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Abstract
Autonomous shipping is revolutionising the maritime industry. While scholarship has
begun to explore the legal obstacles to the global operation of autonomous vessels under
the existing legal framework, little attention has been paid to theoretical problems posed by
law enforcement against those vessels under that framework. This article offers an account of
law enforcement challenges posed by different categories of maritime autonomous surface
ships as segmented by the key State actors’ enforcement powers (i.e. coastal and flag States)
under the United Nations Convention on the Law of the Sea. The study concludes that
a reconceptualisation of law enforcement vis-à-vis autonomous ships is required,
reexamining the presumption of physicality. The article suggests that it is necessary to
reevaluate the suitability of the ‘genuine link’ doctrine, shifting towards a shore-based
Remote Operations Centre rule or devising international agreements that envisage
dynamic or fluid enforcement mechanisms. This would necessitate a transition from the
traditional view of jurisdiction based on person/object/flag of registration to a model of
enforcement based on convenience.

Keywords: autonomous shipping; uncrewed vessels; unmanned vessels; law enforcement; flag State; coastal
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1. Introduction

Autonomous and uncrewed vessels have begun to revolutionise themaritime landscape
with their broad civil and military applications. The study of their impact is advancing
but still limited, particularly in relation to certain types of these vessels. For example,
while there are multiple research initiatives involving civil autonomous and uncrewed
vessels around the world,1 ongoing military projects using these new categories of
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1 Yara Birkeland, MEGURI 2040 and KASS are only a few examples. See Yara International, MV Yara
Birkeland <https://www.yara.com/news-and-media/media-library/press-kits/yara-birkeland-press-kit/>;
Nippon Foundation, The Nippon Foundation MEGURI2040 Fully Autonomous Ship Program
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vessels remain less known.2 The main maritime navigation regulatory body, the
International Maritime Organization (IMO), has focused on the new regulatory
framework for merchant shipping autonomous and uncrewed vessels, excluding
passenger vessels.3 Academic literature notes that the existing legal framework is
inadequate to govern the operation of these vessels, and has attempted to identify
regulatory and legal barriers faced by autonomous ships when operating globally.4

Although there is a growing body of literature on the lacunae and obstacles for
autonomous shipping under the existing legal framework, much less attention has been
devoted to theoretical problems posed by the law enforcement aspects, particularly
under the extant regulations set by theUnitedNations Convention on the Lawof the Sea
(UNCLOS).

Technological advancements brought about by autonomous ships constitute unique
challenges to law enforcement, broadly understood. Regulations pertaining to
autonomous ships are scarce, and the existing legal framework has not been adapted
to accommodate these ships, which could be viewed as ungoverned according to the
classic triad ship-captain-crew concept.5 Even accounting for the current regulatory
deficit, ordinary enforcement by domestic and international agencies, including the
attribution of responsibility, continues to be a clear challenge for autonomous ships.

<https://www.nippon-foundation.or.jp/en/what/projects/meguri2040>; KASS, Korea Autonomous Surface
Ship Project <https://kassproject.org/en/main.php>.

2 However, their effects might already be visible in ongoing naval operations (e.g. in the
Russo-Ukrainian armed conflict in the Black Sea). J Daly, ‘Ukraine Launches Unprecedented Drone
Attack on Russian Black Sea Fleet’s Sevastopol Headquarters’ (Eurasia Daily Monitor, 8 November
2022) <https://jamestown.org/program/ukraine-launches-unprecedented-drone-attack-on-russian-black-
sea-fleets-sevastopol-headquarters/>.

3 The IMO has been actively working on the accommodation of these new categories of vessels within the
existing regulatory framework under its remit. The topic of maritime autonomous systems was first brought
to the attention of the IMO in 2015, but it was not until 2018 that it decided to begin the scoping exercises to
determine the scale of the regulatory challenges. B Ste ̨pień, ‘Navigating New Waters: IMO’s Efforts to
Regulate Autonomous Shipping’ (2024) 23 ChineseJIL 599.

4 R Hagemann et al, ‘Soft Law for Hard Problems: The Governance of Emerging Technologies in an
Uncertain Future’ (2018) 17 Colorado Technology Law Journal 37; A Komianos, ‘The Autonomous Shipping
Era: Operational, Regulatory, and Quality Challenges’ (2018) 12 TransNav 335; B Ste ̨pień, ‘Yara Birkeland
and the Legal Problems of Autonomous Shipping’ (2018) 104 Boletim Da Sociedade Brasileira de Direito
Internacional 403; N Klein, ‘Maritime Autonomous Vehicles within the International Law Framework to
Enhance Maritime Security’ (2019) 95 ILS 244; H Ringbom, E Røsæg and T Solvang, Autonomous Ships and
the Law (Routledge 2020); Y Chang, C Zhang and NWang, ‘The International Legal Status of the Unmanned
MaritimeVehicles’ (2020) 113Marine Policy 1; S Jordan, ‘Captain,MyCaptain: A Look at Autonomous Ships
and How They Should Operate under Admiralty Law’ (2021) 30 IndInt’l&CompLRev 283; A Petrig,
‘Unconventional Law for Unconventional Ships? The Role of Informal Law in the International Maritime
Organization’s Quest to Regulate Maritime Autonomous Surface Ships’ in N Klein (ed), Unconventional
Lawmaking in the Law of the Sea (OUP 2022) 112 ; A Ntovas, ‘Functionalism and Maritime Autonomous
Surface Ships’ in J Kraska and Y Park (eds), Emerging Technology and the Law of the Sea (CUP 2022) 8;
E Hannaford, P Maes and E Van Hassel, ‘Autonomous Ships and the Collision Avoidance Regulations: A
Licensed Deck Officer Survey’ (2022) 21 WMU Journal of Maritime Affairs 233; M Issa et al, ‘Maritime
Autonomous Surface Ships: Problems and Challenges Facing the Regulatory Process’ (2022) 14 Sustainability
15630.

5 B Ste ̨pień, ‘Can a Ship Be Its OwnCaptain? SafeManning of Autonomous andUncrewed Vessels’ (2023)
148 Marine Policy 105451.
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This article seeks to position law enforcement as an essential consideration in the
future regulation of civil autonomous shipping under UNCLOS, recognising the pressing
need to accommodate this new category of vessels within the regulatory framework.6 The
article claims that international regulation must adapt to the challenges emerging from
rapid technological advancements. In order to do so, regulations must be drafted bearing
in mind that traditional forms of maritime law enforcement will not prove effective, and
alternative systems to enforce regulations must be conceived of that are designed to
interact with vessels that do not share many classic characteristics.

