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Abstract

By researching the available statistical data of the European Maritime Safety Agency (EMSA) on 
total losses in shipping, the most common cause, ship sinking, was analyzed in the period from 2015 
to 2020. The data are useful for qualitative and quantitative assessments, and indicate factors that 
cause unwanted events.
The aim of this paper is to highlight the possibility of prediction, which is crucial for the assessment 
of risk and safety in shipping, by applying a statistical model in the analysis of losses in shipping. In 
the analysis and processing of the available databases, Excel was used, as part of the Microsoft Office 
software package, which enables statistical analysis and drawing graphs.
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1. Introduction

The safety of the global shipping industry is important, therefore, based on the 
data reported in EMCIP on total shipping losses in the period 2011-2020, specific 
areas affecting the risk and safety assessment were analyzed. Areas relevant to security 
assessment are security awareness, environmental impact and risk assessment. This 
includes, for example, misinterpreting the intentions of other ships, anticipating the 
impact of meteorological conditions, such as wind and low visibility, and performing 
critical operations, for example, selecting an anchorage area.

The available European Maritime Safety Agency/Safety analysis of EMCIP 
data - Navigation accidents databases enable quantitative and qualitative analysis 
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of reported events, as well as the factors that contribute to these events. Most of the 
reported problems relate to operational work methods, organizational factors and 
risk assessment[1], but data show that the most common human action is related to 
navigational accidents [2].

The factors that contribute to navigational accidents are the sinking of the ship, 
stranding, fire, damage to the machine or the ship’s hull, are shown in table 1, while 
the graphic representation of the factors that contribute to navigational accidents is 
shown in figure 1.

Table 1  [1]

Samples/lost ships ∑
Ship skinging 477
Stranded ships 172

Fires 99
Machine damage 51

Hull damage 29

Figure 1: Factors contributing to navigational accidents [Source:Authors].
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The research aims to emphasize the importance of quantitative methods of risk 
management, which in the long term means a contribution to an effective decision-
making process [3]. Along with the introduction of new technologies, improved ship 
design, introduction of risk management methods, in the long run it would also mean 
a reduction in losses.

The linear trend method was chosen, which enables the analysis and prediction 
of accidents and their causes. [4,5]

2. Linear trend model

Forecasating theture state and movement od the phenomenon, based on existing 
variable values, demands installation of a specific model. Descriptive statistics enable 
tabular and graphical presentation, while the dynamics of the phenomenon can be 
monitored using linear trend analysis, which was applied in this research[6,7]. The 
most common cause of losses in shipping, ship sinking, was analyzed in the period 
from 2011 to 2020, data in table 2.

Table 2  [1]

Year Ship sinking 
(yt)

xt xt
2 xtyt ŷ

2011. 46 0 0 0 62.727
2012. 54 1 1 54 6259.3876
2013. 70 2 4 140 6256.0482
2014. 50 3 9 150 6252.7088
2015. 66 4 16 264 6249.3694
2016. 48 5 25 240 6246.03
2017. 57 6 36 342 6242.6906
2018. 31 7 49 217 6239.3512
2019. 31 8 64 248 6236.0118
2020. 24 9 81 216 6232.6724

∑ 477 45 285 1871

Graphical display of ship sinking, as most common shipping losses, for the same 
period, shown in figure 2. 



120 Pomorski zbornik Posebno izdanje, 117-123

Linear Trend Model...Jasminka Bonato, Biserka Draščić Ban, Ivan Tudor

Figure 2: Disploay of losses, ship sinking in period between 2011.-2020.

2.1. Determining the trend equation

A linear trend is the direction that determines the tendency of the 
phenomenon in the observed period. In general, the trend model to be evaluated is:  
Ŷ = â + bX, where X is time. (1)

In our case, it is years because the time series data is given by years. The value of 
X is determined depending on the starting point, which is given or is chosen arbitrarily. 
All periods after zero are 1, 2, 3, ..., table 2.

The unknown parameters are a and b. The method of least squares gives the 
following expression for calculating the parameter b:

  (2)

The trend coefficient b shows the average change in the dependent variable when 
the independent variable increases by a unit of time.  and  are simple arithmetic 
variable values.

  (3)

  (4)
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Including the dana from table 2 into equation (2), you get the value of parameter  
b, equation (5). 

  (5)

Linear trend coefficient amounts to -3.34 which means that within the observerd 
period, the sinking of ships deacreased by about 3 ships yearly. Parameter a is given 
with expression    (6)
and represents the expected value of the time series in the original period. If the origin is 
not in the middle of the period, then the parameter a is not the average number of units. 

  (7)

Coefficient now amounts to 67.7 which represents average ship sinking in the 
period of 2011. to 2020. Now the equation of the trend (8) can be displayed graphically, 
as show in picture 3. 

  (8)

The parameters â and b are estimated so that the line Ŷ passes between the actual 
points of the time series and best interprets the connection between them. 

In the last column of table 2 are the values obtained by calculation from the trend 
equation and are considered as theoretical data of the observed phenomenon.

Figure 3: Graphic representation of the linear trend
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The direction of the evaluated trend model has a negative slope, that is, it shows 
a negative trend of the observed time series.

Finally, the rated model is X=0 u 2011.godini
Value for x is 1 year
Value for y is 1 sinking of a ship

2.2. Represenativeness measures

In the paper, the representativeness of the model was evaluated using the coefficient 
of determination, which is based on the analysis of variance expression (9).

 , (9)

It is defined as the ratio of the sum of the squares of the deviations interpreted by 
the trend model SP and the sum of the squares of the total deviations, ST.
  (10)

  (11)

Inserting the values into the definition expressions for SP and ST yields:
  (12)

  (13)

Value of determination coefficient:

  (14)

3. Results

After evaluating the parameters of the trend model, the question of 
representativeness arises, i.e. the ability of the model to explain the movement of the 
dependent variable of the time series Y through time X.

The value of the coefficient usually ranges from 0 to 1 and the model is more 
representative if this value is closer to unity. Since r2 is less than 0.6 in our analysis, 
the model is not representative enough. This means that 44% of the total squared 
deviations of the dependent variable of the time series from the arithmetic mean were 
interpreted by this model.
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4. Discussion

The importance of the trend equation is that it can be used for estimation, i.e. to 
calculate the expected frequency for a given or selected time unit. This assessment is 
valid for a phenomenon that can be accepted to move in the future at the same pace 
as before [8].

Thus, based on the model, we can calculate the number of drownings in, for 
example, 2025, X=14, which according to the trend equation would amount to :

Y= 62.72- 3.34∙14 = 15.96 ≈16

5. Conclusion

Every phenomenon, the movement of which is presented as a time series, is 
influenced by several parameters, whose influence is visible from the graphic display, 
but sometimes a more complex statistical analysis is needed in order to establish and 
analyze the connections between the parameters. 

The linear trend model explains the linear movement, positive or negative, of the 
values of the observed time series over time.

In addition to displaying the linear movement of the occurrence of the time series 
based on the evaluated model, the value of the occurrence for some future periods can 
be predicted, which is what this research wants to highlight. In this example, a short 
time series is shown, therefore the representativeness of the selected model is not fully 
confirmed. For further statistical research, it is desirable to analyze longer series for 
which more relevant conclusions can be drawn during the observed time period.
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