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Abstract

Port state control regimes have been establishe@ tan 30 years ago to help prevent
accidents in shipping. These controls are obviously sufficient to correct or prevent all

hazards leading to an accident, but they have @laymajor role in the general reduction of
the number of maritime accidents observed durirg l#ist decade. Using data on 42,000
vessels/inspections carried out from 2002 to 2009& state members of the Indian Ocean
Memorandum of Understanding, this paper focusesmlmsely on the type of deficiencies

found during inspections and on changes in thedeielgcies over time and between

successive inspections.



1.0 INTRODUCTION

Accidents in shipping are caused by the combinabbrdifferent factors related to, for
instance, human error, inclement weather, and teahfailure, among numerous others (Jin,
Kite Powel, Talley 2008). Port state control reganestablished more than 30 years ago to
help prevent such accidents, are defined as “thgeiction of foreign ships in national ports to
verify that the condition of the ship and its equgnt comply with the requirements of
international regulations and that the ship is neanand operated in compliance with these
rules”.

These regulations are contained mainly in provsionder the International Convention for
the Safety of Life at Sea, 1974, as amended (SOLA®) International Convention on
Standards of Training, Certification and Watchkegpior Seafarers, 1978, as amended
(STCW), the International Convention for the Preiamof Pollution from Ships, 1973, as
amended (MARPOL), the International Convention aad. Lines, 1966 (Load Lines), the
International Convention on Tonnage MeasurementSbips, 1969 (Tonnage 69), the
Convention on the International Regulations forverging Collisions at Sea 1972, as
amended (COLREG 72), and the Merchant Shipping ifiim Standards) Convention, 1976
(ILO Convention No. 147).

These controls are obviously not sufficient to eotror prevent all hazards leading to an
accident, but it is posited that they have playadagor role in the general reduction of the
number of maritime accidents observed during tlsé diecade. The separation between the
flag state (flag of registry of the ship), primgritesponsible for ensuring the vessel’s
compliance with regulatory obligations, and thetmate, with a mandate to inspect vessels
calling in its ports, lends credibility to the caoitregime. Furthermore the publication of open

and free sources of information on the conditiom eessel gives the possibility for shippers,



maritime administrators, and academics to enhanu share general knowledge on
individual vessels representing a risk to safetyeat

This chapter first reviews a series of prior staden how PSC data is used for the
identification of vessels at risk. Then, it provsdan original contribution aimed at estimating
through an econometric analysis, how the contrilutf PSC could be assessed using data
on 42,000 vessels/inspections carried out from 20002009 by 18 state members of the
Indian Ocean Memorandum of Understanding (MoU).WWéspect to the previous studies on
this issue, this chapter focuses more closely an tifpe of deficiencies found during
inspections and on changes in these deficiencier dwne and between successive

inspections.

2.0. VESSELS AT RISK USING PSC DATA: A SURVEY

PSC traces its origins from a memorandum of undedshg signed in The Hague between
eight North Sea states in 1978. Since then, nimgomal MoUs comprising almost all
maritime countries in the world have been establisto share knowledge and pool resources
to inspect vessels that could represent a riskatetys and security at sea. One of the main
contributions of these MoUs has been to set up,ragional level, common criteria or target
factors to identify the vessels that should be eotgd and based on what practitioners
consider as decisive factors to identify vesselgst When looking first at these practices,

the following conclusions can be drawn.

! These different MoUs are: Paris MoU - Europe dredNorth Atlantic; Tokyo MoU - Asia and the Pagific
Acuerdo de Vifia del Mar - Latin America; CaribbédaU - Caribbean Sea region; Abuja MoU - West and
Central Africa; Black Sea MoU - Black Sea regiorediterranean MoU - Mediterranean Sea region; Indian
Ocean MoU - Indian Ocean region; Gulf Cooperatiou@il (GCC) MoU - Arab States of the Gulf.



Firstly, the notion of vessels at risk has to bdarstood as vessels with a high probability of
being detained. The reason for such focus is timtdd resources in number and time
available for inspectors, and their associated @Gsapp 2007). The authorities in charge of
inspection then concentrate most of their effortvassels that might record deficiencies
which pose a clear hazard (i.e., providing groufatsdetention) to safety, health, or the
environment. Therefore, in deciding which shipsnspect, as in any risk assessment based
both on the probability for a risk to occur and ptstential consequences, and in a world of
limited resources, priority is to be given to higgk vessels.

Secondly, the factors playing on the probability dovessel to represent a risk at sea, using
the terminology of the Paris MoU, can be groupew itvo main categories: generic and
historic parameters. For the former, the main deitgaints are the ship’s flag of registry, the
performance of the classification society or of teeognized organization, the vessel type,
and age at inspection. For the latter, the decisigmrs are whether the vessel is entering the
region for the first time, has been inspected dytime last six months, has been detained
during a former inspection, the number of deficieeaecorded during last inspection, and
actions taken to correct outstanding deficiencies.