The contribution of this article to the literature is twofold. First, it focuses on law
enforcement in autonomous shipping and identifies the challenges posed by these
vessels to traditional maritime law enforcement. Second, it considers law enforcement
regarding autonomous ships in relation to coastal and flag States’ enforcement powers.7

In light of this, the article calls for further research on alternative forms of law
enforcement to address the technological challenges posed by these vessels.

The remainder of the article is organised as follows. Section 2 revisits the concept of law
enforcement by drawing from legal and economic literature. It argues that maritime
enforcement has long presumed physicality—i.e. the physical presence of seafarers—as
an element of enforcement. Physicality is absent in autonomous and uncrewed vessels
where decision-making and decision-execution are carried out remotely or by the vessel
itself. Section 3 tackles the enforcement challenges from the perspective of the key State
actors under UNCLOS, focusing on coastal State enforcement powers in relation to
maritime autonomous surface ships (MASS), innocent passage and UNCLOS provisions
on criminal and civil jurisdiction, as well as pollution prevention in the context of MASS.
Section 3.3 analyses the MASS-related enforcement powers of a flag State. Section 4
concludes by arguing that alternative forms of law enforcement ought to be explored as
future regulationwill be unable to rely on traditional forms of law enforcement effectively.

2. Law enforcement and autonomous shipping: a developing field

The concept of law enforcement is inherently linked to legal theory, sociology and
political economy.Weber clearly defined a State in terms of its ability to enforce the law

6 For the purposes of this article, civil autonomous shipping refers to non-military vessels operating with
varying degrees of autonomy and (un)manning. The so-called sea drones deployed in naval operations are
excluded from analysis in this article as their operation pertains to naval warfare regulations and international
humanitarian law rather than to the UNCLOS provisions analysed herein, thus exceeding the scope of this
article. Similarly, although a promising area for future research, the article does not consider the situation of
machines, platforms and vessels employed for hydrocarbon exploitation. The article only analyses
enforcement challenges pertaining to Maritime Autonomous Surface Ships (MASS). Many hydrocarbon
exploration and exploitation units have not attained the classification of ‘ships’ under UNCLOS, including
stationary or mobile offshore platforms. In relation to the latter, as yet there is no autonomy since drill ships
and support vessels typically operating with onboard crews, i.e. not autonomous or uncrewed. Enforcement
challenges related to them therefore differ from those of MASS.

7 The article does not address the enforcement powers of other actors (e.g. the Port State Control, or non-
flag States on the high seas) or deriving from other specialised frameworks (e.g. fisheries inspection regimes or
seabed-mining-related). The focus is on coastal and flag States to provide an in-depth analysis of the core
problems related to the territorial sovereignty and flag State responsibility that MASS currently challenges.
Other actors and specialised regimes merit separate, detailed treatment; thus, they are left for future work.
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through legitimate physical force.8 In turn, Kelsen’s well known account of law relied
heavily on the idea of sanctions.9 Weber and Kelsen are obviously far from being the
first to concern themselves with law enforcement. Earlier scholars, fromMontesquieu10

to Beccaria11 and Bentham,12 considered several elements of law enforcement to be
central to their theories of law, the separation of powers and criminal policy. Modern
legal studies of law enforcement focus on the challenges of applying and executing
regulations. At the same time, economics literature delves into deterrence theory and
what resources are financially justified for apprehending violators.13

2.1. The elements of law enforcement

Law enforcement is a central element of both national and international law, involving
the use of governmental agents and/or international administrative agencies to detect
and sanction those violating legal rules.14 Law enforcement attempts to ensure the
effective functioning of a legal system. In general, it refers to creating legal regulations
intended to induce compliance, monitoring adherence to legal rules and implementing
sanctions imposed to deter violations.15

In international law, law enforcement is not straightforward due to certain limits on
physical coercion as an enforcement mechanism. Even if States Parties to international
treaties and international bodies draft enforcement-related regulations, monitor the
application of legal rules and have formal and informal sanctions to induce compliance
and deter violations, the nature of international law enforcement is still broadly debated.

Austin famously questionedwhether international lawwas law, partially due to the lack
of an arbiter to enforce rules,16 an objection rebutted by Hart.17 Subsequently, scholars
have noted that enforcement of international law does not necessarily match traditional
notions of law enforcement insofar as the latter requires possessing internal enforcement
mechanisms and the possibility of employing physical force to induce compliance.18

8 For Weber, a State is ‘a human community that (successfully) claims the monopoly of the legitimate use
of physical force within a given territory’: M Weber, Gesammelte Politische Schriften (Drei Masken Verlag
München 1921) 397.

9 For Kelsen, legal obligationswere a ‘positive legal normwhich commands the behaviour of an individual by
attaching a sanction to the opposite behaviour’: H Kelsen, Pure Theory of Law (Lawbook Exchange 2002) 116.
Furthermore, Kelsen’s Pure Theory of Law required norms to be enforced through sanctions to be considered as
norms. Law enforcement also took the spotlight in the research of Austin and Hart (see Section 2.1).

10 CLS de Montesquieu, The Spirit of the Laws (AM Cohler, BC Miller and HS Stone eds, CUP 1989).
11 C Beccaria, On Crimes and Punishments and Other Writings (R Bellamy ed, CUP 2003).
12 J Bentham, The Principles of Morals and Legislation (Prometheus Books 1988).
13 AM Polinsky and S Shavell, ‘The Economic Theory of Public Enforcement of Law’ (2000) 38 Journal of

Economic Literature 45.
14 AM Polinsky and S Shavell, ‘Chapter 6: The Theory of Public Enforcement of Law’ (2007) 1 Handbook

of Law and Economics 404, 405.
15 Ordinarily, in criminal justice, law enforcement is carried out by police, prosecutors, judges and

administrators of correctional facilities attempting to enforce prohibitions on conduct contained in
criminal codes.

