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From Editor-in-Chief
Ivica Kuzmanić

Dear Readers,
There is before you the tenth issue of the internationally
double-blind peer-reviewed scientific journal Transactions on
Maritime Science. It is published by the Faculty of Maritime Studies
of the University of Split. As always, the Journal is published in
the printed and electronic, open access form. Our desire is for our
readers to have an easy access at minimum expense.

last paper is from the field of Maritime English with two examples
of teaching practices as performed at the maritime universities in
Split, Croatia and Gdynia, Poland.
The “Contribution” section brings you the news from the
International Maritime Organisation in London, reported by our
associate Tatjana Krilić. All the news from the past six months has
been brought.

This issue brings eight papers from several scientific areas.
The number of authors is high, 22 of those who have given their
contributions to the papers before you. They come from the
scientific institutions of Belgium, Equador, France, Italy, Poland,
and Croatia.

You will also find some news with regard to the previous
numbers. The presentation of the Festival of Science (held in 18
Croatian towns simultaneously) should be pointed out as well
as the contribution of the Faculty of Maritime Studies of the
University of Split.

In the first three papers there is a modern approach
using modelling methods to the traditional transport issues,
supported by examples from some member countries of the
European Union. In the following three papers the authors deal
with the assessment of risks of collision and pollution, basing
their research on the examples of Croatian ports of Split and
Šibenik. Radio-frequency identification (RFID) is the topic of the
seventh paper in which the authors present RFID as a technology
providing automatic identification and real time data acquisition
capabilities without requiring additional human resources. The

We have also remained faithful to another area we wish
to promote: the Croatian cultural heritage. Again a poem, this
time written by Ante Božanić, born in Komiža, island of Vis. This
contribution is presented in a bilingual form with the striking
translation by Mirna Čudić. Readers of the electronic edition can
listen to an impressive presentation of the poem by the author
in person.
We always remain in the hope that the papers we publish
will encourage your cooperation.

Ivica Kuzmanić: From Editor-in-Chief
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Data Mining and Big Freight Transport
Database Analysis and Forecasting
Capabilities
Massimiliano Petria, Antonio Pratellia, Giovanni Fuscob

Transport modeling in general and freight transport
modeling in particular are becoming important tools for
investigating the effects of investments and policies. Freight
demand forecasting models are still in an experimentation and
evolution stage. Nevertheless, some recent European projects, like
Transtools or ETIS/ETIS Plus, have developed a unique modeling
and data framework for freight forecast at large scale so to avoid
data availability and modeling problems. Despite this, important
projects using these modeling frameworks have provided very
different results for the same forecasting areas and years, giving
rise to serious doubts about the results quality, especially in
relation to their cost and development time. Moreover, many
of these models are purely deterministic. The project described
in this article tries to overcome the above-mentioned problems
with a new easy-to-implement freight demand forecasting
method based on Bayesian Networks using European official and
available data. The method is applied to the Transport Market
study of the Sixth European Rail Freight Corridor.
KEY WORDS
~~ Freight demand model
~~ Bayesian networks
~~ European freight corridor
~~ Demand forecasting

a. Dept. Civil and Industrial Engineering, University of Pisa, Pisa, Italy
e-mail: m.petri@ing.unipi.it
b. Centre National de la Recherche Scientifique, Université de Nice Sophia
Antipolis, Nice, France
e-mail: giovanni.fusco@unice.fr

Trans. marit. sci. 2016; 02: 99-110

1. INTRODUCTION AND GOALS
Transport modeling in general and freight transport
modeling in particular are becoming important tools for
investigating the effects of investments and policies, involving
large amounts of resources. However, freight demand forecasting
models are still in evolution stage (Arnone et al., 2011) for the
following reasons:
•
lower seniority (about 10 years) than the respective
passenger models;
•
high number of decision-makers to consider (companies,
shippers, carriers, logistics operators, port operators, deposits,
etc.);
•
variety of products transported (in terms of categories,
dimensions, weight, value, etc.);
•
high variability in decision-making processes;
•
limited availability of information (data often aggregated,
dated, partial, heterogeneous, etc.).
To take into account the complexity of freight transport
system, researchers have proposed a wide array of models
belonging to the aggregate or disaggregate model types
(Tavasszy, 2006) and to three different fields: the modeling of
the relationship between transportation and economic activity,
logistic decision making and processes and the link between
traffic flows and networks (Ben-Akiva et al., 2013).
Recently, European projects like Transtools (Burgess et
al., 2008) ETIS/ETIS Plus (NEA Transport research and training
BV, 2005; Chen, 2011) have developed a unique modeling and
data framework to forecast freight flows at large scale, so to
avoid data availability and modeling problems (Albert and
Schafer, 2013). Despite this, very important projects using these
modeling frameworks have provided very different results for the
same forecasting areas and years, giving rise to serious doubts
about the results quality, especially in relation to their cost and
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development time. For example, there is a very high divergence
between the results of the two projects Prog-Trans and TransTools
for truck flows (Germany in TransTools has an increase in freight
transport tonnage in 2005-2020 of about 10 % while in ProgTrans this value is about 50 %) (Petri et al., 2014).
This is a general problem for freight modeling and
forecasting, with a high-complexity analysis level applied to a
very large scale, bringing to errors many times uncontrollable.
Moreover, many of these models are purely deterministic
in results, giving no information about their estimation errors
or the probability of the occurrence of forecast values. Other
problems include forecasting different scenarios with very longterm simulations. We think that projects of national/European
importance would benefit from the contribution of probabilistic
data-driven models that take into account the uncertainties and
variability of attributes and scenarios, especially for long-term
estimates, in order to have more truthful decision-support.
There are a lot of freight demand models (Chase et al.,
2013), with some methods similar to the one adopted here
like the use of Trend Analysis/Time series or Neural Networks
(National Cooperative Freight Research Program, 2010), but
Bayesian Networks have the advantage to allow the introduction
in the model of expert knowledge and the possibility to verify
the results (Onsel et al., 2013) that are in form of an easyto-understand oriented causal graph among variables and
not complex or black-box relations, as with Neural Networks
(Floreano and Mattiussi, 1996).
The objective is mainly to understand quantitative and
qualitative aspects of future traffic demand and evaluate possible
future scenarios according to the most relevant and influencing
variables of the freight market (Meersman and Van de Voorde,
2013). We also want to overcome the above mentioned problems
with a new freight demand forecasting framework based on
Bayesian Networks and using European official and available
data. The model has to be easy to implement, not onerous and
give probabilistic results in less time, with an estimation error
similar to the more complex methods. It should be capable of
giving order of magnitude of forecasted freight flows for strategic
decision making at a very early phase of policy development, and
be complementary to more traditional, more precise, but much
more expensive freight models for later stages of the analysis.

nine rail corridors; in particular, Rail Freight Corridor 6 (RFC6)
allows railway connections among Spain, France, Italy, Slovenia
and Hungary, also providing links with rail freight corridors 1, 2,
3, 4, 5 and 7 (see violet line in Figure 1).
Regulation 913/2010 sets two main goals:
•
To develop the rail freight corridors in terms of infrastructure
capacity and performance to meet market demand on both
quantitative and qualitative layers;
•
To lay the groundwork for the provision of good quality
freight services to meet customer expectation.
Regulation 913/2010 requires the Transport Market Study
(TMS) for each freight corridor, developed according to a clear
“corridor perspective”, with a coherent structure for the entire
corridor and not as a collection of studies focused on individual
Member States. The Transport Market Study is intended as the
basis for the assessment of the customer needs.
The main goal of the TMS for RFC6 is to provide a clear
understanding of the current conditions of the multimodal
freight market along the corridor as well as to develop shortterm and long-term traffic forecasts (volumes and modal split/
modal shift) also including the effect of actions and measures
related to the implementation of the Corridor itself. Wherever
Times is specified, Times Roman or Times New Roman may be
used. If neither is available on your word processor, please use
the font closest in appearance to Times. Avoid using bit-mapped
fonts if possible. True-Type 1 or Open Type fonts are preferred.
Please embed symbol fonts as well, for math, etc. Consequently,
the Transport Market Study is aimed to:
•
Analyze the current situation in terms of transport demand
and supply and economic context;
•
Analyze the transport market in terms of customer needs
and deliver information on modal choice process;
•
Provide transport demand projections after the
implementation of the corridor itself.

2. NEW METHODOLOGY FOR FREIGHT DEMAND
FORECAST
In our study, we applied the general demand forecast
methodology to freight flows within the Transport Market
study of the Sixth European Rail Freight Corridor. The European
parliament and the Council adopted on 22 September, 2010 the
EU Regulation 913/2010 concerning the European rail network
for competitive freight. Within this framework, the EU identifies
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Figure 1.
Rail Freight Corridor 6 and its catchment area.
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2.1. Structure of the Study
The study is organized in three Phases:
•
Phase 1: Analysis of the present situation;
•
Phase 2: Survey (Releaved Preferences-RP and Stated
Prefereces-SP surveys);
•
Phase 3: Short-term and long-term transport demand
forecasts.
Phase 1 provides direct final results and creates the
background to structure, design and implement Phase 2 and
Phase 3. In particular, Phase 1 is aimed at providing a sound
analysis of the present socio-economic situation and of the
future scenario in the countries crossed by Corridor 6 within the
wider EU framework, making clear the full picture and deriving
first qualitative policy indications and guidelines.
Consequently, Phase 1 provides information in terms of:
•
Present and future economic magnitude of countries and/
or regions along Corridor 6;
•
Present transport demand across the Corridor (macro-flows
among countries and/or regions, including flows to areas not
directly served by the Corridor itself );
•
Future transport demand (at macro level) in terms of
likelihood of increase (macro potential demand and macro role
of the railway transport in terms of modal split, volumes and
values of carried goods based on the evolution of the future
competitive positioning of countries crossed by Corridor 6).
Phase 2 aims at engineering and implementation of surveys
on the decision path in the choice of transport mode. In particular,
the survey and its analysis provide a complete picture of the main
factors affecting the choice of transportation including:
•
cost of transport;
•
travel time;
•
risk of delay in delivery;
•
risk of damage or theft.
The surveys aim at several transport market actors:
•
manufacturing firms which directly organize the shipping /
receiving of goods;
•
intermediaries which organize the transport of goods on
behalf of producers and /or final users;
•
operators of rail transport networks and intermodal centers.
Based on the results of Phases 1 and 2, Phase 3 provides
estimates of freight transport that could be carried out on
Corridor 6 at different time horizons (2015 and 2030).
Phase 3 is divided into two distinct steps:
•
estimate of the total (road and rail) freight transport
demand in 2015 and 2030;
•
estimate of the modal split road / iron as a function of
hypothetical scenarios characterized by the variation of the main
features of the transport (cost, time, delay, damage / theft).
The present paper is then aimed at explaining key
quantitative and qualitative analysis of the Rail Freight Corridor