Thirdly, with the development over time of more aate knowledge and information on
inspections, new and simplified criterion must leseloped and applied in the future. This is
reflected in the new Paris MoU inspection regimébéoimplemented in January 2011 that
includes additional generic and historic parameteleted to, for instance, the performance of
companies involved in the operation of a vesséle even criterfato select vessels selected
for inspection will be the type of ship, its agéagf recognized organization, company

performance, and number of deficiencies and detesitiecorded within the last 36 months.

2 With various weights. For more details:
http://www.parismou.org/ParisMOU/New+Inspection+iRee/Ship+Risk+Profile/default.aspx




Turning now to economic studies by academics osalssat risk using PSC data, the focus
has been mainly on ways to assess their effectbgemevarious ways. First of all on their
main objective which is the identification of velsswith a higher probability to be detained
due to non-compliance with international regulasiowhen one could argue that the objective
should be to detect vessels with a higher prolgitii be involved into accidents. Although
there are interesting findings on the potentiahtiehship between black-listed flags and
casualty rates (Knapp 2007) or on differences betwaharacteristics of vessels at risk using
PSC versus casualty data (Degré 2008), the qualitata on casualty, the difficulty in
linking the causes of an accident with records freamlier PSC inspections, as well as the
difficulty in identifying cases when an accident diot occur because of potential actions
taken during an earlier PSC have so far limitedréhevance of such analyses.

Another main focus of previous studies has bednvestigate the relevance of target factors
as applied by inspecting authorities (Knapp 200a&ridli, Mejia, and Wolff 2007, 2008a,
2008b, 2009, Li, Tapiero, and Yin 2009), to whicttemt and why results vary from one
regional MoU to another (Knapp and Franses 20008R6r amongst countries belonging to
a given regional MoU (Cariou and Wolff 2010b). Onstissue, if most criteria to retain to
identify vessels at risk (age, vessel type...) amy wéten confirmed by econometric analysis
on PSC data, the concern is more on the weighe tgileen to the various factors. Apart from
the Australian Safety Maritime Agenitythese weights are mainly derived frach hocexpert
judgment. Finally, a last recent area of reseaashldeen on understanding the effect of PSC
over time and on strategies of flag- and class-mgpphat may be adopted by shipping
operators to avoid controls (Cariou and Wolff, 28110

The following sections of this chapter provide argioal contribution on how to assess the

effectiveness of PSC when differentiating amonigstarious types of deficiencies. To do so,

% http://www.amsa.gov.au/Shipping_Safety/Port_Statet|/




a dataset from inspections that took place withia tegional Indian Ocean MoU (or IO-
MoU) will be used to identify the main factors udéincing the various deficiencies recorded
during a PSC inspection and then, through a sidpteaamic model, to investigate whether a
state dependence exists in the probability to efesargiven deficiency over time through

successive inspections.

2.0. DESCRIPTIVE STATISTICS ON DEFICIENCIES
The dataset we used is made of 42,071 PSC vesgmdions carried out from January 1,
2002 to December 31, 2009 by the 18 countries lgaignto the Indian Ocean regional
MoU.* Every PSC boarding generates a detailed repdntinfiormation on ship’s name, IMO
number, flag of registry, recognised organizatigessel type, gross tonnage, deadweight
tonnage, year built, type of inspection, date afpection, date of detention, date of release
from detention, place of inspection, inspectindhatty, and nature of deficiencies.
Since the data cover a period of eight years, v flescribe in Table 1 and Figure 1 the
changes in the number of deficiencies and detemttenover time and for the main types of
vessels. The mean number of deficiencies per vessgl9 for the entire period, with a
maximum of 3.4 in 2008 and a minimum of 2.3 in 200 deficiency is recorded in 46.2%
of cases. The mean detention rate is 8.4%, witlwdmum of 10.0% in 2008 and a minimum
of 5.6% in 2002. On average, the data suggesthlarend associated with both deficiencies
and inspections is slightly increasing over time.

Insert Table 1 around here

Insert Figure 1 around here

* In January 2010, the countries were Australia,gBeaesh, Djibouti, Eritrea, Ethiopia (observer)ilm Iran,
Kenya, Maldives, Mauritius, Mozambique, Myanmar, &m Seychelles, South Africa, Sri Lanka, Sudan,
Tanzania and Yemen. For more information on théaim@®©cean MoU, see http://www.iomou.org/



