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Port State Control (PSC) ensures that foreign ships do not sail until they can proceed at sea without posing a
danger to maritime safety and environment. Since 2011, a New Inspection Regime (NIR) has been implemented
by the PSC of the Memorandum of Understandings (MoU) member countries to identify potential substandard
ships and increase the effectiveness of inspections. The NIR process and whether the target factors in the NIR can
effectively reduce risks at sea are worth exploring. We take the Tokyo MoU as an example and retrieve 125,259
cases from 2015 to 2017 using computer programing. Based on the big data, we adopt a binary logistic regression
to analyze detention decisions, which we then supplement by applying a decision tree to conduct a multi-factor
decision-making analysis. The ships’ characteristics such as age, type, deadweight, number of deficiencies, and
others, namely, port State, performances of flag State, and recognized organization, may also shed light on the
risks associated with detentions. Based on the empirical results, we derive three conclusions. First, the following
factors are essential: ship age, ship type, performance of flag States, and the number of deficiencies that NIR
considers significant. Second, ships older than 6 years seem more likely to be substandard. If a ship has five or
more deficiencies, the probability that it will be detained is high. Third, discrepancies exist when carrying out the
PSC among port States in the Tokyo MoU.

1. Introduction
The International Maritime Organization (IMO) first proposed Port
State Control (PSC) and the Annex I regulation 8A of the International
Convention for the Prevention of Pollution from Ships (MARPOL) 73/78
that highlighted the ship’s operational requirements. PSC should be
regarded as complementary to national measures taken by flag States
that cannot exercise full and continuous control over ships flying their
flags to safeguard maritime safety and security and ensure the preven
tion of pollution [1]. The Memorandum of Understanding (MoU) on PSC
was first established by European countries under the 1982 Paris MoU,
which dates back to an oil spill accident in France caused by Amoco
Cadiz under the Liberian flag of convenience. The resources lost from

that accident could have fueled a car for 57,200 years or powered 15,
398 homes for a year [2]. To improve maritime safety, pollution pre
vention, and onboard living and working conditions, ten MoUs on PSC
have been established. PSC, as an internationally agreed-upon regime
for inspecting foreign ships, must identify substandard ships coming into
their ports based on international conventions and protocols such as the
International Convention on the Control of Harmful Anti-fouling Sys
tems on Ships 2001, the International Convention for the Control and
Management of Ships’ Ballast Water and Sediments 2004, the Interna
tional Convention for the Safety of Life at Sea 1974, the Maritime Labor
Convention 2006, and so on. The ten international MoUs include the
Paris MoU (1982) in Europe and the North Atlantic region, the Acuerdo
de Vina del Mar in the Latin American region (1992), the Tokyo MoU in
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assess its standardized procedures and further examine the effectiveness
of detention decisions made under it is urgent.
The remainder of this study is organized as follows. Section 2 reviews
the literature on the ship selection systems of PSC regimes and the in
spection procedures of PSC. Section 3 introduces the binary logistic
regression methodology. Section 4 presents the empirical analysis re
sults of the risk of detention based on 125,259 cases of inspection re
cords from the Tokyo MoU and uses a decision tree to analyze the NIR’s
decision rules. Finally, Section 5 presents our conclusion and discussion
about the NIR.