Trans. marit. sci. 2016; 02: 99-110

6 Transport Market Study. The methodology and its detailed
results regarding the data mining methods are used for the
actual state analysis (Phase 1) and for the freight trasport model
implementation (Phase 3-first step).
The key steps of the different activities based on the data
mining techniques performed and described here are:
•
the input data analysis;
•
the Decision Tree Induction model analysis (Witten and
Frank, 2000);
•
the final freight demand forecasting by Bayesian Network
models ((Pearl, 2000) and more particularly (Fusco, 2010), (Fusco,
2012) for their use as spatial strategic forecasting tools).
These steps are logically connected. The input data
analysis allows to know how each input variable influences the
actual freight flow dynamics in terms of relative growth (i.e.
percentage variation between reference years 2005 and 2010) so
as to understand which variables are directly (with the uni-variate
analysis) or indirectly (bi-variate and tri-variate analysis) related to
it. The Decision Tree classification refines this preliminary analysis
with a complex multi-variate elaboration having always the
freight flow dynamics (the evolution of the freight flows between
2005 and 2010) as target variable. Finally, the Bayesian Network
models use as input data only the most influencing variables in
order to avoid irrelevant data in the model, resulting in errors and
reduction in the forecasting capacity.
The Bayesian Networks models were finally used to forecast
freight flows in different scenarios. More precisely, the final
traffic forecasts were carried out according to three different
estimates of GDP growth for the study area: basic, optimistic,
conservative. The demand forecasting models were developed
with reference to two different geographic areas: at first, the
analyses were conducted with reference to the mobility data of
the whole European O/D Matrix, later it was decided to focus only
on the area interested by Corridor 6 and to calibrate the model
accordingly in order to obtain more reliable estimates.
2.2. The Preliminary Data Analysis
A first socio-economic analysis was made to evaluate and
estimate scenario for important input variables. For example,
population and its evolution can be considered as a proxy of
future trends for goods production and demand. Total population
is about 184 million, against the European population of about
521 million. Corridor countries’ population has been growing
faster (CAGR +0,8 %) than Europe as a whole (CAGR +0,4 %)
despite the negative trend in Hungary (Table 1).
Despite the negative impact of the economic downturn
on the relevance of historical trends, medium term forecasts (in
particular for year 2030) can provide a higher level of consistency,
neutralizing short term fluctuations. For year 2030, in real prices
GDP grows (base case) by about 28 % both for the countries
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Table 1.
Gross domestic product (bn €) and population (mil.).

GDP

Population

Zone

2008

2011

CARG %
(2003-11)

2008

2011

CARG %
(2003-11)

Spain

1.087,70

1.063,40

3,9

45,3

46,2

1,3

France

1.933,20

1.996,60

2,9

64

65

0,6

Italy

1.575,10

1.579,70

2,1

59,6

60,6

0,7

Slovenia

37,3

36,2

4,3

2

2,1

0,3

Hungary

105,5

99,8

3,8

10

10

-0,2

Europe

13.152,80

13.499,50

3,1

515,9

521

0,4

Corridor

4.738,90

4.775,60

2,9

181

183,9

0,8

Table 2.
Gross domestic product growth rates (average % change over the previous year).

Zone

2012

2013

2014

2015

2020

2025

2030

Spain (F)

-1,40 %

-1,40 %

0,80 %

1,60 %

1,60 %

1,60 %

1,60 %

France (G)

0,00 %

0,10 %

1,20 %

1,70 %

1,70 %

1,70 %

1,70 %

Italy (H)

-2,20 %

-1,00 %

0,80 %

1,30 %

1,30 %

1,30 %

1,30 %

Slovenia (I)

-2,00 %

-2,00 %

0,70 %

1,30 %

1,30 %

1,30 %

1,30 %

Hungary (J)

-1,70 %

-0,10 %

1,30 %

1,20 %

1,20 %

1,20 %

1,20 %

Europe (K)

-0,20 %

0,20 %

1,60 %

1,40 %

1,40 %

1,40 %

1,50 %

Corridor (L)

-1,10 %

-0,60 %

1,00 %

1,50 %

1,50 %

1,50 %

1,50 %

Table 3.
GDP growth rates by scenario (average % change; 2011-x).

2015
Zone

102

2030

Low

Basic

High

Low

Basic

High

Spain (F)

-0,50 %

-0,10 %

0,30 %

0,80 %

1,20 %

1,70 %

France (G)

0,50 %

0,70 %

1,00 %

1,00 %

1,50 %

1,90 %

Italy (H)

-0,70 %

-0,30 %

0,10 %

0,60 %

1,00 %

1,40 %

Slovenia (I)

-1,00 %

-0,50 %

-0,10 %

0,50 %

0,90 %

1,30 %

Hungary (J)

-0,20 %

0,20 %

0,50 %

0,60 %

1,00 %

1,30 %

Europe (K)

0,40 %

0,70 %

1,10 %

0,90 %

1,30 %

1,70 %

Corridor (L)

-0,10 %

0,20 %

0,50 %

0,80 %

1,30 %

1,70 %
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crossed by Corridor 6 and for Europe, but with significant internal
differences (France and Spain grow more; Italy, Slovenia and
Hungary grow less). GDP growth rate is assumed according to
specific annual forecasts (made available in winter 2013) for the
years 2012, 2013 and 2014 and on average trends since 2015 on
(average official long term trends to 2060, to neutralize short
terms fluctuations) (Table 2 and 3).
To cope with uncertainty in long term forecasts, low and
high sensitivity scenarios (GDP growth higher or lower than in
base case) are introduced.
The Statistical initial data analysis was carried out on the
whole road and rail ETIS Origin-Destination Freight Flows Matrix

in Europe for 2005 and 2010 years. Origins and Destinations in
this database are known at the NUTS 2 level. The original road
2005 O/D matrix has thus about 134,000 O/D pairs while the
corresponding 2010 matrix has only 102,000 O/D pairs. 88,000
O/D couples are common to the two matrices. Taking into
account only these common data (88,000 O/D pairs), we lose
around 4 % of the total flows (containing also the flows not
interesting directly for the Corridor 6). For each O/D couple, an
evolution rate between 2005 and 2010 could thus be calculated.
Together with freight flows, the starting data include twenty
variables belonging to different fields like economy, geography
and transportation summarized in Table 4.

Table 4.
List of the initial variables (in rose color the variables changing for the three scenarios are indicated (best, regular and worst).

ID

Indicator

Starting year

Forecast year
1

Forecast year
2

Scale start
year

Scale forecast
year

1

GDP (Gross domestic product) of
NUTS2i

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS2

NUTS0

2

GDP (Gross domestic product) of
NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS2

NUTS0

3

Total population of NUTS2i

2010

2010

2010

NUTS2

NUTS0

2010

2010

4

Total employment of NUTS2j

2010

NUTS2

NUTS0

5

GCF (Gross capital formation) of
NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

6

PMGS (Production of Manifactured
Goods Sold) of NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

7

PV (Production value by industry) of
NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

8

IG (Import of goods) of NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

9

EG (Export of goods) of NUTS2i

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

10

Total Freigth floes between NUTS2i
and NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS2

NUTS2

11

Minimum distance between NUTS2i
and NUTS2j

2010

NUTS2

2010

2010

NUTS2

12

Macroregion Name of NUTS2i

2010

2015

2030

NUTS1

NUTS1

13

Macroregion Name of NUTS2j

2010

2015

2030

NUTS1

NUTS1

14

NMF - Net migration flows of NUTS2i

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

15

NMF - Net migration flows of NUTS2j

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

16

Unemployment rate of NUTSi

2010

NUTS0

NUTS0

17

Transport taxation revenues of
NUTS2i (milion of €)

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

18

Transport taxation revenues of
NUTS2j (milion of €)

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

19

Diesel price of NUTS2i (€/litre)

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

20

Diesel price of NUTS2j (€/litre)

DELTA 2005 - 10 DELTA 2010 - 15 DELTA 2010 - 30 NUTS0

NUTS0

Trans. marit. sci. 2016; 02: 99-110
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This general data analysis phase explores the freight flow
dynamics and its correlation with the main variables, some of
which are normally used in Transport Distribution Models (like
distance, population and GDP) while others are not included in
these models but can be used in data-driven Bayesian Network
learning (for example, unemployment rate, variation of origin
export, and destination import, or binary variables, like the
belonging to the EU) (Caplice and Phadnis, 2010).
The initial data analysis is divided into three parts of
increasing complexity: orthogram, bi-variate and tri-variate
analysis. The following analyses concern only the road and rail
freight flows because they are the most interesting for Corridor 6
study area (Figure 1).
The first part of the preliminary data analysis uses some
correlation tools at different complexity level; for the simplest
part, some bi-variate correlation analysis has been elaborated,
for example:
•
Distance – Delta flow 2010/2005
•
Population 2010 – Delta flow 2010/2005
•
Unemployment 2010 – Delta flow 2010/2005
•
Delta Export 2010/2005 – Delta flow 2010/2005
Increasing the complexity, a tri-variate analysis has been
elaborated as for the correlation between Origin Delta GDP,
Destination Delta GDP and Delta flow 2010/2005.
Before using data mining methods, there has been,
moreover, implemented an Orthogram analysis, e.g. for the two
following variables: UE Belonging - Delta flow 2010/2005.

The bi-variate analysis shows that the correlation of freight
flow dynamics is practically absent both with the distance
between Origin and Destination (measured in kilometers on
the transportation networks), with Origin Population, with
unemployment rate at the Origin or with the Origin Export
Variation and with the Destination Import Variation (Import and
Export variations are known at the country level).
The tri-variate analysis correlates simultaneously the freight
flow variations with Origin and Destination GDP variations. The
3D scatterplot, with a smoothing interpolation effect (Figure 2)
indicates an overall positive correlation between these three
variables with more specific local trends. The results of the trivariate variables analysis is shown in Figure 2.
To better understand this last point, two 2D scatterplots
are extracted from the 3D diagram (Figure 3). The correlation is
similar for the destination and origin GDP variations. Curiously,
a positive flow growth characterizes even the negative GDP
Variations, showing for some countries an inverse correlation,
which could indicate a profound restructuring of the economy
following the integration in the European market. More than
linear flow growths are to be observed beyond 75 % of GDP
increase rate (more evident for Origin than Destination).
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Figure 3.
The results of two bi-variate analysis corresponding to
the previous tri-variate one.

Figure 2.
Smoothing interpolation of 3D Scatterplot between
Origin and Destination GDP growth and freight flow
variation.
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The orthogram analysis (Figure 4) allows studying the
correlation between different kinds of variables (categorical and
numeric for example).
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Figure 4.
The orthogram analysis (freight flow variation are indicated in percentage).

