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Abstract: Port State Control (PSC) inspections conducted under the Paris Memorandum of Under-
standing (MoU) agreement have become a crucial tool for maritime administrations in European
Union countries to ensure compliance with international maritime safety standards by ships en-
tering their ports. This paper analyses all PSC inspections conducted in 10 major European ports
belonging to the Paris MoU between 2012 and 2019. For its study, a multivariate HJ-Biplot statistical
analysis is carried out, which facilitates the interpretation and understanding of the underlying
relationships in a multivariate data set by representing a synthesis of the data on a factorial plane,
with an interpretation that is very intuitive and accessible for readers from various fields. Applying
this method with ship characteristics as explanatory variables, several classifications were derived.
These classifications align with the annual performance lists published by the Paris MoU and the
International Association of Classification Societies list, suggesting that this method could serve as a
reliable classification approach. It provides maritime authorities with an additional indicator of a
ship’s risk profile, aiding in the prioritising of inspections. The method also effectively categorises
ports and types of ships used for cargo transport, offering insights into the specific maritime traffic
each port experiences. Furthermore, this study identifies characteristics associated with substandard
ships, which is a primary objective of PSC inspections. Beyond revealing these traits, this research
underscores the existence of several readily applicable techniques to enhance maritime safety and
reduce the risk of ocean pollution.

Keywords: maritime safety; Port State Control; Paris MoU; multivariate statistical HJ-Biplot

1. Introduction

Globalisation relies heavily on maritime transport. However, the growth of this sector
has led to the widespread use of open registries, referred to by the International Transport
Federation as “flags of convenience”, with Panama as an example [1]. This shift has
transformed the worldwide scenario, necessitating modifications to the systems employed
to enforce adherence to the international regulatory principles set forth by the International
Maritime Organization. These adjustments particularly pertain to safety and pollution
prevention measures [2].

The primary challenge confronting the international community in light of the sub-
stantial migration of over half of the global fleet to Flags of Convenience is related to
maritime safety [3]. These host countries, grappling with a significant number of vessels
registered under their flags, face limitations in conducting thorough safety assessments
due to either insufficient resources or deficiencies in their fleet inspection policies [4]. This
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oversight responsibility is delegated to classification societies, also known as recognised
organisations (ROs), some of which exhibit notably low-quality standards concerning the
safety oversight of ships. Both of these phenomena are closely intertwined and progress in
tandem, encompassing the proliferation of “flags of convenience” and the transfer of safety
inspection procedures from flag states to ROs.

In order to ensure compliance with safety protocols, the global community established
regulatory mechanisms involving routine inspections of ships in ports. This initiative
culminated in the creation of the Paris Memorandum of Understanding (Paris MoU) in
1982, which established Port State Controls (PSCs). These controls involve inspections of
foreign vessels conducted by the maritime administration of a specific country. During the
initial inspection, the inspectors examine the statutory certificates that verify compliance
with international conventions such as SOLAS, MARPOL, STCW, and others. If the initial
inspection gives rise to concerns regarding non-compliance, a more thorough examination
may be conducted to confirm the vessel’s adherence to safety standards. In the event
of non-compliance with international regulations, and contingent upon the severity of
identified deficiencies, the vessel may be subject to detention by the respective maritime
administration [5-7].

The PSC inspection framework is devoid of global standardisation and is instead
fragmented into regions, each operating under its respective Memorandum of Under-
standing [8]. This study focuses on the Paris MoU region, which includes the European
Union (EU). The oversight of inspections of foreign ships within this region is governed
by several directives, the most recent of which is 2009/16/EC (ERIKA III). This directive
introduces new provisions aimed at coordinating and standardising PSC inspections across
Europe. This system, implemented in 2011, standardised the criteria for PSC inspections,
establishing a coordinated system of maritime safety inspections to avoid disparities in
inspection procedures in EU ports. Moreover, the latest regulatory provisions have har-
monised the standards for vessel detention [9], ensuring uniform enforcement and avoiding
the clustering of maritime traffic in particular ports. This will deter shipping companies
from exploiting lax inspections and profiting from inadequate oversight.

The inspection system uses a “prioritised inspections” approach. This means that each
ship is assigned a “risk profile” based on factors such as previous inspection results, the
shipping company, and the flag state. Inspectors are then informed in real time about the
priority and type of inspection required for each vessel. There are three types of inspections
that can be applied to a ship as follows: Initial Inspection, More Detailed Inspection, and
Expanded Inspection. Each of these has its own characteristics and will depend on the type
of ship being inspected, its risk profile, and priority and contingency factors. This regulation
standardises criteria for ship immobilisation and detention and establishes a coordinated
system aimed at harmonising inspection procedures across EU ports to prevent disparities.