the Asia-Pacific region (1993), the United States Coast Guard MoU
(USCG) (1994), the Caribbean MoU (1996), the Mediterranean MoU
(1997), the Indian Ocean MoU (1998), the Abuja MoU in the West and
Central African regions (1999), the Black Sea MoU (2000), and the
Riyadh MoU in the Arab States of the Gulf (2004). The number of
member countries varies, with the smallest being 6 in the Arab States of
the Gulf, 10 in the Mediterranean MoU, 20 in the Tokyo MoU, and up to
27 in the Paris MoU. In total, 116 countries and regions have entered
MoUs, and 14 countries comply with more than one MoU.
The MoUs on PSC can be divided into three categories: (1) a riskbased targeting system implemented by the Abuja MoU, the Riyadh
MoU, the Caribbean MoU, the Mediterranean MoU, and Acuerdo de Vina
del Mar with a specific annual inspection rate; (2) the USCG, which is
responsible for foreign ships and the flag State for US vessels; and (3) the
New Inspection Regime (NIR) initially implemented by the Paris MoU in
2011 and adopted by the Tokyo MoU in 2014, the Black Sea MoU in
2016, and the Indian Ocean region in 2018.
In the MoUs that rely on risk-based targeting systems, port States pay
more attention to ship type, flag State performance, ship age, historical
records of detention and deficiencies, and company performance. For
example, the Caribbean MoU has a 15% annual inspection rate per
country within 3 years and proposes that port States focus on the
following types of ships for inspection: “(1) passenger ships, roll-on/rolloff ships, bulk carriers, ships of traditional build, and ships below 500
tons gross tonnage; (2) ships that may present a special hazard—for
instance, oil tankers, gas carriers, chemical tankers and ships carrying
harmful substances in packaged form; (3) ships flying the flag of a State
appearing in the three-year rolling average table of above-average de
tentions in the annual report of the Memorandum; and (4) ships that
have had several recent deficiencies. Aside from the aforementioned, the
MoU suggests that port States utilize the targeting matrix to select ships
for inspection and avoid inspecting ships that have been inspected by
others within the previous 6 months unless clear grounds exist” [3].
Under the USCG, the Port State Control Officers (PSCOs) will carry
out a nearly 100% annual inspection rate per vessel. In accordance with
the targeting matrix, Priority I Vessels, Priority II Vessels, and NonPriority Vessels will be confirmed. A ship classified as a Priority I
Vessel may be restricted until the PSCOs inspect it; a ship classified as a
Priority II Vessel may only be restricted if the PSCOs confirm that the
ship poses risks to maritime safety or the environment; a ship classified
as a Non-Priority Vessel may be selected and inspected at random. In
addition, to encourage ships to meet the requirements of relevant con
ventions, the USCG introduced the Quality Shipping for the 21st Century
Program (QUALSHIP 21) and the E-Zero (meaning zero environmental
deficiencies or violations) program as incentives such as a frequency
reduction in PSC.
For MoUs implementing the NIR, inspection regimes depend on both
periodic inspections based on the ship risk profile (SRP) and additional
inspections caused by overriding or unexpected factors. For example,
the inspection regimes of the Tokyo MoU cover two factors. First, ships
are assigned with SRPs based on the NIR to help port States determine
inspection priorities and intervals. Periodic inspections are implemented
at intervals that depend on the SRP. If a ship is evaluated as a high-risk
ship (HRS), it may be inspected within 2–4 months of the preceding
inspection and must be inspected when the time window has closed. For
ships evaluated as standard-risk ship (SRS) and low-risk ship (LRS), they
may be inspected within 5–8 and 9–18 months, respectively, of the
preceding inspection and must be inspected when the time window has
closed. Second, overriding or unexpected factors might trigger in
spections between periodic inspections regardless of the NIR. For
example, when overriding factors such as ships carrying dangerous or
polluting goods may pose a threat to the safety of the ships, their crews,
or the marine environment, PSCOs need to undertake additional in
spections [4].
In summary, the three inspection regimes differ when it comes to
ship selection for PSC. Considering the popularity of the NIR, the need to

2. Literature review
2.1. Research on the confirmation of the target factors of PSC inspection
regimes
For ship selection systems, researchers tend to discuss the de
terminants of detention in current ship selection systems and how to
improve these for PSC inspections. For the determinants of detention,
researchers analyze inspection histories to confirm whether target fac
tors such as ship age, ship type, flag State, and classification society were
significant to a detention. For example, by analyzing 18,000 inspections
from the early 1990s, the Australian Maritime Safety Authority (AMSA)
confirms that ship age has been the most important target factor and
finds considerable variation among different recognized organizations
and classification societies in the total number of deficiencies based on
inspection histories for 2002 and 2003 [5]. Cariou et al. [6,7] collect
4080 inspections by the Swedish Maritime Administration from 1996 to
2001 to analyze the effectiveness of PSC and confirm the determinants of
the number of deficiencies inspected during PSC. The results show that
ship age, ship type, and flag State are significant predictors, and
repeated PSC inspections could make ship owners reduce deficiencies
during subsequent inspections. Subsequently, Cariou et al. [8] analyze
26,515 inspections under the Indian Ocean MoU from 2002 to 2006 and
propose that the main influential factors of detention are ship age,
recognized organization, and place of inspection. Meanwhile, Li and
Zheng [9] collect PSC inspections of the Paris MoU, the Tokyo MoU, and
USCG from 1994 to 2005. They analyze the inspection effectiveness of
the three different target systems, highlighting the importance of ship
type, ship age, classification society, flag State, and vessel history (e.g.,
detention and casualty numbers). Knapp and Philip [10] find that target
factors such as ship age, gross tonnage, flag State, and classification
society do not vary significantly across the various regimes for the
probability of detention based on 183,819 inspections under the five
MoUs (Paris MoU, Caribbean MoU, Acuerdo de Vina del Mar MoU, In
dian Ocean MoU, and USCG) and AMSA from 1999 to 2004. Fan et al.
[11] conclude that ship age is an important factor for PSC inspections;
more significantly, they find that PSC intended to inspect ships flying the
flags of countries other than those of shipowners. Moreover, several
researchers investigating methods to improve the current target systems
apply historical inspection records to verify the necessity of considering
other target factors. For example, substandard ships with many de
ficiencies or detentions can change their flag States and classification
societies to improve their SRP. Thus, some researchers suggest that
changing flag States and classification societies should be included in
target systems when PSC makes inspection decisions [12,13]. Aside from
changes of flag States and classification societies, Heij et al. [14]
combine ship arrival, inspection, and casualty databases and propose
that casualty risk warrants consideration when selecting which vessels
to inspect. In addition, some researchers propose improving the math
ematical model of risk-based ship selection systems and introduce
generalized additive modeling to realize optimization automatically to
solve problems such as the negative Matthew Effects caused by historical
factors [15].
In the case of the NIR, selection criteria can be divided into two
priority categories: Priority I criteria apply when ships must be inspected
2
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every year, we use it as an example to describe the following ship se
lection and inspection steps.