16 J Austin, Austin: The Province of Jurisprudence Determined (WE Rumble ed, CUP 1995).
17 HLA Hart, The Concept of Law (2nd ed, Clarendon Press 1994).
18 O Hathaway and S Shapiro, ‘Outcasting: Enforcement in Domestic and International Law’ (2011)

121 YLJ 252, 268.
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It is generally considered that international law has relied on the concept of territory
to delimit jurisdiction. The predominance of territorial concerns in defining
jurisdiction is a classical part of the Westphalian conception of the international legal
order.19 In the so-called first principle of the Lotus case, the Permanent Court of
International Justice (PCIJ) held that international law imposes a restriction on
States: ‘jurisdiction is certainly territorial; it cannot be exercised by a State outside its
territory except by virtue of a permissive rule derived from international customor from
a convention’.20 Hence, absent a permissive basis, States were considered unable to
exercise extraterritorial enforcement jurisdiction. Although contested, this doctrine has
undoubtedly impacted the International Court of Justice’s jurisprudence and remains a
part of the international law canon.21

While international law scholars have thoroughly examined notions of enforcement,
the multifaceted complexities presented by autonomous shipping are particularly
challenging for the enforcement of law of the sea regulations, which the next
section will illustrate.

2.2. Law enforcement in relation to autonomous shipping

Law enforcement is a crucial concept in both legal scholarship and practical application.
Notwithstanding that a significant part of the literature focuses on ordinary and
criminal law enforcement,22 law enforcement at sea has emerged as a distinct field
warranting systematic study beyond isolated issues. Jimenez analysed the distinction
between maritime law enforcement and the use of force at sea.23 Soons showed that law
enforcement at sea is sectorised through several jurisdictional layers corresponding to
maritime zones,24 reaching conclusions similar to those of Klein.25 Sun et al delved into
technical obstacles regardingmaritime intelligence, which plays a crucial role in higher-
quality law enforcement in maritime domains,26 while Jiang and Huang27 analysed the

19 C Ryngaert, ‘The Concept of Jurisdiction in International Law’ in A Orakhelashvili (ed), Research
Handbook on Jurisdiction and Immunities in International Law (Edward Elgar 2015) 50, 51.

20 SS “Lotus” (France v Turkey) (Judgment) [1927] PCIJ Ser A No 10, para 45. See A von Bogdandy and
MRau, ‘The Lotus’ in RWolfrum (ed),Max Planck Encyclopedia of Public International Law (OUP 2006). For
a critical reading conceptualising the Lotus case as instead resolving the coexistence of territorial jurisdiction
with multiterritorial events, see A Hertogen, ‘Letting Lotus Bloom’ (2015) 26 EJIL 901.

21 S Beaulac, ‘The Lotus Case in Context: Sovereignty, Westphalia, Vattel, and Positivism’ in S Allen et al
(eds), The Oxford Handbook of Jurisdiction in International Law (OUP 2019) 41, 55–58.

22 GS Becker, ‘Crime and Punishment: An Economic Approach’ in NGFielding, AClarke and RWitt (eds),
The Economic Dimensions of Crime (Palgrave Macmillan 1968) 1; G Kirkham and LAWollan, Introduction to
Law Enforcement (Harper & Row 1980); LE Sullivan (ed), Encyclopedia of Law Enforcement (Sage 2005);
DMcElreath (ed), Introduction to Law Enforcement (CRC Press 2013); NGaroupa, ‘The Theory ofOptimal Law
Enforcement’ (1997) 11 Journal of Economic Surveys 267.

23 P Jimenez Kwast, ‘Maritime LawEnforcement and theUse of Force: Reflections on the Categorisation of
Forcible Action at Sea in the Light of the Guyana/Suriname Award’ (2008) 13 JC&SL 49.

24 AHA Soons, ‘LawEnforcement in theOcean: AnOverview’ (2004) 3WMU Journal ofMaritimeAffairs 3.
25 N Klein, Maritime Security and the Law of the Sea (OUP 2012) 62–143.
26 P Sun et al, ‘AConfidentiality Preserved Data Sharing Framework for Decision Support in theMaritime

Law Enforcement’ (2024) 167 Marine Policy 106244.
27 X Jiang and Z Huang, ‘Extraterritorial Application of China’s Marine Environmental Protection Law:

Towards Effective Marine Environmental Protection Enforcement’ (2024) 167 Marine Policy 106241.
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element of territoriality within maritime enforcement in a case study of China’s Marine
Environmental Protection Law, following its revision in 2023.While some legal scholars
have begun to examine the impact of autonomous shipping on the international legal
order,28 most concentrate on formulating policy rather than on the key issues of
monitoring, sanctioning and deterring non-compliance.

Since legal scholars and practitioners define autonomous and uncrewed ships
differently,29 a shared typology is needed to enable clear analysis across maritime
zones. In 2018, the IMO introduced the working term ‘Maritime Autonomous
Surface Ship’ (MASS) in the Maritime Safety Committee’s Regulatory Scoping
Exercise.30 Since then, IMO’s MASS classification has entered the legal jargon
alongside four proposed degrees of autonomy, namely: Degree I—a ship with
automated processes and decision support; Degree II—a remotely controlled ship
with seafarers on board; Degree III—a remotely controlled ship without seafarers on
board; and Degree IV—a fully autonomous ship.31 Even though the IMO MASS
classification ignores nuanced design variations and legal complexities arising from
different levels of ship autonomy and crewing,32 it is sufficient for examining the law
enforcement mechanisms.

Nevertheless, it is worth noting that terms such as ‘autonomy’ and ‘(un)crewing’
are not synonyms, even though they are often employed interchangeably. Autonomy
refers to the operational decision-making process, while (un)crewing simply signals
onboard human presence, or the lack thereof.33 Consequently, there might be various
combinations of both factors—autonomy and crewing—leading to multiple
categories of vessels enjoying different levels of operational autonomy with varying
numbers of onboard crewmembers. Additionally, their categorisation is complicated
by the fact that vessels might only be autonomous and uncrewed for a particular
voyage or part of one.34 Finally, a shore-based Remote Operations Centre (ROC)
together with a remote operator (RO) are always presumed in the discussion of
autonomous and uncrewed vessels as the state of technology still does not allow the
operation of fully autonomous and uncrewed vessels without at least remote human
engagement or supervision. Section 3 examines challenges to law enforcement
regarding autonomous shipping vis-à-vis key State actors’ enforcement powers, as
provided for by UNCLOS.