The analysis shows that 2005-2010 freight flow variation is
correlated with the belonging or not of each area to the EU: there
is a clear distinction between areas belonging to the EU and
other areas. EU countries have more stable freight flows, while
non-EU countries have opposite behaviors with some of them
showing a big increase of freight flows and others a considerable
decrease. These bi-modal behaviors are difficult to model with
classical Transport Distribution Models. This first analysis already
shows the interest of using different, more exploratory methods
like Decision Tree Induction and Bayesian Network modeling.
2.3. The Decision Tree Induction Classification
Decision Tree models are useful multivariate classification
instruments allowing analysis of data correlation on the basis
of a target variable, O/D freight flow relative growth. Moreover,
instead of regression models, where we need to hypothesize a
shape of the correlation (linear, cubic, exponential, etc.), Decision
Tree models do not require any assumption and give more than
one type of correlation. Finally, the IF THEN framework is very
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useful and understandable for users and Decision Tree models
can be used as a preliminary phase for the Bayesian Network
modeling in order to understand the most influential variables to
simulate the target one. Decision Trees Induction is an inductive
classificatory technique belonging to the Data Mining and to the
Knowledge Discovery in Database fields. It will be applied to the
complete list of variables (Table 4), keeping the O/D freight flow
relative growth as target variable.
The extracted classifier has a percentage of Correctly
Classified Instances of about 38 %, which appears relatively
inaccurate. However, the analysis shows two main points:
•
the classification ability is higher for the first and last flow
variation classes and for the class nearest to zero;
•
once again, distance (DIST_2010) between the individual
Origins and Destinations does not have a relevant influence.
The analysis suggests introducing new variables so as to add
detail in the information (GDP at NUTS 2 Level, Internal, Belonging
to EU and others) and to add interaction between territorial
dimensions at NUTS2 and NUTS0. The new variables are:
•
Internal (indicates if an O/D couples belong to the same
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country);
•
No_EU (indicates if an O/D couples belong to EU countries
or not);
•
Delta GDP 2010-2005 at NUTS2 level;
•
Flow 2005 (to indicate flow level before the 2008 economic
crisis);
•
EU15_CH_NO (indicate whether a flow belongs to the 15
EU member states before 2004 plus Switzerland and Norway);
•
Weight of the exit flow for a given origin = Fij/Fi.;
•
Weight of the entry flow for a given destination = Fij/F.j;
•
Weight of exports to Country J from i = FiJ /Fi.;
•
Weight of imports from Country I to j = FIj/F.j
where FiJ means total flows from NUTS2 i to all Country J,
while F.j means total exit flows to NUTS2 j.
Introducing these new variables, the extracted Decision
Tree identifies the variable “weight of the exit flow” as the most
important one and shows the relatively chaotic evolution of flows
for the non-EU countries. Decision Trees results for the whole ETIS
O/D Matrix describe a non-unique freight traffic evolution with
different variables explaining the flow growth for each country
and mainly different from the countries being or not among the
early EU member states. The only shared important variable is the
weight of the exit flow (Fij/Fi) showing the relative importance of
the economic relation between the origin and destination areas
with respect to all the exit flows.
The Decision Tree extracted from the same variables but
including only O/D flows belonging to the area of interest for
Corridor 6 shows clearly two different dominant behaviors:
•
the first is related to the countries with more stable economy
and freight market, where the only element that explains the
freight dynamics is the actual weight of the outgoing flows (this
concerns more than 50 % of the total flows);
•
the second is the already noted bi-modal behavior.
2.4. The Bayesian Network Forecasting Model
The Decision Tree technique produces knowledge only for
the pre-processing phase. This limit of the technique is mainly
due to the difficulty of the application of the rules extracted from
the sample to the whole population:
•
firstly, it is possible that a combination of conditional
attributes never occurred in the extracted rules (IF part), whereas
it can be present in the prevision dataset; the problem would then
be to compute the relative conditional probability distribution;
•
secondly, it could also be possible not to find a rule exactly
identical (in the IF part) with the record to be classified: this
problem can be solved only with the search of an attribute set
close enough to the one to be classified.
Due to these possible situations, the extracted influent
variables were used as input variables to implement a Bayesian
Network. Bayesian Networks are more suitable to predict
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phenomena due to their robustness (they can couple statistical
robustness from data mining to expert knowledge directly
implemented in the model, whereas Decision Trees are only based
on data frequencies) and the possibility to make probabilistic
inference so as to have probability values attached to predictions.
Even in the absence of expert knowledge (as in our application),
prior probabilities in the network initialization produce non-null
probabilities for combination of attributes that are not present
in the learning data-base. Through Bayesian learning algorithms
from data (Jensen, 20011), the model links the variables in acyclic
and directional graphs, showing their reciprocal influence in a
cause-effect relationship between “parent” and “child” nodes.
Finally, a conditional probability table is calculated for each
dependent variable (with incoming link in the node), detailing the
probabilistic relationship between the values of the “parent” and
“child” variables. Unconditional probability tables are calculated
for independent variables (without incoming links in the node).
Learning algorithms search for the best possible combination
of structure (links among nodes) and parameters (probability
values in the tables) within a subspace of possible solutions. The
best solution is found through likelihood maximization, knowing
the empirical data.
Different Bayesian Network models were calculated from
data covering the whole ETIS O/D Matrix, or just the area of
interest for Corridor 6. Continuous variables were discretized in
eight classes of equal frequencies (other discretizations were also
attempted). Each model allows probabilistic inference of O/D
freight flow relative growth between 2005 and 2010 from 2005
and 2010 data. Under the assumption of model stationarity, the
probabilistic relationships embedded in the model can be used
to infer O/D freight flow relative growth between 2010 and 2015
(end hence 2015 freight flows) from 2010 data and scenarios on
2015 data. A more problematic stationarity assumption was also
used in order to forecast 2030 freight flows.
1) The forecast for the whole ETIS O/D matrix
The final model for the whole ETIS O/D Matrix (Figure 5)
shows that the most important variables in order to forecast
freight flow relative growth are the GDP national growth in the
country of origin (NUTS2 GDP growth had too many missing data
to produce statistically significant links in the model) and the
relative importance of the outflow for the origin (weight of the
exit flow Fij/Fi.). The mutual information analysis (resumed by the
position of each node within the model) shows a clear clustering
of economic (with internal circle in dark grey) and geographic
(without internal circle) variables.
A first validation of the extracted Bayesian Network
concerns its predictive power in inferring the value of the target
variable of flow relative growth knowing the other variables. The
resulting confusion matrix shows that the model can predict
values of the target variable with a total precision of 25 % when
considering the prediction of the exact variation class, but of
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more than 50 % when considering prediction of the right class
or of the two (eventually one) nearest ones (flow growth rates
are discretized in eight classes). The second validation tests the
model generalizability (or presence of over-fitting problem)
through a ten-fold cross validation (i.e. the iterative use of 9/10
of the total O/D data to build the network and 1/10 of the total
O/D data to validate it). The results of cross validation are very
similar to the initial model, which leads us to the conclusion
that the model does not have particular over-fitting problems.
During the cross validation, another validation of the model
regards the stability of its network structure (called confidence
analysis) and relative variable dependencies (represented by the
arc connections) in the ten simulated networks. The arcs directly
connected with the target variable (flow growth) remain always
the same and are present in all the networks produced within the
cross validation (100 %).
The first problem of this methodology arises when we need
to use the probabilistic results of the Bayesian Network inside the
Discrete Choice model (Ben-Akiva and Lerman, 1985), which is

based on deterministic values of total demand and, on the basis
of Revealed Preferences / Stated Preferences interviews (RP/SP,
(Danielis and Rotaris, 1999)), elaborates probabilistic results on
the modal split. In our application, the modal split predictions are
carried out using the weighted average of the median value of
each flow variation class. An example is shown in Figure 6 with
the probability distribution for the target variable freight flow
growth. For each of the eight classes, the central value is reported
in the right column and is used to calculate the expected mean
value (-26.17 % in the example) as the weighted average (on the
predicted probabilities) of the mean class values.
Once the Bayesian Network model is calibrated for 2010
(base year), scenario values can be defined for 2015 and 2030
for the main economic variables. Subsequently, the most
probable values of freight flow growth can be inferred through
the Bayesian Networks for the O/D couple in 2015 and 2030. The
scenarios for the economic variables are as follows:
•
Base scenario: 2015 and 2030 forecast baseline (natural
development of the market from the current situation);
•
Optimistic scenario: GDP growth forecast increased by       
30 %;
•
Conservative scenario: GDP growth forecast decreased by
30 %.

Figure 6.

Figure 5.
The Bayesian network model (whole ETIS O/D Matrix).

Bayesian network (whole ETIS O/D Matrix): evaluation
of the mean flow prediction.

Table 5.
Demand forecast (whole etis o/d matrix) for 2015 and 2030 scenarios.

YEAR

Freight flows (road and rail) of the whole ETIS O/D Matrix

2005

17.752 milions of tons

2010

16.229 milions of tons

2015

16.367 - 17.037 milions of tons

Delta 2010 - 15: 0 %: +5 %

2030

19.530 - 26.167 milions of tons

Delta 2010 - 30: +20 %: +61 %
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2) The forecast for the Corridor 6 study area
A second Bayesian Network model was developed more
specifically for the area concerned by Corridor 6. Flows are
grouped as follows:
•
Internal, with Origin AND Destination in Corridor zones;
•
Exchanges, with Origin OR destination in Corridor zones;
•
Transits, with Origin AND Destination outside of Corridor
zones.
Once again, on 5-year and 20-year stationarity assumptions
freight flows were inferred for 2015 and 2030, using the most
probable values of flow relative growth. The forecasts for Corridor
6 flows (see Table 6 and Figure 7) show that the flow variation
in 2015, relative to 2010 base year and considering the three
scenarios, lies between -1 % (conservative scenario) and +10 %

(optimistic scenario) with very low probability of having total
flow decrease and high probability of having total flow increase,
although small in quantity. The results of the demand forecast
for 2030 show a general long-term increase of traffic flows
with high percentage variation from the conservative scenario,
with a 27 % of increase to a 96 % of increase for the optimistic
one. It is very difficult to verify these results. We thus tried to
compare our results with those produced by a recent work by the
French Ministry of the Environment (Ministère de l'Écologie, du
Développement durable et de l'Énergie, Direction des Transports
Terrestres-Bureau d’Informations et de Previsione Economiques,
2005). This is one of the few comparable works to ours, in terms
of geographical extension of the study area.

Figure 7.
Road and rail flows in the corridor 6 catchment area (including transit).

Table 6.
Evolution of freight flows concerning corridor 6 catchment area (including transit).
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YEAR

Freight flows (road and rail) of interesting O/D couples

2005

217 milions of tons

2010

233 milions of tons

Delta 2005 - 2010: +7,3 %

2015

230 - 256 milions of tons

Delta 2010 - 15: -1 %: +10 %

2030

297 -457 milions of tons

Delta 2010 - 30: +27 %: +96 %
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Table 7.
Comparison of evolution of freight flows through pyrenees between the french study and the etis real values (values in
million tons).

ETIS 2005

Study on freight flows through Pyrenees - 2010 estimates
Low scenario

High scenario

12,5

13,5

10,86

The study on freight flows through the Pyrenees predicts
the following annual average freight flow growth rates between
the Iberian Peninsula and the rest of Europe between two
scenarios: 2.9 % (low scenario) and 4.5 % (high scenario).
By applying these growth rates to the observed 2005
freight flows within the area of interest for Corridor 6 (data
derived from the 2005 ETIS O/D matrix), the estimated 2010 road
and rail freight flows from the Iberian Peninsula to the rest of the

ETIS 2010
11,68

catchment area of Corridor 6 would be much higher than the
ones actually recorded within the ETIS 2010 O/D Matrix (Table 7).
Table 8 provides a comparison between 2015 and 2030
forecasted freight flows in the two studies (the study of freight
flows through the Pyrenees provides estimates for 2025, but due
to the hypothesized linearity of the evolution, it was possible to
determine the “most probable forecast” for 2030).

Table 8.
Comparison of prevision of freight flows through the pyrenees between the french study and our results (values in
million tons).