because either their time windows have closed or an overriding factor
exists; meanwhile, Priority II criteria apply when ships may be inspected
because although they are within their time windows, the port State
believes unexpected factors justify inspections. Some researchers show
that inspection reports from different PSCOs with different professional
backgrounds affect deficiencies and detentions, thereby making ships
with poor condition experience longer intervals between inspections.
They then suggest joint decision-making by multidisciplinary teams [16,
17]. Wu et al. [18] evaluate the effectiveness of fire drills for emer
gencies related to International Safety and Management (ISM) de
ficiencies to develop certain valuable suggestions for key stakeholders to
cope with the NIR, which pays more attention to ISM deficiencies than
others. Emecen Kara [19] stresses the importance of the performance of
flag States in PSC inspections based on the Black–Grey–White lists of the
Black Sea MoU from 2004 to 2014 and predicts that the NIR with a
logical target system will improve maritime safety, particularly navi
gation safety. The Black–Grey–White lists mark the performance of flag
States in terms of inspection records over 3-year periods; for example,
according to the 2017 annual report of the Tokyo MoU, flag States whose
ships were involved in 30 or more port State inspections over the 3-year
period are listed in the White–Grey–Black lists, whereas flag States
involved in 30–49 port State inspections with no detentions are listed at
the top of the White list [19]. Moreover, Chen et al. [20] identify key
deficiencies that cause ship detentions based on the annual reports of the
Tokyo MoU from 2008 to 2017.
In summary, we can conclude that the current determinants of de
tentions in various ship selection systems—including ship age, ship size,
ship type, flag State, classification society or recognized organization,
place of inspection, and vessel history—are efficient for identifying and
eliminating substandard ships. With the introduction of the NIR, specific
targets such as ship age, ship type, performance of flag State, and
recognized organization have been proposed. However, the NIR does
not investigate certain important factors such as ship size. In addition,
the risks of detentions may differ because ships are inspected in different
port States. Hence, the latest inspection database must be used to
analyze the determinants and risks of ship detentions.

� Step 1: Confirm a ship’s risk type based on the NIR (see Table 1).
� When the sum of weighting points is equal to or greater than 4, the
ship is regarded as HRS.
� When the sum of weighting points equals 0, the ship is regarded as
LRS.
� When the sum of weighting points is between 0 and 4, the ship is
regarded as SRS.
Step 2: Check the time window based on the ship’s risk type.
� HRS: 2–4 months.
� SRS: 5–8 months.
� LRS: 9–18 months.
Step 3: Check priority.
� Priority I: Time window closed or overriding factor.
� Priority II: Time window open or unexpected factor.
� Non-Priority: Time window yet to open and no overriding or un
expected factors
Step 4: Confirm whether or not to inspect a ship. If yes, begin step 5;
if not, end the process.
Step 5: Implement an inspection based on the IMO (Res.1119, 2.2.5).
� An initial inspection.
� A more detailed inspection.
� Detention.
Step 6: Record the inspection result that will be considered in step 1.
� Reporting authority, name of ship, flag State, ship type, call sign,
IMO number, gross tonnage, deadweight (where applicable), date
keel laid, date of inspection, place of inspection, date of release
from detention, IMO company number, details of ship certificates,
information on last intermediate or annual survey, deficiencies,
supporting documentation, and decision on ship detention.
Table 1 shows the SRP of the Tokyo MoU and contains the target
factors. The following points warrant emphasis. When the sum of
weighting points is equal to or greater than 4, equal to 0, and between
0 and 4, a ship is designated as HRS, LRS, and SRS, respectively.
Moreover, these ships should be inspected between 2 and 4 months
(HRS), between 9 and 18 months (LRS), and between 5 and 8 months
(SRS) from the previous inspection. Based on these criteria, the SRP
decides the time window. If the target factors in the NIR are not

2.2. Steps for ship inspection of PSC
In the NIR, each MoU has subtle differences in both SRP and time
windows. Given that the Tokyo MoU produces the most inspection data
Table 1
Ship risk profile of the Tokyo MoU.
Parameters

Profile

Type of ship
Age of ship
Flag

BGW-list
IMO Audit
RO of Tokyo MoU
Performance

Recognized
organization
(RO)
Company performance

Deficiencies
Detentions

No. of deficiencies recorded
in each inspection within the
previous 36 months
No. of detention within the
previous 36 months

