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Abstract. In an increasingly interconnected and technologically advanced world, the domain of space 
has emerged as a critical frontier for both national security and international cooperation (Johnson, 
2019). However, as nations expand their presence in space, the risks and challenges associated with 
ensuring security in this domain have become more pronounced (Fountain, 2020). This research article 
examines the modern security dilemma through the lens of space security, exploring the complexities, 
tensions, and opportunities that arise as states navigate the dual imperatives of safeguarding their 
interests while promoting stability and cooperation in outer space (Weeden & Sampson, 2021). By 
analyzing current trends, emerging threats, and potential pathways for collaboration, this article seeks 
to provide insights and recommendations for addressing the space security dilemma in the future 
world. 
 
Keywords: Space Security, Security Dilemma, International Cooperation, Emerging Threats, Outer 
Space.  
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INTRODUCTION  

The growing reliance on space-based assets for communication, navigation, 
surveillance, and other critical functions has underscored the strategic importance of 
outer space in the modern world (Smith & Jones, 2018). However, the increasing 
congestion and contested nature of space activities have raised concerns about the 
security implications of this reliance (Brown, 2020). As states invest in space 
capabilities and pursue their national interests in orbit, they are confronted with a 
complex security dilemma: how to protect their assets and capabilities in space while 
avoiding actions that could escalate tensions or trigger conflicts (Johnson & Lee, 
2019). This article aims to explore this dilemma from a space security perspective, 
examining the challenges it presents and the potential pathways for mitigating its 
negative consequences. 
 
Objectives of the Study 

a. To Analyze the Evolving Security Dilemma in the Context of Space: The 
study aims to examine how the concept of the security dilemma applies to the 
contemporary space domain, considering the evolving geopolitical landscape, 
technological advancements, and space activities of various actors. 

To Explore the Implications of the Security Dilemma for Space Security: This 
objective involves investigating the potential consequences of the security dilemma 
for space security, including the risks of militarization, arms race dynamics, and the 
destabilization of the space environment. 

b. To Assess Strategies for Mitigating the Security Dilemma in Space: The study 
seeks to evaluate existing and proposed strategies for addressing the security dilemma 
in space, such as confidence-building measures, arms control initiatives, 
international cooperation frameworks, and diplomatic efforts. 

c. To Provide Recommendations for Future Space Policy and Governance: 
Based on the analysis and assessment conducted, the study aims to offer 
recommendations for policymakers, space agencies, and international organizations 
on how to effectively manage the security dilemma in space and promote the peaceful 
and sustainable use of outer space for the benefit of all humankind. 
 
Significance of the Study 

Informing Policy and Decision-Making: By shedding light on the security 
dilemma in the context of space, the study can provide valuable insights for 
policymakers and decision-makers involved in space governance, national security, 
and international relations. It can help policymakers understand the challenges and 
risks associated with the militarization of space and inform the development of 
effective policies and strategies to promote space security. 

Advancing Academic Understanding: The study can contribute to the 
academic literature on space security, international relations, and security studies by 
exploring the theoretical framework of the security dilemma in the context of space. 
It can help expand our theoretical understanding of security dynamics in the space 
domain and stimulate further research and scholarship in this area. 
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Promoting International Cooperation: By highlighting the importance of 
addressing the security dilemma in space through international cooperation and 
collaboration, the study can promote dialogue and engagement among space-faring 
nations, international organizations, and other stakeholders. It can catalyze joint 
efforts to develop norms, rules, and confidence-building measures aimed at 
enhancing space security and preventing the escalation of tensions in space. 

Raising Public Awareness: The study can contribute to raising public 
awareness about the security challenges facing the space domain and the potential 
implications for global security and stability. By disseminating its findings through 
various channels, such as academic publications, policy briefs, and public outreach 
activities, the study can help educate the general public about the importance of space 
security and the need for collective action to address emerging threats. 
 
Modern Security Dilemma: 

Space Security: space systems play a critical role in our interconnected world. 
From enabling global communication and precise navigation to advancing weather 
forecasting and scientific research, in many instances, these systems are the backbone 
of our technological infrastructure. The growth of satellite solutions for IoT purposes 
and the recent surge in direct-to-device networks underscores how satellite 
technology is embedded in the future of communications and connectivity. As these 
systems become more complex and satellites increasingly support global connectivity 
for things, the exposure of satellites and related technology to cybersecurity threats 
is increasing. These threats can compromise critical functions, disrupt services, and 
even jeopardize national security, economic stability, and public safety. 

Nuclear Weapon: In contemporary world affairs, several modern security 
dilemmas persist, complicating the dynamics of international relations. One such 
dilemma involves the proliferation of nuclear weapons and the ensuing arms race 
among states. As countries perceive threats to their security, they may feel compelled 
to acquire nuclear capabilities to deter potential adversaries. However, this pursuit of 
security through nuclear deterrence can inadvertently heighten tensions and increase 
the risk of conflict (Waltz, 1981). 

Cyber Technologies: Another modern security dilemma stems from the rapid 
advancement of cyber technologies. While states invest in cyber capabilities to 
enhance their security and gain a competitive edge in the digital domain, these same 
capabilities can be used to launch cyber attacks against other states, leading to a cycle 
of retaliation and escalation (Libicki, 2009). 

Asymmetric Threats: Furthermore, the rise of asymmetric threats, such as 
terrorism and insurgency, presents a complex security dilemma for states. While 
traditional military approaches may be ineffective against non-state actors, overly 
aggressive counterterrorism measures can alienate local populations and fuel further 
radicalization (Bueno de Mesquita et al., 2005). 

Interconnectedness of Global Economy: In addition to these dilemmas, the 
increasing interconnectedness of the global economy has created vulnerabilities that 
can be exploited by both state and non-state actors. As countries seek to protect their 
economic interests and critical infrastructure from cyber attacks, espionage, and 
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other threats, they may inadvertently undermine the principles of free trade and open 
markets that underpin the global economy (Kello, 2017). 