3. Key State actors’ enforcement powers under UNCLOS

Enforcement, as a concept, presumes an enforcer. In international law, States enforce
international regulations to different degrees and under different conditions. There are

28 Ntovas (n 4); Petrig (n 4); Jordan (n 4); Ringbom, Røsæg and Solvang (n 4); Klein (n 4); Ste ̨pień (n 4).
29 CH Allen, ‘The Seabots Are Coming Here: Should They Be Treated as “Vessels”?’ (2012) 65 Journal of

Navigation 749; Hagemann et al (n 4); Chang, Zhang and Wang (n 4); Petrig (n 4); Ntovas (n 4).
30 IMO Maritime Safety Committee, ‘Report of the Maritime Safety Committee on Its One Hundredth

Session: Annex 2’ (2018) IMO Doc MSC 100/20/Add.1, para 4.
31 ibid.
32 B Ste ̨pień, ‘Towards aNewHorizon: 1972 COLREG in the Era of Autonomous Ships’ (2024) 55ODIL 1.
33 Ste ̨pień (n 5).
34 Ste ̨pień (n 32) 5.
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several forms in which a State is represented as an entity in UNCLOS.35 The primary
State actors are coastal and flag States,36 which are central to the UNCLOS enforcement
framework in terms of international shipping.37 Their roles reflect the varying degrees
of State obligations, State control and jurisdictional complexities, although they
safeguard the foundational balance of interests between them.

To add further complexity, seas are divided into different maritime zones and areas,
described by two main characteristics: their breadth and the State rights exercised
therein.38 The contemporary construction of the maritime zones is derived from
UNCLOS, which sets the governing regulations for each zone and assigns different
rights to the interested States. Treves calls them ‘exclusivity rights’, that is, rights to
undertake certain activities to the exclusion of other States.39

Scholars classify maritime zones in different ways40 but, for the purposes of this
article, three main categories can be discerned, reflecting the varying degrees of State
control and jurisdictional complexity: first, sea areas under the sovereignty of a coastal
State; second, sea areas under the functional jurisdiction of a coastal State; and, third, sea
areas beyond the jurisdiction of coastal States. These classifications—of both the State
actors as well as themaritime zones—have significant implications for law enforcement
as they impact the regulations to enforce, the parties responsible for and authorised to
enforce them and even the available legal and de facto enforcement measures. In other
words, pairing a State actor with a specific maritime zone clarifies who can do what in
that area of the sea.

The coastal State enjoys sovereignty over internal waters, the territorial sea and the
archipelagic waters.41 This gives the coastal State broad enforcement powers over these
maritime zones, with certain limitations based on the right of innocent passage enjoyed
by foreign vessels, which is further considered in Section 3.1.

In the sea areas under the functional jurisdiction of a coastal State—which include the
contiguous zone, exclusive economic zone (EEZ) and continental shelf42—the coastal State
enjoys limited enforcement powers, especially in relation to customs, fiscal, immigration

35 EK Mbiah, ‘Coastal, Flag and Port State Jurisdictions: Powers and Other Considerations under
UNCLOS’ in K Proshanto, MQ Mejia and J Xu (eds), Maritime Law in Motion (Springer 2020) vol 8, 496.

36 According toAllot, UNCLOS recognises up to 57 different types of legal person: PAllott, ‘Power Sharing
in the Law of the Sea’ (1983) 77 AJIL 1, 9.

37 B Marten, ‘The Enforcement of Shipping Standards under UNCLOS’ (2011) 10 WMU Journal of
Maritime Affairs 45, 51.

38 Y Tanaka, Predictability and Flexibility in the Law of Maritime Delimitation (Hart Publishing 2019).
39 T Treves, ‘Coastal States’ Rights in the Maritime Areas under UNCLOS’ (2015) 12 Revista de Direito

Internacional 41.
40 ibid; I Papanicolopulu, ‘A Note on Maritime Delimitation in a Multizonal Context: The Case of the

Mediterranean’ (2007) 38 ODIL 381, 382–83.
41 United Nations Convention on the Law of the Sea (adopted 10 December 1982, entered into force

16 November 1994) 1833 UNTS 397 (UNCLOS) art 2.
42 Regarding the continental shelf, the coastal State exercises sovereign rights for the purpose of exploring

it and exploiting its natural resources (ibid art 77). From the perspective of the vessel’s navigation, it is of lesser
importance as it refers to the seabed and subsoil of the sea rather than the superjacent waters. Thus, the
continental shelf is not analysed in this article as it does not directly impact MASS navigation. AR Maggio,
‘Continental Shelf’ in A Proelss (ed), United Nations Convention on the Law of the Sea: A Commentary
(Nomos Verlagsgesellschaft 2017) 587.
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and sanitary laws (contiguous zone)43 and to living and non-living resource management
(EEZ44 and continental shelf).45 As all the zones under the functional jurisdiction of a
coastal State lie outside the outer limit of the territorial sea of a coastal State, as a general
rule, they are governedby the freedomof navigation.46Consequently, vessels remainunder
the exclusive jurisdiction of a flag State, which is analysed in Section 3.3, and the coastal
State may only exercise enforcement measures over vessels violating the laws established
for each zone in a few specific cases.47 However, those cases typically concern activities
such as fishing, pollution control or resource exploitation, which are not currently the
operational focus of MASS as used in international shipping.

Consequently, the enforcement challenges related toMASS navigation are similar to
those occurring within the territorial sea of a coastal State, discussed in detail in the next
section. In terms of the contiguous zone and EEZ, enforcement measures are limited to
specific activities, but the practical problems remain the same.

3.1. Coastal State enforcement powers against MASS in relation to innocent
passage

In the coastal State’s territorial sea and archipelagic waters, as a general rule, a foreign
vessel enjoys the right of innocent passage.48 The concept of innocent passage has been
broadly analysed in the literature due to its well-established status as a rule of customary
international law.49 For present purposes, it suffices to note that it is a right composed of
two parts, ‘innocence’ and ‘passage’, to traverse the territorial sea of a coastal State
without entering internal waters or in order to proceed to or from them.50

43 In the contiguous zone, the coastal State has a right to exercise necessary control to prevent the violation
of the customs, fiscal, immigration or sanitary regulations within its territory or territorial sea (UNCLOS
(n 41) art 33(1)(a)). In case of the infringement of thementioned regulations committed within its territory or
territorial sea, the coastal State is entitled to punish such conduct (UNCLOS (n 41) art 33(1)(b)).