Due to the trade pattern of countries located m Itidian Ocean region, the main vessels
inspected are bulk carriers (46.5% of all vessefpected), general cargo ships (16.8%),
tankers (10.2%), and containerships (9%); the ‘iGthessel types represent less than 5% of
inspections in number. Gas carriers (66.8%), aikéas (62.1%) and refrigerated cargo
carriers (60.4%) are the vessel types most likelyetord no deficiency. At the same time,
refrigerated cargo carriers and general cargo/rpulpose ships are more often reported with
large numbers of deficiencies (at least 5).
For bulk carriers, the condition of vessels app#atse relatively stable with a mean number
of deficiencies always comprising between 2 andv8rdhe period, and a detention rate
between 5-10% every year. Figure 1 also showsdstieig patterns with some vessel types
(general cargo/multi-purpose ship, Ro-Ro cargo sinprefrigerated cargo carriers) with
sensibly higher detention rates, and more spetifitam 2006 to 2009.
To analyse the potential differences in terms dictancies recorded, 8 categories have been
created from the initial data with results presdriteTable 2 and Figure 2. These categories
are respectively related to certificates, workingd aliving conditions, safety and fire
appliances, stability and structure, ship and cawgerations, equipment and machinery,
navigation and communication, and management. Alecgrto the data, 28.6% of all
deficiencies are related to safety and fire appkan 18.8% on stability and structure and
12.6% on ship and cargo operations. Furthermorg,984f vessels inspected have at least
one deficiency related to safety and fire applia2&e6% to stability and structure.

Insert Table 2 around here

Insert Figure 2 around here
23,674 inspections (56.2% of all inspections fro602 to 2009) took place in Australia.
According to inspections carried out in that coun81.8% of all deficiencies are related to

safety and fire appliances (Figure 2), followednayigation and communication (19.8%). In



India (12.1% of inspections), deficiencies relatedsafety and fire appliances are relatively
less frequent (13.6%), while stability and struetdeficiencies (21.8% compared with 18.8%
for all inspections) are a more common featurevéssels inspected in its ports.

By age at inspection, the various categories reptefsom 15% (more than 25 years old) to
20.2% (5-9 years old) of all inspections. A tendeegists for the number of deficiencies
related to certificates or stability and structtoencrease with age. Finally, vessels flying the
flag of Panama which accounts for 28.1% of insp@stido not present any specific pattern
compared to the mean values of deficiencies, a®sggpto Russian flagged vessels that
record proportionally more deficiencies relatect¢ntificates, working and living conditions,
and stability and structure.

Finally, Table 3 presents the three most commoedyq deficiency per vessel either as a
single type (for instance safety and fire appli@natne) or as the combination of various
deficiencies (for instance a portfolio of occurrenaf safety fire appliances together with
navigation and communication). For all categorievessels, deficiencies related to safety
and fire appliances, alone or together with stibilnd structure or navigation and
communication, always come as the first type ofcikicies detected. This result should not
come as a surprise knowing that deficiencies ia tiaitegory are usually the ones providing
grounds for detention, and consequently, the omesvloich inspectors are more likely to
concentrate due to their importance and the lintiteé available for inspection.

Insert Table 3 around here

3.0 ECONOMETRIC ANALYSIS OF DETERMINANTS OF DEFICIE NCIES
In what follows, we attempt to explain how the @weristics of the vessels influence the

probability to observe a specific deficiency amamggsels in bad condition. We therefore



exclude all the vessels without deficiency and warkhe deficiency level from the sample.
Specifically, we estimate a set of Probit modelsdintify the main determinants for each
category of deficiency. We present in Table 4 trergmal effects from these Probit models
for the 8 generic categories of deficiencies. Thefsects indicate the influence of individual
variables (age, flag, vessel type, recognized azgéion, inspecting authorities and year - not
reported) on the probability to record a given tyedeficiencies amongst all deficiencies
detected.

Insert Table 4 around here
The estimated probability of deficiencies relatedsafety and fire appliances is 28.4% (the
corresponding proportion observed from the da@Bi§%), 18.1% for stability and structure
(instead of 18.8%) and 12.4% for ship and cargoraimn (instead of 12.6%) when
considering the three main types of deficiencidse @nalysis of the influence of the vessel
characteristics on the probability to record a #medeficiency amongst all deficiencies
detected provides several interesting findings.
Concentrating first on the influence of age, tHenence category of vessels (less than 5 years
old) exhibits a higher probability of a deficienmiated to the certificates, to ship and cargo
operations, to navigation and communication, anthémagement (negative signs for other
age categories) than older vessels. In contrastplays a positive influence for working and
living conditions, safety and fire appliances, gstgband structure, equipment and machinery.
This first result suggests a differentiated infloerof the age of vessel, and confirms that its
influence mainly plays on the general condition eofvessel (stability and structure for

instance). When the vessel is relatively new, danation (certificates), navigation and

® A vessel with several deficiencies contributessieveral observations in our sample. Our sampietiieved
from data on 121,319 deficiencies detected dutiegd.071 inspections from 2002 to 2009. Standamiseare
clustered at the vessel level when estimatingeheessions.



communication equipment and management (ISM reldéidiencies) are the main types of
deficiencies detected.

