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Abstract: This study examines the necessity of introducing the risk management tools adopted by the International Organization for
Marine Aids to Navigation to enhance the adequacy of Aids to Navigation placement in the Republic of Korea. It proposes institutional
directions to incorporate international standards into the domestic legal framework. The International Organization for Marine Aids to
Navigation recommends conducting risk assessments using quantitative and qualitative methods. Major coastal states such as the
United Kingdom, the United States, and Denmark have already integrated these approaches into their legal and policy systems to
implement evidence-based aid to navigation. This study analyzes these international examples and argues for the need to codify the
definition, procedures, and applications of risk assessment within domestic regulations. Furthermore, it contends that the legalization
of risk management tools can be justified as not only a technical measure but also a constitutional duty of the state to prevent disasters
and protect the public. This study examines risk management challenges and potential strategies to address them, as well. Finally, this
study proposes measures to ensure coherence among legal and administrative domains and, thereby, establish an institutional founda-
tion for evidence-based and prevention-oriented maritime policy.
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itime safety by narrowing the gap between international recom-
mendations and domestic regulations.

This study examines why Korea should incorporate IALA’s
risk management tools into its national AtoN management sys-
tem and how such integration can be achieved. It aims to enhance
the rationality and adequacy of AtoN deployment, thereby im-
proving maritime safety. To date, IALA has developed several
representative tools, such as the IALA Waterway Risk Assess-
ment Program (IWRAP) Mk2, Port and Waterway Safety Assess-
ment (PAWSA), and Simplified IALA Risk Assessment (SIRA),
which are widely applied in international maritime planning and
design. Despite their proved utility, these tools are rarely used
within Korea’s current regulatory arrangements. Accordingly,
this study highlights the practical necessity of adopting such tools
and suggests legal and institutional measures to support their in-
corporation.

The study’s significance twofold: First, by adopting an inter-
nationally compatible risk-based approach, it supports the mod-
ernization of South Korea's AtoN management system. Second,
this study proposes feasible policy options by integrating legal,
administrative, and technical perspectives and offers practical,
rather than conceptual, solutions. Accordingly, the study helps
improve the legal and institutional bases for AtoN deployment,
prevent maritime accidents, and strengthen overall maritime traf-

fic safety.

1.2 Examining the Distinctiveness of the Current Study

AtoN is aids for navigation prescribed by the ordinance of the
Ministry of Oceans and Fisheries. They are visual, shape, audi-
ble, radio, or special signal aids that inform navigating vessels of
their position and direction, the position of obstacles, and so on,
through lights, shapes, colors, sounds, and radio signals [2]. Tra-
ditionally, AtoN placement was based on environmental condi-
tions, accident history, and expert judgment. However, to over-
come the increasing complexity of maritime traffic, international
organizations have started implementing scientific risk-based
management concepts in AtoN placement. Since the early 2000s,
IALA has been emphasizing risk-based approaches and develop-
ing several tools, including IWRAP Mk2, PAWSA, and SIRA.
Today, many countries use these tools to assess collision or
grounding risks in important waterways and validate the appro-
priateness of their AtoN deployment.

In South Korea, several studies have attempted to address the
growing recognition of the need to adopt a risk-based approach

to AtoN installation and operation. For example, Lee et al. [3]
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applied IWRAP Mk2 and the Potential Assessment of Risk
Model to assess the collision risk of light buoys in the Fifth Chan-
nel of Busan Port. Although their findings revealed discrepancies
between the two models, INRAP Mk2 effectively identified
high-risk buoys. Further, Park et al. developed an evaluation
model incorporating indicators such as appropriateness, effec-
tiveness, efficiency, sustainability, and influence to assess AtoN
by supporting management prioritization [4].

Additionally, several studies report quantitative collision risk
assessments that apply IWRAP Mk2 to high-traffic areas such as
the Mokpo Port approach channel and Wando coastal waters [5].
These analyses enable researchers to identify locations with po-
tentially high accident probabilities and propose appropriate
countermeasures. For example, Kim et al. calculated collision
probabilities using IWRAP in the vicinity of the Mokpo New
Port and predicted changes in risk associated with the increase in
traffic volume [6]. Similarly, Lee et al. investigated the relation-
ship between navigational congestion and collision risk at Busan
Port entrance, indicating that sections with high congestion indi-
ces did not necessarily exhibit high collision probabilities and
emphasizing the importance of considering the navigational
channel’s structural characteristics [7].

Recently, quantitative evaluation methods incorporating big
data and machine learning were proposed for AtoN placement
assessment: In a 2023 study, Baek et al. [8] developed an algo-
rithm to verify the suitability of AtoN placement by implement-
ing an evaluation system that utilized vessel trajectory data and
the distance ratio concept. The study not only highlights many
countries’ periodic safety assessments of navigational aid layouts
but also emphasizes the necessity of introducing objective quan-
titative evaluation tools in South Korea, as well.

Despite these efforts, systematic risk assessment methods are
not yet widely institutionalized in Korea's AtoN deployment pro-
cess. Although the Ministry of Oceans and Fisheries acknowl-
edges the potential for risk evaluation in its notice, [ALA’s quan-
titative and qualitative tools are yet to be formally embedded in
regulations. Therefore, the scientific legitimacy of AtoN deploy-
ment decisions must be enhanced through regulatory reform.

Despite being based on existing academic efforts, this study’s
specific focus is on concrete implementation pathways. Whereas
earlier studies depict theoretical models or case-specific anal-
yses, this study proposes a realistic legal and institutional inte-
gration strategy aligning domestic regulations with international

standards.
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1.3 Research Scope

This study comprehensively explores the incorporation of
IALA's risk management tools in South Korea's AtoN frame-
work. Initially, IALA's risk-based standards are examined and in-
ternational case studies reviewed to identify each tool’s function
and contribution to advanced maritime safety governance. Sub-
sequently, Korea's domestic AtoN legislation and operational
practices were investigated to reveal the gaps between interna-
tional recommendations and local implementation. In particular,
the study identifies the failures of current laws and ministerial
regulations to reflect formal risk assessments. Finally, based on
the study’s findings, legal and administrative reforms to support
the institutionalization of scientific risk management practices in
the Korean AtoN system are proposed.

Although this study does not involve any new numerical sim-
ulations, it explicitly clarifies how quantitative and qualitative
TALA risk management tools can be operationally applied in the
AtoN decision-making process. By defining data inputs, assess-
ment stages, and measurable outputs, this study provides a tech-

nical foundation for engineering-based risk quantification.

2. Risk Management Tools

2.1 Concept and Structure

The risk management tools developed by IALA include proce-
dural techniques that quantitatively and qualitatively assess the
risk of maritime accidents and, accordingly, establish appropriate
response strategies. IALA has consistently encouraged the stand-
ardization of risk assessment procedures among its member
states. In particular, its Recommendation O-134, introduced in
2005, was replaced by Recommendation R1002, presenting a
more advanced system for waterway risk management, in 2017
[9]-[10]. R1002 integrates risk management into the core process
of AtoN deployment and encourages member states to use vari-
ous tools to ensure both navigational safety and environmental
protection [11]. Accordingly, IALA provides a comprehensive
suite of tools, including IWRAP, PAWSA, SIRA, and simulation,
and recommends that each country apply them according to the

specific characteristics of its waterways.