The inspections are closely linked to THETIS [10], a data system overseen by the Euro-
pean Maritime Safety Agency (EMSA). THETIS systematically evaluates all PSC inspections
carried out in the EU and generates a risk profile for each ship derived from historical re-
sults. This profile establishes inspection criteria to help maritime administrations prioritise
ship inspections. In addition, THETIS is integrated with the European network SafeSeaNet,
providing an additional layer of assurance in its implementation and monitoring.

Review of the Latest Studies on Safety Controls

Brooks [11] observed a discernible shift towards privatisation in maritime safety
oversight. Havold [12] emphasised the central role of quantitative risk analysis in the devel-
opment of maritime safety. The seminal work of Knapp and Frances [8,13,14] involved the
pioneering use of econometric methods to identify differences among inspection systems.
Their proposals, which advocated for adjusting inspection frequencies according to the
risk profiles of ships, were effectively incorporated into the Paris MoU. The comprehensive
review of the New Inspection Regime (NIR) implemented in 2011 was thoroughly reviewed
by [15-17].
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The study conducted by Li and Zheng [4] assessed the efficiency of the system and
methodologies employed by regional Port State Control (PSC) agreements in choosing
ships for inspection. Recent investigations, including those by [18,19], employed Bayesian
networks to explore the relationship between PSC inspections and the incidence of maritime
accidents. Similarly, the works of Ozgayir [20] and Wu et al. [21] used a similar approach to
investigate this relationship.

Knapp and Frances [8] asserted that the outcome of an inspection is significantly
impacted by the professional profile of the inspector. They concluded that the probability
of arrest varies depending on the inspector’s previous experience. Ravira and Piniella [22]
concluded in a recent study that the outcome of inspections is influenced by professional
training and the use of teams. Their study highlights the crucial role of professional training
and team collaboration in conducting inspections.

Graziano et al. [23] analysed 25 inspection reports generated by EMSA, scrutinising
inspections conducted by Member States to evaluate the degree of implementation, com-
pliance, and alignment with Directive 2009/16/EC [24]. Their study aimed to identify
discrepancies between the directive’s prescribed policy and the practical application of
inspections. Furthermore, the paper [23] assessed the divergences between Member States
following the implementation of the directive and the New Inspection Regime (NIR).

Wang et al. [3] introduced a Bayesian network classifier using the Tree Augmented
Naive Bayes method to identify high-risk foreign ships present in ports. This classifier
serves as an additional tool for PSC authorities to detect ships with lower compliance
standards, allowing a more strategic allocation of inspection resources. Chen et al. [25]
conducted an empirical analysis of detention data collected from Asia-Pacific port states
(Tokyo MoU) over the last decade. Their study aimed to provide practical measures for
port states to improve the effectiveness of ship safety inspections.

A recent study [26] highlighted the potential for improvement in the identification of
ships for inspection and the delineation of priority areas. Applying this approach can help
maritime administrations categorise the risk associated with ships and select inspection
targets. The current research builds on these efforts by classifying ships based on their risk
profiles, providing an additional indicator for the selection of inspection targets.

Yuhong-Wang et al. [27] utilised a probabilistic risk model to explore the risk factors
linked with Port State Control (PSC) inspections. Their study applied Bayesian Network
analysis and utilised comprehensive data from Tokyo MoU inspections conducted between
2014 and 2017 to examine the dependence and interdependence of these factors. Their
study identified safety deficiencies and technical characteristics of ships as the most crucial
factors influencing PSC inspections and subsequent detentions.

Prieto et al. [28] conducted a thorough analysis of inspections carried out between
2013 and 2018 in the top European ports of the Paris MoU, utilising multivariate statistics
(STATIS). Through this analysis, they were able to derive flag and company classifications
that were in alignment with the annual lists published by the Paris MoU. Their study
validates the effectiveness of a classification method that employs multivariate techniques.
The research outcomes provide a valuable indicator for maritime administrations to assess
a ship’s risk profile and make informed decisions regarding inspection priorities. In this
sense, the current work presented in this document is partly consistent with these results
but uses a different multivariate technique, namely, the HJ-Biplot.

Liu et al. [29] confidently assessed detention risk by identifying the factors that deter-
mine it using a Bayesian network technique with PSC training data. The results provide
valuable information for shipowners to proactively manage detention risk and assist port
authorities in prioritising the ship’s checklist and conducting more efficient inspections.

In their study of data comprising 71,376 defect records with 496 defect codes across
21 ship types within the Paris MoU, Lai et al. [30] applied grey relational analysis and the
technique of order preference by similarity to the ideal solution. The mechanism developed
in their paper for concentrated inspection campaigns can effectively identify substandard
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ships. Their research is innovative in its use of multivariate techniques to identify ships
below the required safety levels.