Across the various types of deficiency, the flagegjistry of a vessel has a limited impact on
the probability to record a specific deficiencyttwihe notable exception of Russian vessels
for which a relatively better situation exists foorking/living condition (+4.6% compared
with the reference category of “other” flags) aethtively worst for safety and fire appliances
(-4.9%) and equipment and machinery (-3.1%). Twrim the influence of the vessel type,
and concentrating on the most recurrent sourcedefi€iencies, the probability to have a
deficiency related to safety and fire applianchigher when the vessel is a woodchip carrier
(+9.9%), gas carrier (+6.5%) and chemical carrigg%). This result is interesting since it
shows, especially when considering the risk ofe, that more efforts are probably deployed
by inspectors on specific vessels for which theseguences of an incident might be more
severe. As a consequence, more deficiencies afy lik be detected given these increased
efforts. Another illustration can be found in t@ecific case of refrigerated cargo carriers for
which ship and cargo operation (+4.7%) and equigrapd machinery (+3.3%) are important
to insure the continuity of the “cold chain.” Agathese vessels are probably subject to more
stringent inspections and regulations.

When considering the influence of the recognizeghoization, the societies identified in our
sample achieve relatively higher performance coeg&n smaller societies gathered within
the “other” category. This is particularly true faertificates and management related
deficiencies and for the China Classification StycieFinally, a differentiated impact
according to where the inspection takes place £x#sir instance, the probability to record a
deficiency on safety and fire appliances is highdren inspections are taking place in
Australia (+9.4%), South Africa (+6.3%) or India5@) than in other places, while opposite

conclusions hold for instance for stability andusture related deficiencies (-6.7% in
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Australia for instance). The observation of cowspgcific effects is puzzling but could

simply suggest that Port State authorities iderdgggcific priorities when inspecting a vessel
calling at one of their ports.

To conclude, this descriptive analysis providesireight into the influence of the various

parameters on the type of deficiencies detectedh&umore, it shows how the outcome of the
inspection, most probably due to the focus of thepeéctor, is in a way influenced by the
potential consequences from a deficiency. The padat fire related deficiencies for gas
carriers or chemical carriers and of ship and casgerations for refrigerated cargo ship

represent here some illustrations.

4.0 ECONOMETRIC ANALYSIS OF A STATE DEPENDENCE ON DEFICIENCIES
OVER TIME

An element which has not been subject to much tatenn the previous literature is the
existence of a state dependence in the vesseltmrsjiand more broadly on transition states
(see Cariou, Mejia, Wolff 2008a for an exceptiofhis is especially relevant when
considering the various types of deficiencies. lhatvfollows, we inquire into how
inspections influence the dynamics of deficienciesr time.

To do so, we focus on the different type of deficies using data at the vessel level. We seek
to estimate the influence of the various charagties on the probability for a vessel to record
a given deficiency in t. Apart from the former paeters (vessel age, type...), we introduce
additional historical parameters. In particular, @aatrol for the state of the vessel during the
previous inspection (in t-1) and construct a dumiasgiable which is equal to one when the
same deficiency was recorded during a former irntgpe¢and O otherwise).

This implies that our sample was selected in otd@onsider only vessels subject to at least

two inspections during the period of observatiohisTreduces the size of our sample from
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42,071 to 28,330 vessels. Results on the variasssition states between two successive
inspections (t-1 and t) are presented by type sbeks in Figure 3. When a vessel did not
record any deficiency in t, only two initial statesist in a former inspection: either the same
number in t-1 (no deficiency or Nt=Nt-1), or morefidiencies in t-1 (Nt>Nt-1). Now, when
the vessel is found with deficiencies in t-1, thpassibilities exist in t: fewer deficiencies
(Nt<Nt-1), same number (Nt=Nt-1), or more deficiesc(Nt>Nt-1).

Insert Figure 3 around here
Results for all vessels show that around 55% o$eleswithout deficiency in t did not have
any deficiency in t-1. For vessel with deficienciest, more than 60% of vessels had more
deficiencies in t-1, around 10% the same number38&3€ had more deficiencies in t-1. These
numbers evidence a positive trend of improvemerth@condition of vessels between two
successive inspections (which was expected). Twdiadal results are of interest. First, this
pattern holds for the various types of vesselsclvlare always in relatively good condition
when inspected. Secondly, there are few differeicése “effectiveness” of the controls. For
instance, gas carriers and Ro-Ro cargo ships ircbadition in t-1 record in more than 70%
of cases less deficiencies in t, but the proporisaabout 55% for general cargo/multi-purpose
ship$.

Insert Figure 4 around here
We perform the same analysis by types of deficiendyigure 4. We again find evidence of a
state dependence effect. For instance, in more &b of the cases, a vessel without
deficiency on certificates will never have any efidiency belonging to this category during
the next control. Similar conclusions hold for wiok and living condition, equipment and

machinery or management. Concerning the other cagsgof deficiency, such as for instance

® When considering the vessels that have no defigient-1, we find that bulk carriers have the hégh
propensity to record more deficiencies in t (50%ha@ with no deficiency in t, but 50% of them hawmere
deficiencies in t).
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safety and fire appliances, or navigation and compation, we find a more contrasted
pattern. The proportion of vessels without deficieiboth in t-1 and t is around 50%, 40%
with a deficiency either in t or t-1, and 10% wilie same deficiency both in t-1 and t.
To further understand the impact of the vesselatttaristics on the transition from one state
to another one, we estimate Probit regressiongptaie the probability for a vessel to have a
specific deficiency as a function of the laggedstsace of that deficiency for the 8 categories
of deficiencies. The corresponding marginal effecespresented in Table 5.