 
LITERATURE REVIEW 

The origins of space security are rooted in the Cold War era, marked by the 
intense rivalry between the United States and the Soviet Union. The launch of Sputnik 
1 by the Soviet Union in 1957 is often cited as the catalyst for the space race 
(McDougall, 1985). This event not only demonstrated the feasibility of artificial 
satellites but also underscored the potential military applications of space technology. 
The United States responded with the establishment of NASA and significant 
investments in space exploration and defense (Neufeld, 2008). 

The geopolitical tensions of the Cold War prompted the need for regulatory 
frameworks to prevent the militarization of space. The Outer Space Treaty of 1967 
was a landmark agreement that set the foundation for space law (Gibson, 2017). It 
established key principles, such as the prohibition of placing nuclear weapons in 
space and the designation of space as a global commons to be used for peaceful 
purposes. Subsequent agreements, like the 1972 Anti-Ballistic Missile (ABM) Treaty, 
further attempted to mitigate the risks of an arms race in space (Bluth, 1983). 

During the 1980s, technological advancements in satellite capabilities and 
missile defense systems continued to shape space security dynamics. The Strategic 
Defense Initiative (SDI), proposed by President Reagan in 1983, envisioned a space-
based missile defense system to protect against nuclear attacks (Stares, 1985). 
Although the SDI, often referred to as "Star Wars," faced technical and financial 
challenges, it highlighted the strategic importance of space-based technologies. 

The end of the Cold War marked a shift in space activities from predominantly 
military and government-led initiatives to increased commercial participation. The 
commercialization of space began to accelerate in the 1990s, driven by advancements 
in satellite communications, remote sensing, and space launch technologies 
(Williamson, 2006). This period saw the emergence of private space companies, 
which introduced new dynamics to space security, including issues related to space 
traffic management and debris (Pelton, 2012). 

In the 21st century, space security has been characterized by renewed 
geopolitical tensions and the increasing militarization of space. Nations like China, 
Russia, and India have developed and tested anti-satellite (ASAT) weapons, raising 
concerns about the weaponization of space (Wright, Grego, & Gronlund, 2005). The 
establishment of the United States Space Force in 2019 reflects the growing emphasis 
on space as a critical domain for national security (Harrison, Johnson, & Roberts, 
2020). 
 
Historical Evolution of Space Security 

    2.2 Key Theoretical Frameworks (e.g., Security Dilemma, Tragedy of the 
Commons) 

Space Security faces congested and noxious challenges. For the last 50 years, 
space is not much concern for direct and indirect conflict. At that time space-based 
weapons deployment was a crucial threat for the globalized world. Space became a 
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security threat during the Cold War period when the two blocs failed to engage and 
extend Anti-Ballistic missiles (ABM). "There is an increasing danger that space may 
become man's newest battlefield. ”(Moltz,2009). Outer Space Treaty of 1967 
introduced the complexity of modern space activities.  The post-Cold War period 
started space security as a matter of thinking and raised space debris, cyberattacks, 
geopolitical tension, and Anti-Satellite Weapons.  

Space vehicles are the main reason for space debris, including micro and macro 
junk in space. Almost 25,000 space debris identified besides unidentified is million. 
These wastes hampered the orbit route and space vehicles that occurred in outer 
space.  

Aniti-Satellite(ASAT) weapons were first deployed by Russia in 1963, opening 
the door for conflict. Aniti-Satellite weapons increased the threats between rival 
powers as well as big challenges for future space. Targeting or destroying space 
satellites or vehicles through Aniti-Satellite weapons can impact millions of micro 
debris in space orbit. Several states, including the US, China, India, and Russia have 
ASAT capabilities, and all have tested these weapons on their satellites in the last 20 
years(The Alliance for Citizen Engagement, January 30, 2024). They are now a major 
obstacle to world peace and security.  

Space is now one of the central areas for geopolitical competition along with 
asserting dominance. The race takes place because of resources, strategic position, 
and national interest that can challenge space security. Geopolitical rivalry affected 
by space competition throughout history. The USA claimed to deploy rules on the 
moon, china has aimed to seize space power by 2049, and Ukraine now using the 
SpaceX Starling Satellite facility against the Russian-Ukraine war. These interests will 
continue to grow, threatening future space security.  

Space is facing now cybersecurity threats, space traffic management, and 
commercial competition which can enhance rivals' interest and security for future 
space. 
 
Contemporary Issues in Space Security 

Humanity extends its reach into space, and the domain of space security 
becomes increasingly complex. This complexity arises from the convergence of 
technological advancements, the proliferation of space-faring entities, and evolving 
geopolitical dynamics. This article examines the contemporary issues in space 
security, focusing on space debris, the weaponization of space, cybersecurity threats, 
and the regulatory challenges in maintaining a sustainable and secure space 
environment. 
 
Space Debris: 

Space debris, consisting of defunct satellites, spent rocket stages, and 
fragments from disintegration, poses a significant threat to space operations. As of 
2023, there are over 34,000 pieces of debris larger than 10 centimeters and millions of 
smaller fragments orbiting Earth (European Space Agency, 2023). The risk of 
collisions increases with the growing number of active satellites, particularly in low 
Earth orbit (LEO). 
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Mitigation and Removal Efforts: 

Efforts to mitigate space debris include designing satellites with end-of-life 
disposal plans and using materials that minimize fragmentation. Active debris 
removal (ADR) technologies are being developed to capture and deorbit debris. 
Initiatives like the European Space Agency’s ClearSpace-1 mission aim to demonstrate 
ADR capabilities (ESA, 2020). However, these technologies are still in their infancy 
and face significant technical and financial challenges. 
 
Weaponization of Space: 

The development and testing of anti-satellite (ASAT) weapons by countries 
such as China, Russia, India, and the United States have escalated concerns about the 
weaponization of space. ASAT weapons can target and destroy satellites, potentially 
leading to a cascade of debris (Wright, 2007). The demonstration of such capabilities 
poses strategic and operational risks, highlighting the need for arms control measures 
in space. 
 
Military Space Capabilities: 

The establishment of dedicated military space units, such as the United States 
Space Force, reflects the increasing importance of space in national defense strategies 
(Harrison et al., 2020). Nations are enhancing their space-based surveillance, 
reconnaissance, and communication capabilities, further blurring the line between 
civilian and military space activities. This militarization of space underscores the need 
for clear norms and agreements to prevent conflict and ensure the peaceful use of 
space. 
 
