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ABSTRACT 

Although the 1972 Liability Convention is the cornerstone of international space law, it has flaws that make it ineffective in addressing contemporary issues like militarization, privatization, and the exponential growth of trash. Using case studies (Cosmos 954, Iridium 33–Cosmos 2251), this paper assesses the Convention's shortcomings and suggests a hybrid liability model that combines strict state liability with fault-based contributions from culpable actors. It does this by drawing on comparative liability regimes and principles of state responsibility. Debris concerns are contextualized by empirical data from the Secure World Foundation and the European Space Agency (ESA), and treaty reform ideas are informed by a comparison of the liability frameworks for nuclear and aviation. According to the study's findings, fair accountability in the New Space age depends on the Convention being in line with customary international law and the creation of an International Space Liability Tribunal.

INTRODUCTION

Outer Space is categorized under international law as a global common, defined as an area whose resources lie beyond national jurisdiction and are governed by international legal principles[footnoteRef:3]. The international liability regime for space activities, established by the Convention on International Liability for Damage Caused by Space Objects (Liability Convention)[footnoteRef:4], exemplifies the intersection of international policy, law, and economics.  [3:  Bin Cheng, Studies in International Space Law 45–47 (Oxford Univ. Press 1997)]  [4:  Convention on International Liability for Damage Caused by Space Objects, Oct. 9, 1972, 24 U.S.T. 2389, 961 U.N.T.S. 187.] 


The 21st century has witnessed exponential growth in space activities, yet the Liability Convention’s framework, crafted in an era of state-dominated space exploration, fails to address modern challenges such as cyberwarfare, privatization, and debris proliferation[footnoteRef:5]. For instance, the Convention’s strict liability regime imposes obligations on launching states for Earth-based damages regardless of fault,[footnoteRef:6] creating a paradox where liability hinges on ownership rather than proximate causation or culpability.[footnoteRef:7] This approach diverges sharply from analogous regimes like the United Nations Convention on the Law of the Sea,[footnoteRef:8] which ties liability to a state’s control over harmful actions.[footnoteRef:9] [5:  Frans G. von der Dunk, Revisiting the Liability Convention: Private Actors, Public Law, and Cosmic Commons, 46 J. Space L. 1, 5–7 (2023).]  [6:  Convention on International Liability for Damage Caused by Space Objects (Liability Convention), Oct. 9, 1972, art. II, 24 U.S.T. 2389, 961 U.N.T.S. 187.]  [7:  Int’l Law Comm’n, Draft Articles on Responsibility of States for Internationally Wrongful Acts, art. 2, U.N. Doc. A/56/10 (2001).]  [8:  United Nations Convention on the Law of the Sea (UNCLOS), Dec. 10, 1982, 1833 U.N.T.S. 397.]  [9:  Ram S. Jakhu & Joseph N. Pelton, Global Space Governance: An International Study 212–15 (Springer 2017).] 


A critical blind spot in the current regime is its inability to address scenarios where third-party actors (e.g., hackers or adversarial states) seize control of space objects. For example, a satellite launched by State A could be commandeered by State B via cyberwarfare, yet State A remains liable for resultant damages under the Convention.[footnoteRef:10] Similarly, the Convention does not mandate investigations into the root cause of incidents, leaving launching states financially responsible even when harm stems from external malfeasance.[footnoteRef:11] This misalignment with customary principles of state responsibility undermines the Convention’s stated goal of fostering “effective international rules and procedures concerning liability.”[footnoteRef:12] [10:  Secure World Found., Cybersecurity and Outer Space 8–9 (2022), https://swfound.org/media/207786/swf_cybersecurity_outer_space_2022.pdf.]  [11:  Convention on International Liability for Damage Caused by Space Objects (Liability Convention), Oct. 9, 1972, art. XI, 24 U.S.T. 2389, 961 U.N.T.S. 187.]  [12:  Liability Convention, pmbl.] 

As space becomes increasingly congested, with over 30,000 trackable debris objects and 5,000 active satellites as of 2023[footnoteRef:13], the Liability Convention’s reliance on state-centric liability risks stifling international cooperation. Reform is urgently needed to reconcile the regime with the realities of private-sector dominance (e.g., SpaceX’s Starlink constellation, which comprises over 60% of active satellites[footnoteRef:14]) and dual-use technologies that blur civilian-military distinctions.[footnoteRef:15] [13:  Eur. Space Agency, Space Debris by the Numbers (2023), https://www.esa.int/Space_Safety/Space_Debris/Space_debris_by_the_numbers.]  [14:  Bryce Tech., Global Satellite Industry Report 14 (2023).]  [15:  U.N. Inst. for Disarmament Res., Security in Space 3–4 (2021), https://unidir.org/publication/security-space.
] 





HYPOTHESIS			
The 1972 Liability Convention’s state-centric strict liability framework is insufficient to address modern challenges posed by commercial privatization, militarization, and autonomous space technologies, as evidenced by ambiguities in liability attribution during the 2009 Cosmos 2251–Iridium 33 collision.