2.1.1 IWRAP Mk2

IWRAP MK2 is a representative quantitative model for as-
sessing maritime traffic risks. It calculates the probabilities of
ship collisions and groundings in designated areas using Auto-
matic Identification System (AIS) data to track vessel move-

ments [12]. IWRAP was developed by the Canadian Coast Guard
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and Technical University of Denmark as part of a joint project
from 1998 to 2001, and MKk2 is its current version. It is designed
to conform to the Formal Safety Assessment procedures estab-
lished by the International Maritime Organization (IMO) [13].
IWRAP evaluates accident risk using vessel data (e.g., type,
size, speed, and trajectory), environmental factors (e.g., channel
width, depth, and obstacles), and dynamic data (e.g., traffic vol-
ume). The tool calculates accident probability as the product of
"geometric collision probability" and "causal probability" (i.e.,
the failure to avoid collision) and, thereby, provides a quantita-
tive estimate of accident frequency based on traffic density and
channel geometry [14]. IWRAP can be used to assess the validity
of route designs and AtoN placement strategies in high-risk
zones, as well. Finally, many countries have adopted it to obtain
scientific and statistically reliable data, including comparisons
with annual accident statistics for validation, to support policy

decisions.

2.1.2 PAWSA

PAWSA, an IALA qualitative risk management tool, is an as-
sessment system developed by the U.S. Coast Guard in the early
1990s. Rather than relying on quantitative metrics, PAWSA fo-
cuses on expert and stakeholder experiences. At the core of
PAWSA is a one- to two-day workshop involving parties related
to the waterway under assessment. During the workshop, partic-
ipants systematically identify risk factors, estimate the risk level,
and evaluate the adequacy of existing risk mitigation measures
[15]. Subsequently, they discuss additional measures, such as wa-
terway design improvements, regulatory enhancements, and
route modifications, and establish practical improvement plans
by predicting the measures’ expected effects on risk reduction.

The workshop brings together a wide range of waterway users
and local stakeholders, including mariners, traffic controllers,
fishers, environmental groups, and passenger—transport opera-
tors. Because it incorporates practical insights, the process en-
sures both policy acceptance and field relevance. In particular,
PAWSA enables the qualitative reflection of waterway risks and
user needs in AtoN installation decisions. Hence, PAWSA has the
advantage that it can encompass the social and economic factors
that cannot be fully captured through technical judgment alone.

However, because the workshop participants’ composition and
perceptions may affect the results’ objectivity, PAWSA is limited
by potential subjectivity [14]. Consequently, clear criteria must
be established to select sufficiently qualified experts and ensure

neutrality.
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2.1.3 SIRA

SIRA is a lightweight qualitative tool designed for rapid de-
ployment and ease of use. SIRA assigns numerical scores to the
likelihood and severity of potential accidents in a simple matrix-
based form. Likelihood is ranked from "very rare" (1 point) to
"very frequent” (5 points), whereas severity is scored based on
operational disruption, human casualties, environmental damage,
reputation loss, and economic impact. Multiplying accident like-
lihood and severity yields a composite risk index that determines
the necessity of further action. For example, a likelihood score of
2 and severity score of 3 produce a risk index of 6, which indi-
cates a moderate level of risk that potentially warrants mitigation.

SIRA is particularly useful in regional offices and frontline in-
stitutions because it facilitates internal risk evaluations without
requiring full-scale workshops. Further, it includes nine catego-
ries of potential mitigation strategies (e.g., route planning, train-
ing, regulations, and route modifications), which help translate

assessments into actionable plans [16].

2.1.4 Simulation

The simulator is an important IALA risk management tool that
reproduces vessel traffic and AtoN’s functions and placement
within a specific waterway or port in a virtual environment,
thereby facilitating the advance verification of the validity of in-
stallation locations and configurations. In waters with high-den-
sity marine traffic, the simulator can be used prior to AtoN instal-
lation, relocation, or modification to assess how proposed place-
ment arrangements may influence maritime traffic flow. By
providing information such as AtoN location, type, and charac-
teristics and examining various navigational scenarios based on
vessel operating data, users are able to evaluate the AtoN’s effec-
tiveness in terms of visibility, collision probability, avoidance
distance, and congestion [17].

In South Korea, the AtoN simulation system installed at the
Korea Institute of Aids to Navigation Testing and Inspection Fa-
cility in Yeosu, Jeollanam-do, is currently used to assess visibility
based on AtoN placements. This system secured a leading tech-
nological position when it was filed for an international patent
with the European Union in 2015 and subsequently registered in
2017. The simulator is used in hands-on training at the institute’s
training center and in training programs for government officials
from developing countries, thereby contributing to the interna-
tional dissemination of domestic technology.

Moreover, simulation-based analysis can complement other

Sang-1l Lee

risk management tools, such as IWRAP, PAWSA, and SIRA. In
particular, by visualizing the risk levels perceived by practition-
ers, the simulator enhances the transparency and persuasiveness
of the AtoN layout design. IALA emphasizes the combined use
of both quantitative and qualitative tools: Whereas quantitative
analyses rely on objective indicators such as AIS data, qualitative
analyses capture unstructured information from elements not re-
flected in AIS, such as small-vessel movements and fishing ac-
tivity. Finally, international trends suggest that both approaches
must be integrated to obtain a comprehensive understanding of

maritime risk.

2.2 Legality Risk Management Tools

In general, IALA recommendations and guidelines are non-
binding international standards. Despite not creating direct obli-
gations under international law, IALA guidelines, unlike treaties
or conventions, are widely accepted as de facto international
norms in the maritime safety domain [18].

Accordingly, the use of TALA's risk management tools is con-
sidered a means of fulfilling obligations under relevant interna-
tional conventions: Article 13 of Chapter V of the International
Convention for the Safety of Life at Sea (SOLAS) requires con-
tracting parties to consider navigational risks in the provision of
AtoN [19]. Specifically, it mandates the deployment of AtoN in
accordance with traffic density and risk levels, thereby endorsing
a risk-based approach. The same provision calls for conformity
with international standards and explicitly requires the consider-
ation of IALA’s recommendations and guidelines. In this context,
AtoN installation and operation based on risk assessment is not
merely advisable but part of the legal obligations of contracting
states under the SOLAS framework, with IALA’s tools serving
as practical mechanisms to fulfill these obligations [20].

Furthermore, the technical standards and risk management
tools developed by IALA are closely linked to the technical ac-
tivities of the IMO, which officially acknowledges IALA's sig-
nificance in several of its circulars. For example, in Circular
SN.1/Circ.296/Rev.1, which was issued in 2024, the IMO offi-
cially adopted and disseminated IALA's Risk Management
Toolbox for Aids to Navigation and Vessel Traffic Services to Its
Member States [21]. Such formal recognition by the IMO effec-
tively elevated IALA's tools to the status of practical interna-
tional standards, even though they remain formally nonbinding.

In summary, although IALA risk management tools are not le-

gally binding in themselves, they derive an indirect normative
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force through their integration into the SOLAS framework and
formal endorsement by the IMO. States are increasingly conduct-
ing risk assessments based on IALA standards as part of their
duty to ensure maritime safety, making these tools de facto in-
struments to implement convention obligations. Accordingly,
IALA’s risk management tools, although nonbinding, hold sig-
nificant legal relevance as practical standards facilitating the im-
plementation of obligations under international maritime con-

ventions.