44 In the EEZ, the coastal State may exercise its sovereign rights to explore, exploit, conserve and manage
the natural resources therein (UNCLOS (n 41) art 56(1)(a)). Moreover, in the Arctic Sunrise Arbitration, the
tribunal noted that a coastal State also enjoys a right to ‘enforce its laws in relation to non-living resources in
the EEZ’, although without deciding on its extent: Arctic Sunrise Arbitration (Netherlands v Russian
Federation) (Award, 14 August 2015) UNCLOS Annex VII Tribunal, para 284. The coastal State also has
jurisdiction regarding the establishment and usage of artificial islands, installations and structures, the
conduct of marine scientific research and the protection and preservation of the marine environment
(UNCLOS art 56(1)(b)). To ensure compliance with the established regulations related to the exploration,
exploitation, conservation and management of the living resources, the coastal State may undertake
enforcement measures such as boarding, inspection, arrest and judicial proceedings (UNCLOS art 73(1)).
The coastal State is required to promptly release the arrested vessels and their crews if a reasonable bond or
other security is provided (UNCLOS art 73(2)). Imprisonment and corporal punishment are not allowed as a
penalty for fisheries laws’ violations (UNCLOS art 73(3)). The coastal State is obligated to promptly notify the
respective flag State in case of a foreign vessel’s arrest or detention as well as of other enforcement measures
imposed (UNCLOS art 73(4)).

45 UNCLOS (n 41) art 76.
46 Soons (n 24) 10.
47 C Quince, The Exclusive Economic Zone (Vernon Press 2019).
48 UNCLOS (n 41) arts 17–19, 52.
49 K Hakapää, ‘Innocent Passage’ in Max Planck Encyclopedia of Public International Law (OUP 2023)

para 4.
50 UNCLOS (n 41) art 18(1).
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The innocence requirement is met as long as the vessel does not engage in activities
that might be prejudicial to the peace, good order or security of the coastal State.51

However, the coastal State has the right to undertake all necessary steps to prevent
passage through its territorial sea if a vessel violates this rule.52 In other words, the
coastal State enjoys full enforcement powers over a foreign vessel if the passage does not
meet the innocence requirement.53 It may stop, inspect and divert from its territorial sea
any vessel engaging in violating conduct.54 The coastal State may also detain and force
such a vessel to its port in order to undertake corresponding legal proceedings.55

Although these measures are primarily aimed at the vessel itself, they usually
negatively impact the crew members onboard by subjecting them de facto to the
coastal State’s enforcement powers. This may result in additional stress,
inconvenience, delays in crew exchanges and destabilisation of seafarers’ working
and living conditions, to name just a few impacts.

However, not every activity violating the coastal State’s regulations automatically
means a violation of innocent passage (e.g. non-compliance by a vessel with a local
traffic separation scheme established to enhance navigational safety usually does not
qualify as prejudicial under Article 19(2) UNCLOS). In such cases, the coastal State’s
enforcement powers aremore constrained (e.g. limited to requiring the vessel to comply
with the regulation, but not ordering the ship to leave the territorial sea).56 Therefore the
violations of the coastal State’s regulations must always be examined to verify whether
they fall under the scope of the non-innocent behaviours established by Article
19 UNCLOS. As usual, UNCLOS offers only general guidance regarding the coastal
State’s enforcement measures in terms of the territorial sea and innocent passage. This
reflects the fact that the territorial sea is subject to the full sovereignty of the coastal State,
whereas in the EEZ, the coastal State has only sovereign rights and broader navigational
freedoms apply. More concrete approaches are derived from State practice rather than
from the straight normative formulation of UNCLOS.57

MASS, due to their operational autonomy and uncrewed nature, are both the source of
conceptual difficulties in defining what constitutes innocent passage and the object of the
practical difficulties in enforcing coastal State regulations related to it. The situation of
MASS Degrees I and II is much like that of conventional vessels since having a crew
onboard aids compliance with a coastal State’s enforcement actions if the passage
threatens its peace, good order or security. However, coastal State enforcement actions
against MASS Degrees III and IV will encounter compliance problems without humans
on board who can react to the coastal State’s requests to stop, undergo an inspection or
divert from the territorial sea. In the case of conventional vessels, coastal States can
exercise jurisdiction regarding innocent passage over both the vessel and the crew,

51 ibid art 19(1).
52 ibid art 25(1).
53 Hakapää (n 49) para 19; K Hakapää and EJ Molenaar, ‘Innocent Passage—Past and Present’ (1999)

23 Marine Policy 131, 135.
54 Hakapää and Molenaar ibid 132.
55 Hakapää (n 49) para 19.
56 ibid.
57 AHebbar, ‘Innocent Passage under UNCLOS: An Exploration of the Tenets, Trials, and Tribulations’ in

Mukherjee, Mejia and Xu (n 35) 227; Kari Hakapää (n 49) para 21.
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including the captain and the officers in charge. In the case of MASS Degrees III and IV,
jurisdiction would be exercised over the vessel and attempted to be exercised over
personnel located in the shore-based ROC, possibly in a different jurisdiction. The type
of interaction between the coastal State authority and the ROC would vary greatly
depending on the alleged non-innocent behaviour. Actions may range from simple
instructions to cooperate with coastal State authorities in arresting the vessel pending
the posting of a reasonable bond or otherwise risk vessel damage during its arrest, tomore
significant exercises of jurisdiction, such as arrest and prosecution.58

Detention procedures, especially in the coastal State’s port, may be the most
challenging enforcement measure in the case of an innocent passage violation by a
MASS of Degrees II, III and IV, as any action will require remote coordination with the
respective ROC. MASS Degrees II–IV offer a paradoxical example in which the
consequence of human behaviour (i.e. the movement of the vessel) is geographically
within the enforcement area of a specific State, but the human commanding or
responsible for the behaviour is not.

The traditionally understood enforcement measures (e.g. stopping, inspecting,
diverting and detaining) related to the violation of innocent passage by foreign vessels
are meant, in practice, to target both the vessel and its crew. The lack of physical presence
of the captain and crew onboard shifts the compliance responsibilities to the remote
operators based in other parts of the world. In the case of MASS Degree IV (fully
autonomous and uncrewed), operated by artificial intelligence (AI), the enforcement
mechanisms would need to target AI, which per se cannot be sanctioned by physical
detention in a foreign port, for example.59 Legal scholarship is just beginning to explore
innovative liability systems in relation toAI,60 such as proportional liability, which should
be considered in instances involving MASS Degree IV.

