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Abstract 

With the development of shipping industry, more and more attention is paid to the 
pollution caused by shipping. In order to reduce shipping pollution, the port authority 
inspects ship entering the port, namely Port State Control (PSC). Subsequently, New 
Inspection Regime (NIR) is implemented to further control compliance of ships. In this 
study, we employ the regression analysis to explore the change of the detention rate 
after the implementation of NIR. The regression results show that the detention rate 
(DETERATE) drops after the implementation of NIR. 
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1. Introduction 

In recent decades, shipping has gradually become an indispensable part of global trade, and the 
volume of shipping trade has shown a significant growth trend, accounting for about 90% of 
the total global trade. Although shipping is considered the most environmentally friendly form 
of transportation in terms of unit emissions, the rapid expansion of shipping fleets has brought 
many hazards. On the one hand, in order to minimize the cost, some ship owners are unwilling 
to bear excessive maintenance costs, so some substandard ships are still in operation, which 
may increase the accident rate of ships in shipping to a certain extent. Once a ship has an 
accident during the voyage, it will cause great harm to the environment. On the other hand, 
ships use unregulated fuel during navigation, and the pollutants generated by the discharge 
damage the ecological environment and cause considerable pollution to port water quality and 
coastal areas. Therefore, it is imperative to supervise and control ships during navigation. 

Due to the huge loading capacity of ships, once the ship accident will cause huge economic and 
environmental losses, and even casualties. Therefore, how to effectively regulate the behavior 
of ships and reduce the occurrence of ship accidents has become one of the most important 
issues in the shipping industry. In the past, the flag state control (FSC) is an outdated inspection 
mechanism that flag states are responsible for the inspection and supervision of the ship. 
However, more and more ship owner prefer to fly the open registration flag. Therefore, there 
are many limitations for FSC to identify unqualified ship enter the port, ensure ships’ 
compliance marine safety and protect the marine environment.  

In port governance, the port state inspection system provides a good measurement standard, 
namely port state control (PSC). Port state control is a more strict inspection mechanism, which 
is considered to reduce gradually the vessels that do not conform to the standard. PSC is able 
to identify the ship of the existing deficiencies and request shipowners to rectify according to 
the port state control criteria to meet the provisions of the relevant maritime safety standards. 

Although PSC inspection can reduce the risk of accidents, rapid and continuous inspection of 
the same vessel also increases the economic pressure on inspectors and shipowners. Therefore, 
In order to further improve the efficiency of PSC inspection and simplify the PSC inspection 
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procdeure, New Inspection Regime (NIR) is proposed. The inspection interval, reasonable 
assessment of ship risk profile, and selection of appropriate ships for inspection are all taken 
into account by the NIR. Based on the ship's risk profile and time window, it clearly indicates 
the priority of the ship to be inspected, adopts flexible and continuous management methods 
for high-risk ships and fully absorbs the research results of IMO comprehensive safety 
assessment in risk assessment. Paris Memorandum of Understanding (MoU) was formally 
implemented NIR in 2011, and adopted by the Tokyo MoU in 2014 and the Indian MoU in 2018. 
In this study, we mainly focus on the NIR implementation for Tokyo MoU. 

2. Literature review 

In order to prevent the occurrence of ship accidents, PSC is put forward as an important 
measure. Port State Control refers to the supervision and inspection carried out by the port 
state authorities on foreign ships arriving at the port with crew members, technical conditions 
and operational requirements as the objects of inspection. The purpose of implementing PSC is 
to improve the effectiveness of ship inspections and ensure maritime safety.  

Since its implementation in 1982, PSC has come to be seen as an indispensable line of defence 
to identify substandard ships entering the port. Many scholars attach great importance to the 
validity of PSC inspections. Kiehne studied PSC inspections under the Paris MoU, if the 
deficiencies are found, inspectors can take measures ranging from instructing to correct the 
defects within two weeks before sailing or at the next port of call, to arresting the ship (Kiehne, 
1996). After PSC implementation, the entry into European ports of ships whose operations do 
not conform to the rules and standards set by the international agreements has been greatly 
reduced, thus confirming the PSC's significant role in correcting deficiencies, reducing ship 
accident rates and pollution, and thus facilitating the implementation of anti-pollution policies 
and environmental protection. Ademuni shows that in order to ensure maritime safety, 
substandard ships should be phased out as soon as possible, which can be achieved through the 
PSC inspections (Ademuni, 1997). Cariou et al. use Poisson model to analyze the relationship 
between the time interval of PSC inspections and the number of deficiencies, and find that after 
the first PSC inspection, the number of deficiencies is significantly reduced in the next 
inspection, thus verifying the effectiveness of PSC (Cariou et al., 2008). 