High-risk ship (Sum of weighting points � 4)

Standard-risk ship
(Sum of weighting
points ¼ 0–4)

Low-risk Ship (Sum of weighting
points ¼ 0)

Criteria

Weighting points

Criteria

Criteria

Chemical tanker, gas carrier,
oil tanker, bulk carrier,
passenger ship, container ship
All types＞12y
Black
–
–
Low
Very low
Low
Very low
No inspection
Within the previous 36 months
How many inspections were
there which recorded over 5
deficiencies?
3 or more detentions

2

Neither LRS nor HRS

–

Source: http://www.tokyo-mou.org
3

1
1
–
–
1

–
White
Yes
Yes
High

2

High

No. of inspections
which recorded over 5
deficiencies
1

All inspections have five or fewer
deficiencies (at least one inspection
within the previous 36 months)
No detention
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appropriate, the conditions of a ship cannot be reflected accurately. This
could lead poorly performing ships to go long periods without being
inspected and ships that are performing well to experience shorter pe
riods between inspections. Inadequate target factors not only reduce the
efficiency of PSC but also enable substandard ships to escape in
spections. Therefore, there is an urgent need to assess the NIR to
examine the effectiveness of detention decisions and to determine the
policy implications of optimizing the NIR’s target factors.

The log-odds will be explained by n variables of xi and the parameters
βi and β0 .
4. Empirical analysis
4.1. Data description
The protocol of the PSC is tied directly to maritime safety and the
environment; thus, we aim to understand how the efficiency of PSC is
improved to maintain maritime safety and prevent environmental
pollution. The Tokyo MoU that introduced the NIR in 2014 serves as a
good example. In total, 125,259 inspection records with detailed ship
information were collected between January 1, 2015, and December 31,
2017. To capture ships’ basic information and inspection records, we
need to enter “inspection search” into the PSC database (http://www.to
kyo-mou.org/inspections_detentions/psc_database.php). Then, we enter
“ship search” into the PSC database based on its IMO number to obtain
detailed information about each inspected ship. As a result of this heavy
workload, we collect big data using Python. In the Tokyo MoU, the NIR
lists the inspection requirements for the ships’ characteristics and his
torical inspection records. The NIR prioritizes inspections according to
ship type (chemical tanker, gas carrier, oil tanker, bulk carrier, pas
senger ship, or container ship), ship age (>12 years), performance of flag
State (black), and performance of recognized organization (medium).
Aside from the above variables, we include deadweight, port State, and
number of deficiencies to capture the physical information and current
practices. Table 1 shows the distributions of inspections.
From the results shown in Table 2, we can conclude that 69.5% of
inspected ships have deficiencies and 2.5% of inspected ships are
detained. Deficiency means that a ship’s condition was unable to meet
the standard of the required conventions. Defective item inspections by
the Tokyo MoU covered 17 major items and 565 minor items, mainly
related to certification and documentation, structural conditions, water/
weathertight conditions, emergency systems, radio communications,
cargo operations including equipment, fire safety, lifesaving appliances,
alarms, dangerous goods, propulsion and auxiliary machinery, ISM,
working and living conditions, safety of navigation, pollution preven
tion, labor conditions (conditions of employment), and others [29].
According to annual reports, the most frequent detainable deficiencies
for 2015–2017 were lifesaving appliances, ISM, fire safety, emergency
systems, water/weathertight conditions, and MARPOL Annex I, II, and
IV.
The Tokyo MoU includes 20 PSC member authorities. China con
ducted the most inspections under the Tokyo MoU at 22.2%, followed by
Japan at 16.9%, and Australia at 15%. Performances of flag States and
recognized organizations play critical roles in PSC. Those indicators
show inspection historical records over the preceding three calendar
years. The performances of flag States are grouped into white, grey, and
black. Most inspected ships flew a flag on the white list; only 8.5% of
inspected ships flew a flag on the black list. Meanwhile, the perfor
mances of recognized organizations are grouped into medium and high
performance. In this study, we use classification society to represent
recognized organizations, and 92.1% of the classification societies are in
the high-performance group. Among the 24 ship types, the PSC focused
on six types of ships that constitute 68.9% of all ships. The inspected
percentage of ships that were >12 years old is 37.8%. We divide the
constant variable deadweight into five categorical variables; the greatest
percentage of deadweight is 1000–10,000 t (32.6%).