YEAR

Freight Transport of Pyreneer' study - Estimates 2010

Our study on RFC 6

Low scenario

High scenario

Conservative

Regular

Optimistic

2015

14,8

16,9

11,5

11,9

13,6

2030

22,7

32,6

16,3

17,3

24,4

3. CONCLUSIONS AND FUTURE DEVELOPMENTS
The data-driven methodology applied in this work seems
to be very promising from many points of view. Firstly, the data
it needs are easy to find from official European level sources
(even if more complete economic data-bases at the NUTS 2 level
could have improved the performance of our models). Secondly,
because of its simplicity, the methodology is applicable in the
short term through model updating by incremental learning
or new model development; it will thus be possible to update
forecasts as new data are available and to follow multi-temporal
economic dynamics. Moreover, the Bayesian Network framework
adopted allows the recognition of different flow evolutions
(which is similar to having multiple transport distribution
system equations with different calibrated parameters) and their
application in the forecasted scenarios. In addition, a comparison
of the results with some official studies shows that our results are
acceptable estimates.
The starting database for this first application covers two
base years, 2005 and 2010, which are a very particular period
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for the European economy (arrival of new member states in
2004 and deep economic crisis after 2008), with some peculiar
correlations and dynamics among economic, transportation
and social variables. Availability of the 2015 version of the ETIS
database will allow data-driven model development over the
2005-2015 period, which should produce more reliable results.
Of course, the development of new infrastructures or geoeconomic dynamics (entrance of new member states in the EU)
will always be exogenous to the model and the use of time or
cost-distances could be used instead of km-distance to better
model the impact of transportation networks on the study
area. Finally, the stationarity hypotheses on the links between
economic, geographic and transportation variables are much
more appropriate for a short-term forecast (5 years) than for longterm ones (20-30 years).
A further point to be developed is the link between the
total demand forecast and the following modal split scenarios.
The use of average prediction values necessary for this further
methodological step involves the loss of the richness of the
Bayesian Network results, i.e. the probability distribution of
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the estimated flow demand. We are presently trying to use
Montecarlo simulation approaches (Train, 2009) in order to
extract a large number of possible deterministic demand values
from the demand probability distribution. Subsequently, a modal
choice probabilistic distribution will be derived from each of these
values. It will then be possible to estimate an overall probability
distribution for flows by mode and the results will be expressed
in terms of values accompanied by statistical parameters such as
mean, variance and quartiles. The methodology is similar to that
used in Mixed Discrete Choice Models.
Another option would be to develop the entire demand
forecast, i.e. the generation and the modal distribution of freight
flows, within the Bayesian Network framework. It will then be
possible to preserve a consistent probabilistic approach for flow
estimation by transport mode.
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Forecasting Transport Mode Use
with Support Vector Machines
Based Approach
Ivana Semanjskia, Angel J. Lopeza,b, Sidharta Gautamaa
Since information and communication technologies have
become an integral part of our everyday lives, it only seems
logical that the smart city concept should attempt to explore the
role of an integrated information and communication approach
to city asset management and raising the quality of life of its
citizens. Raising the quality of life relies not only on improving
the management of a city’s systems (e.g. transportation system)
but also on the provision of timely and relevant information to
its citizens to allow them to make better informed decisions. This
requires the use of forecasting models. In this paper, a support
vector machine-based model is developed to predict future
mobility behavior from crowdsourced data. Crowdsourced data
are collected through a dedicated smartphone app tracking
mobility behavior. The use of a forecasting model of this type can
facilitate the management of a smart city’s mobility system while
simultaneously ensuring the timely provision of relevant pretravel information to its citizens.
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1. INTRODUCTION
The influence of information and communication
technologies (ICT) on transport planning is nothing new. On the
one hand, transport planning involves multiple complex models
attempting to generalize the dynamic features of human and
cargo movement, the need for mobility and predict the future
state of the system. On the other hand, the ICT are in a continuous
state of development, with ever increasing processing powers
and calculation capabilities, innovative protocols and a growing
number of available sensors. Thus, the integration of ICT tools into
the transport planning process is doubly challenging and requires
constant synchronization of available technology and transport
planning needs. Much has been done in this field over the last
decades and particularly in recent years, when the integration
of the role of ICT at a higher level enabled the development of
smart cities (Tranos and Gertner, 2012; Neirotti et al., 2014; MarsaMaestre et al., 2008; Beswick, 2014; Alonso and Rossi, 2011; Atzori
et al., 2010; Nam and Pardo, 2011; The Climate Group, 2011). In
this context, location acquisition technologies are an important
basis for smart city applications (Lazaroiu and Roscia, 2012; Lu and
Liu, 2012). As an urban development concept, smart cities aim
to safely incorporate ICT solutions into city asset management
(e.g. local departments’ information systems, transportation
systems, hospitals, power plants, water supply networks, waste
management etc.). The purpose of building a smart city is to
raise the quality of life of its inhabitants by using technology
to improve the efficiency of services and enable both policy
makers and citizens to make better informed decisions. When
it comes to the transportation aspect of smart cities, location
information acquisition is often supported by Global Navigation
Satellite System (GNSS) data. The GNSS is a constellation of
satellites providing signals from space transmitting positioning
and timing data to GNSS receivers. The receivers then use
this data to pinpoint locations. Probably the best know GNSS
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system is the Global Positioning System (GPS) developed by
USA’s NAVSTAR, but other systems like Russian Global'naya
Navigatsionnaya Sputnikovaya Sistema (GLONASS) and Chinese
BeiDou Navigation Satellite System are also operational, while
others still, like European Union’s Galileo system, are on their
way to provide global coverage. Literature provides interesting
examples of GNSS use in the extraction of origin-destination
(OD) matrices (Pulselli et al., 2006; Novak et al., 2013; Järv et al.,
2014; Iqbal et al., 2014), validation of travel behaviour models
(Liu et al., 2014; Yuan et al., 2012) or rush hour analysis (Bar-Gera,
2007; Järv et al., 2012). Furthermore, when analysing the use
of GNSS data in mobility studies, we can differentiate between
the implementation of (a) a dedicated GNSS sensor and (b) an
integrated GNSS sensor. The former usually refers to a dedicated
sensor placed into a vehicle or a portable GNSS device carried
by an individual to log his mobility behaviour. These studies
are usually based on limited samples (e.g. due to the degree
of discipline required from respondents to carry the device
with them) or take only some modes of transportation into
consideration (e.g. the device only tracks motorised vehicles).
The latter involves the embedding of GNSS chipsets into devices
that are not primary dedicated to positioning. Probably the most
common device of this type is a mobile phone (Semanjski and
Gautama, 2016). Since mobile phones have several integrated
sensors (e.g. cameras, accelerometers etc.) and we usually carry
them with us without giving it a second thought, they have the
potential to overcome the above mentioned limitations and
provide a variety of valuable datasets for mobility studies. These

datasets are most frequently referred to as crowdsourced data.
Nevertheless, little is known about the potential of crowdsourced
data for smart city mobility management and even less about
the context of personalized mobility services and the interaction
between a city and the users of its transportation system.
Since only scarce literature tackles this idea (Semanjski and
Gautama, 2015; Semanjski et al., 2016), the contribution of this
paper to this line of research is the use of crowdsourced data
from smartphones and a support vector machine algorithm to
forecast the mode of transportation one will use for an upcoming
trip. Forecasting is based on a set of given conditions (location,
purpose of the trip, time of day, etc.). This could potentially serve
as the basis for an application which could be used to indicate
relevant intended mobility behaviour in a timely fashion,
allowing the obtainment of relevant transportation information
and supporting the process of making better informed mobility
related decisions. Furthermore, these information could also be
used to support smart city mobility management by ensuring
timely management of transportation-related activities and
services.
2. METHOD AND DATA
2.1. Data Collection
Data on mobility behavior was collected using an Android
smartphone application, Routecoach (Ghent University, 2016),
developed at Ghent University in Belgium. The Routecoach

Figure 1.
Location of the city of Leuven in the Flanders region.
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application was a part of the sustainable mobility campaign in
the Flemish-Brabant province. The main goal of the campaign
was to develop a transferable evaluation and planning toolkit
for mobility projects capable of being adopted by planners (New
Integrated Smart Transport Options, 2016). The data collection

process lasted from January to April 2015. A total of 8,303
users actively participated by downloading the freely available
application and collecting the data on more than 30,000 trips.
In our analysis, we used a part of the overall dataset that
included ‘interactively’ (also called ‘actively’) (Semanjski and

Figure 2.
Geo interface for data validation and quality control.

Gautama, 2016) logged trips in the city of Leuven. The city of
Leuven (Figure 1) is the capital of the Flemish-Brabant province,
located about 25 kilometers east of Brussels (the capital of
Belgium). The two cities are well-connected by roads, railway and
a bike highway. Leuven is a very dynamic city with a lot of traffic
and related traffic congestion. The use of public transportation
(only bus is available) in the city has seen a fivefold increase
in the last 20 years. Also, cycling is a very popular mode of
transportation, with the share of 17-20 % (New Integrated Smart
Transport Options, 2016).

Figure 3.
Modal split (validated trips).
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Our sub-dataset consists of 17,040 validated trips created
by 292 individuals, meaning that each individual made around
60 trips in average. The greatest number of trips were made by
car and the smallest by public transportation (Figure 3). The
distribution of validated trips over 24 hours clearly indicates
morning and afternoon peaks (Figure 4).
Detailed description of attributes collected for each trip is
given in Table 1.
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Figure 4.
Modal split (validated trips).

Table 1.
Description of variables.
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Variable

Acronym

Description

User’s ID

userid

Unique identifier of the user/device

Trip’s ID

tripid

Unique identifier of the trip

Trip’s start time

starttime

Year, month, day, hour, minute and second when the trip started

Trip’s stop time

stoptime

Year, month, day, hour, minute and second when the trip ended

Trip’s start location

startpoint

Geographic location of the trip’s starting point

Trip’s end location

endpoint

Geographic location of the trip’s destination point

Distance

distance

Distance between the trip’s starting and destination points
measured in kilometres

Mode of transportation

transportmode

Mode of transportation used for the trip

Purpose of the trip

purpose

The purpose of the trip made (go to work, shopping, recreation,
school…)

Working day identification

weekday

Boolean value indicating whether the trip started on a working
day

Holiday identification

weekend

Boolean value indicating whether the trip started on a holiday
or weekend
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2.2. Classification of Support Vector Machines
Support vector machines (SVM) are a supervised
machine learning algorithm based on the concept of decision
hyperplanes. The decision hyperplanes separate observations

that have different class membership. The observations can
frequently not be easily separated, and mathematical functions
(kernels) are used to map them in order to differentiate between
the classes. First, the training dataset is used. The training dataset
is a dataset in which class membership is know in advance for

Figure 5.
Success rate in relation to the trip lengths.

each observation. The purpose of this dataset is to train the
model and select the best possible decision hyperplanes. Then a
new dataset is introduced (test dataset) to test the success rate of
the first step. This dataset also has known class membership and
serves for objective evaluation of the model (since model was
not trained with it). A more detailed overview of SVM algorithm
can be found in literature (Ćavar et al., 2011; Joo et al., 2015;
Vlahogianni, 2015).
In our study, we divided the complete dataset into two
parts; 75 % of the dataset was used as training and 25 % as test
dataset. Sampling was random and an insight into the distribution
of trip lengths between training and test dataset reveals a quite
balanced representation of different trip lengths in both samples
(Figure 5). The input dataset consists of trip observations for each
individual, with each trip considered to be a distance between
two locations passed by a single mode of transportation. Each
trip is described with variables listed in Table 1.
For the SVM classification we applied the C-SVM type. The
forecasting minimization error function for the applied C-SVM is
defined as:

1
N
w T w + C ∑i=1 ξi
2
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(1)

subject to constraints:

Yi ( w T Φ ( xi ) + b ) ≥ 1 - ξ i

(2)

ξi≥0

(3)

Where i=1, …, N , C is the capacity constant, w represents the
vector of coefficients, b is a constant, and ξ i are parameters for
handling non-separable inputs and Φ stands for kernel function.
Kernel function used in our example is radial basis function that
transforms input to the feature space as defined by equation (4):

K ( Xi, Xj ) = Φ ( Xi ) ∙ Φ ( Xj ) = Xi, Xj

(4)

The value of parameters C and γ is defined in the training phase
based on the results of tenfold cross-validation. The obtained
values were 3 for C and 0.2 for γ. The output variable of the model
was the mode of transportation to be used for the next trip and
forecasting time frame was one hour.
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3. RESULTS

Table 2.