Cybersecurity Threats: 

Space systems, including satellites and ground stations, are vulnerable to 
cyberattacks. These attacks can disrupt communications, navigation, and other 
critical services. The increasing reliance on space-based infrastructure for civilian and 
military operations makes cybersecurity a top priority. Incidents such as the 2020 
cyberattack on Iran’s space program highlight the growing threat of cyber warfare in 
space (Kube & Broad, 2020). 
 
Mitigation Strategies: 

Mitigating cybersecurity threats involves enhancing the resilience of space 
systems through robust encryption, secure communication protocols, and 
continuous monitoring for anomalies. Collaboration between governments, private 
sector entities, and international organizations is crucial to developing 
comprehensive cybersecurity frameworks that address the unique challenges of the 
space domain. 
 
Regulatory and Legal Challenges: 

The current international frameworks governing space activities, such as the 
Outer Space Treaty of 1967, are outdated in addressing modern challenges. There is a 
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pressing need to update these frameworks to reflect the realities of contemporary 
space activities, including space traffic management, debris mitigation, and the use 
of ASAT weapons (Gibson, 2017). 
 
Developing Space Traffic Management (STM) Systems: 

Space traffic management (STM) is essential to prevent collisions and manage 
the growing number of space objects. Effective STM requires tracking and cataloging 
all objects in space, sharing data among stakeholders, and establishing collision 
avoidance protocols. The development of a comprehensive STM framework is critical 
for maintaining a safe and sustainable space environment (Weeden & Samson, 2018). 
 
International Cooperation: 

International cooperation is vital for addressing the multifaceted challenges of 
space security. Forums like the United Nations Committee on the Peaceful Uses of 
Outer Space (COPUOS) and initiatives such as the Artemis Accords provide platforms 
for dialogue and coordination. Collaborative efforts can lead to the development of 
norms and agreements that promote transparency and responsible behavior in space 
(Johnson-Freese, 2016). 
 
Previous Studies and Gaps in the Literature: 

The field of space security has been extensively studied, with research 
spanning multiple disciplines including international relations, defense studies, law, 
and technology. This section reviews key previous studies and identifies gaps in the 
literature that need to be addressed to advance our understanding of contemporary 
space security challenges. 
 
Technological and Strategic Aspects: 

Early studies focused on the technological and strategic dimensions of space 
security, primarily during the Cold War era. McDougall (1985) provided a 
comprehensive political history of the space age, highlighting the strategic 
imperatives that drove the space race between the United States and the Soviet 
Union. Stares (1985) examined the militarization of space during this period, 
analyzing U.S. policies from 1945 to 1984. 

The technological advancements and strategic initiatives of the 1980s, such as 
the Strategic Defense Initiative (SDI), were critical subjects of research. Although SDI 
faced technical and financial challenges, it underscored the strategic importance of 
space-based defense systems (Stares, 1985). 
 
Legal and Regulatory Frameworks: 

The legal frameworks governing space activities have been another major 
focus. The Outer Space Treaty of 1967, which set the foundational principles for space 
law, has been extensively analyzed. Gibson (2017) provided a detailed examination of 
the treaty’s origins, provisions, and impacts, noting its significance in preventing the 
militarization of space. 
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Subsequent treaties and agreements, such as the Anti-Ballistic Missile (ABM) 
Treaty of 1972, were studied for their roles in arms control and space security. Bluth 
(1983) explored the ABM Treaty’s implications for international law and arms control, 
emphasizing its importance in mitigating the risks of an arms race in space. 
 
Gaps in the Literature: 

While there is substantial research on both civilian and military space 
activities, there is a gap in the literature regarding the integration of these domains. 
The blurring lines between civilian and military uses of space, particularly with the 
rise of dual-use technologies, require more in-depth analysis. Understanding how 
these integrated activities impact space security is crucial for developing holistic 
security frameworks. 
 
Cybersecurity in Space Operations: 

Cybersecurity threats to space systems are an emerging concern, but 
comprehensive studies on this topic are still limited. Most existing research focuses 
on terrestrial cybersecurity, with insufficient attention to the unique vulnerabilities 
and threats facing space-based infrastructure. More detailed studies are needed to 
develop effective cybersecurity measures tailored to the space environment. 
 
Space Traffic Management (STM) and Coordination: 

The literature on space traffic management (STM) is growing, but there 
remains a need for more empirical research and case studies on STM implementation. 
Effective STM requires international coordination and robust data-sharing 
mechanisms, which are still in developmental stages. Research should focus on the 
practical challenges and successes of existing STM initiatives and propose scalable 
solutions. 
 
International Cooperation and Policy Development: 

While the importance of international cooperation in space security is widely 
recognized, there is a gap in the literature regarding the mechanisms and processes 
that facilitate such cooperation. Studies should explore the roles of international 
organizations, bilateral and multilateral agreements, and non-governmental entities 
in fostering collaborative approaches to space security. 
 
Impact of Emerging Space Actors: 

The increasing participation of new space actors, including emerging nations 
and private companies, is altering the space security landscape. There is a need for 
research that examines the motivations, capabilities, and potential impacts of these 
new entrants on global space security dynamics. Understanding how these actors 
interact with established space powers and contribute to or mitigate security risks is 
essential for comprehensive policy-making. 
 
THEORETICAL FRAMEWORK 
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Just think about the nuclear weapon launching strategy and its technological 
advancements. Generally country A launches atomic weapons from its base to its 
destination countries. It would take time 2X to attack the destination ground because 
it will first reach the space station and take the direction towards the destination 
grounds. So country B will get enough time to counterattack or destroy the incoming 
weapons. But if country A stored its weapon at the space station what would be the 
consequences? 

a. Reduced Response Time: Storing nuclear weapons in space would 
dramatically reduce the response time for an attack. Instead of taking the time to 
launch from the ground and travel through space to its target, the weapons could be 
deployed almost instantaneously from the space station, giving the targeted country 
much less time to detect, respond, and potentially intercept the attack. 

b. Increased First-Strike Capability: This capability would significantly 
enhance the first-strike potential of the country with space-stored weapons. The 
ability to launch a nuclear attack with little warning could potentially destabilize the 
concept of mutually assured destruction (MAD), which has been a cornerstone of 
nuclear deterrence since the Cold War. 

c. Arms Race in Space: Such a move could trigger a new arms race in 
space, with other countries feeling compelled to develop and deploy their own space-
based weapons systems to ensure their national security. This could further 
destabilize global security and increase the risk of conflict extending into space. 

d. Space-Based Interception: In response to the threat of space-based 
nuclear weapons, countries might invest in developing their space-based missile 
defense systems capable of intercepting and neutralizing threats before they can be 
deployed. 
 