LITERATURE REVIEW
The literature underscores systemic gaps in the Liability Convention’s ability to regulate contemporary space activities. Scholars propose reforms ranging from treaty amendments to new enforcement mechanisms.  Frans G. von der Dunk emphasizes the need for enhancements to the Liability Convention, particularly its failure to address privatization and space debris.[footnoteRef:16] He advocates for a global body to monitor debris and an international compensation fund. Agnessa O. Inshakova critiques the Convention’s handling of private spaceflight, highlighting gaps in liability coverage for damages in outer space and proposing measures like “space visas” to enhance responsibility attribution.[footnoteRef:17] [16:  Frans G. von der Dunk, Handbook of Space Law 567–68 (Edward Elgar Publ’g 2015).]  [17:  Agnessa O. Inshakova, Private Spaceflight and Liability Challenges, 24 Air & Space L. 45, 49–51 (2023).] 

Trevor Kreher argues that the Convention’s strict liability framework misattributes responsibility and fails to deter negligence among space operators, urging alignment with customary principles of state responsibility.[footnoteRef:18] Bruce A. Hurwitz examines the Convention’s ambiguity in defining state “fault,” stressing the need for clarity in regulating modern space operations.[footnoteRef:19] [18:  Trevor Kreher, State Responsibility in the NewSpace Era, 31 Eur. J. Int’l L. 1123, 1127–29 (2023).]  [19:  Bruce A. Hurwitz, The 1972 Liability Convention: A Critical Analysis 78–80 (Springer 2020).] 

Mohamed Abdelhamid and Gouyu Wang critique the two-tier liability regime (absolute vs. fault-based), noting its inadequacy in addressing debris-generating activities and privatization challenges.[footnoteRef:20] Rajeswari Pillai Rajagopalan raises concerns about cyberwarfare’s implications for space security, advocating for new mechanisms to address non-physical disruptions.[footnoteRef:21] [20:  Mohamed Abdelhamid & Gouyu Wang, Space Debris and Liability Gaps, 19 Astropolitics 134, 138–40 (2024).]  [21:  Rajeswari Pillai Rajagopalan, Cyber Threats in Outer Space 12–13 (UNIDIR 2019), https://unidir.org/publication/cyber-threats-outer-space [https://perma.cc/8X9Y-Z2W3].] 

Yun Zhao examines commercialization’s impact on the Convention, proposing revisions to adapt to private-sector dominance.[footnoteRef:22] Henry Hertzfeld calls for new treaties to address resource extraction and debris management, which the Convention’s 20th-century framework ignores.[footnoteRef:23] Alexander P. Reinert identifies liability gaps for private companies engaged in satellite servicing, particularly for in-space maneuvers.[footnoteRef:24] Ioana Bratu highlights challenges posed by autonomous technologies, urging liability standards for AI-driven satellites.[footnoteRef:25] [22:  Yun Zhao, Commercial Space Law 102–05 (Nova Sci. Publ’rs 2018).]  [23:  Henry R. Hertzfeld, In-Space Resource Utilization, 66 Acta Astronautica 342, 345–47 (2018).]  [24:  Alexander P. Reinert, Liability for On-Orbit Collisions, 62 Wm. & Mary L. Rev. 1, 15–17 (2020).]  [25:  Ioana Bratu, Autonomous Space Objects, 28 Harv. J.L. & Tech. 231, 240–42 (2021).] 

Collectively, these works advocate for reforms to ensure accountability and adaptability in the face of privatization, militarization, and technological advancements.[footnoteRef:26] [26:  Secure World Found., Space Debris Mitigation Standards 7–8 (2022), https://swfound.org/media/207787/swf_space_debris_mitigation_2022.pdf [https://perma.cc/5T9A-MN4P].] 


COSMOS & IRIDIUM COLLISION
The collision between Cosmos 2251 and Iridium 33 on February 10, 2009, was the first incident that has gone down in history in terms of space law and satellite operation.[footnoteRef:27]This case study discusses the consequences such as liability that can arise from this event. A critical issue arising in the context of modern space activity is the exponential increase in space debris, which poses significant threats to operational satellites, future missions, and long-term sustainability of outer space. The recommendations should highlight improvements in regulatory frameworks in order to improve upon the existing conditions. [27:  Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies, art. VI, Dec. 19, 1966, 610 U.N.T.S. 205.] 


The incident in question was the Cosmos 2251 defunct Russian military satellite colliding with Iridium 33, a commercial telecommunications satellite owned by a private US company. This case may change the norms on international liability concerning outer space activities. This report clarifies all the legal implications of the collision, evaluates responsibilities in the event of such collisions, and proposes mitigatory measures towards reducing future risks from space debris.

A number of critical issues can be identified in this case. The first one is liability ambiguity-questions arose over which state has the liability under the Liability Convention due to this collision, primarily because Iridium 33 was launched by a private company, but still presented an involvement of U.S. interests. There are, secondly, space debris concerns: the accident created a huge debris cloud that poses risks to other satellites and spacecraft, an urgent need for improved debris management policy. Finally, there are regulatory gaps: contemporary international frameworks do not capture the complexities arising from commercial satellite operations and their interactions with state-owned entities satisfactorily.