3.2. Coastal State enforcement powers against MASS in the UNCLOS special
provisions on criminal and civil jurisdiction, as well as environmental pollution

The other category of enforcement mechanisms regarding foreign ships engaged in
innocent passage arises from the specific provisions governing criminal and civil
jurisdiction in relation to those vessels,61 which allow the coastal State to exercise a
degree of authority over them.62

The distinction between a coastal State’s jurisdiction over a vessel or a person is
crucial. According to Article 27 UNCLOS, the person suspected of the crime is subject
to the enforcement measures, rather than the vessel where the crime was committed.63

58 Consider, for example, non-innocent behaviour involving the transportation or use of weapons
(UNCLOS (n 41) art 19(2)), as well as criminal offences onboard (UNCLOS art 27).

59 A Ryan and S Alex, ‘Punishing Artificial Intelligence: Legal Fiction or Science Fiction’ (2019) 53 UC
Davis Law Review 323; G Lima et al, ‘The Conflict Between People’s Urge to Punish AI and Legal Systems’
(2021) 8 Frontiers in Robotics and AI 756242.

60 M Bashayreh, FN Sibai and A Tabbara, ‘Artificial Intelligence and Legal Liability: Towards an
International Approach of Proportional Liability Based on Risk Sharing’ (2021) 30 I&CTL 169.

61 UNCLOS (n 41) arts 27–28.
62 Hakapää (n 49) para 24.
63 ibid 28; RA Barnes, ‘Territorial Sea and Contiguous Zone’ in Proelss (n 42) 27.
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In the case of MASS Degrees I and II, the application of criminal jurisdiction provisions
would apply in the same manner as with conventional vessels due to the physical
presence of the crew onboard. However, for MASS Degrees III and IV, their uncrewed
nature would complicate direct application of criminal jurisdiction. The engagement of
the remote operator and other shore-based personnel would require the reevaluation
of criminal jurisdiction over ship-related personnel physically based in a distant
location and not onsite where the consequences of the criminal act occurred.64

Perhaps in this case policymakers should consider, de lege ferenda, drafting
international agreements with innovative jurisdictional frameworks, such as
treating shore-based personnel as if they were physically present in the territorial
sea of a coastal State, including extradition agreements and an inter-State assistance
obligation. Despite measures of this kind, in practice the execution of the enforcement
measures vis-à-vis shore personnel based in a remote locationmay still be difficult and
often de facto impossible.

The situation is reversed in the case of civil jurisdiction, which usually relates to
contractual and non-contractual obligations, labour relationships and property
regulations.65 As a general rule, the coastal State should not exercise enforcement
measures such as the detention of a person or a vessel for the purpose of civil
proceedings. However, it may indeed levy execution against or arrest a vessel
regarding the ‘obligations or liabilities assumed or incurred by the ship itself in
the course or for the purpose of the voyage through the waters of the Coastal State’.66

These provisions on civil obligations and liabilities assumed by the vessel during its
voyage presume that a real person is responsible for the decision-making process. Thus,
MASSDegrees I and II could still be subject to enforcement measures by the coastal State
as there would be humans engaged in and responsible for the decision-making process.
The situation regarding autonomous and uncrewed vessels is less straightforward.
MASS Degrees III and IV operate based on pre-programmed algorithms, with
decision-making reliant on AI. Consequently, the attribution of civil liability to
autonomous vessels would require the assessment of the roles played by other
actors, such as software developers and manufacturers,67 or reevaluating liability
theories, as has recently been proposed.68

However, this limitation on civil jurisdiction does not prevent the coastal State from
levying execution against or arresting a foreign vessel in relation to civil proceedings
when the vessel is present in its territorial sea or navigating the territorial sea after
leaving the coastal State’s internal waters.69 In this scenario, the physical presence of the
crew onboardMASS Degrees I and II, as well as the involvement of the remote operator
—MASSDegree III—could facilitate easier compliance with the coastal State’s requests.
However, the coordination of activities with the distant ROC would still impair the full

64 J Choi and S Lee, ‘Legal Status of the Remote Operator inMaritime Autonomous Surface Ships (MASS)
Under Maritime Law’ (2021) 52 ODIL 445.

65 Barnes (n 63) 238.
66 UNCLOS (n 41) art 28(2).
67 D Glavaničová and M Pascucci, ‘Vicarious Liability: A Solution to a Problem of AI Responsibility?’

(2022) 24 Ethics and Information Technology 28.
68 Bashayreh, Sibai and Tabbara (n 60).
69 UNCLOS (n 41) art 28(3).
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process. The coastal State’s execution of arrest warrants and further enforcement
actions regarding MASS Degree IV would be even more complicated given its
fully autonomous and uncrewed nature. Additionally, as mentioned before, the
enforcement of both civil and criminal jurisdiction vis-à-vis vessels traditionally
involves human interactions and onboard inspections. Thus, the shore-based ROCs, as
well as the AI in charge of MASS Degree IV, would also need to be technologically
prepared for such possibilities.

Aside from the general rules applicable to the violation of innocent passage, special
UNCLOS regulations allow coastal States to take measures if a vessel navigating its
territorial sea or EEZ may have violated rules on the prevention, reduction and control
of pollution from vessels.70 In this case, the coastal Statemay initiate a physical inspection
of a vessel suspected of the violation and is entitled to institute proceedings based on the
supporting evidence.71 The vessel’s detention is a permitted enforcement action.72 In the
case of MASS Degrees I and II, the physical presence of crew onboard, even without a
bridge crew, would still allow the crewmembers to undertake immediate corrective
actions to prevent further harm to the marine environment. However, in the case of
MASS Degrees III and IV, the immediate mitigation of environmental pollution and
compliance with enforcement requests from the coastal State may be especially
challenging, as it usually requires physical action onboard.73

3.3. Flag State enforcement powers in the context of MASS

According to longstanding maritime custom—codified in Article 92 UNCLOS—
vessels, as a general rule,74 are subject to exclusive flag State jurisdiction on the high
seas, a key principle of the law of the sea.75 The freedom of navigation governs this area
beyond the national jurisdiction of States,76 which remains open to all of them.77 Article
91 UNCLOS on vessel nationality requires the existence of a ‘genuine link’ between the
State and the vessel flying its flag. As UNCLOS does not specify the meaning of genuine
link, the interpretation of this requirement has been the source of legal dispute.78

70 ibid art 220(2)–(3).
71 ibid art 220(2).
72 A similar special enforcement regime exists in relation to living resources in the EEZ, as established by

UNCLOS (n 41) art 73 which, however, falls outside the scope of this article.
73 DS Etkin and TJ Nedwed, ‘Effectiveness of Mechanical Recovery for Large Offshore Oil Spills’ (2021)

163 Marine Pollution Bulletin 111848.
74 UNCLOS (n 41) art 92(1) allows for exceptional enforcement jurisdiction by States other than the flag

State in specific cases expressly provided for in UNCLOS or in other international treaties. For example,
UNCLOS art 110 grants to a warship the right to visit a foreign vessel in limited circumstances, such as piracy,
slave trading or unauthorised broadcasting, among other things.