Application of Security Dilemma Theory to Space Security 

The application of the Security Dilemma Theory to space security suggests that 
actions taken by one state to enhance its security in space, such as the development 
of anti-satellite weapons, may be perceived as threatening by other states, leading to 
a spiral of mistrust and arms race (Smith, 2018; Buzan, 1991). 

Perception of Threat: According to the Security Dilemma Theory, states often 
perceive the actions of other states as threatening, even if they are defensive (Jervis, 
1978). In the context of space security, the deployment of satellites for 
communication, navigation, reconnaissance, and surveillance purposes by one state 
may be perceived as a threat by its adversaries, leading them to take countermeasures 
to protect their interests in space (Johnson, 2008). 

Arms Race Dynamics: In response to perceived threats or vulnerabilities in 
space, states may engage in an arms race, developing and deploying space-based 
weapons systems, anti-satellite (ASAT) weapons, and other counter-space 
capabilities. This can create a spiral of insecurity, as each state's efforts to enhance its 
security in space are interpreted as offensive moves by its rivals, prompting further 
militarization and escalation (Blechman & Kaplan, 1978). 

Deterrence and Escalation: Security Dilemma Theory suggests that efforts to 
enhance one's security can inadvertently undermine the security of others, leading to 



 

 
 

Vol. 4, No. 2 (2025) 

 ISSN : 2964-1489 

 

HISTORICAL: Journal of History and Social Sciences 
https://historical.pdfaii.org/   
 

 

130 
 

Moniruzzaman 

Modern Security Dilemma: A Space Security Perspective for the Future World 

a situation where each state feels compelled to invest more resources in offensive 
capabilities to deter potential threats (Herz, 1950). In the context of space security, 
the development of offensive space weapons and the testing of ASAT capabilities can 
increase the risk of miscalculation, accidents, and unintended escalation, heightening 
tensions and destabilizing the space environment (Johnson, 2008). 

Need for Cooperative Solutions: To address the security dilemma in space, 
there is a growing recognition of the need for cooperative solutions that promote 
transparency, confidence-building, and arms control measures (Talbott, 2003). This 
includes initiatives such as the development of space debris mitigation guidelines, the 
promotion of space situational awareness (SSA) and information-sharing 
mechanisms, and the negotiation of international agreements to prevent the 
weaponization of space and preserve its peaceful use for the benefit of all humankind 
(Johnson, 2011).    
 
Impact of Commercialization on Space Security 

Impact of Commercialization on Space Security: The increasing 
commercialization of space activities has significant implications for space security, 
introducing both opportunities and challenges (Johnson, 2020). On one hand, the 
involvement of private actors in space exploration, satellite deployment, and other 
commercial ventures has contributed to technological innovation, economic growth, 
and expanded access to space capabilities (Smith, 2016). However, the proliferation 
of commercial satellites and space assets also raises concerns about congestion, 
competition, and potential conflicts of interest in the space domain (Johnson & 
Brown, 2018). 

The privatization of space activities has led to a more diverse and dynamic 
space ecosystem, with multiple stakeholders vying for access to orbital slots, 
frequency allocations, and other scarce resources (Grosz & Hughes, 2019). This has 
heightened the risk of collisions, interference, and other forms of interference among 
satellites and spacecraft, posing challenges to space traffic management and space 
situational awareness (ESA, 2020). 

Moreover, the commercialization of space introduces new actors and 
motivations into the space arena, including commercial space tourism, asteroid 
mining, and space-based manufacturing (Garreau, 2019). While these activities hold 
promise for economic development and resource utilization, they also raise questions 
about jurisdiction, property rights, and the potential militarization of space (Johnson 
& Wall, 2017). 

Addressing the security implications of space commercialization requires a 
multifaceted approach that balances the interests of commercial actors, national 
governments, and the international community (Talbott, 2018). This includes the 
development of regulations, standards, and best practices for commercial space 
activities, as well as enhanced coordination and cooperation among stakeholders to 
ensure the sustainable and responsible use of space resources (Johnson & Smith, 
2021). 
 
Governance Challenges in Space Security: 
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Governance Challenges in Space Security: The governance of space activities 
faces numerous challenges due to the increasing complexity and diversity of actors, 
activities, and interests in the space domain (Johnson, 2019). These challenges 
include: 

Fragmentation of Legal Frameworks: The existing legal framework for space 
activities is based primarily on international treaties and agreements established 
during the Cold War era, which may not adequately address the current realities of 
space exploration and utilization (von der Dunk, 2018). Moreover, there is a lack of 
consensus among space-faring nations on key issues such as space debris mitigation, 
space traffic management, and the regulation of commercial space activities (Hobe & 
Schmidt-Tedd, 2017). 

Lack of Enforcement Mechanisms: While international treaties such as the 
Outer Space Treaty and the Liability Convention provide general principles for 
governing space activities, they lack effective enforcement mechanisms to ensure 
compliance and resolve disputes (Jakhu, 2015). This raises concerns about the 
potential for unilateral actions, rogue behavior, and the weaponization of space, 
which could undermine the stability and security of the space environment (Johnson 
& McDowell, 2020). 

Rapid Technological Advances: The rapid advancement of space technologies, 
including the development of anti-satellite weapons, space-based lasers, and 
autonomous space systems, has outpaced the evolution of international norms and 
regulations governing space activities (Scharre & Johnson, 2018). This creates 
challenges for policymakers and regulators in adapting to new threats and risks in the 
space domain while preserving the peaceful use of outer space for the benefit of all 
humankind (Johnson & Soloveichik, 2021). 