A recent study on pollution caused by maritime transport calculated pollutant emis-
sions in 30 United States ports during 2021 [31]. The study used an Automatic Identification
System (AIS) data record and applied the geographically weighted multiscale regression
model to analyse the factors that affect pollutant emissions from ships. The data suggested
that there is a disparity in the distribution of ship pollutant emissions across different ship
types and ports. It was recommended that port managers take this into account when plan-
ning the number of ship transactions based on the length of the port’s coastline. Another
study also used AIS as a database and used it to recognise maritime traffic patterns in the
Beibu Gulf [32]; their analysis provides a theoretical framework for improving methods
of identifying shipping channels for maritime transport management. Finally, in terms
of marine environmental protection, a recent study [33] examined the impact of oil spills
in the Arctic region using an analytical network-supported ensemble (ANP) and a fuzzy
integral assessment model as a methodology. Their results accurately quantified the impact
of an oil spill in the Arctic area, allowing for the accurate identification of potential risks.

Currently, there are advantages to the PSC inspection system; however, maritime and
port authorities must investigate the optimisation of existing resources for vessels that are
susceptible to breaching safety and pollution prevention standards.

In this study, using PSC inspections conducted within the Paris MoU in the last few
years, the objective is to differentiate ship profiles using classifications, by way of a multi-
variate statistical HJ-Biplot analysis. In addition, this study aims to determine if maritime
traffic and inspections differ between the chosen ports and classify them accordingly.

This paper follows a clear structure. Section 2 furnishes an in-depth account of the
database, along with the methodologies and techniques employed. Section 3 delineates the
outcomes, while Section 4 encapsulates the conclusion of this paper.

2. Methodology

The sample for this study consists of PSC inspections carried out in major Euro-
pean ports from 2012 to 2019. Specifically, the analysis focuses on inspections conducted
post-implementation of the “prioritized inspections” in the Paris MoU. These prioritised
inspections were introduced to replicate successful practices observed in other international
ports employing a similar system. The “prioritized inspections” involve establishing a
“risk profile” for ships based on factors such as shipping company, flag, and outcomes
from previous inspections (available in THETIS). This information is then used to inform
maritime administration and PSC inspectors automatically about inspection priorities and
required types.

2.1. Data Description

The inspection data for the period 2012-2019, as mentioned in the Introduction, were
sourced from the THETIS platform [10]. Specifically, the data from 2019 were utilised in the
validation test of the classified model generated through multivariate HJ-Biplot analysis.

Data were only included up to 2019 to provide stability in the data because the
COVID-19 epidemic declared in 2020 had a major impact on maritime transport [34]
and, consequently, on PSC inspections, with anomalies in inspection procedures being
detected [35].

The investigation examined the 10 most notable ports involved in the Paris MoU over
the study period. The selection criteria were established based on the highest volume of
transported goods, sourced from the Eurostat database [36]. The variables used in this
study are the characteristics of the inspected vessel (Table 1) and the results of the inspection
in port (Table 2).
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Table 1. Variables that describe the inspected ship.

Ship Variables Description
Classification Classification society
o Recognised Organisation. Certifies the ship is in good condition. Chosen
Certificates .
by the ship owner.
Fla Country of registry
& Country where the ship is registered (chosen by the ship owner).
Age Age of the ship

Type of ship

hip-type descripti ) . .
Ship-type description Depending on purpose: container, sil tanker, etc.

Registered gross tonnage GT

Gross tonnage A dimensional number that indicates ship size.

Source: [28].

Table 2. Variables that describe the inspection.

Inspection Variables Description

Port Port where the inspection is conducted
Type of inspection a ship undergoes

Type of inspection The type and depth of inspection depend on the ship’s risk profile
and the priority factor.

Number of deficiencies Number of deficiencies found during inspection
Source: [28].

2.2. HJ-Biplot Analysis

Biplot analyses comprise a set of exploratory techniques for dimension reduction of
data matrices; they can be understood as a multivariate scatterplot. The purpose of these
methods is the representation of matrix data in a factorial plane, where the relationships
among the variables (columns of the matrix) can be interpreted, at the same time as the
characterisation of individuals (rows of the matrix) based on of their values in said variables.
Gabriel [37] proposed the following methods known as classic biplot methods: GH-biplot
and JK-biplot, with optimal quality of representation for columns or rows, respectively.
Later, Galindo [38] developed the HJ-Biplot, a technique that gathers the ideas of Gabriel’s
biplot [37], with the principal objective of representing the data matrix with the same
quality of representation for both rows and columns in the same factorial plane.

The HJ-Biplot focus of this research was to characterise the different categories of
the nominal qualitative variables with respect to their quantitative variable values. The
idea was to identify if there are different profiles based on a ship’s dimensions, number of
identified deficiencies, inspection type, and age and if these characteristics vary depending
on ship type, country of registry, inspection class, or port of inspection.