The overall success rate of the forecasting model was
82 % (Table 2). The most challenging part was to create decision
hyperplanes capable of differentiating between trips made by
personal car, bike and public transportation (bus), since this
resulted in more than 1,000 support vectors for bike and car
transport modes.
Considering each mode of transportation separately
(Figure 6), the use of a personal vehicle was the easiest to
predict. A detailed look into the confusion matrix reveals the
occurrence of miss-classifications between the bike, car and
foot modes of transportation (Figure 7). In most cases, trips
predicted to be made by car were forecasted to be made by bike
or on foot. Potentially, taking weather conditions into account
might provide a wider context for the miss-classifications and
the phase model could be extended to integrate such insights.
Furthermore, Figure 8 and 9 provide more details on the purpose

Model results.

Kernel type

Radial Basis Function

Classification accuracy

81.87 %

Number of SVs

2921 ( 1 bounded)

Number of SVs ( BIKE )

1187

Number of SVs ( BUS )

687

Number of SVs ( CAR )

1033

Number of SVs ( FOOT )

5

Number of SVs ( TRAIN )

9

of the forecasted trips. Quite different distributions indicate the
importance of the availability of information on the purpose of
the trip for predicting the mode of transportation to be used.

Figure 6.
Model’s success rate by modes of transportation.
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Figure 7.
Purpose of trips for which mode of transportation was incorrectly forecasted.

Figure 8.
Confusion matrix.
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Figure 9.
Purpose of trips for which mode of transportation was correctlly forecasted.

4. DISCUSSION
Although the implemented SVM model has quite a high
success rate (82 %), there is still room for the improvement of
forecasting results by additional extensions and considerations
based on the gained insights. Firstly, since the model yielded
a correct forecast in just above eight out of ten trips, when
implemented to provide pre-travel information, it could be
useful to provide information on two modes of transportation
most likely to be used. This could increase the relevance of model
outcomes to the user and have a decisive role when the user
is considering more than one option. Furthermore, this would
also allow the integration of such information into the city’s
transport management system and their coordination with the
city’s preferences. For example, if the city wishes to promote a
new public transportation line or bike route, it could give these
options additional weight in the model so that this information is
provided to the user whenever a feasible route using promoted
options exists. In addition, the highest degree of confusion was
created between the use of a personal vehicle and active modes
of transportation like bike and foot, which are at the far ends of
the sustainable mobility spectrum. The context in which miss-
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classified trips occurred is worth further study in future research.
Potential reasons include unfavorable weather conditions when
users are more prone to use personal vehicles and different trip
purposes (e.g. one is more likely to use a personal vehicle to dropoff multiple family members than for recreation purposes). The
former reason can be successfully examined by fusing weather
data with the crowdsourced dataset. It could provide a broader
context for the occurrence of confusion. The latter requires
knowledge of the purpose of the trip. As forecasting timeframe
was one hour, the purpose of the trip can be presumed to be
known in advance. However, unless this information is indicated
by the user, the purpose of the trip must also be forecasted, which
contributes to the complexity of the model and might influence
the success rate of the forecast. Therefore, it could be beneficial
to examine the complementarity of trip purpose forecasting
models with transport mode forecasting in more detail and
evaluate added value they give to each other.
Compared with results from literature (Semanjski and
Gautama, 2015) where gradient boosting trees were used to
forecast mode of transportation to be used for the next trip, our
results achieved with the support vector machines-based model
have a 10 % higher success rate. This shows the potential for
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the expansion of the support vector machines-based model to
incorporate other data sources and be successfully implemented
to support smart city mobility planning and managing process.
5. CONCLUSION
The support vector machines-based model had the success
rate of 82 % in forecasting the mode of transportation to be
used for the next trip. The implementation of this model into
smart city mobility system management and planning processes
clearly has high potential, since it can result in the development
of a more advanced pre-travel information service. Furthermore,
the insights gained are already indicative of potential future
expansions of the model which could increase the usability of the
output results and their relevance to end users.
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Travelled Distance Estimation for
GPS-Based Round Trips
Car-Sharing Use Case
Angel J. Lopeza,b, Ivana Semanjskia, Dominique Gillisa,
Daniel Ochoab, Sidharta Gautamaa
Traditional travel survey methods have been widely used
for collecting information about urban mobility although Global
Position System (GPS) has become an automatic option for
collecting more precise data of the households since mid-1990s.
Many studies on mobility patterns have focused on the GPS
advantages leaving aside its issues such as the quality of the data
collected. However, when it comes to extract the frequency of the
trips and travelled distance, this technology faces some gaps due
to the related issues such as signal reception and time-to-first-fix
location that turns out in missing observations and respectively
unrecognised or over-segmented trips. In this study, we focus
on two aspects of GPS data for a car-mode, (i) measurement
of the gaps in the travelled distance and (ii) estimation of the
travelled distance and the factors that influence the GPS gaps.
To asses that, GPS tracks are compared to a ground truth source.
Additionally, the trips are analysed based on the land use (e.g.
urban and rural areas) and length (e.g. short, medium and long
trips). Results from 170 participants and more than a year of GPStracking show that around 9 % of the travelled distance is not
captured by GPS and it affects more short trips than long ones.
Moreover, we validate the importance of the time spent on the
user activity and the land use as factors that influence the gaps
in GPS.
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1. INTRODUCTION
Traditional travel survey methods have been widely used in
transportation research as a tool for collecting information at an
individual or household level (e.g. description of demographics,
travel patterns, trip purpose and mode choice) (Handy, 1996).
Yet, respondents have the tendency to omit short stops such
as the post office and ATM and when it comes to numerical
answers, travel time is rounded to simple values like 10, 15,
30-minute interval. Similar happens to the travelled distance
(Wagner, 1997). Nonetheless, since the introduction of the Global
Positioning System (GPS) and its first adoption in transportation
studies in mid-1990s, where Wagner (Wagner, 1997) reports one
of the first studies that uses GPS for collecting information of 100
households through logger devices installed in their vehicles, it
has been extensively used in combination with others datasets.
Studies (Yalamanchili et al., 1999; Draijer et al., 2000; Wolf et al.,
2000) have already demonstrated the possibility to use GPS
data in Transportation research by capturing the characteristics
of different types of trips. Later studies (Bolbol et al., 2012;
Schuessler et al., 2015) evaluated the use of processed GPS
data for both trip tracking and transportation mode detection
without the support of questionnaires. Their results showed that
trip identification deviates slightly from the census data, whereas
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for mode detection it was not possible to distinguish between
transportation modes with similar speed such as bus and car trips.
Trip reporting and therefore travelled distance are challenging
issues that can be achieved by detecting the transition between
transportation modes although, if many transitions are detected
for a single-mode trip, it turns out in over-reporting of trips and
under-reporting of distance. In other studies (Zhang et al., 2013;
Zheng et al., 2010), where the GPS trajectories are split using
features such as speed and distance, it applies a good commonsense knowledge of the world describing that the start and end
points of a walk segment may be changes of transportation
mode. Liao et al. (2007) use the probabilistic approach to
estimate those changes. Zheng et al. (Zheng et al., 2008) show
that extracting trip frequencies is a challenging task despite his
method’s classifying transportation-mode with an accuracy of
76 %, the precision for trip counting is below 30 % due to the
over-segmentation, which actually shows that many studies
report the classification error as a proportion of miss-classification
regardless the over-segmentation. A way to overcome that is by
merging the consecutive trips with similar transportation mode
using heuristics on the distance and time between trips or by
smoothing the classification outcomes (Lopez at al., 2015).
However, signal reception and time-to-first-fix (TTFF) are
well known issues of GPS, both of them affecting the reported
distance (Flamm et al., 2007). Signal reception is mainly influent
for external factors that can block or reflect the signal, it can
lead with either signal loss due to poor satellite reception (e.g.
underground travel, bridges and tunnels) or multi-path errors
referred to as urban canyoning errors because they appear
in urban canyons where the signal is reflected by buildings
(Schuessler and Axhausen, 2008). TTFF also referred to as cold /
warm start is the delay in getting the first observation when the
GPS device has been off for a period of time, which turns out in
missing observations at the beginning of the trip (Stopher et al.,
2005).
In this study, we use tracking data from a fleet of shared
cars to (i) assess the gaps present in the GPS-based distance and
their possible effect in mobility studies, and (ii) to estimate the
travelled distance and the relevant factors that influence the
GPS gaps. To accomplish the previous points, we need a ground
truth source that reports the driven kilometres when the car is
used, therefore the odometer-sensor is chosen and its data is
accessible through the Controller Area Network bus (CAN-bus)
(I. S. O. Standard, 1993). CAN-bus is known as a protocol for
high performance and high reliable serial communication links
between electronic control units (e.g. sensors), and it is mainly
used in the field of automotive and industrial control applications
(Turski, 1994). CAN-bus has been used together with GPS data
to estimate mobility parameters in off-road vehicles such as
resistance force and wheel slip under different terrain conditions
(Suvinen and Saarilahti, 2006), where a GPS logger was used to
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gather the ground speed and trajectory; and the gross power and
rotational speed were extracted from the CAN-bus. Furthermore,
given that GPS trajectories are spread across different type of
land use, we use a Geographic Information System (GIS) to make
a distinction between trips in urban and rural areas.
The remainder of this paper is organised as follows. Section
2 describes the datasets and methods for assessing GPS gaps
on the car mode. Section 3 presents the case study and the
outcomes of this research and Section 4 summarise the findings
by drawing conclusions on it.
2. METHODOLOGY
The data from the present research is drawn from two
sources (a) a car-sharing company named Cambio (Cambio
Belgium a Car-sharing Company, 2016), which started its
operation in Belgium in 2002 and at present (June 2016) it is
available in 35 cities with 369 stations, 862 cars and more than
24,000 users. Cambio provided us with a dataset of the reservation
details (e.g. distance, duration, start and ending times) based on
CAN-bus data. (b) GPS data that are collected through loggers
installed on selected cars from the car-sharing company.
2.1. Dataset Description
As one of the interests in this study is to identify the
differences in GPS-based distance and the actually driven
kilometres, we use the car odometer-sensor data as the ground
truth. The access to such data is possible through the CAN-bus.
A CAN-bus is known as a protocol for high performance and
highly reliable serial communication links between electronic
control units in the field of automotive and industrial control
applications (Turski, 1994), e.g. it is typically used to control and
automatically calibrate the engine performance in a vehicle.
It was developed as a multi-master message broadcast system
(Farsi et al., 1999) where each element on the network can send a
message (e.g. temperature, state of charge) independently to the
entire network, the bus priority being defined by the message
identifier (Bosch, 1991). The dataset contains information about
the car reservation including the total distance, reservation
period (e.g. duration), identifiers (cars/client/reservation), start
and ending times.
A limitation of this dataset concerns its granularity at the
reservation level. Therefore, the reservation period represents the
total duration of the reservation rather than the travel time. As an
illustration, a reservation starts when the car is picked up from
the car charging station and it ends when the car returns back
to the charging station. Consequently, the reservation period
contains not only the travel time, but also the time spent on the
participant activities, e.g. doing shopping, visiting someone, etc.
Nonetheless, the travelled distance and the starting time (the first
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trip segment) are not affected by the aforementioned limitation.
GPS has been used in several studies (Section 1). It allows
tracking targets through their geographical location, where
a GPS logger is a device for collecting locations and other
measurements such as speed, altitude, heading, accuracy and
timestamp. It can have either a built-in or external antenna
and the data can be stored in the internal memory for being
downloaded later on, or sent to a centralised repository through
the network. For collecting the data, a GPS logger GenLoc 53e
(Erco and Gener genlog53e, 2016) is installed in the cars. The
device can send the tracking data through the cellular network
to a centralised system in which it is processed. The frequency
of 1 Hz is used for collecting the GPS data and the logger only
collects observations when the car is turned on (i.e. the GPS
logger automatically starts when the car is turned on and stops
when the car is turned off ); therefore, it can occur that a single
reservation includes more than one trip, which is expressed as
follow:
(i)

