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In the modern day, the world sea fleet is experiencing a significant increase in both
the number of ships and the cargo they carry. However, the shipping process is associated
with a number of difficulties that hinder the efficiency of cargo delivery. Investigations of
the risks of occurrence of emergency situations in land and maritime freight transportation
processes and development of their reduction methods require special approaches. The
paper analyzes the current methodological approaches of transport risk assessment and
proposes a generalized model of the development of emergency situations based on
the statistical model of safe transportation and the general model of the development
of emergency situations. The developed methodology provides the basis for an integral

assessment of risks.
Keywords: ranking, risk matrix, insurance, game theory, probability.

Analysis of the trends and the level of development of international maritime
transport reveals that the increase in the volume of cargo transportation leads to
an increase in emergency situation level. Along with this, while making up the
transport and logistics scheme of cargo delivery, often inappropriate attention is
paid to the assessment of risk factors, because the methods of determining the
quantitative value of losses caused by risks have been insufficiently developed.

Let us consider the methodological approaches existing at the modern stage of
risk assessment in maritime transport:

Formal Safety Assessment (FSA)

It is a systematic and structured methodology, which is aimed at enhancing
maritime transport safety and the protection of life and health. It determines the

costs and benefits of risk assessment.
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Assessment of accident risks on marine vessels using the theory of uncountable

sets

When assessing safety based on the concept of acceptable risks, it is necessary
to determine the frequency of accidents related to technical operation of ships.
For this, as a rule, the so-called fault area is used, for the construction of which
it is necessary to know the data regarding the fault frequency of the constituent
elements of mechanical devices. In the presence of a sufficient number of statistical
data, the fault frequency can be determined by the relationship (Faustova 2016
:60)
where B_ the number of accidental faults; E_ observation period; ™ _ the number
of devices of the same type with the same operating conditions.

Ranking as a base element in risk assessment

There are four basic methods of risk ranking.

2.1. The critical type of faults is a quantitative indicator of risks, and it
is used for the critical analysis of individual types of faults. Fault
is an event consisting of undesirable events of varying degrees of
complexity.

2.2.The conditional value of risk is a numerical parameter
characteristic of the characteristic number of risk and is measured
within the interval 1-1000. It represents the product of three
different quantities whose values are determined by the interval
1-10. These quantities are: the seriousness of the consequences
of fault - §; the possibility of the occurrence of faults Q and the
possibility of overlooking faults D.

2.3. Criticality ranking - isan indicator that describes the systematicity
of the criticality of different types of faults by the well-known
Pareto ranking principle, that is, when there is a gradual reduction
in the volume of the considered sample. Risk level - is a quantity
that allows us to simultaneously rank all types of faults. In fact,
it represents the division of risks according to their magnitudes.
This method differs from the previous method in that the number
of categories is not equal to the number of faults.

Risk matrix
Risk matrix is widely used to define the risk category (Faustova 2016 :63). The
use of the risk matrix allows to rank such risks, which are difficult to express in

monetary units. The number of areas in the risk matrix is related to the set of
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possible manageable decisions. Naturally, the minimum number of alternative
solutions is equal to two, so the risk matrix should consist of at least two areas.

1. Risk assessment by type of insurance

Insurance companies mainly use the methodology presented in the paper
when assessing the risks of maritime transport. The essence of the methodology
is as follows: the likelihood of an accident we denote by the symbol p, the amount
of insurance fees we denote by the letter b, and the insurance premium, or the
amount that the insurance company must pay to the subject insured in case of an
accident, we denote by the letter c.

The expected profit of the insurance company consists of two parts. First - if
an accident occurs and the insurance company pays the insurance premium, then
the profit it receives will be p(b-c); Second - if an accident does not occur, then
the total profit of the company will be equal to the membership fee (1-p)b. Of
course, the insurance company signs a contract with the ship owner if the total
amount of its profit is positive.