3. Methodology
Logistic regression is used widely to deal with situations where
observed outcomes for dependent variables are categorical. Binary lo
gistic regression can be applied based on the types and orders of cate
gorical outputs. Binary logistic regression models are widely applied in
maritime transportation to solve flag choices, port preferences and
choices, vessel management choices, seafarer employment choices, and
ship safety [21]. For example, Bergantino and Marlow [22] use a binary
logistic regression with flag State choices as the dependent variable and
label “national flag” 1 and “non-national flag” 0 to determine the
probability of shipowners’ flag decisions based on a set of variables.
Meanwhile, Tongzon and Sawant [23] apply a binary logistic regression
where the dependent variable is shipping line choices coded as 1 for
“choose” and 0 for “not choose” to identify the key factors that influence
the port choices of shipping lines. To identify the extent of outsourcing
in shipping and the key factors that affect the likelihood of outsourcing,
Cariou and Wolff [12] use a binary logistic regression in which the
dependent variable is vessel management choices coded as 1 for “the
same company” and 0 for “others.” Moreover, to evaluate the proba
bility of utility of alternatives, Ding and Liang [24] apply a binary lo
gistic regression in which the dependent variable is seafarer
employment choices coded as 1 for “national seafarers” and 0 for
“non-national seafarers.” Other researchers use binary logistic regres
sion models where the dependent variable is ship safety and labeled with
1 for “casualty”/“accident” and 0 for “no casualty”/”no accident” to
confirm the conditional probability of ship involvement in maritime
casualties [25–28].
In this study, we assess the determinants and risks of ship detention.
The detention described as the dependent variable y equals either 0 or 1.
The independent variables are marked xi , which include ship age, ship
type, deadweight, flag State performance, classification society perfor
mance, port State, and number of deficiencies. The results of binary
logistic regression predict the probability of detentions and the ratios of
the occurrence of detentions based on the values of the independent
variables xi . The conditional probability of occurrence is described as
Pðy ¼ 1jxi Þ and can be formulated as follows:
Pn
1
eβ0 þ i¼1 βi xi
P
Pn
Pðy ¼ 1jxi Þ ¼
(1)
¼
n
1 þ e ðβ0 þ i¼1 βi xi Þ 1 þ eβ0 þ i¼1 βi xi
The probability of a detention not occurring Pðy ¼ 0jxi Þ can be written
as.
Pðy ¼ 0jxi Þ ¼
Pðy¼1jxi Þ
Pðy¼0jxi Þis

1
Pn
1 þ eβ0 þ i¼1 βi xi

(2)

defined as the odds used to predict the ratio of occurrence

depending on the values of the independent variables xi . To develop a
linear logistic regression model, the logarithm of the odds, called logodds, is formulated as follows:
�
�
n
X
Pðy ¼ 1jxi Þ
ln
β i xi
(3)
¼ β0 þ
Pðy ¼ 0jxi Þ
i¼1
�
�
iÞ
As the intercept, β0 refers to the value of ln Pðy¼1jx
when all xi ¼ 0.
Pðy¼0jxi Þ

4.2. Empirical results
Detention is an intervention taken by the PSC when it deems a ship’s
condition not appropriate to sail forward under relevant international
conventions. According to the inspection procedures, the PSC conducts
an initial inspection including checking certificates, documents, and the
ship’s overall condition. If concerns about a substandard ship arise,
4
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Resolution A. 1119 (30) requires that the PSC carry out a more detailed
inspection and potentially detain the ship [30]. The purpose of detention
is to eliminate ships that are hazardous to safety and the environment.
Therefore, it is vital to improve the targeting system used to select
substandard ships. For the targeting system of the Tokyo MoU (Table 1),
we present the following hypotheses.

Table 2
Frequency table.
Variables

Classification

Frequency

Percent

Cumulative
Percentage

Ship Age

0 (0–5 years)
1 (6–12 years)
2 (13–20 years)
3 (21–30 years)
4 (>30 years)
0 (<1000 t)
1 (1000–10,000 t)
2 (10,000–50,000 t)
3 (50,000–100,000
t)
4 (>100,000 t)
Bulk carrier
General cargo/
multipurpose
Container Ship
Chemical tanker
Oil tanker
Vehicle carrier
Gas carrier
Refrigerated cargo
Woodchip carrier
Passenger ship
Tugboat
Other special
activities
Offshore supply
Ro-Ro cargo
Ro-Ro passenger
ship
Livestock carrier
Special-purpose
ship
Heavy load
NLS tanker
Combination carrier
High-speed
passenger craft
Fish factory
MODU and FPSO
Commercial yacht
0 (High)
1 (Unknown)
2 (Medium)
0 (White)
1 (Grey/unknown)
2 (Black)
Australia
Canada
Chile
China
Hong Kong
Indonesia
Japan
Korea
Malaysia
Marshall Islands
New Zealand
Philippines
Papua New Guinea
Russian Federation
Singapore
Thailand
Vietnam
Peru
Vanuatu
Fiji
0 (0)
1 (1–5)
2 (6–10)
3 (11–20)
4 (21–30)
5 (>30)
0 (No)
1 (Yes)