For this method, a matrix X is decomposed in a singular value decomposition as
X = UDVT where D = diag(Ay, ..., Ap) contains the singular values and U and V are
orthogonal matrices. In addition, H and ] are the matrices of the first two columns of VD
and UD, respectively. The objective of this technique is the representation of the data of the
matrix Xj xp in this reference subspace, where the columns of the matrix are represented
by vectors and the rows by points. Thus, the HJ-Biplot manages to superimpose the
columns of the matrix from the markers h]- = (h]-, eeey hp) and the rows through the markers
ji = (ji, - - -, jn) with the same quality of representation in the same reference subspace.

To apply this method correctly, it is important to follow certain steps to interpret the
HJ-Biplot elements. In this article, four biplot analyses were carried out, where the main
objective was to describe the relationships between the rows (flag, ship type, inspection
class, and port of inspection), which are graphed by points in two-dimensional space, and
the columns (variables that evaluate the profile of the rows, ship’s dimensions, number
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of identified deficiencies, inspection type, and age), which are graphed as vectors in two-
dimensional space.
This method allows the user to perform the following:

(i) Identify groups of rows with similar profiles, for example, the distance between the
points on the plane is relative to the differences between profiles, where the shorter
the distance, the lower the dissimilarities. This means that points close together on
the plane have similar characteristics for the chosen variables.

(i) Evaluate relationships between variables, where acute angles are associated with
direct correlations and the more acute the angle, the more intense the correlation.
Right angles indicate independent variables and obtuse angles indicate inverse corre-
lations. This means, for example, that vectors on the plane that form acute angles are
directly correlated.

(iii) Classify the rows—points on the plane—with respect to each variable—vectors on the
plane. This is performed by arranging the rows with respect to each variable through
the order of the orthogonal projections of the points onto the vectors.

Galindo’s HJ-Biplot has been applied in several fields including histopathology [39],
oenology [40], limnology [41], biotechnology [42], bibliometry [43], sociology [44], and
sustainability [45-47]. This method offers an effective and powerful way to visualise multi-
variate data, allowing for a deeper and more complete interpretation of the information
contained in a data table. Among the merits of this technique, its results stand out with
a clear and concise visual representation of the relationships between observations and
variables in a single two-dimensional graph, which facilitates the interpretation of the data
in a very intuitive way and in an accessible language for readers from different fields. The
HJ-Biplot simplifies the information, reduces the dimensionality of the data, and synthe-
sizes the information in a single graph, which allows for identifying patterns and structures
in multivariate data, such as groupings, trends, and relationships between variables and ob-
servations, which helps to better understand the information being processed. It should be
noted that the HJ-Biplot is primarily an exploratory and descriptive method, which means
that it can provide a visual representation of the current information situation, facilitating
the characterisation of risk profiles. Thus, it can be used as a complementary indicator
to assist in the establishment of priorities in the different PSC inspections, but it cannot
necessarily be used to make statistical inferences or establish causal relationships. To carry
out these analyses, MultBiplot software developed by Vicente-Villardon [48], was used.

3. Results and Discussion

In this section, different results are listed based on the chosen nominal qualitative
variable. As a first step, all the inspections were analysed solely based on the quantitative
variables to give an overview of the data.

3.1. Biplot Representation of all PSC Inspections 2012-2019

First, for purely exploratory purposes, the full sample, i.e., all the inspections con-
ducted in the studied ports between 2012 and 2019, is presented (Figure 1). For this, an
HJ-Biplot analysis was performed to represent all of the individual PSC inspections (in-
dividuals; rows in the data matrix) based on their characteristics, age, ship dimensions,
inspection type, and number of deficiencies found (variables; columns of the data matrix).

To correctly apply the HJ-Biplot method, it is essential to consider several measures,
such as eigenvalues and explained variance (Table 3) and the relative contribution of
the factor to the element (Table 4). These measures assist in pinpointing the variables
accountable for the axis positions and the resultant configuration.
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Figure 1. HJ-Biplot representation of PSC inspections between 2012 and 2019.

Table 3. Eigenvalues and explained and accumulated variance of all PSC Inspections 2012-2019

Axis Eigenvalue % Variance %Accumulated
Axis 1 29,928.14 39.26 39.26
Axis 2 20,014.96 26.26 65.52
Axis 3 13,713.86 17.99 83.50
Axis 4 12,575.04 16.50 100.00

Table 4. Relative contribution of each factor to each element of all PSC Inspections 2012-2019

Variable Axis 1 Axis 2
GrossTonnage 407 623
Age 458 639
InspectionType 223 758
NDeficiencies 482 600

Naturally, the representation of such a high number of individuals makes interpreta-
tion difficult. What can be seen is that the data are distributed throughout the plane, show-
ing a rich variability, an aspect that is of vital importance when carrying out a multivariate
analysis. This translates to mixed traffic in the studied ports, that is to say, inspections are
performed on new ships with generally few deficiencies, old ships with generally a lot of
deficiencies, and also on medium-sized ships with a variety of deficiencies.