Heij concluded that when the PSC inspection results indicate that the ship is at high risk, the 
ship is more likely to have an accident (Heij et al., 2011). In addition, Heij and Knapp  also 
proposed a risk-driven target ship selection strategy from the perspective of safety gain (Heij 
& Knapp, 2018). NIR can define ship risks and help port states determine ship inspection 
priorities and intervals. High risk vessels may be inspected within 2-4 months of the last 
inspection, while standard risk and low risk vessels may be inspected at longer intervals (Xiao 
et al., 2020). 

3. Data Description and Model Construction 

The ship inspection data is obtained from Tokyo Memorandum of Understanding (MoU) annual 
report and mainly contains 15 port authorities from Tokyo MoU. It also includes multifarious 
information, consisting of authority, number of inspections, number of detentions and number 
of inspections with deficiencies. 

The data of vessel characteristics is gathered from PSC individual data, which comprises ship 
age, ship type (tanker, bulk, passenger and container are considered), the percent of white list 
flag and the percent of ship Dead Weight Tonnage (DWT). Table 1 shows the descriptive 
statistics of the data, and an introduction to the variables used in this study is given next. 
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Disregarding the missing values for some variables, our dataset contains 321 observations. We 
use DETERATE as the explained variable to represent detention rate, which can reflect the 
percentage of the number of the detentions to the number of total inspections. The variables of 
ship characteristics are mainly considered in three categories: ship type, age and flag. SHIP AGE 
defines the age of ship being inspected. The variables BULK, CONTAINER, TANKER and 
PASSENGER are defined to describe the annual inspection rates for different ship types. The 
variable WHITEFLAG indicates the percentage of ships inspected that fly flags on the whitelist. 
The variable D is a dummy variable. The port authorities of Tokyo MoU implement NIR in 2014. 
If the period after 2014, then D=1, Otherwise, it is D=0.In this study, regression analysis is 
mainly used to analyze the change of detention rate (DETERATE) before and after the 
implementation of NIR. The regression analysis is conducted according to the statistical model: 

𝑌𝑖 = 𝛼0 + 𝛼1𝐷 + 𝛼2𝐷𝑖 + 𝛼3𝑍 + 𝜀                                                   (1) 

Where Yi denotes the outcome variable, namely detention rate in PSC inspection (DETERATE), 
and subscripts Di (i=1,2) presents D1 and D2. D is dummy variable. If the period after 2014, then 
D=1, Otherwise, it is D=0. D1 is is the interaction term of D and SHIP AGE. D2 is is the interaction 
term of D and WHITEFLAG. a0 is a constant term. a1, a2 and a3 are coefficients to be estimated.  

 

Table 1. Descriptive statistics of major variables. 
Variable Obs Std.Dev. Min Max 

DETERATE 324 0.05 0.00 0.44 
SHIP AGE 321 3.66 0.50 26.67 

BULK 321 0.17 0.00 0.69 
CONTAINER 321 0.17 0.00 0.76 

TANKER 321 0.08 0.00 0.50 
PASSENGER 321 0.04 0.00 0.67 
WHITEFLAG 292 0.15 0.00 1.00 

D 324 0.46 0.00 1.00 
D1 321 5.87 0.00 26.20 
D2 292 0.42 0.00 1.00 

     

 

4. Results Discussion 

As a precursor to the main analysis, the correlation coefficient matrix is shown in Table 2. Since 
some of the correlations are relatively high and to reduce the effects of multicollinearity, 
stepwise regression is used. 