3. Status of AtoN Deployment and Review of

the Domestic Legal Framework

3.1 Current AtoN Legal Framework and the Absence of
Risk Assessment Procedures

South Korea’s AtoN system is governed by the Aids to Navi-
gation Act, which ensures maritime traffic safety and enhances
vessel navigation efficiency through the rational establishment
and management of AtoN [2]. In particular, a presidential decree
and a ministerial rule [22]-[23] enacted under the Act specify ap-
propriate procedures and standards in detail. Moreover, the tech-
nical standards issued by Ministry of Oceans and Fisheries
(MOF), such as Standards on the Functions and Specifications of
Aids to Navigation and Standards on the Functions and Specifi-
cations of AtoN Equipment and Supplies, supplement the statu-
tory framework. Ministerial guidelines, such as the Guideline on
the Management of AtoN Facilities, and ministerial directives,
including the Guideline on the Installation and Management of
Private AtoN [24]-[27], govern highly detailed operational as-
pects. Local governments rarely issue their own AtoN ordi-
nances, and the central government retains primary authority
over such guidelines.

Under Article 51 of the Aids to Navigation Act, MOF may del-
egate authority to the heads of affiliated organizations or to the
Commissioner General of the Korea Coast Guard as prescribed
by Presidential Decree [2][22]. In practice, despite retaining pri-
mary control, the Minister delegates significant authority to re-
gional offices (e.g., Busan, Incheon, and Yeosu) and regional
Coast Guard commands. Accordingly, AtoN management is cen-
tralized, with local governments having only limited jurisdic-
tional autonomy, except in specific cases involving port authori-
ties or municipal ports.

Despite having a legal framework, AtoN deployment does not

Journal of Advanced Marine Engineering and Technology, Vol. 49, No. 6, 2025. 12

require any formalized risk assessment procedure by law. Alt-
hough the technical standards indicate that simulations and risk
assessments “may be conducted” while installing buoys on key
routes [24], these references are nonbinding. In practice, AtoN
deployment is primarily based on expert consultation, existing
nautical charts, and traffic statistics, rather than institutionalized

quantitative or qualitative risk assessments.

3.2 Limitations of the Absence of Risk Assessment Pro-
cedures

AtoN deployment is a critical administrative act directly
linked to maritime safety. Internationally, IALA recommends
risk-based AtoN planning through standardized qualitative and
quantitative assessments. Simultaneously, the prevailing domes-
tic approach is mainly empirical, leading to the structural consid-

erations discussed in Sections 3.2.1 through 3.2.4:

3.2.1 Limitations in Preventive Measures

In the absence of systematic risk management, institutional
vulnerabilities occur in maritime accident prevention. Although
South Korea has steadily been implementing various risk man-
agement measures, such as AtoN installation, Vessel Traffic Ser-
vice (VTS) operation, and traffic separation schemes, accident
statistics continue to indicate an upward trend. In 2023, the num-
ber of marine accidents was 3,092, an 8% increase from previous
year’s data, and the number of deaths or missing people was 94.

Collisions, groundings, and allisions comprised the majority
of accident types, with fishing vessels accounting for approxi-
mately 66% of the total number of incidents [28]. This suggests
that ensuring the safety of small vessels operating primarily in
coastal waters remains a challenge. Further, this indicates the
need to conduct highly systematic prenavigational risk analyses
in coastal areas with persisting risk factors, as well as strength-
ening the standards for AtoN installation.

For instance, in 2024, near Daejin Port in Goseong, Gangwon
Province, an emergency report mistaking a drying rock for a sub-
marine and a collision involving a fishing vessel occurred in
close succession. Only after the occurrence of these incidents did
the relevant authorities install temporary AtoN and start consid-
ering the placement of permanent ones [29]. Although the area
had long contained submerged rocks, the associated risks had not
been incorporated in advance through any installation standards
or assessment procedures; therefore, there was room for institu-

tional improvement.
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3.2.2 Over- and Under-Installation Issues

In the absence of risk-based planning, AtoN may be unevenly
placed. Whereas multiple AtoN may overlap or provide more
coverage than necessary in some areas, the aids’ coverage level
may be insufficient, despite the presence of navigational hazards,
in others. These patterns suggest that existing deployment prac-
tices can benefit from more standardized and evidence-based cri-
teria to ensure appropriate AtoN distribution.

According to IALA, although an appropriate density of AtoN
can enhance the ease and accuracy of navigation in route design,
excessive concentration may reach a saturation point at which
additional AtoN provide little practical benefit in terms of posi-
tional awareness. Therefore, simulations or risk assessments are
essential to determine the optimal density of AtoN along a given
route [30]. However, a comprehensive framework incorporating
these international guidelines is yet to be fully established do-
mestically. According to one study, although national technical
standards for AtoN deployment exist and IALA recommenda-
tions are widely available, practical decisions regarding installa-
tion continue to be influenced by individual judgments in the
field [8].

In cases of over-installation, AtoN spacing may become overly
dense, which can confuse mariners and result in unnecessary
maintenance expenditures. Moreover, in some instances, existing
AtoN remain in place even after the occurrence of traffic pattern
changes or route modifications, leading to situations in which in-
stallations continue to be maintained despite their limited opera-
tional relevance. Contrastingly, under-installation presents a
more direct source of navigational risk than over-installation. For
example, in the previously mentioned area near the drying rock
off Goseong, the absence of AtoN resulted in incidents in which
vessels failed to detect underwater hazards.

Further, in a study conducted in the waters near Mokpo Mari-
time University, AtoN spacing was reported to exceed IALA rec-
ommendations in certain segments, indicating the necessity of
conducting a review evaluating visibility and identification [8].
Finally, according to international guidelines, excessive dis-
tances between AtoN may create gaps in navigational awareness,

suggesting potential implications for the area’s overall safety.

3.2.3 Resource Allocation Inefficiencies

AtoN, which are national infrastructures, comprise systems
operating under budget and personnel limitations. Accordingly,
the efficient allocation of resources is a significant policy con-

cern. Although the importance of risk-based decision-making is
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widely recognized, a fully developed resource distribution
framework based on systematic risk analysis is yet to be estab-
lished. Consequently, structural inefficiencies can occur. In some
waters, AtoN may be deployed in more numbers than necessary;
contrastingly, in many other areas, the deployed number may be
insufficient with respect to the level of navigational risk. Such
imbalances can lead to both the under- and over-allocation of re-
sources and, finally, a reduction in overall operational efficiency.

When resources continue to be allocated to maintaining an
AtoN that is redundant or no longer operationally essential, fewer
funds may be available to install or upgrade the AtoN in areas
with higher risk levels. Conversely, areas not previously identi-
fied as high risk may experience incidents requiring emergency
funding, suggesting that a preventive and risk-based allocation
system has not yet been fully institutionalized.

One underlying factor is the absence of a formalized method
to quantitatively assess investment priorities and allocate re-
sources according to risk levels. The current evaluation of AtoN
deployment adequacy largely relies on visibility checks and ex-
pert consultations [8]. Analytical methods based on maritime
traffic data, such as AIS, have only limited use. Consequently,
qualitative judgments based on light buoy visibility or inputs
from small numbers of mariners remain the primary bases for de-
cision-making, which limits the objectivity and predictive capac-
ity of resource allocation assessments.

When resource distribution is conducted without the support
of risk management tools, budgets and personnel may be allo-
cated in ways that do not correspond to the relative hazards or
traffic characteristics of each area. This can reduce the cost-ef-
fectiveness of AtoN management and prevent the full realization
of navigational safety improvements that can otherwise be
achieved through more strategic resource use. Ultimately, insuf-
ficient risk assessments undermine optimal resource allocation
and may, in the long run, constrain the safety outcomes that are
attainable with respect to investment levels in the maritime do-

main.