21129
56784
26111
17471
3764
1614
40890
36518
30896

16.9
45.3
20.8
13.9
3.0
1.3
32.6
29.2
24.7

16.9
62.2
83.0
97.0
100
1.3
33.9
63.1
87.8

15341
46466
27988

12.2
37.1
22.3

100
37.1
59.4

20164
8203
7671
3234
2815
2677
1015
973
721
577

16.1
6.5
6.1
2.6
2.2
2.1
0.8
0.8
0.6
0.5

75.5
82.1
88.2
90.8
93.0
95.2
96.0
96.8
97.3
97.8

533
430
386

0.4
0.3
0.3

98.2
98.6
98.9

350
337

0.3
0.3

99.2
99.4

262
254
156
23

0.2
0.2
0.1
0.0

99.6
99.8
100
100

11
9
4
115367
5393
4499
107352
7276
10631
18751
1600
3904
27865
2480
6660
21160
7983
4316
80
819
9226
618
6168
4097
2172
5922
1354
5
79
38187
66627
14234
5199
742
270
122136
3123

0.0
0.0
0.0
92.1
4.3
3.6
85.7
5.8
8.5
15.0
1.3
3.1
22.2
2.0
5.3
16.9
6.4
3.4
0.1
0.7
7.4
0.5
4.9
3.3
1.7
4.7
1.1
0.0
0.1
30.5
53.2
11.4
4.2
0.6
0.2
97.5
2.5

100
100
100
92.1
96.4
100
85.7
91.5
100
15.0
16.2
19.4
41.6
43.6
48.9
65.8
72.2
75.6
75.7
76.3
83.7
84.2
89.1
92.4
94.1
98.9
99.9
99.9
100
30.5
83.7
95.0
99.2
99.8
100
97.5
100

Deadweight

Ship Type

Recognized
Organization
Flag State
Port State

No. of
Deficiencies

Detention

Hypothesis 1. � Ships more than 12 years old are more likely to be
substandard.
According to the SRP of the Tokyo MoU, if a ship is more than 12
years old, 1 point will be added to its evaluation score. As Table 1 shows,
when the sum of weighting points is greater than 4, the ship is classified
as HRS and is more likely to be substandard.
Hypothesis 2. � Ship type has a significant effect on ship condition
(standard or substandard).
According to the SRP of the Tokyo MoU, if a ship is a chemical
tanker, gas carrier, oil tanker, bulk carrier, passenger ship, or container
ship, 2 points will be added to its evaluation score. This means that the
Tokyo MoU regards ship type as exerting a significant effect on ship
conditions.
Hypothesis 3. Ships whose flag State shows higher performance are more
likely to be standard.
As shown in Table 1, if a ship’s flag State is on the Tokyo MoU black
list, 1 point will be added to its evaluation score. This means that the
Tokyo MoU regards ships from lower-performing (higher-performing)
flag States as more likely to be substandard (standard).
Hypothesis 4. Ships whose recognized organization shows higher
performance are more likely to be standard.
Similarly, if a ship’s recognized organization shows low/very low
performance, 1 point will be added into its evaluation score. This means
that the Tokyo MoU regards ships from lower-performing (higher-per
forming) recognized organizations as more likely to be substandard
(standard).
Hypothesis 5. Ship size has no significant effect on ship condition
(standard or substandard).
As shown in Table 1, the Tokyo MoU does not emphasize ship size
such as deadweight. We therefore presume that a ship’s size has no
significant effect on its condition.
Hypothesis 6. Ships with over five recorded deficiencies are more likely to
be substandard.
As shown in Table 1, ships that undergo inspections that reveal over
five deficiencies will be significantly considered. We therefore presume
that ships with over five recorded deficiencies are likely to be
substandard.
Hypothesis 7. There are no discrepancies in the administration of PSC by
port States in the Tokyo MoU.
As shown in Table 1, there is no special information regarding port
States. Meanwhile, port States in the Tokyo MoU follow the same NIR.
Therefore, we assume that no discrepancies occur in their administra
tion of PSC.
To test the above hypotheses and the determinants and risks of ship
detention, we apply the binary logistic regression using SPSS 23.0. In
this model, the dependent variable described as y is equal to 0 (no
detention) or 1 (detention). Independent variables identified and clas
sified as ordinal include ship age, performance of flag States and
recognized organizations, deadweight, and number of deficiencies,
whereas those classified as unordered include ship type and port State;
all these variables are considered factors in detention decisions. In our
model, we select ship age (0–5 year), flag State (white), and recognized
organization (high) as reference categories because ships with such
characteristics are more likely to be standard. Likewise, we select port
State (Australia), deadweight (<1000 t) [31], ship type (bulk carrier),
and deficiency (>30) as reference categories because ships with such
5
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characteristics are more likely to be substandard. We administered the
Omnibus tests of model coefficients to explore the significant differences
between blocks of independent variables or their coefficients and the
Hosmer–Lemeshow test to explore the goodness of fit for logistic
regression models [32]. The results of these two tests reveal that our
models are good fits to explain the relationships between the indepen
dent and dependent variables.
As the results in Table 3 indicate, ship age, ship type, deadweight,
flag State, port State, and number of deficiencies are significantly
associated with the probability of detention, whereas the performance of
recognized organization is not associated with the probability of
detention. We can thus conclude that hypotheses 2 and 3 are valid,
whereas hypotheses 4 and 5 are invalid. Hypotheses 1, 6, and 7 are
examined further.
Hypothesis 1. Ships more than 12 years old are more likely to be
substandard.
The relationship between ship age and the probability of detention is
significant. The risks of detention for ships aged between 6 and 12 years,
between 13 and 20 years, and older than 30 years are 1.228, 1.187, and
1.254 times higher, respectively, than those of ships aged less than 6
years. We can thus conclude that the risk of detention for ships aged
between 13 and 20 years is lower than that of ships aged between 6 and
12 years. In other words, according to the empirical results, ships older
than 6 years are more likely to be substandard. Therefore, Hypothesis 1
is valid but insufficient.
Hypotheses 6 and 7 can be proved and further explained based on
decision-making rules using the C4.5 decision tree algorithm, which is a
machine-learning algorithm for classification as introduced in Ref. [33].
This algorithm has been widely used in decision-making analysis,
including in both transportation and marine sciences [34,35]. In this
study, we apply it to identify the most significant variables and

