	Unfortunately, the access line remains vulnerable, as a responsive launch does not, by itself, guarantee the timely reconstitution of combat capability. Though demonstrations have proven that launch can be responsive and efforts are underway to reduce the design and build time of satellites, access to launch also depends on the availability of satellites, logistics, range availability, and the resilience of the industrial base. Additionally, the idea of MOSA is not a new solution, and has been a preferred acquisition method in the past. The challenge for space acquisition is that satellites are unique, not only in mission but also in their operating environment, making standardization difficult. Even if standardized satellite buses become more common, the access line would remain vulnerable to supply chain constraints. The access line is also constrained by the limited number of major launch ranges that national security launches still depend on.[endnoteRef:66] In other words, faster launches and more modular designs improve responsiveness. However, they still do not address vulnerabilities in the supply chain, the industrial base, or the limited launch locations that support the increased launch tempo. [66: . “GAO-25-107228, NATIONAL SECURITY SPACE LAUNCH: Increased Commercial Use of Ranges Underscores Need for Improved Cost Recovery,” accessed March 29, 2026, https://files.gao.gov/reports/GAO-25-107228/index.html.] 

	TacRS has improved resilience by reducing launch delays and uncertainties, and Handle 2.0 emphasizes an industry-wide standard to create more responsive satellite design and build. Still, deterrence by denial and mission assurance require additional considerations. Sufficient industrial depth, an increase in launch options, including launch sites and launch methods, and prebuilt satellites and payloads will translate into additional resiliency and increase reconstitution responsiveness. The access line must be able to regenerate after losses, not just absorb losses until an existing capacity is exhausted.
[bookmark: _Toc225951454]4.4 Cross-Line Findings
	Across the orbital, command, and access lines, the current United States RbD efforts are improving the survivability of the space architecture as intended. Proliferation, distribution, diversification, protection, standardization efforts, responsive launch, etc., all strengthen the United States’ ability to “withstand, fight through, and recover quickly from disruption.”[endnoteRef:67] However, critical vulnerabilities and constraints remain in each line, and those vulnerabilities are likely to be exploited by peer adversaries given the asymmetric advantage the United States derives from spacepower. Resilience helps the United States absorb losses and continue functioning, but it does not eliminate the incentive to attack. Deterrence by denial is unlikely until the proposed space architecture is more fully realized and can reduce the benefits of attack, thereby complicating the adversary’s decision calculus. Given the vulnerabilities across the CLOCs, mission assurance could not be guaranteed without either credible deterrence by denial or assurance that an adversary would be incapable of completely denying any one of the three CLOCs. An adversary may find it difficult to eliminate the United States space capability. However, they could still impose degradation significant enough to reduce military effectiveness in ways that would be hard to predict before conflict occurs. [67: . Secretary of Defense and Director of National Intelligence, Space Policy Review and Strategy on Protection of Satellites, 8.] 



[bookmark: _Toc215058191][bookmark: _Toc225951455]Chapter 5: Conclusion
	There is no victory in space. Because if you do it right, you never fight.
General Chance Saltzman[endnoteRef:68] [68: . “Remarks by CSO Gen. Chance Saltzman at the Australian Air and Space Conference,” United States Space Force, May 9, 2024, https://www.spaceforce.mil/News/Article-Display/Article/3771009/remarks-by-cso-gen-chance-saltzman-at-the-australian-air-and-space-conference/.
] 