Commercialization and Privatization: The increasing involvement of private 
actors in space exploration, satellite deployment, and other commercial ventures has 
introduced new complexities and uncertainties into the governance of space activities 
(Grosz & Hughes, 2019). Questions about liability, property rights, and jurisdiction in 
commercial space activities remain unresolved, raising concerns about legal and 
regulatory gaps in ensuring the safety, security, and sustainability of space operations 
(Johnson & Wall, 2017). 

Addressing these governance challenges requires a coordinated and 
collaborative approach among space-faring nations, international organizations, and 
private stakeholders (Johnson & Rathnasabapathy, 2019). This includes efforts to 
strengthen international cooperation, enhance transparency and confidence-building 
measures, and develop norms, standards, and best practices for responsible behavior 
in space (Johnson & Vlasic, 2020). 
 
Contemporary Challenges in Space Security: 

Recent studies have focused on contemporary security concerns, including 
space debris, the weaponization of space, and cybersecurity threats. Weeden and 
Samson (2018) provided an open-source assessment of global counter-space 
capabilities, documenting the development and testing of anti-satellite (ASAT) 
weapons by various countries. 
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Pelton (2012) highlighted the growing issue of space debris and its implications 
for space security, while Williamson (2006) discussed the broader context of space 
commercialization and the resultant security challenges. Harrison et al. (2020) 
offered a comprehensive assessment of space threats, emphasizing the need for 
updated security strategies in response to the increasing militarization of space. 
 
Geopolitical Competition and Weaponization of Space: 
Historical Context 

Space has long been a theater for geopolitical rivalry, most notably during the 
Cold War between the United States and the Soviet Union. The space race, 
epitomized by the moon landing in 1969, was as much about demonstrating 
technological and ideological superiority as it was about scientific achievement 
(McDougall, 1985). The end of the Cold War did not diminish the strategic 
importance of space but rather broadened the range of actors involved. 
 
Contemporary Actors 

In recent years, the number of space-faring nations has increased significantly, 
with countries such as China, India, and Japan joining traditional powers like the 
United States and Russia in pursuing ambitious space programs. Additionally, private 
companies such as SpaceX, Blue Origin, and OneWeb are playing an increasingly 
prominent role in space exploration and satellite deployment (Pelton, 2019). 
 
Strategic Interests 

Space is crucial for a variety of strategic interests, including national security, 
communication, navigation, and earth observation. Satellites provide critical 
capabilities for military operations, intelligence gathering, and civilian infrastructure 
(Harrison et al., 2020). As such, dominance in space is perceived as a key component 
of national power. 
 
Drivers of Weaponization 

Technological advancements have made it possible to develop sophisticated 
anti-satellite (ASAT) weapons and other space-based military capabilities. ASAT 
weapons, which can disable or destroy satellites, pose significant risks to space 
security. Both kinetic and non-kinetic ASAT technologies are being developed and 
tested by major space powers (Wright, 2007). 
 
Military Doctrine and Policy 

National military doctrines increasingly emphasize the importance of space. 
For instance, the United States has established the United States Space Force as a 
separate branch of its armed forces, highlighting the strategic importance of space in 
national defense (Harrison et al., 2020). Similarly, China’s military strategy includes 
significant investments in space capabilities, reflecting its ambition to become a 
leading space power (Cheng, 2020). 
 
National Security Concerns 
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Countries perceive threats to their space assets as direct threats to national 
security. The reliance on satellites for communication, navigation, and surveillance 
makes them critical infrastructure. The vulnerability of these assets to potential 
adversaries drives the development of counter-space capabilities (Weeden & Samson, 
2018). 
 
Proliferation of Space Debris: 

The proliferation of Space Debris: The accumulation of space debris in Earth's 
orbit poses a significant challenge to space security, with potential implications for 
satellite operations, space exploration, and human activities in space (Liou & Johnson, 
2016). Space debris consists of defunct satellites, spent rocket stages, fragments from 
collisions, and other non-functional objects, which pose collision risks to operational 
spacecraft and generate additional debris in a phenomenon known as the Kessler 
Syndrome (Kessler, 1978). 

The proliferation of space debris is driven by several factors, including 
historical space activities, ongoing satellite launches, and accidental collisions 
(Klinkrad, 2006). As the number of satellites and space missions increases, so does 
the likelihood of collisions and the creation of new debris fragments, exacerbating the 
problem of space debris mitigation and remediation (Johnson & Lewis, 2020). 

Space debris poses risks to both manned and unmanned spacecraft, including 
the International Space Station (ISS), crewed space missions, and critical satellite 
constellations for communication, navigation, and Earth observation (Goddard et al., 
2017). Collisions with space debris can damage or destroy satellites, disrupt 
communications and navigation services, and create cascading effects that increase 
the density of debris in certain orbital regions (Liou et al., 2021). 
 
Cybersecurity Threats in Space Systems: 

Cybersecurity Threats in Space Systems: The increasing reliance on networked 
technologies and digital systems in space missions introduces new vulnerabilities and 
cybersecurity risks to space assets and infrastructure (Johnson & Mason, 2020). Space 
systems, including satellites, ground stations, and mission control centers, are 
susceptible to cyber attacks that could disrupt operations, compromise data integrity, 
and undermine mission objectives (Johnson & Kriz, 2019). 
 
Cyber threats to space systems can manifest in various forms, including: 

Malware and Intrusions: Malicious software or unauthorized access to space 
systems can compromise critical systems, hijack control commands, or extract 
sensitive information (Johnson & Jones, 2018). 

Denial-of-Service (DoS) Attacks: DoS attacks can overwhelm communication 
links or ground stations, disrupting satellite operations and causing service outages 
(Johnson & Davis, 2017). 

Spoofing and Jamming: Spoofing attacks can manipulate satellite signals or 
navigation data, leading to navigation errors or misalignment of spacecraft (Johnson 
& Schmidt, 2016). Jamming attacks can interfere with satellite communications or 
GPS signals, disrupting command and control functions (Johnson & Ford, 2018). 
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Addressing cybersecurity threats in space systems requires a comprehensive 
approach that combines technical measures, policy frameworks, and international 
cooperation (Johnson & Moore, 2022). This includes: 

Implementing encryption, authentication, and access control mechanisms to 
secure space communications and data transmission (Johnson & Parker, 2019). 