relationships between two or more variables, and further, to predict
target variables. This could supplement the binary logistic regression,
especially when it comes to revealing multiple factors involved in
decision-making rules. Due to the lower probability of detention in
practice, only about 2% of observations in the original dataset are
labeled as detained, which could cause difficulties in decision tree
learning. To overcome this problem, we randomly select the same
number of non-detained samples to generate a dataset with ratio 1 of
two labels. Using this dataset, we apply fivefold cross-validation to train
the decision tree as shown in Fig. 1.
As Fig. 1 shows, the decision tree contains 10 leaf nodes and 9 nonleaf nodes. By following the branch from root node to leaf node, we can
determine the decision rule. For example, if an observation satisfies
branch b2, we can determine that the non-detention probability of this
ship is 85% ((688 103)/688). For a specific leaf node, we can deter
mine its hidden rules based on its corresponding branch.
Hypothesis 6. Ships with over five recorded deficiencies are more likely to
be substandard.
The relationship between the number of deficiencies and the prob
ability of detention is significant. The risks of detention for ships with
between 1 and 5, between 6 and 10, and between 11 and 20 deficiencies
are 0.021, 0.176, and 0.593 times lower, respectively, than that of ships
with more than 30 deficiencies. We can thus conclude that an increase in
the number of deficiencies leads to an increase in accident probabilities.
Furthermore, the decision tree shows that from the root node to the leaf
nodes, the variable number of deficiencies plays the most significant role
in classification. Ships with five or more deficiencies have a high
probability of being detained.
Hypothesis 7. There are no discrepancies in the administration of PSC by
port States in the Tokyo MoU.
The analysis shows that the inspection place is significantly related to

Table 3
Empirical results on all independent variables and detention.
Independent variables
Ship Age
1 (6–12 years)
2 (13–20 years)
3 (21–30 years)
4 (>30 years)
Flag State
1 (Grey/unknown)
2 (Black)
Ship Type
Woodchip carrier
Tugboat
Other special activities
Offshore supply
Ro-Ro cargo
Ro-Ro passenger ship
Livestock carrier
Special-purpose ship
Heavy load
NLS tanker
Container ship
Combination carrier
High-speed passenger craft
Fish factory
MODU and FPSO
Commercial yacht
Chemical tanker
Oil tanker
Gas carrier
Passenger ship
General cargo/multipurpose
Vehicle carrier
Refrigerated cargo
Constant

B
0.206
0.171
0.105
0.226
0.412
0.367
0.113
0.501
0.142
0.119
0.534
2.068
0.090
0.513
0.030
0.615
0.131
0.559
0.810
18.516
0.358
0.308
0.319
0.138
0.241
0.770
0.027
0.020
0.072
0.088

Sig.
0.039*
0.008*
0.040*
0.240
0.042*
0.000*
0.000*
0.000*
0.001*
0.671
0.090
0.543
0.700
0.053
0.000*
0.774
0.124
0.947
0.135
0.073
0.585
0.450
0.999
0.753
1.000
0.009*
0.170
0.171
0.017*
0.715
0.918
0.589
0.711

Exp(B)

Independent variables
Deadweight
1 (1000–10,000)
2 (10,000–50,000)
3 (50,000–100,000)
4 (>100,000)
Recognized Organization
1 (Unknown)
2 (Medium)
Port State
Marshall Islands
New Zealand
Philippines
Papua New Guinea
Russian Federation
Singapore
Thailand
Vietnam
Peru
Vanuatu
Canada
Fiji
Chile
China
Hong Kong
Indonesia
Japan
Korea
Malaysia
No. of Deficiencies
0 (0)
1 (1–5)
2 (6–10)
3 (11–20)
4 (21–30)