Insert Table5 around here
As suggested by our previous descriptive resulis, @conometric analysis confirms the
presence of a strong state dependence in the \assdition over time. The intensity of the
state dependence is measured through the lagged \afl deficiency. This relative
persistence in the condition of vessels is pauitulstrong for working and living condition
(+16.4%), safety and fire appliances (+16.9%),ibtatand structure (+15.7%), and ship and
cargo operations (+15.6%). Conversely, it is lespdrtant for more administrative related
duties like certificates or management, the laggeefficient being not significant in the
Probit regression for the latter category. Thisultesould be expected for vessels in bad
condition, where the status might have a tendemegrnain fairly stable, while in the case of
management and documentary deficiencies, complianight be more volatile but easier to
correct over time.
Another interesting finding from our estimatesapart from the initial condition of a vessel,
the relative importance of two additional charasters: the age and the type of vessel. For
the former, older vessels have a higher probaliityecord deficiencies related to the general
seaworthiness of a vessel (+40.4% for stability atrdcture, +30.6% for equipment and

machinery when the vessel is more than 25 years Bldthermore, the older vessels are

" The lagged value associated to the vessel condgimtroduced in an exogenously way in the regjoes
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more likely to keep the same type of deficiencytinat was already found in t-1. This finding
holds for deficiencies related to certificatesesafand fire appliances, stability and structure
(at the 10% level), and navigation and communicatihe correction of such deficiencies is
undoubtedly more expensive for older vessels.

Concerning the type of vessel, gas carriers havewar probability to have a specific
deficiency, regardless of the type of deficienclgeTnverse is observed for bulk carriers and
general cargo/multi-purpose ships. However, whemsickering the crossed terms given by
type of vessel, a negative coefficient is found lboitk carriers with respect to certificates,
working and living conditions, safety and fire appkes, stability and structure, and
ship/cargo operations. This means that bulk caraee more likely to improve their condition
with respect to these categories between two ssiseegispections. For Ro-Ro cargo ships
and oil tankers, deficiencies associated to equipna@d machinery and navigation and
communication are more likely to increase over timgch suggests that problems associated
with these types of deficiencies are more diffidoltsolve or that a ship-owner is ready to

take the risk of not correcting the deficiencytasill unlikely to lead to a future detention.

5.0 SUMMARY

The review of studies on PSC inspections and tiesrto identify vessels at risk shows that if
a general consensus exist on the main factorseinéing the probability for a vessel to be

detained during an inspection, several complexess$o investigate remains. The weight to be
given to the various factors, the harmonizationcohtrols within and amongst various

regional PSCs is clearly one of them.

This chapter provides an investigation on anotlmenmex issue, the effectiveness of PSC.
Despite the fact that a general consensus existideofact that more than 30 years after their

creation, PSCs have played a major role in the rezdérmaent of safety at sea in general, only

14



few studies have tackled the complex issue of nmeasuhe effectiveness of PSCs. In
presenting one way of doing so, through the penst& of deficiencies over time for a given
vessel in general and by type of deficiencies, tthapter provides various preliminary

answers and advocates for more research on unairggan which ways PSC are playing a

decisive role for shipping safety.
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Table 1. Number of deficiencies during inspection, yotype of vessel

Type of vessel

Number of deficiencies detected during the inspecti

0 1 2 3 4 >5
Bulk carrier 42.4 12.9 15.7 13.0 8.4 7.6
General cargo/multi-purpose ship 36.0 125 13.3 912. 10.7 14.6
Oil tanker 62.1 10.1 9.7 7.6 4.8 5.7
Containership 57.4 125 12.0 8.2 5.4 4.6
Chemical tanker 50.2 124 12.8 10.8 5.6 8.3
Vehicle carrier 56.9 14.0 13.4 6.9 5.2 3.6
Woodchip carrier 45.6 18.4 19.3 10.6 3.6 2.4
Refrigerated cargo carrier 60.4 7.0 7.8 8.5 5.9 104
Ro-Ro cargo ship 55.2 7.3 9.1 11.2 7.9 9.3
Gas carrier 66.8 12.0 11.0 6.6 2.1 1.5
Other 42.4 12.0 14.0 12.5 9.7 9.4
All 46.2 12.4 13.9 11.5 7.8 8.2

Source: own calculations, Indian Ocean MoU 20029200
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Table 2. Type of deficiency, by year of inspection

Year of inspection 2002 2003 2004 200p 2006 2007 0820 2009 All

Distribution of deficiencies (in

%)
Certificates 7.2 6.3 5.9 4.5 4.2 4.4 4.9 4. 5
Working/living conditions 7.1 6.0 6.5 7.5 8.5 .26 7.4 7.0 7.1
Safety/fire appliances 30.7 28.4 28.5 29.p 28{1 29.1 28.4 27.0 28.6
Stability/structure 18.6 22.8 21.9 19.G 19.0 .018| 16.5 15.8 18.8
Ship/cargo operations 13.2 13.1 12.8 13(7 1210 12.3 12.3 12.3 12.6
Equipment/machinery 4.4 4.3 4.2 6.2 538 6.7 69 7.0 5.7
Navigation/communication 16.5 15.9 16.3 14.4 .818( 18.6 18.6 20.3 17.6
Management 2.3 3.3 4.4 5.6 4.2 4.8 50 5(6 4.