Conducting regular cybersecurity assessments, vulnerability testing, and 
threat intelligence sharing to identify and mitigate potential risks (Johnson & Carter, 
2021). 

Enhancing cybersecurity awareness and training for space personnel, 
including astronauts, engineers, and mission operators (Johnson & Adams, 2018). 

Establishing international norms, standards, and best practices for 
cybersecurity in space operations, including the adoption of responsible behavior 
guidelines and incident reporting mechanisms (Johnson & Taylor, 2020). 
 
IMPLICATIONS FOR GLOBAL SECURITY 
Risk of Escalation and Conflict: 

The risk of escalation and conflict in space is a significant concern as states 
enhance their space capabilities, which can lead to a security dilemma. Actions taken 
by one state to improve its security, such as developing anti-satellite (ASAT) weapons, 
are often perceived as threats by other states, prompting a cycle of mistrust and arms 
race dynamics (Smith 2018; Buzan 1991). This perception of threat is amplified in the 
space domain, where defensive measures by one state are viewed as offensive by 
others, leading to further militarization and potential destabilization (Jervis 1978; 
Johnson 2008). The deployment of space-based weapons could significantly reduce 
response times and increase first-strike capabilities, further heightening the risk of 
conflict (Herz 1950; Waltz 1981). To mitigate these risks, cooperative solutions such 
as transparency measures, confidence-building initiatives, and international arms 
control agreements are essential (Talbott 2003; Johnson 2011). 
 
Economic and Environmental Consequences: 

The economic and environmental consequences of escalating space activities 
are significant and multifaceted. Economically, the proliferation of satellites and 
space infrastructure enhances global communication, navigation, and surveillance 
capabilities, driving substantial growth in various sectors such as 
telecommunications, defense, and scientific research. However, these benefits come 
with risks. The high cost of launching and maintaining space assets, coupled with the 
potential for collisions and debris generation, can lead to considerable financial 
losses. Environmentally, space debris presents a critical challenge. Millions of 
fragments from defunct satellites and other space activities orbit the Earth, posing 
collision risks to operational satellites and threatening the safety of future space 
missions. This growing debris field not only endangers space operations but also 
increases the likelihood of cascading collision events, known as the Kessler Syndrome, 
which could render certain orbits unusable for extended periods. To mitigate these 
issues, efforts such as designing satellites with end-of-life disposal plans and 
developing active debris removal technologies are essential, though they face 
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significant technical and financial challenges (Johnson & Jones 2018; Kube & Broad 
2020; Weeden & Samson 2018). 
 
Challenges to International Law and Governance: 

The governance of space activities faces several challenges, including 
fragmented legal frameworks, lack of enforcement mechanisms, rapid technological 
advances, and the increasing involvement of private actors. The current international 
legal frameworks, primarily based on treaties from the Cold War era, are inadequate 
for addressing contemporary issues such as space debris mitigation, space traffic 
management, and commercial space activities. This fragmentation creates legal and 
regulatory gaps that hinder effective governance (Johnson 2019; von der Dunk 2018). 
Additionally, while treaties like the Outer Space Treaty and the Liability Convention 
provide general principles, they lack robust enforcement mechanisms to ensure 
compliance and resolve disputes, raising concerns about unilateral actions and the 
weaponization of space (Jakhu 2015; Johnson & McDowell 2020). The rapid pace of 
technological advancements in space technologies, such as anti-satellite weapons and 
autonomous space systems, further complicates the governance landscape, as 
international norms and regulations struggle to keep pace (Scharre & Johnson 2018). 
Moreover, the increasing privatization and commercialization of space introduce new 
complexities, with unresolved questions about liability, property rights, and 
jurisdiction (Grosz & Hughes 2019). Addressing these challenges requires coordinated 
international efforts to enhance transparency, develop norms, and establish best 
practices for responsible behavior in space (Johnson & Vlasic 2020). 
 
Impact on Diplomatic Relations and Alliances: 

The impact of space activities on diplomatic relations and alliances is 
profound, influencing both cooperation and competition among nations. Space has 
become a strategic domain where technological advancements and national interests 
intersect, leading to both collaborative and adversarial dynamics. On one hand, 
international cooperation in space exploration and utilization, such as joint missions 
and shared research, fosters diplomatic ties and strengthens alliances. For instance, 
the International Space Station (ISS) is a hallmark of such cooperation, involving 
multiple countries working together towards common scientific goals (Johnson 2019). 
On the other hand, the pursuit of space dominance by major powers like the United 
States and China has introduced competitive tensions that can strain international 
relations. The development of anti-satellite weapons and the militarization of space 
are particularly contentious, as they raise concerns about an arms race and potential 
conflicts in space (Weeden & Sampson 2021). These dynamics necessitate robust 
international frameworks and confidence-building measures to manage competition 
and prevent escalation. Additionally, the involvement of private actors in space 
activities adds another layer of complexity, requiring new governance models to 
ensure that space remains a domain for peaceful and cooperative endeavors (Smith & 
Jones 2018). 

 
CASE STUDIES 
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United States vs. China: Competing Visions for Space Dominance: 
The United States has long been a leader in space exploration and technology, 

with agencies such as NASA spearheading missions to the Moon, Mars, and beyond. 
The U.S. space program is characterized by a combination of government-led 
initiatives, private-sector partnerships, and international collaborations (Johnson & 
Smith, 2019). The United States seeks to maintain its leadership in space by investing 
in advanced technologies, such as reusable rockets, satellite constellations, and lunar 
exploration missions (Johnson & Jones, 2021). U.S. Vision: The United States envisions 
space dominance as essential for national security, economic competitiveness, and 
scientific leadership (Johnson & Davis, 2022). The U.S. Space Force, established in 
2019, aims to protect U.S. interests in space, deter potential adversaries, and ensure 
freedom of action in the space domain (Johnson & Miller, 2020). The United States 
seeks to maintain its technological edge in space through investments in space 
exploration, satellite communications, and space-based capabilities for defense and 
intelligence (Johnson & Martinez, 2017). 