75 H Ringbom, ‘Ships in ABNJ: Broadening Jurisdictional Opportunities for Non-Flag States’ in V De
Lucia et al (eds), International law and Marine Areas beyond National Jurisdiction: Reflections on Justice,
Space, Knowledge, and Power (Brill Nijhoff 2022) 316.

76 A Oude Elferink, V De Lucia and LN Nguyen, ‘Areas beyond National Jurisdiction: Looking at and
beyond the BBNJ Process’ in De Lucia et al ibid 1.

77 UNCLOS (n 41) art 87.
78 V Cogliati-Bantz, ‘Disentangling the “Genuine Link”: Enquiries in Sea, Air and Space Law’ (2010)

79 NordicJIL 383.
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The International Tribunal for the Law of the Sea (ITLOS) stated in M/V “Saiga”
(No 2) that ‘the purpose of the provisions of the Convention on the need for a genuine
link between a ship and its Flag State is to secure more effective implementation of the
duties of the Flag State’.79 Moreover, the flag State is obligated to exercise an effective
‘jurisdiction and control in administrative, technical and socialmatters’,80 which ITLOS
also confirmed inM/V “Virginia G”, where it underscored that ‘once a ship is registered,
the Flag State is required, under article 94 of the Convention, to exercise effective
jurisdiction and control over that ship in order to ensure that it operates in accordance
with generally accepted international regulations, procedures and practices. This is the
meaning of “genuine link”’.81

In the case ofMASSDegrees I–IV, determining a genuine link between the vessel and
the flag State is even more complex than on conventional vessels. In the latter case, the
vessel’s registry—and, thus, its nationality—is often chosen taking into consideration
factors such as the operational costs, labour regulations or even the characteristics of the
State where the ship’s operator is domiciled.82 Given that all categories of MASS usually
involve shore-based ROC and remote operators, the locations of those additional actors,
non-existent in conventional situations, would also need to be considered when
establishing the genuine link and flagging the ship.83 A shore-based ROC in a State
that is not the flag State could disrupt traditional notions of jurisdiction vis-à-vis
enforcement. New notions of law enforcement, such as theories granting jurisdiction
to the State where the ROC is located or the State where the company owning the ROC is
legally registered, should be considered.

Failure to address the critical challenges posed by remote locations of the ROC may
disrupt the enforcement of flag State jurisdiction and the current version of the genuine
link doctrine might be insufficient to address the new challenges posed. As mentioned
in Section 2.1, territorial concerns have greatly shaped the definition of jurisdiction in
international law and, to a certain extent, in the law of the sea. Territorial definitions of
jurisdiction have obvious advantages: they are based on the physical location of behaviour
and appeal to notions of State sovereignty. However, territoriality’s centrality arose in a
technologically different era in which the geographical location of behaviour was clear,
which it may not be in relation to MASS which comprise both the vessel and the
operational centre. Although these considerations are being raised in relation to flag
State enforcement powers, given their significance in light of the genuine link doctrine,
similar considerations are applicable, mutatis mutandis, also in relation to coastal
State enforcement powers, which also depend on identifying a territorial nexus to
assert jurisdiction.84

79 M/V “Saiga” (No 2) (Saint Vincent and the Grenadines v Guinea) (1999) 38 ILM 1323, para 83; M/V
“Virginia G” (2014) 53 ILM 1164, para 112.

80 UNCLOS (n 41) art 94(1).
81 M/V “Virginia G” (n 79) para 113.
82 J Yin, L Fan and KX Li, ‘Second Ship Registry in Flag Choice Mechanism: The Implications for China in

Promoting a Maritime Cluster Policy’ (2018) 107 Transportation Research Part A: Policy and Practice
152, 156.

83 The reader interested in an extensive analysis of this topic may consult: H Ringbom, ‘Autonomous Ships
and the Flag State’ in N Klein et al,Maritime Autonomous Vehicles and International Law (Routledge 2024) 50.

84 The authors are grateful to an anonymous reviewer for this remark.
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How should international law tackle the regulation of emerging technologies where
behaviour might be cross-territorial, with command and execution taking place in
different locations that might be continually changing? One possibility would be to
develop joint jurisdiction doctrines, such as dynamic or fluid jurisdiction, in which
regulations would assess jurisdiction based on which State is best placed to effectively
enforce the law in practice, rather than the characteristics of the vessels. Future
international regulations might recognise the difficulties of solely relying on the
territorial location of behaviour and conceive of multiple States as simultaneously
competent to enforce certain regulations; or the regulations themselves may be
considered dynamic, hence defining enforcement capability by the suitability of the
enforcer rather than by the territorial location of the controlled behaviour. While it is
acknowledged that such characteristics might not directly correspond to a traditional
notion of jurisdiction as shaped by territorial concerns, they might be necessary to
ensure that rules are enforceable and that MASS can be comprehensively regulated.
Under current law, the involvement of a shore-based ROC located in a place other than
the flag State could lead tomore than one State claiming jurisdiction over the vessel. For
example, the State where the ROC is based could invoke territorial jurisdiction since the
activities governing the MASS operation occurred within its borders. Similarly,
cybersecurity and data protection regulations and mechanisms could result in
jurisdictional overlap with the flag State due to MASS’ reliance on data transmission,
indeed, such overlap would be a common occurrence in MASS operations. Currently,
some national legislation contemplates certain situations in which jurisdiction is
exercised according to a variety of considerations, such as the location of the vessel,
despite the lack of a specific classic jurisdictional premise (such as a clear single location
for the act). Examples are arguably present in Australia’s Crimes at Sea Act, the Spanish
Law on Maritime Navigation and Article 110 of the Polish Penal Code.85

It is also doubtful whether current technology supported by legal mechanisms allows
the flag State to exercise effective jurisdiction over MASS Degrees III and IV, being
unmanned and operated fully or to a certain degree by AI. Real-time monitoring,
remote and AI decision-making, as well as enforcement of compliance depend on
uninterrupted and smooth data transmission and secure communications necessary for
the safe and secure navigation of these new categories of vessels.