% of vessels concerned by:
Certificates 12.2 104 9.9 7.6 8.0 8.¢ 10.p 1011 9.7
Working/living conditions 10.6 11.0 11.6 14.5 6.3 13.2 15.6 15.0 135
Safety/fire appliances 30.0 32.5 34. 35.p 36(5 36.0 36.5 36.9 34.7
Stability/structure 21.7 26.6 27.6 25.6 26.4 526 26.0 24.8 25.6
Ship/cargo operations 19.4 21.1 20.9 2219 21{4 23.1 22.9 23.0 21.8
Equipment/machinery 6.7 7.6 7.9 10.9 10.p 13|3 13.8 13.6 105
Navigation/communication 21.6 23.2 25.2 24.4 .828( 28.6 29.8 314 26.6
Management 4.4 6.7 8.9 11.4 10.2 107 12{4 124.8 9.7

Number of vessels inspected| 5431 5072 5642 5380 7 508 4791 5593 5275 42071

Source: own calculations, Indian Ocean MoU 20029200
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Table 3. Portfolio analysis of deficiencies, by typef vessel

Type of vessel

Most frequently observed combinatibdeficiencies

Bulk carrier

General cargo/multi-purpose shi

Qil tanker

Containership

Chemical tanker

Vehicle carrier

Woodchip carrier

Refrigerated cargo carrier

Ro-Ro cargo ship

Gas carrier

Other

9

(1) Safety/fire appliances (7.0%)
(2) Navigation/communication (5.5%)
(3) Safety/fire appliances + Stability/structu#ed@so)
(4) Safetyl/fire appliances + Navigation/commurimat(4.7%)
(1) Safety/firplmmces (4.3%)
(2) Stability/structure (4.1%)
(3) Safety/fire appliances + Stability/structude80so)
(4) Navigation/communication (3.5%)
(1) Safety/fire appliances (7.0%)
(2) Stability/structure (4.7%)
(3) Navigation/communication (3.9%)
(4) Ship/cargo operations (3.9%)
(1) Safety/fire appliances (10.5%)
(2) Navigation/communication (6.0%)
(3) Safety/fire appliances+ Navigation/communizat{(4.8%)
(4) Ship/cargo operations (3.8%)
(1) Safetyl/fire appliances (7.8%)
(2) Navigation/communication (4.8%)
(3) Ship/cargo operations (3.6%)
(4) Safetyl/fire appliances+ Navigation/communicat{8.1%0)
(1) Safety/fire appliances (10.1%)
(2) Safety/fire appliances+ Navigation/communizat{6.2%)
(3) Navigation/communication (5.9%)
(4) Ship/cargo operations (4.5%)
(1) Safety/fire appliances (11.3%)
(2) Safety/fire appliances+ Navigation/communizat(5.5%)
(3) Safety/fire appliances + Equipment/machin(dr2%)
(4) Navigation/communication (4.5%)
(1) Safety/fire applian(2%)
(2) Safety/fire appliances + Stability/structur&hip/cargo operations +
Equipment/machinery + Navigation/communication ¢2)9
(3) Safety/fire appliances + Ship/cargo operati®rNavigation/communication (2.59
(4) Working/living conditions + Safetyl/fire applie@s + Stability/structure +
Ship/cargo operations + Equipment/machinery + Natibg/communication (2.2%)
(1) Safety/fire appliances + Stig#sliructure + Navigation/communication (2.8%)
(2) Certificates (2.8%)
(3) Safetyl/fire appliances (2.3%)
(4) Navigation/communication (2.3%)
(1) Safety/fire appliances (5.5%)
(2) Navigation/communication (4.9%)
(3) Safety/fire appliances + Navigation/commurimat(4.7%)
(4) Ship/cargo operations (2.3%)
(1) Safety/fire appliances (5.1%)
(2) Certificates (3.6%)
(3) Stability/structure (3.5%)
(4) Navigation/communication (3.3%)

Source: own calculations, Indian Ocean MoU 20029200
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Table 4. Determinants of the various deficiencies marginal effects from Probit regression