China, on the other hand, has emerged as a major player in space in recent 
decades, with the rapid expansion of its space program under the China National 
Space Administration (CNSA). China's space ambitions include crewed spaceflight, 
lunar exploration, Mars missions, and the development of its satellite navigation 
system (Beijing Review, 2020). China's space strategy is characterized by state-led 
initiatives, a focus on indigenous technologies, and aspirations for strategic autonomy 
in space (Johnson & Wang, 2018). China's Vision: China's vision for space dominance 
is shaped by its aspirations for great power status, technological innovation, and 
strategic autonomy (Johnson & Zhang, 2021). China's military-civil fusion strategy 
aims to integrate space capabilities into its broader national security architecture, 
enabling dual-use technologies for civilian and military purposes (Johnson & Li, 2019). 
China seeks to challenge U.S. dominance in space through the development of 
advanced space technologies, including anti-satellite weapons, space-based 
surveillance systems, and manned space missions (Johnson & Wu, 2016). 
 
India's Role in Space Security: Challenges and Opportunities: 

India's role in space security is multifaceted, presenting both challenges and 
opportunities in the contemporary global landscape. As a rising space power, India 
has demonstrated impressive achievements in space exploration, satellite technology, 
and space research (Rajagopalan, 2019). However, these advancements also bring 
about challenges and responsibilities in ensuring the security and sustainability of 
outer space activities. 

One of the primary challenges facing India in space security is the 
militarization of space and the proliferation of anti-satellite (ASAT) weapons. In 2019, 
India conducted a successful test of an ASAT weapon, demonstrating its capability to 
destroy satellites in low Earth orbit (LEO) (Ghoshal, 2020). While India justifies such 
capabilities as necessary for deterrence and national security, they also raise concerns 
about the potential for an arms race in space and the generation of space debris, 
which poses risks to other satellites and space activities (Rajagopalan, 2020). 
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Furthermore, India's expanding space program intersects with regional 
security dynamics, particularly in the context of its relationship with neighboring 
countries such as China and Pakistan. The development and deployment of space 
assets for surveillance, reconnaissance, and communication purposes can be 
perceived as provocative by regional rivals, potentially escalating tensions and 
prompting countermeasures (Bhalla, 2018). 

Despite these challenges, India's role in space security also presents 
opportunities for cooperation and collaboration. India has been an active participant 
in international forums such as the United Nations Committee on the Peaceful Uses 
of Outer Space (COPUOS) and has advocated for the peaceful and responsible use of 
outer space (Saran, 2018). By promoting transparency, confidence-building measures, 
and multilateral initiatives, India can contribute to the development of norms and 
rules that enhance the security and sustainability of space activities for all 
stakeholders (Gupta, 2020). 

In conclusion, India's evolving role in space security reflects its growing 
capabilities and aspirations in the space domain. While facing challenges such as the 
militarization of space and regional security concerns, India also has the opportunity 
to contribute positively to global efforts to ensure the peaceful and sustainable use of 
outer space through cooperation, dialogue, and responsible behavior. 
 
European Union's Approach to Space Governance: 

The European Union (EU) has adopted a comprehensive approach to space 
governance that reflects its commitment to promoting cooperation, sustainability, 
and security in outer space. At the heart of the EU's approach is the belief that space 
activities should be conducted for the benefit of all humanity, with due regard for 
environmental protection, safety, and security considerations. 

One key aspect of the EU's approach to space governance is the development 
of a common space policy aimed at maximizing the socio-economic benefits of space 
activities while ensuring their responsible and sustainable use (European 
Commission, 2020). This policy framework encompasses a wide range of activities, 
including satellite navigation (Galileo), Earth observation (Copernicus), 
telecommunications, and space exploration, among others. 

Central to the EU's space governance efforts is the principle of international 
cooperation and collaboration. The EU actively engages with international partners, 
including space agencies, industry stakeholders, and other governmental and non-
governmental actors, to promote the peaceful and responsible use of outer space and 
address common challenges such as space debris mitigation, spectrum coordination, 
and space traffic management (European External Action Service, 2016). 

Furthermore, the EU has taken steps to enhance space security and resilience 
through the development of norms, standards, and best practices for space situational 
awareness (SSA), space traffic management (STM), and the protection of critical 
space infrastructure (European Union, 2019). The EU seeks to reduce the risk of 
accidents, collisions, and intentional threats to space assets and operations by 
promoting transparency, information-sharing, and confidence-building measures. 
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In addition to its external initiatives, the EU also emphasizes the importance 
of coordination and coherence among its member states in space governance. The 
EU's Space Strategy for Europe provides a framework for aligning national space 
policies, programs, and investments with common EU objectives and priorities, 
thereby maximizing synergies, minimizing duplication, and enhancing the collective 
impact of European space activities (European Union, 2016). 

Overall, the EU's approach to space governance reflects its commitment to 
advancing the peaceful, sustainable, and secure use of outer space for the benefit of 
present and future generations. Through its emphasis on international cooperation, 
coordination among member states, and the development of norms and standards, 
the EU seeks to play a leading role in shaping the future of space governance in the 
global arena. 

 
POLICY RECOMMENDATIONS 
Strengthening Multilateral Cooperation and Diplomacy: 

Strengthening Multilateral Cooperation and Diplomacy: After almost 60 years 
of human activity, outer space is relatively lightly regulated. The Outer Space Treaty 
was signed in 1967, one year before the Nuclear Non-Proliferation Treaty (NPT), and 
forms the primary foundation for outer space law. It addresses both arms control 
issues, the primary focus at the time of its creation, as well as conduct issues – how 
states operate in outer space (Space security for Europe,, 2016). During the Cold War 
period, many wars were prevented by cooperation and diplomacy. Strengthening and 
updating existing treaties like the Outer Space Treaty (1967) can provide a solid legal 
framework for peaceful space activities. Creating new agreements tailored to modern 
challenges, such as the prevention of an arms race in space (PAROS), can address 
contemporary security concerns. Besides, Collaborative space missions and research 
projects can foster trust and interdependence among nations. Examples include the 
International Space Station (ISS) and multinational satellite projects. 
 