2. Risk assessment using the method of game theory

In the theory of statistical calculation, a special indicator called “risk” has been
introduced. “Risk” shows how favorable our strategy is in the given situation,
taking into account its uncertainty. The choice of the best solution under
conditions of data uncertainty can be done with three possible options.

a. Choosing the best solution when the probability of the possible
conditions of the situation is known. In this case, it is necessary to choose a
method of action, with the use of which the average value of the expected result
is maximum.

b. Choosing the best solution when the probabilities of the possible
conditions of the situation are unknown, but we have an opinion about their
relative value. If we assume that any condition of the situation is not less probable
than the other, then the probabilities of different conditions can be considered
equal to each other and chosen according to the above method.

c. Choosing the best solution when the possible probability of the
situation is unknown.

General classification of risks (Faustova 2016, Bichou 2014, Devadze 2018)
takes into account external economic, natural-climatic, informational, technical,
technological and industrial processes. In addition, in order to assess and manage
risks in multimodal shipments, it is necessary to differentiate high-characteristic

risks. For this, let us consider the main factors that affect the shipping process,
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that is, at a separate stage of the shipping logistics chain. In particular:

- Expected risks in seaports are: meteorological factors - the ship capsizing,

accident during navigation; technical and technological factors - failure
of technical means, accident on the ship; criminogenic factors - pirate
attack, robbery; the detention of the ship is a political factor; economic

factors - penalties; human factor — an accident.

- The following risks are very common in maritime transport: failure of

the main engine, failure of navigation devices and steering mechanism,
etc.; the ship capsizing; fire, cargo loss, ship stranding. Depending
on the time of year and the area of navigation, the causes of risks are

tropical cyclones, hurricanes, tsunamis, and tornadoes.

The analysis of statistical data allows to determine the type of flow of random

events and to select a specific model that describes the quantitative indicator

of safe navigation risk assessment. The statistical theory of the solution serves

to work out recommendations for rational action in uncertain situations and to

assess the risks associated with it. The methodology is used under the following

conditions:

The accidents in emergency situations are presented as a flow of random
events, which allows us to forecast the reliability of the system;

The likelihood of emergency situations is interpreted as parametric
faults of the system;

The breakdown of vehicles and the damage or loss of cargo are among
the rare events whose distribution follows the Poisson law. Consider
the Poinson flow of stationary events, for which the likelihood that
exactly K event will occur in the time interval 7 is calculated by the
formula (Faustova 2016 :84).

Then the statistical model of safe transportation of cargo is as follows

ake—a

- PX(tT) =K} ="2

(1.3)

It should be noted that the level of safety for the movement of ships is

different in different sections of the route. It is clear that the assessment of the

accident risk on a certain route of the ship's movement depends on the safety

situation particularly on this route.
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During the period T, the intensity of accidents due to the faults in severe
climatic conditions (in force majeure circumstances) can be determined by

statistical data for any potentially dangerous area £.
EXENjie

Y(B/a) = T, (1.12)
while for the ship 1passing through this area
1 _ EEZENji.
= Saiinic’ L} 1
Y T IS, (1.13)

where XS,y — € is the number of ships passing through the area in the time
period T.

The intensity of occurrence of an emergency situation during the I period
due to bad weather conditions, force majeure or technical problems can be

calculated using statistical data (for the area £) by the formula
_ XiXjXeNjie
Jmiyap=="7, (1.17)

While for one ship passing through the area £

__ XiXjXeNjip
J®i/ap =1 55 (1.18)

where ), p 8 pr — the number of ships passing through the area £ during the
time period T.

Then the magnitude of emergency numbers can be calculated using the

following formulas

R(B;/Af)=1- "XP(—IB,./A;.’ “T,) (1.19)
R(B) =Y, P(A}) -R(B;/Af) (1.20)
R(B) = £IP(A}) - R(B;/A]) (1.21)

The accident risk price Rfcan be calculated as the product of the accident
probability P(B;/ Af) by the amount of the expected loss.

R{ = P(B;/A})- [W} de (1.22)

The presented methodology, according to which the likelihood of

occurrence of risks and accidents in an emergency situation is calculated, is the

basis for an integral assessment of risks.
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