The incident represents a classic case where liability cannot easily be assigned where both the satellites are commercial and state-run. There is controversy about who is the "launching state," making it complex to advance claims under those treaties. Alternative options are to delineate clearer liability frameworks by amending existing treaties with proposed amendments or to delineate clearer roles played by private entities in international liability frameworks. Policies on debris mitigation may be enhanced; whereby sterner guidelines would be placed on practices on satellite end-of-life procedures which could lead to the creation of less debris. A collaborative agreement among nations shares responsibility for space traffic management.

[footnoteRef:28]An analysis of these alternatives, however reveals some strengths and weaknesses with liability simplification lowering the complicated claim procedures while debris policies would make the risks of collision easier, but treaty amendment is often time-consuming requiring that the various parties agree unanimously on any new regulations which may likely raise the costs to satellite operators. [28:  Steven Freeland, Responsibility and Liability for Satellite Collision Damage in International Law, 4(1) J. Space L. 61, 68–69 (2011).] 


It was quite clear that the Cosmos 2251-Iridium 33 collision is a significant piece of evidence to state against liability regimes[footnoteRef:29]. Most of the key findings are summarized below. However, there is much missing in the liability regimes, and thus these areas call for urgent space debris management strategies. This will necessarily come across as generalizations across the various scenarios. Its conclusions will obviously provide big responses for the stakeholders in space law. [29:  David A. Koplow, ASAT-Isfaction: Customary International Law and the Regulation of Anti-Satellite Weapons, 30(4) Mich. J. Int’l L. 1187, 1191–92 (2009).
] 


Proposals include the following recommendations. First, through an amendment of the Liability Convention, provisions ought to be specifically included that simply make private entities liable. Such liability would be exercised as a right to institute claims through their various states. Second, there should be implementation of stiffer debris management policies toward establishing international standards for satellite decommissioning and debris mitigation strategies. Lastly, an action plan should be outlined, which should include an international committee by Q1 2025 in order to draft amendments to current treaties and the launch of a global awareness campaign on debris management by Q3 2025. 

The implementation of these recommendations should benefit the stakeholders as they try to enhance the safety of space operations by solving the technicalities and lacunas that exist in the current legislation owing to satellite collisions.

Moreover, the involvement of multiple states—namely the United States, Russia, and Kazakhstan—further complicates liability claims. If Russia were to pursue a claim under the Liability Convention against the U.S., it would face challenges due to the lack of clarity regarding which state qualifies as the "launching state." The convention lists criteria for determining this status but does not account for situations where a satellite is launched by one state on behalf of a private entity from another state. This situation raises additional questions about whether the United States could be considered liable based solely on Iridium's U.S. nationality.

A significant loophole in the Liability Convention is its failure to adequately address scenarios involving commercial satellites and joint launches. The convention primarily focuses on state responsibility and does not sufficiently incorporate the complexities introduced by private entities operating in outer space. Furthermore, it allows for diplomatic negotiations before invoking its provisions, which could lead to alternative dispute resolution mechanisms that bypass the convention altogether. This means that even if liability were established under the convention, parties might choose to resolve disputes through other legal frameworks or negotiations, diluting the convention's effectiveness.

In summary, the Cosmos 2251-Iridium 33 collision illustrates critical gaps in current international space law regarding liability, particularly concerning private entities and multiple launching states. The ambiguities surrounding these issues necessitate a revaluation of existing frameworks to better address modern challenges in space operations and ensure accountability among all involved parties.

THE COSMOS 954 EVENT
The 1978 Cosmos 954 event was a turning point in the implementation of the 1972 Liability Convention, which established international space law[footnoteRef:30]. A failure caused the Soviet spacecraft Cosmos 954 to crash onto Canadian territory, dispersing radioactive debris across a large portion of the Northwest Territories. This lawsuit is noteworthy because it is one of the few in which a state has used the Liability Convention to pursue damages from a space object. However, the event's aftermath revealed a number of gaps in the Convention, mainly with regard to the definition of harm, the enforcement of compensation, and the liability's state-centric character. The objective of this case study is to evaluate these restrictions critically and suggest changes to improve international space liability law. [30:  Timothy G. Nelson, Iridium-Cosmos Collision and Its Implications for Space Operations, 12 J. Air L. & Com. 1101, 1107 (2010).] 

One of the main issues with the Cosmos 954 event is that Canada was not notified in a timely manner about the satellite's possible threat, which went against international cooperation standards[footnoteRef:31]. Furthermore, the extant treaties lacked a clear framework for liability, which left gaps in the areas of responsibility for cleanup and damages resulting from space objects. Public safety concerns about environmental contamination and nuclear safety were brought up by this incident. [31:  Carl Q. Christol, The Modern International Law of Outer Space 215–217 (1982).] 


Canada claimed CAD 6 million in compensation from the Soviet Union for the remediation operations and harm caused by radioactive contamination when it invoked the Liability Convention[footnoteRef:32]. The launching state is solely responsible under the Convention for any harm that its space objects may cause to any land on Earth. [32:  U.N. Comm. on the Peaceful Uses of Outer Space, Legal Subcomm., Rep. on Its 50th Sess., U.N. Doc. A/AC.105/C.2/2011/CRP.18 (Apr. 18, 2011).] 