 

Table 2. Bivariate correlation matrix. 
Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

(1) DETERATE 1.00  
(2) SHIP AGE 0.32 1.00         

(3) BULK -0.07 -0.34 1.00        
(4) CONTAINER 0.03 -0.27 -0.46 1.00       

(5) TANKER -0.16 -0.08 0.12 -0.29 1.00      
(6) PASSENGER -0.10 -0.17 0.04 0.13 -0.01 1.00     
(7) WHITELIST -0.35 -0.57 0.35 0.22 0.05 0.19 1.00    

(8) D2 -0.27 -0.22 0.22 0.04 0.06 -0.10 0.46 1.00   
(9) D -0.27 -0.21 0.21 0.03 0.04 -0.11 0.42 0.99 1.00  

(10) D1 -0.22 -0.02 0.13 0.02 -0.03 -0.12 0.37 0.93 0.95 1.00 
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Table 3 presents the results of regression analysis model to show the effect of the NIR policy on 
detention rate in the PSC inspection. Model (1) consider the impact of ship characteristic and 
policy dummy variable on outcome variable DETERATE. In order to concretely analyze the 
influence of ship age and ship flag after the implementation of NIR, two interaction terms D1 
and D2 are added in models (2) and (3), respectively. 

Model (1) test the impact of ship characteristic variables (SHIP AGE, BULK, CONTAINER, 
TANKER, PASSENGER and WHITELIST) and add a dummy variable (D). The coefficient for D is 
negative and significant. The reason for this result is that detention rate is significantly reduced 
after the implementation of NIR, which can suggest the effectiveness of NIR policy. The 
coefficients for SHIP AGE, BULK and CONTAINER are positive and significant. It suggests that 
the older the ship, the higher the detention rate. The coefficient for WHITELIST is negative and 
significant, which can confirm that good ship flag performance reduce detention rate. 

Model (2) add the interaction term D1 to further test the effect of SHIP AGE. The result shows 
the coefficient for D1 is negative. It can reflect that the detention rate of older ships has been 
reduced after the implementation of NIR and further confirms the effectiveness of NIR. Model 
(3) add the interaction term D2 based on model (1). The coefficient for D2 is negative and 
significant, which demonstrates the higher of WHITELIST, the lower of DETERATE after the 
implementation of NIR. 

 

Table 3. Regression analysis results 
DETERATE 

  (1) (2) (3) 
SHIP AGE a3 0.0033*** 0.0037*** 0.0033*** 

  -0.00072 -0.00074 -0.00072 
BULK a3 0.075*** 0.074*** 0.075*** 

  -0.017 -0.017 -0.017 
CONTAINER a3 0.072*** 0.070*** 0.073*** 

  -0.017 -0.017 -0.017 
TANKER a3 -0.031 -0.035 -0.028 

  -0.026 -0.026 -0.026 
PASSENGER a3 -0.1 -0.01 -0.10 

  -0.082 -0.082 -0.082 
WHITELIST a3 -0.066*** -0.062*** -0.065*** 

  -0.018 -0.019 -0.019 
D a1 -0.014***   
  -0.0047   

D1 a2  -0.0011***  
   -0.00037  

D2 a2   -0.015*** 
    -0.0054 

Constant a0 0.02 0.012 0.018 
  -0.021 -0.022 -0.022 

Observations  292 292 292 
R-squared  0.244 0.244 0.241 

     

 

5. Conclusion 

This study uses regression analysis to analyze the changes of detention rate before and after 
the implementation of NIR for Tokyo MoU. Then it demonstrates the effectiveness of the NIR 
implemented by Tokyo MoU and puts forward relevant suggestions based on research results. 
It has been discovered that ship detention rate decreased because of the implementation of NIR. 
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This indicates that NIR reduced the possibility of ships being detained. This study suggests that 
Tokyo MoU should further strengthen PSC inspection of ships. In addition, more strict 
supervision and control should be carried out over defective ships to reduce the number of 
ships with defects.  

This study also has some limitations. This study only considers whether the ship has 
deficiencies. If the number of ship defects can be added to the analysis, research results will be 
more perfect. The changes in ship risk levels are added into future studies, which would give a 
better indication of the effectiveness of NIR. 
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