3.2.4 Regional Disparities in Navigational Safety

South Korea’s AtoN installation and management system op-
erates in a decentralized manner, primarily through the Regional
Offices of Oceans and Fisheries, in accordance with the charac-
teristics of each maritime area and administrative jurisdiction.
This structure is advantageous in that it reflects regional maritime
conditions and offers a degree of administrative autonomy. How-
ever, it can simultaneously contribute to regional variations in

AtoN deployment quality and navigational safety levels, as well.
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Investments have been relatively concentrated in major hub
ports, such as Busan and Incheon, as well as large port areas, and
the modernization of AtoN facilities, which has been progressing
over time, has helped develop a comparatively stable naviga-
tional safety environment. Contrastingly, areas such as the island
waters of the southwest, the northern East Sea coast, fishing
routes, and local passenger vessel routes tend to have lower AtoN
densities and technological capacities than large ports. Many of
these waters are located outside the real-time monitoring cover-
age of VTS, as well. Despite involving hazards such as rocks,
drying rocks, and strong tidal currents, AtoN installations have
not always accounted for local risk conditions, which may in-
crease the likelihood of maritime accidents.

Additionally, regional accident patterns reflect these dispari-
ties. According to Korea Safety Tribunal of the Ministry of
Oceans and Fisheries data [31], the period 2019-2023 witnessed
14,802 marine accidents, among which fishing vessels accounted
for 9,602 cases (64.9%). Further, 41.9 and 20.8 percent of all
fishing vessel accidents occurred in the waters of Jeollanam-do
and Gyeongsangnam-do, respectively, indicating that more than
half of such accidents nationwide occurred in these two regions.

Although the concentration of accidents in particular regions
cannot be attributed to the presence or absence of AtoN alone,
differences in the distribution of navigational infrastructure may
indirectly contribute to risk level variations. In general, fishing
vessels have only limited navigational equipment and weather
response capabilities than larger vessels. Accordingly, fishing
vessels have a higher reliance on AtoN as the primary source of
navigational information than their larger counterparts. When the
adequacy of AtoN deployment is insufficient, fishers’ ability to
respond effectively to local hazards may likewise become con-

strained.

4. Comparative International Practices and

Legal Implications

International practices depict a wide range of approaches for
the use of IALA risk management tools. Many countries incor-
porate IALA recommendations and guidelines into their national
policies, making risk assessment a required step in the establish-
ment of new AtoN or design of new routes. A common trend for
these practices is the shift toward evidence-based decision-mak-
ing. Whereas earlier approaches tend to focus on postincident re-
sponses, current practices emphasize preventive management

through data analysis to ensure risk anticipation and mitigation.
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The widespread adoption of AIS and advances in digital technol-
ogies support this transition.

IALA emphasizes the adoption of an integrated approach com-
bining quantitative data, such as AIS information, with qualita-
tive insights from experts and encourages the use of tools de-
signed to merge these two input types [15]. It considers quantita-
tive analysis alone to be insufficient for completely assessing
AtoN-related risks and emphasizes that data-driven modeling
must be supported by expert knowledge and professional judg-
ment as essential aspects of the overall evaluation process. For
example, because IWRAP analyzes historical vessel traffic pat-
terns, it requires expert input to adjust traffic assumptions or re-
flect the potential effects of future risk mitigation measures.

Accordingly, IALA emphasizes that its quantitative tools are
intended to provide information supporting expert discussion and
interpretation, rather than producing final or definitive assess-
ments on their own [32]. The numerical outputs generated by
these tools must be qualitatively evaluated to obtain a well-
grounded determination of risk. Under this approach, an inte-
grated method that combines quantitative modeling and expert
workshops is increasingly becoming a standard procedure in in-

ternational risk management practices.

4.1 United States: PAWSA-Based Risk Management

The United States uses PAWSA, IALA’s recommended quali-
tative risk assessment tool, as a core method to manage maritime
risk. Since 1999, the U.S. Coast Guard has been conducting
PAWSA workshops in major ports and waterways nationwide
and has hosted more than 47 workshops to date. In the work-
shops, which follow a structured two-day format, experts and
stakeholders jointly identify key risks, assess their significance,
and discuss mitigation strategies for each waterway. The process
strengthens the collaboration between the government and pri-
vate sector and enhances the communication among local mari-
time organizations, such as Harbor Safety Committees [33].

In particular, a PAWSA workshop conducted in Boston Harbor
examined the navigational challenges associated with strong tidal
currents and recommended temporary AtoN installations until
the completion of dredging. The workshop addressed the traffic
congestion caused by increased recreational boating and dis-
cussed the following redressal measures: enhanced boater educa-
tion, the mandatory carriage of AIS by small vessels, and the use
of daytime marks on recreational crafts [34]. Subsequently, these
mitigation measures, which contributed to navigational safety,

were reviewed and implemented by the Coast Guard and local
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authorities. Accordingly, PAWSA became an established compo-
nent of the United States’ broader maritime and waterway safety
management system.

In parallel, the United States uses IWRAP for quantitative
modeling, as well. A 2021 study on approaches to Chesapeake
Bay applied IWRAP to compare collision probabilities among
alternative routing options. United States Coast Guard Naviga-
tion Center (NAVCEN) used the results to evaluate the potential
reduction in collisions and groundings for a two-way routing sys-
tem and referred to the findings while considering route adjust-
ments [35].

Therefore, despite employing PAWSA as its primary risk as-
sessment tool, the United States uses INRAP in cases requiring
detailed quantitative analysis for large-scale waterway planning.
Although these tools are not directly mandated by federal statute,
they are de facto standards based on internal Coast Guard guid-
ance and administrative documents, such as navigation and ves-

sel inspection circulars [36].

4.2 Denmark: IWRAP-Based Quantitative Accident Anal-
ysis

Denmark is one of the Countries leading the development and
application of IALA’s risk management tools, particularly the use
of IWRAP in quantitative accident analysis. For example, Den-
mark has used IWRAP to assess whether the replacement of tra-
ditional manned lighthouses with floating AtoN would reduce
visual detectability and create additional navigational risk [37].
Further, the tool has been applied to evaluate proposed route clo-
sures or modifications, enabling authorities to compare accident
probabilities across alternative scenarios and estimate the safety
implications of route changes. In the Great Belt, one of Den-
mark’s busiest waterways, collision risk studies using IWRAP
revealed that the model’s predicted accident probabilities were
closely aligned with historical accident records, apparently con-
firming the reliability of using this tool in high-traffic areas [38].

From an institutional perspective, Denmark does not legally
mandate the use of PAWSA or IWRAP through any act or regu-
lation. Instead, the Danish Maritime Authority (DMA) issued ad-
ministrative guidance requiring major maritime projects or route
adjustments to undergo advance risk assessment, which consid-
ers the use of IALA’s risk management tools a de facto standard.
For instance, once the installation of a new offshore wind farm
along the Danish coast is proposed, developers must submit a
navigational risk assessment report that quantifies collision and

grounding probabilities and identifies risk reduction measures

Journal of Advanced Marine Engineering and Technology, Vol. 49, No. 6, 2025. 12

Sang-1l Lee

[39]. The DMA reviews these quantitative assessments and pro-
poses mitigation measures during project approvals. Despite the
absence of any fixed legally prescribed thresholds, the Authority
evaluates on a case-by-case basis whether the residual risk is
within an acceptable range [37].

In this sense, Denmark does not directly codify specific tools
such as IWRAP into legislation. However, INRAP and other
IALA risk management tools have become deeply embedded in
administrative practice over the years and are extensively used in

maritime planning and regulatory decision-making.

4.3. United Kingdom: Integrated Framework for Naviga-
tional Risk Management

The United Kingdom incorporates IALA’s risk management
tools into its national Port and Marine Facilities Safety Code
(PMSC), which requires all ports and lighthouse authorities to
conduct systematic risk assessments. The PMSC mandates that
risks must be reduced to the As Low As Reasonably Practicable
level, and its accompanying Guide to Good Practice encourages
the use of assessment methods consistent with international rec-
ommendations [39]-[40].