Likewise, hidden behind the points is the structure made by the study variables
(Figure 2), which indicates the position of the inspections and the points on the plane. The
correlation between variables can be seen in the angles formed by the vectors; acute angles
indicate direct relationships; right angles, close to 90°, refer to independent variables; and
obtuse angles show inverse relationships. There is therefore a correlation between the age
of a ship and the number of deficiencies; in particular, older ships are more likely to have a
higher number of deficiencies.
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Figure 2. Structure made by this study’s PSC inspection variables between 2012 and 2019.

There is also an inverse relationship between ship age and its gross tonnage; the older
the ship, the smaller its dimensions are and, as seen before, the greater the number of
deficiencies. These two results combined show a typical substandard ship’s profile. By
contrast, the younger the ship, the bigger its dimensions, which can be associated with
the worldwide tendency to build bigger ships continuously. A clear example is that of
container ships, oil tankers, and noxious liquid substances tankers, which are ships that
have proliferated in number and size in the last decade and that will be discussed in the
next section.

To obtain specific conclusions, the following sections provide representations referring
to the country of registry, inspection class, ship type, and port of inspection.

3.2. Biplot Representation of the Country of Registry of the Studied Ships

In this section, with the use of an HJ-Biplot, the country of registry of the studied
ships will be projected onto the variables that record the ship’s dimensions, age, inspection
type, and number of deficiencies found. Thus, it is possible to characterise each country of
registry based on these parameters and, therefore, find the main distinguishing differences.

As in Section 3.1, the eigenvalues and explained variance (Table 5) and the relative
contribution of the factor to the element (Table 6) were calculated. This makes it possible to
identify the variables responsible for the axis positions and thus the configuration of the
factorial plane.

Table 5. Eigenvalues and explained and accumulated variance of the Country of Registry

Axis Eigenvalues % Variance %Accumulated
Axis 1 215.73 59.93 59.93
Axis 2 72.80 20.22 80.15
Axis 3 42.31 11.75 91.90
Axis 4 29.15 8.10 100.00

Table 6. Relative contribution of each factor to each element of the Country of Registry

Variable Axis 1 Axis 2
GrossTonnage 615 165
Age 710 99
InspectionType 393 519
NDeficiencies 678 26

All the variables contribute substantially to the construction of the first two factorial
axes. Gross tonnage, age, and the number of deficiencies have a higher weight on the first
axis, and inspection type has a higher weight on the second axis. In addition, the first two
axes explain 80% of the data variability. For this reason, the factorial plane made up of 1
and 2 will be used to represent the countries and variables (Figure 3).
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Figure 3. HJ-Biplot representation of the country of registry.

The 93 countries are distributed throughout the plane, which means that there are dif-
ferences depending on where the ships are registered. The structure of the variables is main-
tained, i.e., the angles between vectors are similar to those in Section 3.1, although in this
case, the relationship between the number of deficiencies and the ship’s age is accentuated.

Thus, the countries situated on the right semi-plane have younger ships, which are
also those with higher gross tonnage. These countries include, for example, Kuwait, Taiwan,
Japan, Hong Kong, and Brazil (e.g., Kuwait ships on average have fewer than one deficiency,
are 4 years old, and are 101,918 gross tons; in Taiwan, the ships on average have one or no
deficiencies, are 2 years old; and are 83,684 gross tons).

Furthermore, countries in the upper-right half of the semi-plane (first quadrant) have
a lower number of shortcomings. These countries include, for example, Belgium, Denmark,
France, Germany, Norway, Low Countries, Ireland, the U.K., and the Isle of Man, as well
as others such as Malaysia, Singapore, Japan, Taiwan, and the Marshall Islands. All these
countries are found on the white list of the Paris MoU [49]; they have new ships with few
deficiencies and are represented by a white dot in reference to this list. All these results
coincide to serve as a verification of the method.

Another group can be found on the left semi-plane, where grey and black points are
situated, which refer to their position on the Paris MoU lists. On the left semi-plane are the
countries with older ships, smaller dimensions, and a higher number of deficiencies. The
further the point is to the left of the plane, the worse the characteristics are. Countries such
as Tunisia, Algeria, Thailand, and Iran, which are near the vertical axis, have ships that
are approximately 12 years old, with between four and six deficiencies and a maximum
of 25,000 gross tons. Other countries like Egypt, Morrocco, Tuvalu, Saint Vincent and the
Grenadines, Bulgaria, and Vanuatu, which are found further to the left, have ships that are
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on average 22 years old, with between five and seven deficiencies, and a maximum gross
tonnage of less than 18,000 tons (except Tuvalu, whose gross tonnage is close to 30,000 tons).
All of these countries are found on the Paris MoU grey list [49].