Explanatory variables Certificate Working/ | Safety/fire| Stability/ | Ship/cargo| Equipment| Navigation| Manageme
s living appliances structure | operations| /machinery| /commu- nt
conditions nication
Age at PSC inspection
0-4 Ref Ref Ref Ref Ref Ref Ref Ref
5-9 -0.014™ 0.008 0.038" 0.033" | -0.014" 0.016" | -0.017" | -0.009"
10-14 -0.015™ 0.025™ 0.041" 0.093" | -0.030" 0.030" | -0.048" | -0.016"
15-19 -0.020™ 0.039™ 0.046" 0.122" | -0.044" 0.045" | -0.068" | -0.017"
20-24 -0.027" 0.047" 0.051" 0.134" | -0.049" 0.047" | -0.079" | -0.022"
25+ -0.021™ 0.045™ 0.037" 0.138" | -0.054" 0.046" | -0.079" | -0.025"
Flag of registry
Panama -0.001 -0.004 -0.000 -0.001 0.002 -0.002 -0.001 0.006
Liberia -0.005 -0.005 0.013 -0.006 -0.010| -0.002 0.010 0.003
Hong Kong China -0.012" 0.014" | -0.001 0.003 -0.009 0.007 -0.006 0.004
Bahamas 0.001 -0.003 0.016 | -0.003 -0.009 0.005 -0.010 0.005
Cyprus 0.006 -0.002 0.015 | -0.004 -0.003 -0.005 -0.012 | 0.004
Singapore -0.009™ 0.005 0.009 0.027 | -0.013 0.003 -0.014 -0.000
Russian Federation 0.005 0.048" | -0.049" 0.023 0.031" -0.031" | -0.023 -0.002
Malta 0.003 -0.002 0.011 -0.004 -0.011| -0.001 0.001 0.004
Greece 0.003 -0.028" 0.001 -0.025 0.000 0.009 0.025 0.015"
Others Ref Ref Ref Ref Ref Ref Ref Ref
Type of ship
Bulk carrier -0.048™ 0.008" 0.025" 0.049" | -0.033" | -0.002 0.003 0.013
General cargo/multi-purpose shijp -0.029™ 0.005 0.013 0.034 | -0.025" 0.001 0.010 0.014
Oil tanker -0.022™ 0.004 0.038" | -0.013 0.014 -0.000 -0.018 0.020™
Containership -0.028™ 0.009 0.036 0.038" | -0.025" 0.018" | -0.021 0.007
Chemical tanker -0.024™ 0.002 0.060° | -0.013 0.003 0.007 -0.025| 0.019”
Vehicle carrier -0.028™ 0.033" 0.048" | -0.063" 0.014 -0.000 -0.007 0.014
Woodchip carrier -0.024™ 0.010 0.098" 0.017 -0.023 -0.024™ | -0.031 0.004
Refrigerated cargo carrier -0.030” | -0.019" 0.033 -0.016 0.047 0.033" | -0.023 0.017"
Ro-Ro cargo ship -0.008 0.000 0.011 -0.022 -0.033| 0.010 0.035 0.004
Gas carrier -0.024" | -0.001 0.065" 0.002 -0.044" 0.032 0.006 0.002
Others Ref Ref Ref Ref Ref Ref Ref Ref
Recognised organization
Nippon Kaiji Kyokai -0.019" 0.015" | -0.002 0.007 -0.001 0.005 | 0.004 -0.007"
Lloyd’s Register -0.011™ 0.008" 0.006 0.001 -0.005 0.021 | -0.009 -0.005
Det Norske Veritas -0.012™ 0.002 0.013 0.006 -0.001 0.018 | -0.008 -0.009"
American Bureau of Shipping 0.001 0.010 0.002 0.002 -0.007 0.088 | -0.007 -0.008
Germanischer Lloyd -0.009™ 0.006 0.006 -0.016 | -0.004 0.015 0.006 -0.001
Bureau Veritas -0.008™ 0.004 -0.005 0.011 0.000 0.011| -0.004 -0.004
Russian Maritime Register -0.016" 0.028" 0.003 0.017 -0.013 0.027" | -0.029" | -0.012"
China Classification Society -0.025" 0.037" 0.008 0.04%4 | -0.022" 0.017" | -0.037" | -0.015"
Korean Register of Shipping -0.021" 0.004 0.015 0.021" -0.016" 0.012" -0.007 -0.002
Others Ref Ref Ref Ref Ref Ref Ref Ref
Inspecting Authority
Australia -0.075" | -0.024" 0.094" | -0.067" 0.043" 0.006 0.047 0.011
Iran -0.019” | -0.012 0.017 -0.031 0.069" 0.057" | -0.023 -0.011
India -0.021" | -0.037" 0.050” | -0.021 0.012 0.027 0.066" | -0.022"
South Africa -0.023" | -0.030" 0.063" 0.017 0.018 -0.000 0.044 | -0.029"
Others Ref Ref Ref Ref Ref Ref Ref Ref
Estimated probability 0.041 0.068 0.284 0.181 0.1244 0.051 0.171 0.039