2.3. Land Use

(i)

Ri = { S1 ,..., Sm }

(1)

where Ri represents the ith reservation, Sj( i ) is the j th trip segment
within a reservation Ri such as Sj(i) Є { S1(i) ,..., Sm(i) } and m is the
number of trip segments per reservation.
2.2. Data Quality
To assess the quality of the GPS-based distance, we calculate the
missing distance and the TTFF using the following formulas:

Missing distanceprop =

where d() and t() are functions to extract the distance and start
time respectively, S1(i) represents the first trip segment of a
reservation Rj, and N is the number of observations.
Equation 2 is the proportion of the missing distance and
it calculates the overall missing distance for all reservations.
Nevertheless, it can also be applied to a set of trips based on
some conditions such as land use and trip groups. However, this
formulation faces two possible outcomes: when the outcome is
positive, it represents an under-reported distance, whereas it is
negative when the distance is over-reporting. This last scenario
can be explained by the GPS accuracy because under certain
conditions (e.g. tunnel, bridge, parking lots) it turns out in jumps
around the same location. Those points can add an extra distance
to the trip.
Equation 3 is the average missing distance and it is
expressed in kilometres. Equation 4 is the average of time-tofirst-fix; it calculates an average of time difference between the
reservation start time and the timestamp of the first GPS location.

∑S

(1)

j

Є R1

∑ i=1
N

d ( Sj (i) )
(2)

d ( Ri )

The key research focus of this study is to assess the GPS gaps,
where the land use provides an extra perspective to analyse those
gaps in rural and urban areas, given that the GPS signal reception
could be affected due to the high density of large structures (e.g.
buildings, bridges). A GIS tool allows to identify the land use of
a trip (Stopher et al., 2008), i.e. whether a trip was performed
on a rural or urban area, in such a way that trips are matched
within an administrative area (boundary area classified as rural or
urban) using the origin and destination points. Consequently, a
precise land use identification relies on the completeness of the
geographical information for the administrative areas.
The administrative areas (in which the trips were performed)
are extracted from ©OpenStreetMap contributors (OSM)
(OpenStreetMap contributors, 2016). OSM is an open access
platform for geospatial vector data and it is often considered
complete and appropriate for planning studies in comparison to
other commercial counterparts (Hochmair et al., 2013).
2.4. Regression Method

Missing distanceavg =

1 N
∑ ( d (Ri ) - ∑ d ( Sj(i) ))
S ЄR
N i=1
(1)

j

TTFFavg =

1 N
∑ ( t (S1(i) ) - t ( Ri ))
N i=1
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(3)

1

(4)

To explain gaps in the GPS data, the factors that influence
data collection are identified through a linear regression.
Linear regression methods are techniques for modelling the
relationships between a scalar dependent variable and its
explanatory or independent variables known as covariates. That
relationship is modelled by an error term ε, a random variable
that adds noise to the linear relationship between the dependent
and independent variables (Neter et al., 1996). Therefore, the
model is expressed as follows:
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(5)

y = Xβ + ε

where y is the dependent variable or response variable, X
represents the explanatory variables, β the regression coefficients
or effects and ε is the error term.

Rural

Urban

0.04

density

0.03

0.02

0.01

0.00
0

25

50

75

100

0

25

50

75

100

kilometres
CAN - bus

GPS

Figure 1.
Travelled distance density based on land use for GPS logger and CAN-bus data.

3. CASE STUDY
The data on this study are part of the Olympus project,
a Flemish initiative to promote the introduction of electric
vehicles in Belgium. It was a common project between suppliers,
integrators and users of shared mobility, aiming at developing
tools and systems to enhance multimodal travel behaviour.
Therefore, the multimodal travel behaviour was monitored both
from the vehicle perspective and from the personal perspective.
From the vehicle perspective, GPS loggers were installed on
shared electric cars, showing how these were used in terms of
frequency, trip length, origins and destinations.
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Data collection was performed between 2012 and 2013
in the Belgian cities Ghent, Antwerp and Leuven, involving 170
participants.
3.1. Descriptive Analysis
A summary of the travelled distance reported by the CANbus data and GPS logger is depicted in Table 1, where we can
notice clear differences on the reported average distances.
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Those groups and the land use allow to identify which type
of trips are mainly affected when it comes to GPS tracking.
Figure 1 shows the distance density on rural and urban areas
based on CAN-bus and GPS data, where the GPS density curve is
shifted to the left side with respect to CAN-bus in both rural and
urban areas. This is another indication of missing distance based
on different land use.

Table 1.
A summary of the travelled distance (km).

Data

Min

median

mean

max

CAN-bus

2.0

19.0

23.9

106.0

GPS Logger

0.6

17.2

21.8

104.6

3.2. Distance Measurement Gaps
In order to obtain an analysis at different levels, we group
the trips based on the travelled distance into three categories
such as short, medium and long trips. The conditions for those
groups are depicted in Table 2.
Table 2.
Group of trips based on the travelled distance.

Group

Description

Short trip

less than 10 km.

Middle trip

between 10 and 25 km.

Long trip

more than 25 km-

For the travelled distance by car, we consider the missing
distance as the difference between the odometer distance (e.g.
distance obtained from the CAN-bus data) and the logging
distance (e.g. distance reported by the GPS logger) as it Equation
(2) shows. It shows that on average 9 % of the travelled distance is
not captured by the GPS logger (Figure 2). This means that for an
average trip with distance 23.9 km the GPS will report on average
2.1 km less (Table 1).
From the groups, we calculate the travelled distance for
both GPS and CAN-bus data. Figure 3 shows the missing data
for short, medium and long trips within groups of different land
used.

9%

GPS

91%
logging distance

missing distance

Figure 2.
Global missing distance for a car mode using GPS.
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Table 3 shows that short and medium trips in urban areas
are the ones that report high values of missing distance, logging
around 81 % and 83 % of the travelled distance respectively. It

also shows that long trips in both urban and rural areas perform
better than the rest, logging 92% and 95% respectively. On average,
trips on rural areas report less missing data than urban areas.

Table 3.
A summary of the GPS gaps based on the land use.

TTLL (min)

Rural

Urban

Missing distance (km)

Group

Trips

Median

Average

Average

Percentage

Short

82

4.6

7.8

0.9

11.9%

Medium

190

6.1

7.0

1.9

10.1%

Long

292

5.6

8.3

2.0

4.6%

Short

161

5.5

16.5

1.4

19.3%

Medium

326

5.9

10.8

2.9

16.9%

Long

189

6.2

7.8

3.6

8.5%

To our understanding, part of the missing data could be related to
the cold / warm start issue that is present on the GPS technology,
where it is required a period of time before fixing the first location.

short trip

Therefore, we assess TTFF with Equation (4) that uses the starting
time of the trip.

middle trip

long trip

100

percentage

75

50

25

0
logging distance

missing distance

Figure 3.
Percentage of missing data for different group of trips, logging distance is the distance reported by the GPS logger and
missing distance is the difference with respect to ground truth (CAN-bus).
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3.3. Explanatory Factors
Table 4.
To explain the travelled distance a regression model is fitted
to the GPS data, where the dependent variable is provided by the
CAN-bus data as a travelled distance and from the GPS data we
extract the covariates such as distance, duration, average speed
and number of trips per reservation.
Others covariates such as land use are obtained using GIS,
where the origin and destination points are used for classifying
the trips within a rural or urban area. Finally, the time spent on
the user activity (purpose of mobility) is calculated from the
reservation time and the trip duration. A full description of the
covariates is presented in Table 4.
A summary of the fitted models is depicted in Table 5, where
the covariate coefficient is estimated using a regression model
and its significant level is based on the p-value. Based on model

Model covariates.

Covariate

Description

Distance

Logging distance from the GPS data (km)

Duration

Travelled time for the logging distance
(min)

Trip segments

Number of trip segments per reservation

Average speed

Average speed for the trip (km/h)

Time spent

Time spent on the user activity (e.g.
shopping, other)

Time spent per trip Average time spent per trip
Land use

Land use for the trip (e.g. urban, rural)

Table 5.
Models result.