Lastly, the countries found on the Paris MoU blacklist are the leftmost points on the
plane, which have the worst characteristics. These are countries such as Albania, Congo, the
Dominican Republic, the Cook Islands, San Cristobal Island (a.k.a. Chatham), Belize, and
Comoros. The majority of these have ships with more than seven deficiencies, an average
age of 25 years or more, and a gross tonnage mostly under 7000 tons (except the Dominican
Republic, with 18,000 tons). It is important to note that Vanuatu (grey list in 2018) was
placed on the blacklist in previous years. Other more extreme cases are those of Moldova,
Togo, Palau, Tanzania, and Sierra Leone, which have ships with more than 10 deficiencies,
an average age of over 30 years, and a gross tonnage below 5000 tons. Lebanon (grey list
in 2018) should be mentioned because it was previously on the blacklist and has similar
characteristics to these countries.

The derived classification is consistent with the performance lists published by the
Paris MoU throughout the study period [49]. Therefore, this method may be appropriate
for future flag classification or for flags that have not yet been classified. For instance,
Djibouti, Iceland, Equatorial Guinea, and Jamaica have not been classified yet, but they
could be included in the Paris MoU blacklist as they share similar characteristics with
those mentioned.

The efficacy of the methodology as a classifier was affirmed through a validation pro-
cess, involving a comparison of the outcomes from this section with the 2019 performance
list [49].

3.3. Biplot Representation of the Different Types of Ships Found in This Study

Following a similar procedure to the previous section, ‘ship type” was projected as a
variable onto the variables that evaluate ship dimensions, age, inspection type, and number
of deficiencies found. The main objective is to identify if ship type is related to a higher
number of deficiencies or if it is irrelevant.

Of the 23 types of ships found in this study, only those with a minimum of 10 ships
were selected for analysis, which left a total of 20 different types (leaving out ‘commer-
cial yacht’, ‘high-speed cargo’ and ‘livestock carrier’). Before presenting the HJ-Biplot
representation, the measures used to interpret them correctly are shown including the
eigenvalues and explained variance (Table 7) and the relative contribution of the factor
to the element (Table 8). With the first two factorial axes, 76% of the total information is
explained; therefore, these are used in the following representation (Figure 4).

Table 7. Eigenvalues and explained and accumulated variance of ship type.

Axis Eigenvalues % Variance %Accumulated
Axis 1 36.16 47.58 47.58
Axis 2 21.66 28.50 76.08
Axis 3 12.94 17.03 93.11
Axis 4 5.24 6.89 100.00

Table 8. Relative contribution of each factor to each element of ship type.

Variable Axis 1 Axis 2
GrossTonnage 375 253
Age 238 441
InspectionType 484 401

NDeficiencies 806 45
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Figure 4. HJ-Biplot representation of ship type.

The different types of ships are found in different areas on the plane; therefore, there
are differences in the variables depending on ship type. The structure of the variables
is maintained, accentuating the relationship between the number of deficiencies and the
type of inspection. Table 8 shows the contribution of the variables to the axes, where the
number of deficiencies has a higher weight on the horizontal axis. This means that more
problematic ships will be located on the right side of the plane, which includes ships such as
‘refrigerated cargo’, ‘Ro-Ro passenger ship’, and ‘general cargo multipurpose’; conversely,
those found on the left are less problematic ships with fewer deficiencies, like ‘NLS tanker’,
‘oil tanker’, ‘gas carrier” or ‘container’.

The majority of ship types are found away from the origin, which means that the
representation is of optimal quality. In the upper semi-plane, the ships are older and of
smaller dimensions like ‘special-purpose ships’ or ‘other special activities’; conversely, the
newer and bigger ships are found in the third quadrant, such as “oil tankers’, ‘containers’,
‘bulk carriers’ or ‘NLS tankers’.

The bulk carrier stands out because it is one of the bigger ships and also has an
important number of deficiencies.

The use of this methodology in the future could assist in examining how the fleet ages
and how the maritime traffic changes in these ports based on ship type.



J. Mar. Sci. Eng. 2024, 12,533

12 of 18

Axis 2.12.48%

2t

3.4. Biplot Representation of the Different Classification Societies Recorded in PSC Inspections

The PSC inspections can be differentiated by their classification societies; for this
investigation, the data are heterogeneous and are made up of 30 different certificates.
The process is similar to the previous sections but in this case, the classification societies
are projected onto the variables that evaluate ship dimensions, age, inspection type, and
number of deficiencies found, and the HJ-Biplot analysis searches for the similarities and
differences between them. To interpret the analysis correctly, the eigenvalues and explained
variance (Table 9) are given, as well as the relative contribution of the factor to the element
(Table 10). The first two factorial axes explain 88% of the total information, and, therefore,
are the two axes represented (Figure 5).