The general lighthouse authorities (GLAs) of the United King-
dom and Ireland, comprising the Trinity House, Northern Light-
house Board, and Commissioner of Irish Lights, have formally
adopted PAWSA and IWRAP. A 2012 policy document explicitly
states that these authorities use IALA-approved risk management
tools. While planning AtoN or route arrangements, GLAs apply
PAWSA, IWRAP, or their combination depending on the context,
thereby integrating qualitative and quantitative inputs in accord-
ance with IALA guidelines and aligning their practices with in-
ternational standards for navigational safety [11].

Some practical applications of these tools include the AC-
CSEAS project, which was conducted with DMA’s cooperation.
The project used IWRAP to generate heat-map visualizations of
collisional risk distribution in the North Sea to support emer-
gency response planning [41]. Furthermore, IALA’s risk manage-
ment tools are routinely used in maritime infrastructure projects,
such as offshore wind farm development and new port construc-
tion. For example, the navigational risk assessment for the More-
cambe Bay offshore wind project highlights maritime authorities’
use of the IALA IWRAP Mk II model in the United Kingdom,
Denmark, and Sweden for the evaluation of new routing
schemes; the project applied IWRAP to estimate collision prob-
abilities, as well.

From an institutional standpoint, neither the Ports Act 1991
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nor Merchant Shipping Act 1995 imposes a statutory obligation
to conduct PAWSA or INRAP analyses. Instead, port authorities
implement these tools in adherence to the PMSC, a self-regula-
tory framework overseen by the Maritime and Coastguard
Agency. Accordingly, the use of IALA’s risk management tools
is a de facto standard within the United Kingdom’s maritime
safety system.

In summary, in the United Kingdom, PAWSA and IWRAP are
established as standard instruments for maritime risk manage-
ment through national policy and a self-regulatory safety code,
rather than direct legislative mandates. Accordingly, ports and
lighthouse authorities employ IALA risk assessment methods as
part of a structured, evidence-based approach to navigational

safety management.

4.4 Comparative Legal Assessment

International AtoN standards have largely been shaped by the
recommendations issued by IALA and IMO. For example, the
IALA Maritime Buoyage System divides the world into Regions
A and B and prescribes buoy colors, shapes, and light character-
istics. South Korea, which is part of Region B, adheres to these
standards. For technical specifications, ministerial notice, such as
Standards on the Functions and Specifications of Aids to Navi-
gation [24], incorporates IALA criteria to a considerable extent.

However, a discrepancy exists between international recom-
mendations and the domestic legal framework in the risk man-
agement domain. IALA actively encourages the use of its risk
management tools and requires competent maritime authorities
to introduce formalized risk assessments as part of the decision-
making process. Although IALA recommendations are not le-
gally binding, many member states voluntarily follow them as de
facto norms. As clarified by the GLA example in Section 4.3,
some jurisdictions incorporate formal risk assessments into their
internal policies and consider them mandatory procedural steps
[11].

Contrastingly, neither the Aids to Navigation Act nor its sub-
ordinate regulations in Korea explicitly prescribes the formal risk
assessment procedures recommended by IALA. In the absence
of such provisions, no legal mechanism mandates the inclusion
of risk assessments in AtoN-related administrative decision-mak-
ing. Article 18-2 of the Standards on the Functions and Specifi-
cations of Aids to Navigation [24] clarifies that simulation tests
and risk assessments may be conducted when installing buoys in
critical routes. However, since this provision is mentioned in a

non-statutory ministerial notice in permissive terms, it does not
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impose any binding obligation. Although international practices
increasingly emphasize the inclusion of formalized and struc-
tured risk management procedures, the current domestic frame-
work is still in the process of developing comparable mecha-
nisms for risk-based AtoN management. In practice, regional of-
fices often make decisions based on established procedures and
supplement them with expert input when necessary.

Under a legal and institutional structure that does not com-
pletely align with international standards, efficient resource allo-
cation and preventive safety measure implementation become
difficult. In Korean coastal waters, collisions, groundings, and
other navigational accidents occur annually. However, the na-
tion’s systematic causal analysis and proactive preventive strate-
gies remain underdeveloped. For instance, collisions accounted
for 242 cases (i.e., 34 percent) of all major maritime accidents in
2024 [42]. According to international recommendations, areas
with recurrent collision patterns should undergo detailed risk as-
sessments to determine whether they require additional or im-
proved AtoN. However, such practices are yet to be incorporated
into the domestic system. Hence, the gap between international
recommendations and the domestic legal framework directly af-
fects the adequacy of AtoN deployment, and many commentators
opine that this discrepancy must be addressed urgently.

Whereas international standards promote continuous and pro-
active risk management, the current South Korean legal system
for AtoN operates on a largely reactive and case-specific basis.
Accordingly, the installation and adjustment of AtoN is often car-
ried out without a structured, risk-based preliminary assessment.
When AtoN allocation primarily depends on customary practice
or empirical judgment, latent hazards may be overlooked or un-
necessary over- or underinvestment may occur. Such institutional
limitations create a qualitative gap between domestic practice
and the risk-based approach promoted by international standards,
as well as constraining efforts to scientifically optimize AtoN de-
ployment.

Therefore, a systematic comparative review should be per-
formed to assess the structure and application of IALA’s risk
management tools and examine ways to integrate them into do-
mestic law and policy. Further, the core elements of international
standards that can be feasibly adopted within the Korean legal
framework must be identified, and appropriate legislative and
policy strategies must be considered for their effective incorpo-
ration. Section 5 examines the rationale for adopting IALA’s risk
management tools and proposes appropriate approaches for do-

ing so.
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5. Necessity of and Justification for the Legal
Adoption of Risk Management Tools

5.1 Legal Basis of Tool Adoption

The introduction of new systems such as IALA’s risk manage-
ment tools requires additional financial resources and specialized
personnel. However, the implementation of risk assessment pro-
cedures and its associated expenditures are justified as not only
aspects pertaining to administrative convenience but also
measures fulfilling the constitutional duty to actively protect peo-
ple’s lives and ensure their safety. Article 23(2) of the Constitu-
tion [43] states that “the exercise of property rights shall conform
to the public welfare,” indicating that preventive investment and
administrative action for public safety are aligned with constitu-
tional principles even when they entail additional budgetary bur-
dens. Since maritime accidents can involve significant human
casualties, environmental damage, operational rescue costs, and
insurance losses, all of which may arise from a single incident,
preventive institutional investments represent the essence of con-
stitutional responsibility. Accordingly, the adoption of risk man-
agement tools is understood as not a discretionary expenditure
but a constitutionally mandated measure that is necessary for the
protection of fundamental rights and realization of public wel-
fare.

The Administrative Procedures Act [44] strengthens this con-
stitutional framework by requiring the establishment of proce-
dural safeguards prior to the execution of any administrative ac-
tion that affects individual rights and interests. Similarly, Article
22 mandates hearings in cases where administrative dispositions
significantly affect the public or where such procedures are re-
quired by law. Further, Article 27 ensures individuals’ right to
express their opinions prior to an administrative disposition and
obligates administrative authorities to document such statements.
These provisions serve as institutional mechanisms ensuring that
administrative decisions reflect public input and authorities ful-
fill their explanatory duties in advance.