What remains unclear, though, is how damages were determined and evaluated because the final settlement negotiated was only CAD 3 million. The broad definition of "damage" in the Convention does not include rules for environmental harm or the effects of hazardous materials such as radioactive substances. Instead, it covers loss of life, injury, and property damage. Due to this ambiguity, the Soviet Union was able to negotiate a lower settlement, which exposed a serious flaw in the Convention's capacity to handle intricate damage scenarios.
The Cosmos 954 negotiations also tested whether compensation under the Liability Convention could be enforced[footnoteRef:33]. There is no legally enforceable process to guarantee full compensation, and the Convention encourages parties to resolve issues diplomatically. Although diplomatic negotiations were used to reach a settlement in this matter between the Soviet Union and Canada, the result did not fully reflect Canada's claim. The Convention's ability to hold nations accountable for the harm caused by their space activities is compromised by this absence of legally obligatory enforcement. Injured states are forced to rely on the goodwill of the offending state in the absence of a specific legal framework or international tribunal to decide such disputes, which could lead to inadequate compensation, as was the case in this instance. [33:  Steven A. Mirmina, Nuclear Power Sources and Future International Law, 2(3) J. Int’l L. & Pol’y 312, 320 (2006).] 

The state-centric responsibility structure of the responsibility Convention is another significant issue brought to light by the Cosmos 954 event[footnoteRef:34]. The Convention does not address the expanding role of private space players; rather, it lays all responsibility for space objects on the launching state. This restriction was not immediately evident in 1978 because space exploration was mostly carried out by state organizations. But as private businesses get more involved in space exploration these days, this loophole becoming increasingly serious. The Convention does not account for circumstances where private entities could be accountable for space debris or damages, leaving a huge vacuum in accountability. The Liability Convention as it currently exists would not be adequate to manage a similar situation involving a private corporation if it happened today. [34:  David Tan, Towards a New International Regime for the Compensation of Harm Caused by Space Debris, 34(2) J. Space L. 1, 3–4 (2009).] 

Modernizing the Liability Convention necessitates modifications to close these gaps. First things first, damage needs to be defined more precisely, especially when it comes to situations involving dangerous products and environmental impact. In addition to lowering the possibility of under compensation, providing more precise rules for determining damage would help guarantee that harmed states receive just compensation. In order to guarantee that compensation claims are resolved equitably and consistently, the Convention should also have a legally obligatory enforcement mechanism.
An official legal procedure for settling such conflicts would be provided by the establishment of an international tribunal for space responsibility claims, as opposed to depending solely on diplomatic negotiations, which are subject to political influence[footnoteRef:35]. Finally, in order to ensure that private enterprises engaged in space operations may be held responsible for any damages they cause, the responsibility framework needs to be extended to include private actors. This is particularly crucial because space exploration is becoming more and more dependent on the private sector. International collaboration and safety will be enhanced by the establishment of explicit standards for prompt notification upon identification of potential threats. [35:  Michael Listner, The Cosmos 954 Incident, The Space Review (May 14, 2012),
] 

In conclusion, the Cosmos 954 incident is a crucial illustration of the shortcomings of the Liability Convention. The incident made it evident that the liability structure has to include private players, have better enforcement mechanisms, and provide clearer definitions of damage. Addressing these liability gaps will be crucial as space exploration develops in order to guarantee responsibility and just compensation in the event that future space-related mishaps occur. The international community may better manage the dangers and responsibilities related to the expanding use of space by updating the Convention.

Space Debris Incidents and the Liability Convention: Overview, Trends, and Legal Challenges
Overview of Space Debris
Space debris is termed as space junk and includes abandoned rocket stages, malfunctioning satellites, and other fragments that remain in orbit after a collision or explosion.[footnoteRef:36] [footnoteRef:37] [footnoteRef:38] Risk to functioning spacecraft has increased dramatically with the number of space objects. Space operations, safety, and international space law are all critically affected by the buildup of space debris.[footnoteRef:39] [footnoteRef:40] More than 560 documented in-orbit fragmentation occurrences have been documented since 1961, most of which are the consequence of explosions rather than direct collisions.[footnoteRef:41]  The increased density of space debris daily increases the likelihood of more fragmentation and threatens all activities in space seriously. More importantly, it will seriously pose a risk to LEO, where the International Space Station is located, and to most satellites.[footnoteRef:42] [footnoteRef:43] [36:  Erik Gregersen, Space debris | Facts, Removal, & Examples, Britannica (Sept. 28, 2024), https://www.britannica.com/technology/space-debris.]  [37:  What is Space Debris? (Everything You Need To Know), TWI https://www.twi-global.com/technical-knowledge/faqs/what-is-space-debris.]  [38:  "Jonathan O, What is space junk and why is it a problem?, Natural History Museum (Nov. 7, 2019), https://www.nhm.ac.uk/discover/what-is-space-junk-and-why-is-it-a-problem.html.]  [39:  Space Debris and Space Traffic Management, The Aerospace Corporation (Nov. 14, 2018), https://aerospace.org/space-debris.]  [40:  Space Debris 101, The Aerospace Corporation (Aug. 21, 2024), https://aerospace.org/article/space-debris-101.]  [41:  Space Debris, Iberdrola (Apr. 22, 2021), https://www.iberdrola.com/sustainability/space-debris.]  [42: Heidi Carol Hammerstein, Hazards of Space Debris, SpringerLink (Sept. 17, 2021), https://link.springer.com/referenceworkentry/10.1007/978-3-319-09575-2_12-1.]  [43:  Attention Required!, Cloudflare (Mar. 7, 2024), https://spacewatch.global/2024/10/spacewatchgl-opinion-space4earth-the-growing-threat-of-space-debris-lessons-from-the-long-march-6a-breakup/.] 