[bookmark: _Toc225951456]5.1 Strategic Tensions
	The United States has recognized that space can no longer be treated as a benign or uncontested operating environment but rather as a warfighting domain. The shift towards an RbD space architecture is necessary in the face of increasingly credible counterspace threats. Through this approach, the ability to absorb disruption and complicate adversarial targeting has increased. However, a strategic problem remains. A more resilient architecture reduces vulnerability, but uncertainty remains about how degradation will unfold across this new, increasingly distributed, and interdependent system, and whether critical capabilities can be sustained during an attack.
	While the RbD approach delivers a more credible deterrence posture than the legacy space architecture, current efforts remain a work in progress and do not fully eliminate vulnerabilities that endure across the CLOCs. Resilience strengthens deterrence by denial against kinetic and non-destructive attacks. Still, it does not ensure that an adversary will not exploit systems through methods short of kinetic conflict, which could still impose meaningful degradation. It also does not answer how much degradation the space architecture can allow before space-enabled military effects begin to fail.
[bookmark: _Toc225951457]5.2 Resilience Across the CLOCs
	Across the CLOCs, the United States has made progress toward a stronger, more resilient space architecture. In the orbital line, SDA’s PWSA and growing hybrid integration through Starshield and commercial imagery support from Planet Labs reflect a shift away from dependence on a small number of exquisite satellites and toward more distributed and diversified space support. In the command line, programs such as FORGE and S2E2 emphasize the resiliency, mobility, and survivability of ground-based command and control architectures. In the access line, the TacRS program and Handle 2.0 have leaned into more responsive, agile satellite production and launch. Together, these efforts represent a substantial improvement over the legacy architecture of the past and highlight that the United States has moved beyond resilience as a policy concept and shifted towards operationalizing the design.
	Resilience spanning the three lines, however, is neither uniform nor complete. In the orbital line, proliferation changes the targeting problem by reducing dependence on any single satellite, but that does not mean the architecture is immune to degradation. A capable peer adversary could still exploit orbital geometry, concentrating on critical nodes whose loss would have effects disproportional to their numbers. In the command line, greater distribution improves survivability while also increasing the number of systems that must be secured and protected in a contested environment. Similarly, reconstitution in the access line may strengthen the ability to recover from loss, but that recovery is only useful if it is prepared to do it at the speed and scale the conflict requires. Additionally, given the interconnectedness of the architecture, a weakness in one line can impact the performance of the others. For that reason, the RbD approach has improved survivability across the space architecture. Still, it has not demonstrated that the current posture can provide credible deterrence by denial or preserve mission assurance if deterrence fails.
[bookmark: _Toc225951458]5.3 Limits of Resilience
	The findings of this study do not suggest that the RbD approach is misguided. In fact, the shift away from the legacy space architecture centered on a limited number of exquisite systems was an essential adjustment given the establishment of space as a warfighting domain. Resilience will improve survivability and strengthen the foundation on which deterrence by denial rests, but the problem has not yet been solved. Policy transitions take time, and the implementation of the RbD approach is still underway. In addition, the effectiveness of this architecture in sustaining space superiority and mission assurance under fire is untested and unproven. Progress has occurred across the CLOCs, but the current architecture has not matured sufficiently to eliminate the vulnerabilities identified in the study fully.
	Even if those efforts are fully realized over time, it does not necessarily deter an adversary from pursuing actions below the threshold of destructive conflict that can still disrupt and degrade space capabilities. Adversaries continue to operate in the gray zone using interference and jamming, impacting the performance of space-enabled services. While an RbD approach may make meaningful degradation more difficult and reduce the impact of those actions, it does not deter the adversary from committing them in the first place. Without a tested or proven architecture, the credibility of mission assurance becomes difficult to maintain. How much disruption or degradation could be absorbed before it begins to impact space effects in a meaningful way? Resilience is necessary but by itself cannot ensure successful deterrence by denial or guarantee mission assurance.
[bookmark: _Toc225951459]5.4 Implications Beyond Resilience
	This study suggests that future work on space resilience needs to look beyond building more survivable systems. The larger issue is whether those systems can continue to deliver the relevant military effects the joint force needs as CLOCs come under stress. The RbD architecture is a necessary precondition for the individual survival of each of the three CLOCs, but what matters more is the ability to continue supporting space superiority as an interdependent space architecture once degradation begins to occur across the CLOCs. A more distributed architecture may be harder to degrade completely, but it is also harder to determine how much loss the system can sustain before military capability breaks down. To achieve deterrence by denial, survivability must translate into sustained operational usefulness, not merely persistence.
	Another question that goes beyond resilience alone is whether the United States is currently postured to defend the CLOCs once deterrence fails. Space Force doctrine calls for offensive and defensive counterspace capabilities, including active space defense and space-based fires. However, open-source evidence is less clear on how those concepts are currently being translated into fielded capability. That uncertainty matters since deterrence by denial depends on the credibility of the United States’ ability to defend the architecture once it is contested. If adversaries conclude that vulnerabilities across the CLOCs can be exploited faster than the United States can defend against, resilience will not be enough to deter them. Future research should examine the extent to which the current doctrine matches operationally relevant capabilities, especially in defending and protecting the CLOC architecture.
[bookmark: EndOfDoc]	This study shows that the United States is moving in the right direction, but the problem remains. The RbD approach is required and has improved survivability, but survivability is not the same thing as deterrence by denial or confidence in mission assurance. Vulnerabilities remain across the orbital, command, and access lines, and a capable adversary can still degrade them. It is also challenging to determine how much loss the architecture can sustain before space-enabled military effects diminish. RbD matters because it puts the United States in a better position than legacy architecture, but it should be seen as a step in the right direction, not the end destination. Therefore, the United States should treat the security of the CLOCs as the central requirement for space superiority, because resilience alone will not be enough if those lines cannot be defended and sustained in conflict.
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