Table 9. Eigenvalues and explained and accumulated variance of Classification Societies

Axis Eigenvalues % Variance %Accumulated
Axis 1 85.50 76.34 76.34
Axis 2 13.98 12.48 88.82
Axis 3 9.21 8.22 97.04
Axis 4 3.32 2.96 100

Table 10. Relative contribution of each factor to each element of Classification Societies

Variable Axis 1 Axis 2
GrossTonnage 822 119
Age 812 82
InspectionType 760 29
NDeficiencies 660 269
T
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Figure 5. H]-Biplot representation of classification societies.
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The classification societies differ in terms of the variables examined. While the struc-
ture of the variables remains consistent with the previous sections, there is a more pro-
nounced relationship between the type of inspection and the number of deficiencies in
this context.

According to the variables observed in Table 10, the first quadrant is defined by the
type of inspection and the number of deficiencies. Classification societies in this quadrant
have a higher number of deficiencies and undergo more extensive inspections. In contrast,
classification societies in the third quadrant have fewer deficiencies and are subject to
less comprehensive inspections. Gross tonnage is in the second quadrant, suggesting that
classification societies in this quadrant are associated with large, young ships. Conversely,
the fourth quadrant is characterised by lower gross tonnage and older ships associated
with the classification societies in that quadrant.

Figure 5 has grey, black, and white dots representing the corresponding performance
list of the Paris MoU classification societies. White corresponds to a high-performance level,
grey to a medium-performance level, and black to a low- to very-low-performance level.

This implies that ships affiliated with classification societies such as INCLAMAR,
VRS, ML, IS, and NASHA tend to exhibit a higher number of deficiencies. Conversely,
classification societies like CCS, ABS, KRS, LR, NKK, and DNVGL are linked to larger,
more recent ships with fewer deficiencies. These findings are consistent with the annual
performance list of classification societies published by the Paris MoU at all classification
levels; the first group mentioned is typically listed in the Paris MoU’s low- to very-low-
performance category, while the second group tends to be listed in the high-performance
category. The alignment of classification society positions with those in the Paris MoU
performance lists [50] suggests the potential usefulness of this method as a classification
tool. The list published in 2019 was also compared as a verification test, and the results are
consistent with this study.

A subsequent verification exercise was carried out with the classification societies
belonging to the International Association of Classification Societies (IACS), including ABS,
BV, CCS, DNV, IR, KR, LR, NKK, PRS, RINA, and RS. To be a part of this international
association, classification societies must guarantee professional integrity and maintain the
high-quality standards required by IACS. This is achieved through an initial assessment and
periodic verification of these standards, which are also verified by independent accredited
certification bodies. All IACS [50] societies fall into the category with the lowest number of
deficiencies, indicating an association with younger and larger ships.

3.5. Biplot Representation of the 10 Most Important Paris MolU Ports

Lastly, using the HJ-Biplot analysis, the 10 most important Paris MoU ports of the
study period, from which the inspection data for this study were obtained, were projected
onto the variables that evaluate the ship’s dimensions, age, inspection type, and number
of deficiencies found. This makes it possible to characterise each port and find the main
differences among them.

Various measures are essential to apply and interpret the HJ-Biplot correctly, specifi-
cally, eigenvalues and explained variance (Table 11), and the relative contribution of the
factor to the element (Table 12).

Table 11. Eigenvalues and explained and accumulated variance of Paris MoU Ports.

Axis Eigenvalues % Variance %Accumulated
Axis 1 16.28 45.21 45.21
Axis 2 13.70 38.04 83.25
Axis 3 4.37 12.13 95.39
Axis 4 1.66 4.62 100.00

The first two axes of the analysis explain 83% of the data variability; therefore, the
1-2 factorial plane is used to represent the ports and variables (Figure 6).
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Table 12. Relative contribution of each factor to each element of Paris MoU Ports.
Variable Axis 1 Axis 2
GrossTonnage 459 321
Age 764 144
InspectionType 271 638
NDeficiencies 315 419
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Figure 6. HJ-Biplot representation of the 10 most important Paris MoU ports.

In this representation, the relationship between variables is weaker than in previous
sections; however, it is possible to characterise the ports based on these variables. The
results show that the most exhaustive inspections are carried out in Marseille, Immingham,
Antwerp, and Le Havre, whereas the least rigorous inspections occur in Amsterdam
and Bremerhaven.

The ships with the highest number of deficiencies are found in Hamburg and Antwerp,
whereas the opposite is found in Le Havre and Bremerhaven.