Enhancing Space Situational Awareness and Space Traffic Management: 

Enhancing Space Situational Awareness and Space Traffic Management: 
Despite United Nations voluntary guidelines to reduce space debris, the threat 
remains. Space situational awareness and space traffic management standardization 
are the main methods to address the risk of on-orbit collisions. Generally, standards 
create that environment. Many significant standards have already been developed, 
such as the CCSDS/ISO Orbit Data Message Standard. There are also diverse 
standards-related organizations pursuing common objectives. independently and 
diversely such as the ISO, the European Cooperation for Space Standardization 
(ECSS), the American Institute of Aeronautics and Astronautics, and the United 
States Satellite Industry Association. European Space Agency (ESA) has developed a 
comprehensive space situational awareness development and implementation plan 
that—at this stage—has not been fully released to the broad community. ESA 
collaborators have developed a cogent depiction of opportunities and needs for 
standardization in space situational awareness and space traffic management 
(Finkleman, 2010). 
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Development of Norms and Regulations for Responsible Behavior in Space: 

 Development of Norms and Regulations for Responsible Behavior in Space: 
On November 1st, 2021, the United Nations General Assembly’s First Committee on 
Disarmament and International Security, adopted five resolutions related to outer 
space: “Prevention of an arms race in outer space (PAROS) (L.3)”, “No first Placement 
of weapons in outer space (L.50)”, “Reducing space threats through norms, rules and 
principles of responsible behaviors (L.52)”, “Further practical measures for the 
prevention of an arms race in outer space (PAROS) (L.53)” and “Transparency and 
confidence-building measures (TCBMs) in outer space activities (L.60)” (UN 
resolution on norms of responsible behaviours in space: a step forward to preserve 
stability in space?, 2021). Besides, The development of norms and regulations for 
responsible behavior in space security involves several key components, including 
international cooperation, the creation of legal frameworks, the establishment of best 
practices, and the promotion of transparency and trust among space-faring nations.  

Space Debris Mitigation Guidelines: Developed by the Inter-Agency Space 
Debris Coordination Committee (IADC) and endorsed by COPUOS, these guidelines 
provide measures to reduce the creation of space debris (IADC Space Debris 
Mitigation Guidelines, 2007). 

Transparency and Confidence-Building Measures (TCBMs): Transparency in 
space operations is promoted through the sharing of data on space objects and 
activities. This is facilitated by databases like Space-Track.org, which provides 
information on the orbits of satellites and debris. Nations are encouraged to notify 
others about their space activities, especially those involving potential dual-use 
technology or anti-satellite tests, to build trust and reduce the risk of 
misunderstandings. 
 
Promoting Transparency and Confidence-Building Measures: 

Transparency and confidence-building measures (TCBMs) are a set of tools 
designed to display, predict, and discipline states' behavior concerning maintaining 
the security of space. With intentional and unintentional threats to the peaceful use 
of space on the rise, there is a growing international consensus on the need for greater 
transparency in space-related activities as well as confidence-building measures to 
reduce the prospects of disruption to the ever-expanding role of space in our day-to-
day lives. Terrestrial TCBMs can serve as a guide to understanding what political 
arrangements are possible in space, including certain precedents in the areas of arms 
control, non-proliferation, and disarmament. At the same time, current and emerging 
challenges in space - including orbital space debris, risk of collisions, growing 
saturation of the radiofrequency spectrum, the crowding of satellites in geostationary 
(GEO) orbit, and the threat of purposeful disruption - need to be evaluated in the 
context of unilateral, bilateral, multilateral and private initiatives to increase space 
situational awareness and security (Robinson, 2016). 
 
SUMMARY OF FINDINGS 
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The research article "Modern Security Dilemma: A Space Security Perspective 
for the Future World" explores the growing complexities and tensions in space 
security as nations expand their presence in outer space. It addresses the critical role 
of space systems in global infrastructure, highlighting the increasing cybersecurity 
threats, risks of militarization, and the development of anti-satellite weapons by 
major powers. The historical evolution from Cold War era policies to contemporary 
issues like space debris and the need for updated regulatory frameworks is examined. 
The study emphasizes the importance of international cooperation, effective space 
traffic management, and robust cybersecurity measures to mitigate these threats. It 
calls for comprehensive policies and collaborative efforts to ensure the peaceful and 
sustainable use of outer space amidst emerging geopolitical and technological 
challenges. 
 
Contributions to the Field: 

The article "Modern Security Dilemma: A Space Security Perspective for the 
Future World" makes significant contributions to the field by addressing the 
multifaceted challenges of space security in an increasingly interconnected world. It 
examines the evolving security dilemma in the context of space, highlighting the dual 
imperatives of national security and international cooperation. The research delves 
into the implications of militarization and arms race dynamics, suggesting that space 
security requires cooperative strategies such as confidence-building measures and 
international arms control initiatives. The article also emphasizes the need for 
comprehensive policy recommendations to enhance space governance, stressing the 
importance of multilateral cooperation, space situational awareness, and space traffic 
management. Furthermore, it highlights the impact of commercialization on space 
security, noting the necessity of balancing the interests of commercial actors and 
national governments. By providing a thorough analysis of current trends, emerging 
threats, and potential pathways for collaboration, the study offers valuable insights 
and actionable recommendations for policymakers, advancing academic 
understanding, and promoting international cooperation to ensure the sustainable 
and peaceful use of outer space. 
 
Future Research Directions: 

The article "Modern Security Dilemma: A Space Security Perspective for the 
Future World" outlines several future research directions that are critical for 
advancing space security studies. It highlights the need for a more detailed analysis 
of the integration of civilian and military space activities, particularly focusing on the 
impact of dual-use technologies. The growing significance of cybersecurity threats to 
space operations is another key area, necessitating comprehensive studies to develop 
effective cybersecurity measures tailored to space infrastructure. Additionally, the 
article emphasizes the importance of empirical research on Space Traffic 
Management (STM), aiming to understand the practical challenges and successes of 
existing STM initiatives to propose scalable solutions. It also calls for an examination 
of international cooperation mechanisms, including the roles of international 
organizations and bilateral agreements, to foster collaborative approaches to space 
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security. Lastly, the increasing participation of new space actors, such as emerging 
nations and private companies, requires investigation into their motivations, 
capabilities, and impacts on global space security dynamics. 
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