Similarly, the General Act on Public Administration [45] cod-
ifies the principles of proportionality and protection of trust. Ac-
cording to Article 10, any administrative action should be effec-
tive and appropriate to realize administrative purposes, be per-
formed to the minimum extent necessary, and not infringe citi-
zens’ interests to any degree greater than the public interest it up-

holds. Article 12 requires administrative agencies to protect the
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citizens’ legitimate and reasonable trust unless doing so will sig-
nificantly harm public or third-party interests. Moreover, legaliz-
ing risk assessment procedures helps operationalize these princi-
ples by embedding objective criteria, transparency, and predicta-
bility in administrative practice.

From a legal standpoint, international standards are not auto-
matically enforceable within the limits of the domestic legal sys-
tem. Under Article 6(1) of the Constitution [43], the treaties duly
concluded and promulgated under the Constitution and the gen-
erally recognized rules of international law have the same effect
as domestic laws. Accordingly, IALA’s tools should be localized
and adapted to reflect Korea’s maritime and institutional condi-
tions, rather than being accepted uncritically. The appropriate ap-
proach is not the wholesale adoption of specific models but the
legislative integration of a rational decision-making framework

that has such tools as practical instruments.

5.2 Policy and Operational Necessity of Tool Adoption

The prevention of maritime accidents, irrespective of their se-
verity, come under the purview of the State’s legal responsibility
to ensure public safety. Further, statistics indicate a continued in-
crease in vessel collision incidents, particularly among small ves-
sels. Such risks come under the State’s preventive obligations
within the Maritime Safety Act and Act on the Investigation of
and Inquiry into Marine Accidents [46]-[47]. Moreover, Article
34(6) of the Constitution [43] clarifies that “the State shall en-
deavor to prevent disasters and to protect citizens from harm
therefrom,” and maritime accidents clearly constitute such disas-
ters.

In addition, changes in the maritime environment, such as the
introduction of autonomous ships and expansion of offshore
wind farms, expose the limitations of the existing AtoN system.
To effectively respond to such structural developments, a legally
grounded framework that can identify and prevent risks in ad-
vance must be established. The perspective that “a system is un-
necessary simply because it does not create any visible prob-
lems” reflects an outdated reactive and non-preventive adminis-
trative mindset that does not align with contemporary rule-of-law
principles, which increasingly emphasize preventive governance.

Some argue that IALA’s risk management tools were devel-
oped to conform to the characteristics of European waters or ma-
jor international ports and, therefore, may not suit South Korea’s
coastal conditions or its fishing vessel-centered traffic patterns.

However, these tools constitute technical baseline instruments,
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and their input variables and scenarios can be adjusted to reflect

a jurisdiction’s specific characteristics.

5.3 Expected Effects of Legal Adoption

Participatory risk assessment methods such as PAWSA are not
only technical tools but also mechanisms ensuring administrative
legitimacy and transparency. By visually presenting risk factors
and engaging in step-by-step discussions, citizens and other
stakeholders can easily understand the issues at hand and, conse-
quently, become more likely to accept the resulting administra-
tive decisions. In other words, such tools help translate complex
technical judgments into administrative language, enhancing pol-
icy acceptability.

Moreover, the institutionalization of the risk assessment pro-
cedure through legislation enhances administrative tasks’ stand-
ardization and predictability. For responsible officials, this alle-
viates the burden of discretionary liability stemming from am-
biguous decision-making criteria, ensuring administrative ac-
countability based on well-defined procedures.

To date, INRAP has already been used for risk analysis in mul-
tiple domestic cases, and these cases highlight the tool’s practical
effectiveness. However, the essential consideration is not the
complete adoption of a specific model but its institutional pur-
pose, that is, the establishment of a legally grounded, rational de-
cision-making process through risk management. The tool itself
is simply the means by which this purpose is realized.

Moreover, risk management tools are introduced not merely as
technical supplements but as part of a broader effort to restructure
maritime legal governance into a “preventive, responsibility-cen-
tered, and internationally standardized” framework. In this pro-
cess, counterarguments serve as opportunities to strengthen the
legitimacy and sophistication of policy establishment. Finally,
due to the compelling interest of the public in enhancing mari-
time safety, the adoption of such a system should be considered

an obligation, rather than a choice.

6. Legislative and Administrative Measures

for System Introduction

6.1 Legislative Integration Measures

Legislative reforms are necessary to support the introduction
of IALA’s risk management tools. To establish an integrated legal
framework for maritime risk management, the following

measures are proposed:
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First, the Aids to Navigation Act must be amended to institu-
tionalize the introduction of risk management tools for AtoN.
Current legislation does not specify the detailed assessment pro-
cedures required to establish, modify, or remove AtoN. There-
fore, it is necessary to introduce a mandatory provision requiring
the Minister of Oceans and Fisheries to conduct a scientific risk
assessment when making a decision regarding AtoN installation
or modification. Rather than remaining merely declaratory, this
provision should explicitly require compliance with IALA rec-
ommendations to ensure that domestic law substantively reflects
international standards.

Following such legislative amendments, subordinate regula-
tions such as presidential decrees, ministerial decrees, or notices
issued by the Ministry of Oceans and Fisheries must be enacted
to define implementation procedures. These subordinate regula-
tions should provide detailed requirements for the execution of
risk assessments, including the assessment process and relevant
evaluation items, responsible entities, and reporting formats. Fur-
ther, they should codify the criteria and conditions for applying
quantitative and qualitative assessments in accordance with
guidelines such as the IALA Guideline 1138 (The Use of the Sim-
plified IALA Risk Assessment Method, SIRA, 2022) and IALA
Guideline 1124 (The Use of Ports and Waterways Safety Assess-
ment, PAWSA MKII, 2022). In particular, a legal mechanism
must be established to ensure the execution of risk assessment
procedures before the incorporation of any administrative deci-
sions regarding AtoN installation or modification; this enables
risk management to function as the foundation for policy deci-
sions.

Furthermore, legal status must be granted to the outcomes of
the consultation processes conducted through PAWSA, SIRA,
and similar tools so that the results are reflected in policy deci-
sion-making, rather than remaining reference materials. For ex-
ample, the results of PAWSA workshops can be considered man-
datory attachments during deliberations on AtoN installation,
modification, or removal. Another option is to introduce proce-
dural safeguards stating that the decisions made without associ-
ated risk assessment processes are invalid. Such mechanisms en-
sure the practical effectiveness of risk assessments and institu-
tionalize the principle that only those decisions based on appro-
priately conducted assessments are legally valid.

Because these legislative and institutional efforts cannot be
implemented solely by the Ministry of Oceans and Fisheries, an
integrated legislative roadmap must be developed in cooperation

with relevant agencies such as the Korea Coast Guard and the
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Ministry of Land, Infrastructure and Transport. A joint govern-
mental taskforce should be established to coordinate amend-
ments to the Aids to Navigation Act, establish related guidelines,
and revise associated legal instruments. As an IALA council
member, South Korea can enhance its policy credibility and in-
ternational standing in the maritime safety domain by assuming
a leading role in incorporating and institutionalizing international
standards.

The aforementioned legislative integration measures help con-
solidate fragmented regulations into a unified risk management
system, thereby reinforcing the legal foundation necessary to se-
cure the sustainability and enforceability of the adopted tools.
Legislative support enables the advancement of administrative
measures and technological implementation; accordingly, legis-

lation is prioritized for reform.