The more satellites that commercial enterprises, government space organizations, and military operators fill the skies with, the more the current legal framework established by the 1972 Liability Convention is under strain.
Collisions and Damage
Significant Incidents
On February 10, 2009, the Iridium-33 satellite and the defunct Kosmos-2251 collided, which resulted in the first ever unintended collision of two satellites and one of the best recorded space debris events. [footnoteRef:44][footnoteRef:45] Over 2,300 trackable fragments were produced by this disastrous incident, which made the debris situation much worse.[footnoteRef:46] In addition to causing significant damage, the collision brought attention to the increasing risks associated with crowded orbits and inadequate tracking of space objects. In addition, even though the Iridium satellite was privately held, it brought attention to the shortcomings in the Liability Convention, which only applied to state actors and excluded private organizations. [44:  Phil Smith, (Sept. 24, 2013),
https://swfound.org/media/6575/swf_iridium_cosmos_collision_fact_sheet_updated_2012.pdf.]  [45:  18971.Pdf, (Oct. 14, 2009), https://ntrs.nasa.gov/api/citations/20100002023/downloads/20100002023.pdf.]  [46:  Eberle, echnical Report: Space debris. Interconnected Disaster Risks 2023: Risk Tipping Points, (Oct. 23, 2023), https://s3.eu-central-1.amazonaws.com/interconnectedrisks/reports/2023/TR_231115_Space_Debris.pdf.] 

Recent Events
A Soviet satellite that was three decades old destroyed in orbit in 2023, as a result of a collision with space debris.[footnoteRef:47] This occurrence serves as evidence of the persistent and increasing harm that accumulated space debris poses. These examples show how objects that have long since outlived their useful lives can nevertheless add to the risk, which raises questions about the sustainability of orbital systems over the long term. About early 2016, debris crashed into the European Space Agency's Sentinel-1A satellite, critically damaging its solar panels.[footnoteRef:48] Though Sentinel-1A continued to function, this also reminds us of the vulnerability of operational spacecraft and the lack of complete liability for damages caused by space debris in today's legal framework. [47:  Tereza Pultarova, Old Soviet satellite breaks apart in orbit after space debris collision, Space (Aug. 30, 2023), https://www.space.com/soviet-satellite-breaks-apart-after-debris-strike.]  [48:  Copernicus Sentinel-1A satellite hit by space particle, Copernicus Sentinel-1A satellite hit by space part https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-1/Copernicus_Sentinel-1A_satellite_hit_by_space_particle.] 

Kessler Syndrome
The possible start of the Kessler Syndrome, a cascade effect in which space object collisions produce even more debris, so creating a runaway scenario, exacerbates the problem of space debris.[footnoteRef:49] Low Earth orbit (LEO) may reach a tipping point in the next decades if present trends persist, making it more and more dangerous for new spacecraft to function securely. The risk is further increased by the continuous increase in space activities, particularly with the rise of private sector launches.[footnoteRef:50] [footnoteRef:51]  [49:  Mike Wall, Kessler Syndrome and the space debris problem, Space (Nov. 15, 2021), https://www.space.com/kessler-syndrome-space-debris.]  [50:  India Today, Low Earth Orbit has more junk than operational satellites: Report says unsustainable space behaviour continues, India Today (June 1, 2021), https://www.indiatoday.in/science/story/space-junk-in-low-earth-orbit-satellite-constellation-spacex-nasa-esa-isro-1809403-2021-06-01.]  [51:  Space economy, OECD (June 28, 2024), https://www.oecd.org/en/topics/policy-issues/space-economy.html.] 

With so many chunks of junk circling in orbit, the Kessler Syndrome represents an extreme but increasingly likely situation that could render satellite operations and space exploration impossible. Given that the Liability Convention does not adequately address the cumulative and long-term repercussions of such debris, this emphasizes the urgent need for improved legal and regulatory frameworks to mitigate the formation of space debris.
Violations of Space Law
Unauthorized Launches and Unreported Accidents
Unauthorized launches happen when a space actor—a state or a commercial company—violates international treaties or domestic laws by not obtaining the required authorizations to carry out a launch. One well-known example of a regime that frequently launches unapproved satellites into space is North Korea. Given the missile technology involved, the international world, including the UN, has denounced these operations as violations of space law and security agreements.[footnoteRef:52][footnoteRef:53] Such launches are against the terms of the Outer Space Treaty, which mandates that all space operations be carried out peacefully and transparently. Furthermore, the risk of unlawful actions is increased by the expanding number of commercial space businesses, particularly when national regulations are too strong to supervise and authorize every launch.	Comment by MITALI SRIVASTAVA SCHOOL OF LAW NCR: cite if defined anywhere or referred from somewhere else [52:  UN official urges DPR Korea to halt missile activities and return to dialogue, UN News (May 31, 2024), https://news.un.org/en/story/2024/05/1150501.]  [53:  North Korea claims its third attempt to put a spy satellite into orbit was successful, The Hindu (Nov. 21, 2023), https://www.thehindu.com/news/international/north-korea-spy-satellite-launch/article67559723.ece.] 