Dependent variable:
Travelled distance (km)
Distance

(1)

(2)

(3)

(4)

(5)

(6)

(7)

0.976***
(0.013)

1.032***
(0.020)

1.044***
(0.021)

0.888***
(0.049)

0.905***
(0.017)

0.920***
(0.017)

0.930***
(0.016)

-0.047***
(0.013)

-0.061***
(0.016)

0.019 (0.024)

5.854***
(1.177)

4.701***
(1.247)

5.196***
(1.225)

0.008***
(0.002)

0.003
(0.003)

Duratiom
Trip
segments

0.250
(0.155)

Average
speed

7.180***
(2.232)

Time spent
Time spent
per trip

0.015***
(0.006)

Urban area

0.019***
(0.004)
1.062***
(0.388)

Constant

2.837***
(0.324)

3.698***
(0.402)

3.247***
(0.488)

0.535
(1.060)

0.457
(0.477)

0.709
(0.482)

-0.076
(0.565)

AIC

1967

1957

1956

1949

1928

1923

1916

BIC

1979

1972

1976

1968

1947

1946

1940

0.944

0.946

0.946

0.948

0.950

0.951

0.952

0.944

0.946

0.946

0.947

R

2

Adjusted R

2

Note:

0.950

0.951

0.952

*p<0.1:

; **p<0.05;

***p<0.01

Covariates: coefficient and coefficient error in brackets.
AIC: Akaike information criterion, BIC: Bayesian information criterion.
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3 the number of trip segments does not seem to be significant.
On the other hand, from model 4 we can notice that the average
speed is a good predictor and makes the duration less significant.
Time spent shows significant results on model 5. It means that
the waiting time within trips (e.g. time when the car is parked) is
an important factor for modelling the travelled distance because
it adds more periods of cold / warm start to the GPS logger (i.e. a
longer waiting time increases the chances of missing data). It is
even more significant when it is combined with the trip segments
as an average of time spent on a particular activity per trip
segment (e.g. time spent over trip segments). Land use is another
influential variable; its coefficient indicates that for each trip in
the urban area it will add around a kilometre to the total distance.
Based on the R2 model 7 explains better the travelled distance as
a function of the covariates: distance, average speed, time spent
per trip and land use.

However, a smartphone does not have long periods of being off;
hence, we could assume that TTFF does not have much influence
on the data collection.
Future directions are focused on the GPS data quality for
other transportation modes (e.g. walking, biking and public
transportation) and also the comparison among the methods for
collecting data such as passive and active logging.
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Maritime Traffic on Approach to Port of
Split and Assessment of Collision and
Grounding Risk
Zvonimir Lušića, Danijel Pušićb, Mirko Čorića

The Port of Split is the largest Croatian passenger port and
its access fairways, characterized by a very high likelihood of
accidents, especially of collisions and groundings, the busiest in
the Croatian part of the Adriatic. This paper analyzes the main
access fairways to the Split City Port, as well as those leading to
the Kaštela Bay and the North Port of Split. Small vessel maritime
traffic is also analyzed, although it is neither continuous, nor
follows any established main routes. The AIS vessel movement
data served as the basic source of data for larger vessels, and
arrival/departure reports of port authorities for other maritime
traffic. Main access fairways, maritime traffic concentration and
structure, as well as assessment of collision and grounding risk
are defined in keeping with the obtained data.
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1. INTRODUCTION
The Port of Split is situated in the central Adriatic, recessed
deep behind an island area. It can be accessed through the Split
Channel to the west, Brač Channel to the east and the Split Gates
strait to the south. The Split Channel to the west is accessed
from the Drvenik and Šolta Channel. The Split Gates strait is
the shortest, busiest and narrowest access fairway to the Port,
which makes it one of the most dangerous access points to the
Port of Split. Fairways passing through the Drvenik and Šolta
Channel and the Split Gates converge into a single narrow area
immediately in front of the Port, also intersected by the fairways
leading to ports in the Kaštela Bay and coastal transit routes. The
area is in the immediate vicinity of marinas and boat docks, the
traffic from which intersects with the navigational routes of larger
vessels, especially in the summer.
Since data on the movement of larger vessels are available
from the AIS (Automatic Identification System), they will be used
to determine the potential number of collisions and groundings
by analytical methods, i.e. to estimate the actual annual number of
collisions and groundings based on their subsequent correction.
Calculations will be made by the IWRAP computer program.
Assessment of the likelihood of collisions and groundings
will be based on the calculation of the potential number of
accidents (Na-number of collisions and groundings which will
occur if the crew fail to take appropriate evasive maneuvers).
The actual number of collisions and groundings (Nc and Ng) will
be obtained by multiplying the potential number of accidents
with a corresponding coefficient of likelihood (Pc), which may be
defined as a correlation between actual and potential accidents.
The coefficient will be borrowed from other authors, in the form
determined for similar areas and conditions of navigation.
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Collisions:

(Nc) collision = Na ∙ Pc

(1)

Nc – Number of collisions, Na – Potential number of collisions, Pc
– Conditional likelihood of collision
Groundings:

(Nc) groundings = Nq ∙ Pci

(2)

Ng – Number of groundings, Nq – Potential number of groundings,
Pci – Conditional likelihood of grounding.

Data on the likelihood of collision and grounding obtained
by the IWRAP will then be compared to assessments based
on accident statics. Assessments based on AIS data will be
supplemented to account for the influence of smaller vessels on
the likelihood of collision and grounding.
2. MARITIME TRAFFIC IN THE PORT OF SPLIT
In 2013, 15,805 vessels entered the Port of Split (City and
North), approximately 6% of which were international traffic
(Izvješće lučkih kapetanija, 2014). Over 40 vessels can thus be
surmised to arrive at the Port of Split, i.e. pass in its immediate
vicinity (annual average), on a daily basis. AIS data suggest the
same (Figure 1). Passenger ships account for the greatest part of
maritime traffic (Table 1).

Table 1.
Traffic in the Port of Split by ship type - arrivals.

Ship

Number

Average BT

Max GT

Average
Length (m)

Max
Length (m)

Passenger

4.127

2.670

122.000

48

315

Ro-Ro pass.

4.062

4.267

31.189

90

164

Fast pass.

1.245

421

458

42

46

RO-Ro cargo

204

196,5

197

34

35

General

261

3251

20.748

94

180

Container

49

11.797

14.241

150

159

Bulk

38

7.622

21.185

123

178

Tanker

166

2.545

23.676

82

183

Cement

98

2.772

12.047

82

148

Reefer

23

8.841

12.401

140

150

Fish

118

70

328

21

40

Other

90

453

6.725

32

118

Traffic in the Port of Split is also characterized by
pronounced seasonality, with traffic in the summer months
significantly exceeding traffic during winter. Figure 1 illustrates
the number of vessel arrivals into the Port of Split in February and
August 2015.
2.1. Traffic in the Split City Port
The Split City Port accounts for over 90% of the total
maritime traffic in the greater Port of Split area and passenger
ships for 98.5% of traffic in the Split City Port (CIMIS, 2014). As a
rule, cargo ships are directed to the North Port of Split and other
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ports in the Kaštela Bay. Approximately 47% of vessels entering
the Split City Port have under 500 GT. Figure 2a illustrates the
structure of traffic by size of vessels entering the Port of Split,
while Figure 2b shows the structure of traffic by vessel type.
Over the last couple of years, the Port of Split saw an
increase in the number of cruisers, with 232 arrivals in 2014
(Promet brodova na kružnim putovanjima, 2015). Since works on
the broadening of capacities for the acceptance of larger vessels,
primarily the construction of external berths, have already begun,
a further increase in the traffic of such vessels and the arrival of
even larger ships are anticipated.
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Figure 1.
Daily number of arrivals and departures into/from the Port of Split, February/August 2015.
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Figure 2.
Structure of traffic in the Split City Port.
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Figure 3.
Density of traffic on approach to the Split City Port (AIS vessel tracking January-March 2015).

2.2. Smaller Vessel Traffic
In contrast to the traffic of larger vessels, smaller vessel
traffic is notoriously difficult to track owing to the absence of a
systematic tracking system. Likewise, smaller vessels do not have
established routes and the intensity of their traffic is far greater in
the summer than in the remainder of the year. Their traffic may
be approximately estimated depending on their number, i.e. the
number of arrivals of recorded recreational vessels.
Fishing ships and boats
In 2014, there were 629 fishing ships, with the total of
35,330 GT and 7,104 fishing boats in the Republic of Croatia
(Ribarska flota, 2015). There were 151 fishing boats with Split
as port of registration in 2013. In that same year, the number of
registered boats was as follows: Split 7,329 (out of which 93%
for personal needs), Trogir 4,038 (out of which 90% for personal
needs) and Kaštela 361, with 736 yachts having Split as their port

of registration (Izvješće lučkih kapetanija, 2014).
Yachts
On 21 August 2013, the Split-Dalmatia County had at
its disposal a total of 2,021 berths and the entire Republic of
Croatia a total of 16,940 berths for nautical tourism needs. ACI
Marina Split with 355 wet and 30 dry berths was constructed in
the framework of the City Port. A boat dock with the capacity
of approx. 100 boats is situated in the Matejuška cove, likewise
located in the City Port basin. There is also a small number of
other vessels arriving into the Split City Port for economic or
supply reasons.
Two larger marinas (ACI marina in the City Port and Marina
Kaštela in Kaštel Gomilica) are in the immediate vicinity of the
Port of Split, with marinas in Milna, Trogir and Seget catering
for the wider Split area. Tables 2, 3 and 4 and Figure 5 show the
number of marinas and recreational vessel traffic.

Table 2.
Number of vessels at permanent berth in marinas (31 December 2013).

Total

Motor yachts

Sailboats

Other

Total RC

13.735

7.141

6.122

472

Total RC wet berth

11.605

5.671

5.687

247

SD County

1.441

474

904

63

Wet berth

1.172

295

840

37

Dry berth

269

179

64

26
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Table 3.
Number of vessels in transit in marinas in 2013.

Total

Motor yachts

Sailboats

Other

Total RC

182.921

60.020

116.646

6.255

Total RC wet berth

177.254

56.227

114.843

6.184

SD County

44.649

7.853

34.633

2.163

Wet berth

44.621

7.830

34.628

2.163

Dry berth

28

23

5

/

Table 4.
Marinas in the Split-Dalmatia County.

Marina

Location

No. of berths

ACI Marina Split

Split-City Port

355

30

Marina Kaštela

Kaštel Gomilica

420

200

ACI Marina Trogir

Trogir

180

60

Marina Zirona

Drvenik Veli

140

/

Marina Agana

Marina

134

70

Aci Marina Milna

Brač

185

15

Vlaška Milna

Brač

90

74

Aci Marina Vrboska

Hvar

85

30

Aci Marina Palmižana

Hvar

164

/

Marina Tučepi

Tučepi

150

/

Marina Podgora

Podgora

220

/

Yact Klub Seget

Seget Donji

23

90

Lav

Podstrana

74

/

Baška voda

Baška voda

30

/

Marina Ramova

Krvavica

200

100

The intensity of traffic of recreational and other smaller
vessels significantly increases in the summer, to a much greater
extent than the traffic of larger vessels, with the “mass” departure
of recreational vessels during weekly tourist exchange and local
and regional sailing competitions standing out as periods of
especially high risk (Figure 5).
If the traffic of small vessels, i.e. vessels unequipped with
AIS devices, is taken into consideration, the traffic at the entrance
and in the immediate vicinity of the Port of Split is significantly
denser than previously indicated. The average daily traffic of 6065 vessels obtained from the AIS data can be exceeded within
a single hour during the summer season if small vessels are
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accounted for, which drastically alters the assessment of the
likelihood of accident occurrence.
Other traffic
In 2015, the Split City Port became a point of departure
for hydroplanes maintaining regular traffic throughout the year.
The runway is situated in immediate proximity to the port and
intersects with the routes of regular vessels.
The remaining traffic in the immediate vicinity of the City
Port concerns sports-recreational, economic, military and other
activities occasionally organized in the Port or in its immediate
surroundings.
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Figure 4.
Monthly dynamics (%) of the number of vessels and days of stay in marinas in 2013,

Figure 5.
Sports and recreational navigation.
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3. MAIN ACCESS FAIRWAYS
Main access fairways to the Split City Port are oriented
towards the Split Gates, Drvenik Channel, Šolta Channel and Brač
Channel. The significance of other coastal fairways is negligible.
The busiest fairway is the one leading to the Split Gates, which
is simultaneously the shortest route connecting the city of Split
with the open sea and the shortest route to the Central Adriatic
islands gravitating towards Split. It is followed by fairways
connecting the Split City Port with the nearest islands, especially
the Split-Supetar (Brač) and Split-Rogač (Šolta) routes. Figure 6

illustrates main fairways on approach to the Port of Split and the
density of traffic therein.
Passenger ships connecting the Port of Split with nearby
island ports account for the majority of traffic. The routes of
these vessels are for the most part focused on the Split Gates and
the Drvenik Channel. Cargo ships use all three access channels,
providing that vessels carrying hazardous cargo, primarily
tankers, are directed towards the Drvenik Channel. Recreational
vessel routes are the least established. Figure 6 also shows
fairways navigated by different types of vessels entering Port of
Split territory.