6.2 Administrative Measures for Implementation

In addition to facilitating legislative integration, improvements
to the administrative system must be proposed and measures to
ensure the effective implementation of risk management should
be introduced. First, within the Ministry of Oceans and Fisheries,
an organizational structure dedicated to risk management for
AtoN must be established. This can be achieved by creating a
new Aids to Navigation Risk Management Center or designating
a specialized team within the existing Aids to Navigation Divi-
sion. This unit is responsible for conducting IWRAP analyses,
planning and operating PAWSA and SIRA workshops, and con-
tinuously performing effective risk assessment tasks. Further-
more, the creation of a joint team including experts dispatched
by relevant organizations, such as the Korea Institute of Aids to
Navigation and Korea Maritime Transportation Safety Authority,
promotes institutionalized interagency cooperation and strength-
ens risk management capacity at the national level.

This organizational foundation necessitates the systematic en-
hancement of the competencies of professional personnel. In par-
ticular, domestic experts should be actively encouraged to partic-
ipate in the risk management training courses offered by the
IALA Worldwide Academy (Level 1.3 Risk Management
Toolbox) to strengthen their operational capabilities and obtain
international certification. Additionally, a domestic training cur-
riculum should be developed to educate central and local govern-
ment officials, VTS operators, and public-sector employees and,
thereby, secure and continuously renew a pool of specialists.

Hosting international seminars or inviting foreign experts to
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South Korea will benefit participants by providing them with op-
portunities to exchange information on the latest risk manage-
ment techniques and discuss their applications, thereby expand-
ing domestic officials’ engagement with global trends.

To ensure the effective operation of risk management tools, an
integrated, data-driven infrastructure must be developed. For this
purpose, a maritime traffic data—sharing platform should be es-
tablished among the Ministry of Oceans and Fisheries and related
agencies or effort should be expended to enhance existing sys-
tems. This will enable the integration of AIS, V-Pass, radar-track-
ing data, and maritime accident databases into a comprehensive
maritime risk information system. The system should have a
user-friendly interface that enables personnel to easily calculate
the accident probabilities of specific sea areas using IWRAP
analyses. Further, it should provide a visualization of assessment
results in different formats, such as accident probability maps or
risk heat maps, to ensure that policymakers and local stakehold-
ers intuitively understand the information.

At the time of introducing risk management tools, pilot pro-
jects can be conducted to verify the tools’ practical effectiveness.
For this purpose, areas with heavy traffic volumes and high acci-
dent risks, such as the straits frequented by passenger vessels or
the coastal regions characterized by the close proximity of oper-
ation between fishing vessels and merchant ships. Further,
PAWSA workshops and IWRAP analyses can be conducted for
these areas to assess risk levels, and the results can be imple-
mented in practice, for example, by adding or relocating buoys.
For a designated period, trends in accident occurrence, user sat-
isfaction, and navigational safety improvements should be mon-
itored to evaluate the performance of the pilot projects and deter-
mine whether to expand the program nationwide.

Additionally, operational procedures must be established to in-
corporate risk management processes throughout AtoN admin-
istration. For example, once a request is submitted to establish or
improve an AtoN, a preliminary assessment using INRAP is con-
ducted and, subsequently, stakeholder opinions are collected
through PAWSA. Thereafter, the responsible department formu-
lates the necessary measures. The results of each stage should be
documented and organized into a database to serve as intellectual
resources for future cases and, thereby, enhance policy continuity
and administrative consistency.

Finally, institutionalizing the participation of local maritime

organizations is important to improve the effectiveness of risk
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Table 1: Engineering-Oriented Risk Assessment Framework for Aids to Navigation Implementation

Stage of AtoN Decision TIALA Tool Applied Primary Data Inputs Outputs
- . Traffic volume, Hazard , Ex- S
Preliminary screening SIRA rathe volume . azard presence, X Risk index
pert judgment
. . AIS data, Vessel type, Vessel d, .. . .
Detailed analysis IWRAP Mk2 ald, vessel type, Vessel spee Collision/Grounding probability
Channel geometry
Expert i t. ti 1 i litati isk ranki
Stakeholder validation PAWSA xpert input, Opera fonal experience, Qua itative risk ranking,
Local constraints Mitigation options
Design verification Simulation AtoN layout, Vessel maneuvering mod- Visibi?ity perf(.)rmance,
els Avoidance distance
. . L . Risk reducti te,
Post-implementation IWRAP / Statistics Updated AIS data, Accident records 18i reduetion r a e.
Safety performance indicators

assessments and acceptability of policies. The strengths of qual-
itative risk management tools such as PAWSA and SIRA can be
utilized by creating Aids to Navigation Committees for major
routes, comprising shipping companies, fishers, pilots, academ-
ics, and administrative authorities. These committees meet regu-
larly to exchange opinions and share assessment results and rec-
ommendations. By establishing structured communication chan-
nels that enable local experiences to inform policy decisions, a
virtuous cycle in which field knowledge enhances the quality of
policies can be created.

The aforementioned administrative measures were designed to
ensure that the proposed risk management system functions ef-
fectively in practice. Meaningful outcomes are achieved only
when specialized organizations and personnel, data and tools,

and procedural and participatory structures operate in harmony.

6.3 Step-by-Step Implementation Procedure

To successfully introduce risk management tools into the do-
mestic AtoN system, a procedurally coherent and legally con-
sistent process must be followed: The first stage involves the es-
tablishment of an implementation plan. Further, a taskforce
should be formed under the leadership of the Ministry of Oceans
and Fisheries in cooperation with relevant agencies. After as-
sessing domestic and international practices, a concrete imple-
mentation roadmap must be developed based on legal reviews
and technical feasibility studies. In particular, the legal con-
sistency of the risk assessment procedure’s institutionalization
must be examined in advance. This examination includes review-
ing the domestic applicability of IALA standards; determining
whether international recommendations may be considered valid
under Article 6(1) of the Constitution [43]; and evaluating the
appropriateness of delegated authority with respect to acts, en-

forcement decrees, and ministerial notices.
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The second stage involves pilot application. Before securing
the formal legal effect of a new administrative regulation, pilot
areas must be designated and risk assessment tools should be op-
erated to verify both the feasibility and legitimacy of implemen-
tation. The results generated during this stage, including PAWSA
workshop outcomes and IWRAP analytical data, later function as
legislative materials for statutory amendments and highlight risk
assessment as a legitimate prerequisite for administrative deci-
sion-making. Additionally, by appointing external experts as
evaluators, transparency is ensured and stakeholder trust is
strengthened.

Further, the third stage involves institutionalization based on
the experience derived from pilot projects. This stage formally
establishes the legal status of risk management tools within the
legislative and administrative framework.

Further, the risk assessment procedures must be codified in the
Aids to Navigation Act, as well as relevant administrative regu-
lations. During the legislative process of the National Assembly,
issues such as the domestic adoption of international standards,
the allocation of authority among administrative bodies, fiscal
implications, and potential restrictions on fundamental rights
must be examined. In stages involving enforcement decrees, min-
isterial rules, and notices, procedural requirements must be in-
cluded in accordance with the delegation standards established in
high-level laws. Simultaneously, organizational restructuring,
budget allocation, personnel assignment, and professional train-
ing should be conducted to ensure the institution’s practical ef-
fectiveness.

The fourth stage involves nationwide expansion. On establish-
ing legal and organizational foundations, the system should grad-
ually be applied to coastal waters nationwide. Despite prioritiz-

ing areas with high accident rates or heavy traffic, legal standards
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must be introduced to ensure that assessments and follow-up
measures are applied consistently across the nation. These stand-
ards should be publicly disclosed based on quantitative and qual-
itative evidence. Each region’s risk assessment results and work-
shop outcomes can serve as foundational materials for adminis-
trative decision-making and satisfy the requirements for prior no-
tice and hearing under the Administrative Procedures Act [44].