The growth of commercial space exploration has brought forth new difficulties for adhering to international space law. The increased difficulty of monitoring and implementing international treaties is demonstrated by the rise in unreported mishaps involving space debris violations and illegal launches.[footnoteRef:54] The Liability Convention imposes liability on nations and operators for damages resulting from their space activities; nevertheless, the absence of a worldwide system for tracking space objects and reporting events makes enforcement of the convention inadequate. [54:  https://scholarlycommons.law.emory.edu/cgi/viewcontent.cgi?article=1152&context=eilr.] 

For instance, claims of uncontrolled launches by for-profit companies and smaller states that are either incapable of reporting events or do not have the infrastructure necessary to handle space debris have surfaced. The problem of space situational awareness (SSA) is made more difficult by these unreported incidents, which also result in regulatory blind spots that may eventually cause significant space incidents.[footnoteRef:55] The Liability Convention, in its existing form, struggles to accommodate this rising complexity in the modern space environment. [55:  Challenges to Space Situational Awareness, SatellitePro ME (June 10, 2024), https://satelliteprome.com/opinion/challenges-to-space-situational-awareness/.] 

Satellite Failures and Malfunctions
Statistics on Failures
Collisions with space debris and technological issues brought on by orbital dangers account for a large number of satellite failures. For example, in 2016 a small fragment struck the European satellite Sentinel-1A More than 30% of close conjunctions, or near-miss events, are associated with space debris from the Fengyun–1C satellite, which was lost in 2007 after a Chinese anti-satellite missile test. [footnoteRef:56] [footnoteRef:57] These kinds of events are becoming more frequent. Thousands of shards were produced by this test's debris, which added significantly to the overall population of space junk. [56:  Space Debris FAQ: Frequently asked questions, Space Debris FAQ: Frequently asked questions https://www.esa.int/Space_Safety/Space_Debris/Space_Debris_FAQ_Frequently_asked_questions.]  [57:  Karl Tate, Russian Satellite Crash with Chinese ASAT Debris Explained (Infographic), Space (Mar. 9, 2013), https://www.space.com/20145-russian-satellite-chinese-debris-crash-infographic.html.] 

The likelihood of debris-related failures and malfunctions rises with the number of satellites in service, particularly in congested orbits.[footnoteRef:58] [footnoteRef:59]  However, the Liability Convention has not been applied very often to these kinds of incidents, indicating how hard it is to establish blame since the debris is frequently irretrievable. [58:  ESA Space Environment Report 2024, ESA Space Environment Report 2024 https://www.esa.int/Space_Safety/Space_Debris/ESA_Space_Environment_Report_2024.]  [59:  Sandra Erwin, Orbital congestion reaching critical levels, warns new report, SpaceNews (Apr. 30, 2024), https://spacenews.com/orbital-congestion-reaching-critical-levels-warns-new-report/.] 

Cases Invoking the Liability Convention
Although the Liability Convention was intended to address damage resulting from space activities, it has only been applied in a few instances. One of the most well-known instances where the convention was applied was the Cosmos 954 incident in 1978.[footnoteRef:60] In one instance, radioactive debris was dispersed across portions of Canada by a Soviet nuclear-powered satellite that had re-entered the atmosphere. In the end, the Canadian government's claim under the Liability Convention was settled for CAD 3 million, much less than the CAD 6 million that was originally requested. [60:  Schmalenbach, Kirsten. "Convention on International Liability for Damage Caused by Space Objects." In Corporate Liability for Transboundary Environmental Harm, edited by Peter Gailhofer, David Krebs, Alexander Proelss, Kirsten Schmalenbach, and Roda Verheyen, 11-?. Springer, Cham, 2023. 
https://doi.org/10.1007/978-3-031-13264-3_11.] 

This case revealed significant flaws in the treaty, especially its insufficient provisions for environmental damages, even though it also established a precedent for the law. Although the possibility of claims has grown with the emergence of private space actors, no additional significant cases using the convention have been made public sense then. 
However, the Liability Convention does not adequately cover space operations conducted by the private sector, making it difficult to hold private businesses responsible for mishaps and damage. The increasing number of commercial launches highlights the need to amend and broaden the convention's provisions to take into consideration the engagement of the private sector and the growing concerns associated with space debris.
Growth in Private Space Exploration
Statistics and Growth in Private Launches
The recent space commercial exploration under the leadership of companies such as SpaceX, Blue Origin, and OneWeb has revolutionized space at its root level.[footnoteRef:61] There are now thousands of private satellites already orbiting Earth, while in the years to come thousands more will be launched.[footnoteRef:62] There are now significant worries regarding LEO overcrowding and the higher risk of crashes due to this rapid expansion. Specifically, the growth of mega-constellations—vast satellite networks—has increased congestion and made space traffic control and debris monitoring more difficult.[footnoteRef:63]  [61:  https://breakingdefense.com/2024/09/lot-full-in-an-increasingly-crowded-orbit-mitre-studies-how-many-leo-sats-are-too-many/.]  [62:  Every Satellite Orbiting Earth and Who Owns Them, Dewesoft https://dewesoft.com/blog/every-satellite-orbiting-earth-and-who-owns-them.]  [63:  Elton Chang, The Future of Satellite Mega-Constellations – Telecomworld101.com, (Mar. 11, 2024), https://telecomworld101.com/future-satellite-mega-constellations/.] 