The port of Le Havre contains larger ships than the rest of the ports; the next in line
are Amsterdam and Bremerhaven.

With respect to age, the oldest ships are found in Amsterdam, Bremerhaven, and
Hamburg. It is important to note that although Amsterdam and Bremerhaven ports have
old ships, the numbers of deficiencies found are low.

4. Conclusions

In this article, PSC inspections underwent analysis through an innovative methodology.
This approach unveiled several trends within the variability in the selected variables, with
the analysis centred on ten ports representing the primary ports in the Paris MoU region.

An expected conclusion was the heterogeneity in the maritime traffic inside the ports,
in terms of ship type, gross tonnage, and behaviour towards the inspections.
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Within the HJ-Biplot structure created by the quantitative variables, a distinct positive
correlation is evident between ship age and the number of deficiencies, as well as between
age and dimensions. Both associations describe the characteristics of a substandard ship
profile as a small, old ship. This is one of the most important results obtained, as the
identification of substandard ships is one of the main objectives of the NIR.

At the opposite end of the spectrum are larger vessels, consistent with the worldwide
trend towards continually increasing ship sizes. Examples include container ships, tankers,
and NLS tankers, which have witnessed a growth in both number and size over the
past decade.

The HJ-Biplot diagram representing the country of registry reveals the existence of
three clearly differentiated groups. Firstly, the countries in the right half of Figure 3 have
newer vessels, larger gross tonnage, and fewer deficiencies and are included in the white
list of the Paris Memorandum of Understanding, confirming the validity of this analysis. A
second group consists of countries with older vessels, smaller gross tonnage, and a higher
number of deficiencies, all of which are included in the grey list of the Paris MOU and
occupy the left half of Figure 3. Finally, the countries on the black list of the Paris MoU
occupy the left half of the graph and have the least favourable characteristics.

With respect to the biplot of the type of ships inspected, it was found that on the
right are the more problematic ships with more deficiencies, such as refrigerated cargo
ships, Ro-Ro passenger ships, and general multipurpose cargo ships; conversely, those on
the left plane are less problematic ships with fewer deficiencies, such as NLS tankers, oil
tankers, gas carriers, and container ships. In the intermediate area is the bulk carrier, which,
although it is a larger type of vessel, also tends to have a large number of deficiencies.

The examination of various classification societies identified during PSC inspections
reveals their categorisation into distinct groups. Specifically, ships exhibiting a higher
number of deficiencies align with a specific set of classification societies (GMB, INCLAMAR,
VRS, ML, IS, or NASHA). On the contrary, a distinct cluster (CCRS, CCS, ABS, KRS, LR,
NKXK, or DNVGL) within the International Association of Classification Societies (IACS) [50]
is associated with larger, newer ships characterised by a lower incidence of deficiencies.
This correspondence with the results of the annual Paris MoU Performance Lists confirms
the validity of the proposed classification method.

This method’s novelty lies in the way it distinguishes inspection practices. There is a
disparity between ports with some conducting exhaustive inspections (like, for instance,
Marseille, Inmingham, Antwerp, and Le Havre) and others conducting a lot fewer (such
as Amsterdam and Bremerhaven). There are also different groups of ports with inspection
results that vary noticeably in the number of deficiencies found (higher number of substan-
dard vessels, higher number of deficiencies, and older vessels in ports like Hamburg and
Antwerp, as opposed to Le Havre and Bremerhaven). The other variables studied generate
groups of ports including ship dimensions (in Le Havre port ships are larger, followed by
Amsterdam and Bremerhaven) and ship age (the oldest are found in Hamburg, Amsterdam,
and Bremerhaven).

In conclusion, the application of this multivariate methodology to PSC inspections
contributes to the classification of flag and classification society performance. The applied
method is mainly used to explore and understand the structure of the data, providing a
visual representation that facilitates the interpretation and understanding of the underlying
relationships in a multivariate data set. The results are shown in a single image represented
by a factorial plane that synthesises the information and can be interpreted in a very
intuitive way, i.e., in a language accessible to readers from various fields. Consequently, it
could be used as a complementary indicator to ship risk profiles to assist in the setting of
inspection priorities. Similarly, the method has been used to establish classifications based
on ship type and port, facilitating the analysis of traffic in recent years within the Paris
MoU area.

This study shows that there are several easily implementable techniques within the
field of multivariate analysis that can improve maritime safety and prevent marine pollu-
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tion. In relation to the limitations of this article that should be taken into account in future
research, it should be noted that the method used is not used to make formal statistical
inferences, and other methods could be used that add greater value to the results by per-
forming inference. For example, bootstrap resampling can be applied to this type of data or
other methods that give greater priority to the third dimension and can show trends over
time. These methods can be used as a tool to measure the evolution in the risk profile of
the flag over time.
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