The final stage involves the feedback process required under
the constitutional principles of administrative accountability and
sustainable development. Following implementation, the effec-
tiveness of institutionalization must be evaluated and improved.
This involves systematically analyzing whether the introduction
of risk management tools reduced maritime accidents and as-
sessing the degree of prevention relative to the invested re-
sources. Any deficiencies must be corrected to stabilize the insti-
tution. Through this process, a dynamic policy structure based on
risk management can be incorporated into a traditionally static
legal-normative framework.

The aforementioned systematic procedure establishes a struc-
tured interface with engineering-based risk assessment, rather
than merely being a policy roadmap. Each stage corresponds to
the specific IALA risk management tools discussed in Sections 2
and 4 and produces identifiable technical outputs, such as risk
indices, collision probabilities, and layout performance indica-
tors. As depicted in Table 1, these elements were reorganized into
an engineering-oriented implementation framework, clarifying
how the proposed legal and administrative process could support
quantitative and qualitative engineering evaluations without al-
tering the fundamental policy structure.

The introduction of risk management tools through such a
multistage process enables the confirmation of their substantive
benefits from several legal perspectives. First, the realization of
the precautionary principle aligns with modern administrative
principles that emphasize procedural prevention, rather than ex-
post liability. This can function as an effective means of preclud-
ing the state liability caused by maritime accidents. Second,
AtoN-related decision-making shifts from empirical practice to a
science-based regime; this shift reduces administrative discretion
and strengthens the principles of purposiveness and proportion-
ality. This may further decrease the likelihood of occurrence of
disputes or litigation pertaining to AtoN installation or adjust-
ment. Third, the implementation of risk management procedures

consistent with TALA standards helps secure the practical effect
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of Article 6(1) of the Constitution [43], which is concerned with
the domestic effect of treaties and international laws. This has
particular legal significance for South Korea, which serves as a
responsible IALA council member and may, thereby, enhance its
diplomatic consistency and international credibility.
Furthermore, risk management is closely connected to the en-
vironmental rights stipulated in Article 35 of the Constitution
[43], which affirms the right of all citizens to live in a healthy and
pleasant environment and obligates the state and its citizens to
work toward environmental protection. This is related to the
State’s obligation to protect Korean citizens abroad, as stated in
Article 2, as well. If maritime accident prevention constitutes a
means of ensuring public safety, risk management functions as
the minimum procedural requirement to safeguard fundamental
rights. Therefore, the institutionalization of risk management
tools represents not merely a technical improvement but a sub-
stantive institutional advancement that shifts the paradigm of
maritime law from reactive post-incident response to proactive

risk prevention.

7. Conclusions

7.1 Research Summary and Contribution

This study comprehensively examined the necessity of and
methods for introducing IALA risk management tools to improve
the adequacy of AtoN placement in South Korea. As stated in
Section 1, domestic AtoN management has some shortcomings
in terms of the incorporation of international standards. Further,
the absence of scientific risk assessment has emerged as the cen-
tral issue in domestic AtoN management. In response, this study
defined the concepts of AtoN and risk management tools and re-
viewed the characteristics and applications of IWRAP, PAWSA,
SIRA, and simulation-based approaches, which are recom-
mended by IALA. Based on this foundation, this study analyzed
the disparities between international recommendations and the
Korean legal framework and confirmed the presence of gaps in
several respects, including the mandatory nature of procedures,
data utilization, professional expertise, and administrative prac-
tices. The study critically examined limitations in data infrastruc-
ture, technical capacity, administrative rigidity, and implementa-
tion structures, as well.

Building on these observations, the study proposed a combi-
nation of legal and institutional reforms and clarified some ad-

ministrative implementation plans. It recommended institution-
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alizing risk management procedures through statutory amend-
ments, while also advancing administrative measures, such as es-
tablishing a specialized center, enhancing training programs, in-
tegrating data systems, and initiating pilot projects. By present-
ing a step-by-step implementation roadmap and clarifying the ex-
pected outcomes, this study indicated that the adoption of risk
management tools can contribute to maritime safety, improve re-
source efficiency, and serve as an internationally leading model.

Finally, this study emphasizes that the introduction of risk
management tools in the AtoN field is an essential, rather than
optional, requirement. Maritime traffic in the 21st century is in-
creasingly becoming complex, and public expectations regarding
safety are on the rise. At the same time, technological capabilities
are advancing, and the infrastructure necessary for their applica-
tion is now available. If Korea proactively adopts a risk manage-
ment system, it can establish a scientific and modernized mari-
time traffic safety framework. AtoN function as both beacons of
the sea and pillars of national maritime safety; hence, it is natural
to apply advanced tools and knowledge in AtoN management. If
the legal, institutional, and administrative improvements pro-
posed in this study are realized, Korea will assume a leading role
in setting international standards in the field of AtoN, providing

the public with a safe maritime environment.

7.2 Future Research Directions

This study must be supported by a range of follow-up studies.
First, an empirical evaluation of the policy effects of introducing
a risk management tool is necessary to ensure the system’s con-
tinuity and credibility. After conducting the risk assessment,
quantitative analyses should be performed to determine that
changes in the incidence rate and overall risk level of maritime
accidents in specific sea areas. For example, by comparing the
changes in collision accident frequency before and after the risk
assessment or examining the degree of alignment between the
accident probabilities estimated from the assessment and real ac-
cident rates, it is possible to verify the system’s effectiveness and
identify areas for improvement.

Further research is required to clarify the potential integration
of emerging smart AtoN technologies. Smart AtoN systems
equipped with Internet of Things sensors and remote control ca-
pabilities can transmit real-time data and support onsite re-
sponses. These features provide a foundation for building a dy-
namic risk management framework that complements traditional

methods based solely on historical data. In particular, the systems
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that automatically adjust warning signals according to real-time
risk levels or transmit risk information directly to autonomous
ships may fundamentally transform the future maritime traffic
safety paradigms. Therefore, further research is required to ex-
amine technological models and identify the possibilities for
linking them with administrative systems.

Additionally, the legal obstacles that may arise during system
implementation must be analyzed and solutions should be devel-
oped to address them. Issues such as the attribution of legal re-
sponsibility for risk assessment results, data protection obliga-
tions related to assessment materials, and administrative or pro-
cedural limitations encountered during stakeholder consultations
may challenge the system’s practical effectiveness. Detailed dis-
cussions should clarify whether risk assessment results are suffi-
cient bases for mitigating administrative liability when an acci-
dent occurs despite the execution of the assessment and whether
legal responsibility should be strengthened in cases where assess-
ments are conducted inadequately. Such legal analyses can en-
hance the system’s completeness and reinforce administrative
trust.

International cooperation and comparative legal analyses can
help stabilize the system. For example, an in-depth comparison
of how countries with similar maritime environments, such as the
United Kingdom, Italy, and Portugal, adopt and operate risk man-
agement tools and a clarification of the policy outcomes and lim-
itations experienced by them can generate useful insights for do-
mestic system design. In addition, participating in expert training
programs or joint research initiatives in collaboration with ITALA
can help ensure coherence between international standards and
national systems.

Finally, empirical research must examine the socioeconomic
impacts of an AtoN risk management framework on local com-
munities and the economy. Changes in AtoN placement may af-
fect various sectors, including fisheries, coastal shipping, and
port management. Therefore, it is necessary to systematically an-
alyze the resulting cost-benefit structure. Further, quantitative
findings will strengthen the justification for policy implementa-
tion and serve as persuasive stakeholder evidence. Finally, the
system’s establishment and expansion require follow-up research

addressing its legal, technological, and economic aspects.
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