A major contribution to the overall number of space objects was made by SpaceX's Starlink, which launched hundreds of satellites in 2020 alone to provide internet access throughout the world.[footnoteRef:64] It gets harder for current legal systems, such as the Liability Convention, to govern and assign liability as space gets more commercialized. [64:  Tereza Pultarova, Starlink satellites: Everything you need to know about the controversial internet megaconstellation, Space (Apr. 14, 2022), https://www.space.com/spacex-starlink-satellites.html.] 

The Liability Convention was developed during a time when a few numbers of state actors dominated space travel, but the introduction of private space exploration has made the orbital environment more crowded and complex. The widening gap between present space activities and the current legal framework is highlighted by the increase in space debris accidents, unauthorized launches, and violations of international space law. The Liability Convention might not be sufficient to handle the realities of contemporary space operations without major revision, especially as space gets more and more commercialized and privatized.
Building upon the insights from rising private sector involvement in space exploration and increasing risks of space debris, a critical analysis of trends highlights the growing relevance of liability issues in space activities. The Liability Convention, which provides the framework for addressing damages caused by space activities, is being tested in unprecedented ways as space becomes more congested and commercially driven.
As noted previously, the dominance of private constellations, such as those launched by SpaceX and OneWeb, has transformed space activities. In 2021, nearly 83% of payloads launched were from private entities, signalling a shift from government-run missions to commercialized space exploration.[footnoteRef:65] By 2030, the number of operational satellites is projected to outnumber space debris objects, raising concerns about overcrowding in low Earth orbit (LEO).[footnoteRef:66] This overcrowding not only increases the risk of collisions but also exposes liability loopholes, particularly because private sector launches often fall into grey areas not fully accounted for in the existing legal frameworks like the Liability Convention. [65:  Space Situational Assessment 2021, https://www.isro.gov.in/SSA.html.]  [66:  Id] 

The surge in space debris incidents further exacerbates these concerns. Since 1961, over 560 fragmentation events have been recorded[footnoteRef:67], but the collision between Iridium-33 and Kosmos-2251 in 2009 set a precedent for debris generation caused by satellite collisions. With private sector launches on the rise, space debris is growing exponentially, and the risk of similar collisions increases.  [67:  About space debris, ESA Space Environment Report 2024 https://www.esa.int/Space_Safety/Space_Debris/About_space_debris.] 

Despite the rising risks, the Liability Convention remains infrequently invoked, especially in cases involving private entities. While the convention outlines that states are liable for damages caused by their space activities, enforcement is rare, and private-sector activities present a significant legal grey area. Private companies, such as SpaceX, operate across multiple jurisdictions, which complicates accountability.[footnoteRef:68] Though there have been a few reported cases where liability could have been invoked, most cases are settled privately or through diplomatic channels, without formal application of the convention’s provisions. This highlights the loopholes in the convention, which was designed for state actors and lacks clear enforcement mechanisms for private entities. [68:  IP24064 | Public-Private Partnerships for Outer Space: Challenges for Future Regulation, RSIS (Aug. 15, 2024), https://www.rsis.edu.sg/rsis-publication/idss/ip24064-public-private-partnerships-for-outer-space-challenges-for-future-regulation/.] 

The increasing frequency of space debris incidents, coupled with the rapid commercialization of space, reveals a mismatch between the Liability Convention and the realities of modern space operations. The framework is struggling to adapt to new operational practices, such as the proliferation of privately launched satellites. Current international regulations do not adequately address the challenges posed by a crowded LEO or provide solutions for the complex accountability issues arising from collisions involving private and public space operators. This trend points to the urgent need for updated guidelines and more comprehensive international agreements to fill in the liability gaps.
The trends discussed above underscore a critical flaw in the Liability Convention which is its inability to effectively handle the modern complexities of space activities, particularly those involving private sector actors. The framework lacks enforcement and compliance mechanisms necessary to manage the evolving risks of satellite collisions, space debris, and unreported accidents. As private companies continue to dominate space activities, the loopholes in the convention become more pronounced, demonstrating the need for international collaboration to bridge the liability divide and ensure the long-term sustainability of space exploration.
By analysing these trends and applying the data to existing legal frameworks, it is evident that the Liability Convention, in its current form, is insufficient to mitigate the increasing risks in space. Reform and updates to this framework are crucial to adapting to the new realities of space exploration, particularly as private and state activities intersect in unregulated environments.
PROPOSED SOLUTIONS FOR CLOSING THE LOOPHOLES
The 1972 Liability Convention requires substantial reforms to address three critical challenges in modern space operations: the rise of private sector actors, increasing space debris, and evolving military threats.[footnoteRef:69] A balanced approach must preserve the Convention's core compensatory function while introducing nuanced liability frameworks suited for contemporary space activities.[footnoteRef:70] [69:   Frans G. von der Dunk, Revisiting the Liability Convention 45 (2023).]  [70:  U.N. Off. for Outer Space Aff., Report on Long-Term Sustainability 22 (2022).] 