1.228
1.187
1.110
1.254
1.510
1.444
0.893
0.606
1.153
1.127
1.706
0.126
0.914
1.671
1.030
1.849
0.877
0.572
2.247
0.000
0.699
0.735
0.727
1.148
1.272
0.463
1.028
0.980
1.074
1.092

B

Sig.
0.418
0.246
0.308
0.410

0.111
0.072
1.303
1.090
3.517
1.277
2.200
1.263
3.157
2.222
1.771
0.902
1.152
0.376
0.897
0.453
0.917
0.088
1.425
0.383
1.518
20.188
3.883
1.737
0.523
0.033

0.003*
0.005*
0.126
0.069
0.020*
0.342
0.158
0.342
0.000*
0.039*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
0.000*
1.000
0.000*
0.636
0.000*
0.000*
0.000*
0.434
0.000*
0.000*
0.000*
0.000*
0.918
0.000*
0.000*
0.000*
0.845

Exp(B)
0.658
0.782
0.735
0.664
1.117
1.074
0.272
0.336
0.030
0.279
0.111
0.283
0.043
0.108
0.170
0.406
0.316
0.686
0.408
0.636
0.400
0.916
0.241
0.682
0.219
0.000
0.021
0.176
0.593
0.968

Note: B is a partial regression coefficient; S.E. denotes the standard error; Sig. represents the P value of a corresponding value; Exp(B) denotes the odds rate of a
corresponding value; * indicates statistical significance at the 5% level.
6

Y. Xiao et al.

Marine Policy 115 (2020) 103857

Fig. 1. A decision tree showing the decision-making rules of detention, where the rectangular and ellipse represent the leaf and non-leaf nodes (root node in the top),
respectively. The path from top non-leaf node to leaf node is called a branch (bi, i ¼ 1, 2, …, 10)). The number in the leaf node, for example, 688/103 in the leaf node
of b2, represents the total number/wrongly assigned number of observations in the training dataset by following the rule of this branch.

the probability of detention. This means that discrepancies occur in the
administration of PSC by port States in the Tokyo MoU. More specif
ically, the detention risk for ships inspected in Australia is higher than in
other port States. Moreover, we can rank the detention risks for port
States depending on Table 3, especially Sig. and Exp(B) representing the
P-value and odds rate of a corresponding value, respectively. Australia
ranks first, followed by Korea, China, Chile, Hong Kong, New Zealand,
Canada, Singapore, Papua New Guinea, Japan, Malaysia, Peru, Russian
Federation, Vietnam, and the Philippines. Furthermore, on the left
branches of the root node, we notice that if the number of deficiencies is
equal to 4 and the port State is Australia, the ship is more likely to be
detained in b4. Otherwise, if the number of deficiencies is between 5 and
7 and the port State is Australia or China, then the ship is more likely to
be detained, as suggested by b6 and b7. In sum, Hypothesis 7 is invalid
because there are indeed discrepancies between different port States’
administration of PSC.

ranks first in detention risk, followed by Korea, China, Chile, Hong Kong,
New Zealand, Canada, Singapore, Papua New Guinea, Japan, Malaysia,
Peru, Russian Federation, Vietnam, and the Philippines. Similarly, based
on the decision tree, ships are more likely to be detained when the PSC is
administered by Australia. These discrepancies among members are
likely caused by the following: (1) discrepancies in manpower, financial
resources, and technology; (2) unequal participation of members in the
same MoU [36]; and (3) team composition and the backgrounds and
numbers of PSCOs [13,37,38]. If the discrepancies among members of
the Tokyo MoU still exist, varying risks across countries may occur for
risk mitigation; however, this is bad for shipowners because they may
not fully understand what to look forward to. Therefore, Tokyo MoU
should adopt effective measures to reduce discrepancies among mem
bers, for example, Australia offered to provide assistance for PSC
training to member countries of the Association of Southeast Asian
Nation [39].

5. Discussion and conclusion
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In this study, using 125,259 inspections within the Tokyo MoU from
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the risk of ship detention by applying both a binary logistic regression
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NIR and better understand why certain processes and indicators are in
place. The NIR target factors including ship age, ship type, performance
of flag State, and number of deficiencies significantly impact detention
and must be closely monitored. Importantly, compared with ships aged
between 13 and 20 years, ships aged between 6 and 12 years seem more
likely to be substandard. Meanwhile, ships with five or more recorded
deficiencies have a high probability of being detained.
Moreover, ship inspections conducted by different members in the
Tokyo MoU result in different detention risks. In other words, both the
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ancies exist in the administration of the PSC by port States in the Tokyo
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