Source: own calculations, Indian Ocean MoU 20029200

Note : Probit regressions also include a set of gaanmies. The size of the sample is N=121319 wefates. Standard
errors are clustered at the vessel level and #ignite levels are respectively 1), 5% () and 10% ()

*
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Table 5. Estimates from transition to and from deficeéncies — marg

inal effects from Probit regression

Explanatory variables Certifi- | Working/ | Safety/fire| Stability/ | Ship/cargo| Equipment| Navigation| Mana-
cates living appliances structure | operations| /machinery| /commu- gement
conditions nication
Existence of the same deficienc|
Def t-1 (lagged value) 0.061 0.164™ 0.169" 0.157" 0.156" 0.111 0.072" 0.061
Age at inspection
0-4 Ref Ref Ref Ref Ref Ref Ref Ref
5-9 0.005 0.06T" 0.115" 0.118" 0.051" 0.057" 0.039™ 0.022"
10-14 0.020™ 0.115" 0.176" 0.224" 0.075" 0.105" 0.064™ 0.021"
15-19 0.042™ 0.157" 0.233" 0.307" 0.100" 0.155™ 0.090™ 0.048"
20-24 0.082™ 0.224™ 0.272" 0.358" 0.138" 0.220™ 0.124™ 0.040™
25+ . 0.130™ 0.282" 0.263" 0.404™ 0.181" 0.306" 0.133" 0.061"
Age at inspection Def t-1
5-9" Deft-1 0.032 -0.022 0.023 -0.002 -0.018 -0.031 0.034 8.00
10-14" Def t-1 0.029 -0.032 0.019 0.004 -0.009 -0.041] 0.042 0.022
15-19" Def t-1 0.032 -0.007 -0.001 -0.000 -0.009 -0.031 0.02 28.0
20-24" Def t-1 0.027 -0.03% 0.009 0.005 -0.030 -0.034 0.004 -0.010
25+" Def t-1 0.068" -0.027 0.111 0.064 0.023 -0.018 0.135 | -0.010
Type of ship
Bulk carrier -0.023™ 0.047" 0.106" 0.136" 0.031" 0.036" 0.070™ 0.039"
General cargo/multi-purpose ship 0.027" 0.050" 0.061" 0.119" 0.036" 0.055" 0.057" 0.010
Oil tanker 0.003 -0.024 -0.036 -0.016 -0.045" | -0.001 -0.080" | -0.024
Containership -0.019" -0.002 0.003 -0.003 -0.029 | 0.035" | -0.028 0.000
Chemical tanker -0.001 0.042 0.069" 0.063" 0.033 0.058 0.003 0.010
Vehicle carrier -0.045™ 0.004 0.003 -0.100 | -0.023 -0.016 -0.030 0.008
Woodchip carrier -0.033" 0.014 0.101" 0.030 -0.011 -0.032 | -0.048 -0.012
Refrigerated cargo carrier -0.038" | -0.049" -0.019 0.014 0.021 0.077 | -0.049 -0.029
Ro-ro cargo ship 0.022 0.014 -0.043 -0.054 | -0.026 0.002 -0.043 -0.021
Gas carrier -0.034" | -0.072" | -0.083 -0.076 -0.111" | -0.012 -0.095" | -0.069"
Others . Ref Ref Ref Ref Ref Ref Ref Ref
Type of ship Deft-1
Bulk carrier” Def t-1 -0.023 -0.036 -0.076" | -0.073" | -0.059" 0.011 -0.022 -0.003
General cargo Def t-1 -0.001 0.002 -0.034 -0.002 -0.011 0.058 0.014 0.047
Oil tanker” Def t-1 0.025 0.029 -0.028 0.039 0.067| 0.137" 0.095" 0.065
Containership Def t-1 -0.021 -0.008 0.016 -0.016 -0.064| 0.008 -0.021 0.046
Chemical tanker Def t-1 0.007 -0.044 0.011 0.039 -0.037 0.040 0.02( 0.02
Vehicle carrief Def t-1 -0.014 -0.050 -0.083 | -0.000 -0.055 -0.081 0.008 -0.089
Woodchip carrief Def t-1 -0.006 -0.064 -0.128 | -0.093 -0.004 0.062 0.017
Refrigerated cargoDef t-1 0.019 -0.058 -0.132 | -0.062 -0.013 0.027 0.106 0.042
Ro-ro cargo ship Def t-1 0.058 0.019 -0.015 0.096 0.031 0.798 0.143 -0.017
Gas carrief Def t-1 0.012 -0.069 0.044 -0.062 0.052 -0.005 0.08
Estimated probability 0.071 0.129 0.360 0.245 0.214 0.092 0.269 0.103

Source: own calculations, Indian Ocean MoU 20029200
Note : Probit regressions also include a set of gaenmies. The sample is N=28330 vessels subjeepteated inspections.
Standard errors are clustered at the vessel ledesignificance levels are respectively 1%)(5% () and 10% ).
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Figure 1. Changes in number of deficiencies and dettion rate over time
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Figure 4. Changes in occurrence of a given type déficiency between two successive inspections
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