Reforming Liability Attribution
The current strict liability regime should be supplemented with fault-based considerations.[footnoteRef:71] Article XII's reference to "justice and equity" provides legal grounding to incorporate customary international law principles of effective control.[footnoteRef:72] This would require claims commissions to evaluate operational control at the time of incident, due diligence in collision avoidance, and foreseeability of harm based on space situational awareness data.[footnoteRef:73] However, this interpretive approach alone proves insufficient without standardized space traffic management systems and consistent adjudication practices.[footnoteRef:74] [71:  Liability Convention art. II, Oct. 9, 1972, 24 U.S.T. 2389.]  [72:  Int'l Law Comm'n, Articles on State Responsibility art. 2 (2001).]  [73:  Secure World Found., Space Traffic Management 15 (2023).]  [74:  Int'l Law Comm'n, Articles on State Responsibility art. 2 (2001).] 

Enhanced Exoneration Provisions
Article VI's exoneration clause could be modernized to account for cyber operations and third-party interference.[footnoteRef:75] Drawing from maritime law's treatment of piracy, the Convention should recognize hostile cyber activities as "intentional harm" while requiring launching states to demonstrate implementation of reasonable protective measures.[footnoteRef:76] This approach must balance accountability with safeguards against manufactured claims of third-party interference.[footnoteRef:77] [75:  Secure World Found., Space Traffic Management 15 (2023).]  [76:  Eur. Space Agency, SSA Standards Report 7 (2023).]  [77:  Tallinn Manual 3.0 r. 82 (2022).] 

Hybrid Liability Framework
A three-phase liability system would better serve contemporary needs:
1. Presumptive Liability: Maintains Article II's strict liability for launching states as initial respondents[footnoteRef:78] [78:  Int'l Maritime Org., Piracy Liability Guidelines 4 (2021).] 

2. Contributory Analysis: Permits evidence of third-party control, debris mitigation compliance, and collision avoidance efforts[footnoteRef:79] [79:  U.S. Dep't of Def., Counterspace Operations 12 (2023).] 

3. Apportionment Mechanism: Establishes proportional liability based on operational control and comparative fault[footnoteRef:80] [80:   Liability Convention, supra note 3, art. II.] 

Implementation Tools
Practical enforcement requires:
· A Space Liability Fund financed through modest launch fees (0.1% of payload value) to ensure compensation liquidity[footnoteRef:81] [81:  World Econ. F., Space Sustainability 8 (2023).] 

· Technical Advisory Panels utilizing space situational awareness data for fault determination[footnoteRef:82] [82:  U.S. Space Command, SSA Sharing Protocol 3 (2023).] 

· A blockchain registry for immutable records of satellite operational transfers and cybersecurity compliance[footnoteRef:83] [83:  Eur. Space Agency, Blockchain Pilot Report 5 (2023).] 

This hybrid model draws upon successful elements of nuclear liability regimes, aviation accident frameworks, and maritime limitation procedures while respecting the Convention's original intent.[footnoteRef:84] By combining strict liability with fault-based refinements, it addresses modern challenges without requiring complete treaty overhaul.[footnoteRef:85] [84:  Convention on Supplementary Compensation for Nuclear Damage pmbl. (1997).]  [85:  Steven Freeland, Reforming Space Law 33 (2022).] 

CONCLUSION
The hybrid regime amendment proposed by this Comment is a more consistent and principled solution than the interpretive contortions required by the first two solutions this Comment proposed. Although in some ancillary respects it is very novel, it is also intermediary in its central function and does not dramatically alter the core mechanics of the Liability Convention itself. That is, a hybrid regime would simply provide an additional process for extracting compensation from the truly responsible party rather than reforming the liability regime whole cloth. There are practical problems with the mechanics of actually getting that contribution, but similar problems of compliance are inherent to international dispute resolution. At the very least, providing appropriate and universal rules for obtaining the contribution—whether peacefully or by authorized seizure—can hardly hurt and will more likely than not deter the Holmesian bad man from causing harm in the first place. For that reason, the hybrid regime is the most preferable and palatable option of all those considered.

As this paper demonstrates, changes to the Liability Convention’s operation are necessary in order to actualize the motivating principles of international law and the liability regime’s own stated goals. The solutions proposed above are not perfect, but they do operate to close—or at least tighten—the liability loophole. Every liability regime has trade-offs, but a proper regime will ensure that if harm results on Earth from a space object, it will be compensated to the extent that justice demands. Just as important as ensuring proper compensation, however, is the principle that actors who are most responsible for the damage will similarly be most responsible for compensation, rather than assigning that duty to innocent launching states. The quest for an ideal legal system may strike some as naïve, but as man reaches for the stars, so too must the law.