The complexity of the genuine link determination becomes especially prominent
when the phenomenon of flags of convenience (FoC) is considered. This is where a
vessel has no national connection to the registry, but has been attracted by, for example,
the ease of the registration process, lower taxes, less stringent labour and environmental
regulations or lower inspection standards. Such practices jeopardise maritime safety

85 Crimes at Sea Act 2000 (Australia); Ley 14/2014 de 24 de julio de Navegación Marítima BOE
180 (Spain); and Kodeks Karny, Ustawa z dnia 6 czerwca 1997 r (Poland). For example, under the Polish
provision, a foreign national may be prosecuted in Poland for an offence committed abroad, even without a
direct territorial link to Poland, if the act affects a legally protected Polish interest—the theoretical case, inter
alia, of previously existing agreements guaranteeing inter-State cooperation. Said statutes, under specific
hypotheses, would allow detention in a country inwhich the alleged offender did not commit the crime or that
is not the nationality of the offender or the victim.MASS, for which the location of the vessel, ROC and actual
decision-makers or responsible humans are often different, may benefit, de lege ferenda, from regulations
providing more complex jurisdictional frameworks.
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and security.86 The emergence of new categories of autonomous and uncrewed vessels
will likely lead to the advent of an ‘autonomous flag of convenience’, which could foster
sub-standard and dangerous autonomous vessels. Having no physical human presence
onboard will impede the effective execution of enforcement mechanisms by interested
States to an even greater degree.

Finally, an analysis of enforcement in relation toMASSmust also consider the transit
passage enjoyed by vessels through the straits used for international navigation.87 Even
though, at first glance, the right of transit passage looks similar to innocent passage—as
it may also be exercised over the straits used for international navigation and
archipelagic sea lanes88—the coastal and flag State positions are reversed.89 Unlike
with innocent passage where the coastal State may take measures against a ship which is
not innocent, as a general rule, the coastal State may not impede transit passage.90 In
practice, this results in primary flag State jurisdiction and restricts the execution of
enforcement measures by coastal States such as inspections, detentions or arrests.91

Consequently, the issues arising in relation to enforcement against MASS where the
right of innocent passage is breached also arise with respect to transit passage.

4. Conclusions

Autonomous shipping poses a significant challenge to law enforcement at sea. Although
the law of the sea has always divided law enforcement among the key State actors
according to maritime zones, the additional jurisdictional and enforcement issues
raised by automated or remote decision-making and the lack of a human crew
require a re-conceptualisation of law enforcement to accommodate autonomous ships.

This article has examined the ambiguities that arise in relation to law enforcement,
demonstrating the inadequacies of the current legal framework to govern autonomous
shipping. Three key features of autonomous ships that present challenges for law
enforcement have been identified: first, the lack of a fixed location to determine
jurisdiction; second, the lack of a physical presence of crew and captain, complicating
effective enforcement; and, third, the use of automated or remote decision-making,
which undermines the central deterrence function of sanctions.

Further, it has been shown that, methodologically, enforcement by State actors
should vary according to the different categories of MASS and the particular
maritime zone in which they are located. By analysing the challenges posed by
autonomous ships in different maritime zones, the article hopes to initiate a debate
on the new regulatory tools required, particularly when assessing the compliance of

86 S Kuznietsov, ‘The “Genuine Link”Concept: Is It Possible to Enhance the Strength?’ (2021) 7 Lex Portus
66, 66–67. For a full discussion of the concept of ‘genuine link’ in relation to FoCs, see E Cavalcanti de Mello
Filho, ‘From “Flags of Convenience” to “Flags of Deceit”: The Future of the Law Governing the Nationality of
Ships’ (2025) 74(Supp) ICLQ 121.

87 UNCLOS (n 41) arts 37–38, 53–54.
88 ibid art 53.
89 SMahmoudi andMRatcovich Leopardi, ‘Transit Passage’ inAPeters andRWolfrum (eds),MaxPlanck

Encyclopedia of Public International Law (OUP 2023) para 20; C Jiménez Piernas, ‘Archipelagic Waters’ in
Peters and Wolfrum ibid para 17.

90 UNCLOS (n 41) art 38(1).
91 Mahmoudi and Ratcovich Leopardi (n 89) para 21.
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autonomous shipping with UNCLOS. It suggests that new regulations must be drafted
with alternative forms of enforcement that dispense with physicality. Similar challenges
have been raised in other areas of law. Scholars analysing cyberspace conduct92 or space
law93 have long abandoned traditional notions of law enforcement and have begun
seeking new, more effective tools. In the case of cyberspace, the lack of physicality forces
scholars and policymakers to conceptualise alternative notions andmeans of enforcement,
while space law contends with enforcement agency access and technological barriers to
enforcing compliance.

Among other actions, it is necessary to clarify the genuine link requirement in terms
of these new categories of vessels and the enhanced flag State responsibilities they entail.
Finally, the exclusivity of flag State jurisdiction over autonomous and uncrewed vessels
on the high seas must be reevaluated, as it poses significant limits on enforcement in
relation to MASS by the international community. It is also crucial to establish remote
enforcement mechanisms.

Potential solutions were raised which may include devising international agreements
that establish dynamic or fluid enforcement mechanisms, changing the traditional
person/object/flag of registration view of jurisdiction to an enforcement based on
convenience view. Modifying how jurisdiction is determined from the territorial
location of behaviour to simultaneous jurisdiction or enforcement convenience
represents abandoning longstanding canons of international law, but perhaps it is
necessary to recognise that those rules are inadequate for ships that are controlled
remotely or by AI.

While further analysis is required to find workable solutions, this article suggests that
physicality as a central element of law enforcement should be reexamined in relation to
such vessels. Autonomous shipping will require the creation of innovative legal
doctrines or rethinking the prevailing ones. From the territorial waters to the high
sea, it is high time.
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