Passenger

Cargo

Tankers

Yachts

Tow boats and special

Fishing ships

Figure 6.
Maritime traffic on approach to the Port of Split (AIS podaci-2014.).
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4. COLLISION AND GROUNDING ASSESSMENT
An assessment of vessel movement distribution along
fairways and an estimation of the likelihood of collision and
grounding were made on the basis of the AIS data collected
in late July - early August 2015 (Figure 7). The results obtained
confirm (for the wider Port of Split area) that the likelihood of
grounding is significantly greater than the likelihood of collision,
i.e. grounding may be expected to occur in the wider Port area
every couple of years. Since the data were collected during the
summer traffic peak, the annual average should be somewhat
lower. However, since the data did not account for smaller vessels
unequipped with AIS, the likelihood of grounding and collision
might actually be higher than indicated.
Table 5.
Annual likelihood and frequency of collisions and
groundings.

Type of accident

Annual likelihood

Frequency

Grounding during
navigation

0,504

1,986

Grounding by careening

0,020

49,1

TOTAL grounding

0,524

1,909

Collision while
overtaking

0,0004

2.670

Collision due to
opposing routes

0,0006

1.759

Collision due to crossing
routes

2,5x10-5

3,986x104

Collision while joining
traffic

1,2x10-5

8,479x104

Bend

7,4x10-5

1,356x104

TOTAL collision

0,001

949,2

The likelihood of collision and grounding was calculated
using an analytical method for the calculation of potential
accidents (which would occur if the crew fail to make appropriate
evasive maneuvers), while the assessment of the number of
actual accidents was made by multiplying the figure obtained in
the preceding step with a corresponding coefficient of likelihood,
defined as a correlation between actual and potential collisions/
groundings, most frequently based on statistical data. Since only
a very limited number of collisions and groundings occur in the
Split City Port area, i.e. there are no statistical data, the coefficient
of likelihood was estimated based on average figures for similar
areas. The data obtained indicate that the likelihood of collision
on approach to the Port of Split is very small and significantly
lower than the likelihood of grounding. The main reasons behind
this result are, first, that the analysis is based on AIS data, i.e.
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Figure 7.
Distribution of traffic and likelihood of collision and
grounding – wider City Port area.

data which fail to account for smaller vessel traffic (boats, yachts,
fishing ships, etc.) and second, that vessels move at lower speeds
in the observed area.
The assessment of collision and grounding for the Split City
Port may also be based on research conducted for the needs of
the Traffic-Navigation Study for the Split, Ploče and Dubrovnik
Navigable Area, in the framework of which a maritime traffic
analysis was conducted, including an assessment of collision and
grounding on the main fairways leading to the Port of Split, with
special emphasis on the Split Gates and the Drvenik Channel.
Namely, almost all traffic in the two channels flows either into or
out of the Port of Split. The Study used the same method for the
calculation of likelihood of collision and grounding, i.e. the same
software (IWRAP) and data collected in the summer of 2014. The
results of the analysis of grounding for the Split Gates indicate
that grounding may be expected to occur every couple of years,
which approximates data obtained for entrance into the Port. On
the other hand, the results of the analysis of collision in the Split
Gates indicate that collision may be expected to occur every 70
years, which far exceeds the estimate for entrance into the Port
(Prometno-plovidbena studija plovno područje Split, Ploče i
Dubrovnik, 2014) and might be explained by the greater length
of the observed fairway and higher vessel speeds.
Three larger vessel groundings occurred in the Split Gates
in 2007-2015 (Poklepović et al., 2012; SAR statistika 2014, 2015),
which largely corresponds to simulation results. Data pertaining
to larger vessel collisions can not be verified due to the extreme
rarity of such events.
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Split Port Authority in 2014 (SAR statistics 2014). The number of
accidents is significantly higher in the summer and closely mimics
the distribution of traffic throughout the year (Figures 4, 8 and 9).

However, if accidents involving smaller vessels are taken
into account, the situation is quite different, with 23 groundings
and 5 collisions occurring in the area of competence of the

Figure 8.
Number of port authority interventions in 2014.
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Figure 9.
Monthly traffic in the Port of Split in % (AIS).
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The Split-Dalmatia County has the total surface of 14,106.40
km , including 9,576.40 km2 of sea (or approx. 30.8 % of the sea
surface of the Republic of Croatia) (http://www.dalmacija.hr).
Considering that 1-2 collisions (of smaller vessels and boats)
occur on the territory of the Split-Dalmatia County on the annual
level, the average likelihood of collision per square kilometer is
1- 2x10-4. The likelihood of grounding is many times higher.
According to the reports of the Split Port Authority and its
local offices, over 50,000 arrivals are registered each year. Marina
traffic on the territory of the Split-Dalmatia County is approx.
45,000 for yachts in transit alone. If other traffic is added to these
figures, 200,000 or more trips may be concluded to be realized
on the territory of the Split-Dalmatia County on the annual level.
Likelihood of collision per voyage is approx. 0,5 - 1x10-5. Since the
Port of Split accounts for approximately 28 % of all arrivals, 31 %
of all registered boats and 32 % of all berths in the Split-Dalmatia
County, the same percentage of vessel collisions may be expected
to occur in the wider Port area. Vessel collision assessment can
also be based on comparative analysis with other similar areas
worldwide, according to which the general likelihood of loss of
steering control, i.e. collision of larger vessels, may be considered
to be, in average, 1-3x10-5 per nautical mile for the critical parts of
the fairway, with situations involving two vessels with opposing
or nearly opposing routes having to pass each other considered
the most critical (Kristijansen, 2005).
Situation is different in case of groundings, since although
a significant number of groundings occur on the territory of the
Split-Dalmatia County, the Port of Split area accounts for only a
small portion thereof. According to the SAR statistics, there were
23 groundings and one impact (Port of Split), and 5 collisions on
the territory of the Split-Dalmatia County in 2014. In the wider
Port of Split area, critical grounding points are access channels
to the Port, especially the Split Gates (Poklepović et al., 2012). On
the other hand, the majority of vessel impacts are recorded in the
Port of Split, with this type of accident expected to occur every
2-3 years. Impacts are mostly due to steering, i.e. propulsion
system failures or human maneuvering errors.
As previously explained, the number of collisions, i.e.
groundings may be calculated by multiplying their potential
number and the corresponding coefficient of likelihood (Pc/Pci),
defined as a correlation between actual and potential accidents.
Many analyses of conditional likelihood of grounding Pci take
2.0x10-4 as average per voyage for larger vessels (Kristijansen,
2005). When this figure is applied to the estimated 200,000
voyages, we arrive at the number of 40 groundings per annum at
the level of the Split-Dalmatia County, which comes very close to
the statistically obtained data, especially if the indicated number
of voyages includes smaller vessel traffic. An alternative approach
to the analysis of grounding is to look not for the likelihood of
loss of control per voyage, but per unit of distance or time of
navigation. E.g., the average of 2.0x10-5 (1/NM) is taken for the
2
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territory of Japan and 0.3 – 1.5 x10-5 (1/NM) for Norwegian cost.
Corresponding areas of the USA have the likelihood of steering
system failure of 1x10-4 (failure/hour), i.e. the average speed of 10
knots and for 5 % accidents from the total number of failures, the
likelihood of 2.5 x 10-5 (accidents/NM). These figures approximate
the impact statistics for the Port of Split, for which, considering
the annual vessel traffic of 30,000 arrivals and departures, and an
impact every three years, likelihood of impact is approx. 1.1 x10-5.
5. CONCLUSION
One of the busiest fairways on the eastern coast of the
Adriatic is situated in the immediate vicinity of the Port of Split.
As for the Port proper, the annual average of 40-50 arrivals per
day does not seem excessive. However, an in-depth examination
of the time division of traffic, especially when smaller vessels,
i.e. vessels harder to track are accounted for, reveals that the
concentration of vessels in the Port and on its immediate
approach can be extremely high. Namely, traffic in the summer
months exceeds traffic during winter many times, especially
when smaller vessels are taken into consideration. This fact is of
paramount importance in safety assessments, i.e. collision and
grounding analyses. Current assessment models, e.g. based on
AIS data, have their limitations, and most frequently depend
on the accuracy of input data. Average annual maritime traffic
can not serve as the basis for a reliable safety assessment, i.e.
assessment of the likelihood of collision and grounding, without
accounting for the traffic of smaller vessels.
Data obtained in this study suggest that the risk of collision
and grounding in the immediate vicinity of and in the Port,
considerably exceeds present estimates. In the near future,
increased traffic of vessels, especially cruisers and yachts, may
be expected, along with a likely increase in the hydroplane
traffic and other activities in the Port and its surroundings.
Consequently, significant increase of collision and grounding risk
may be expected in the years to come, if the present safety of
navigation measures are not improved.
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Simulation Method - Based Oil Spill
Pollution Risk Analysis for the Port of
Šibenik
Goran Belamarića, Željko Kurtelab, Rino Bošnjaka

Statistical data, analyses and assessment of maritimepassenger traffic in sea ports in the Republic of Croatia pertaining
to the traffic in the Port of Šibenik indicate that, following the
expansion and reconstruction of berths for large ships in 2014,
marine traffic in the waters of the Port of Šibenik and the Channel
of St. Ante has been on the rise. There is therefore a need for
pollution risk analysis for the Port of Šibenik. Risk assessment was
made using the qualitative method of “Risk assessment-based
threat ranking”, following which a scenario involving discharge
of harmful substances (oil spill) and possible pollution of the
Port of Šibenik and the Channel of St. Ante in difficult navigating
conditions in restricted waterways and bad weather was
simulated. Marine pollution itself has no direct impact on human
life. There are usually no human casualties, although major
disasters can affect human health. There can therefore be dire
indirect consequences, with negative impact on the eco-system,
and consequently on some of the most important branches of
industry like tourism, sports, fishing, etc.
The prevalent northerly and southerly winds have a
particularly high influence on the spreading of oil spills in closedoff waters like those of the Port of Šibenik. The influence of sea
currents in the Krka river basin and the Channel of St. Ante is
exceptionally strong, especially during heavy rains accompanied
by increased water flow. Oil spill simulation is therefore an
important tool for planning preventive action and response
operations in case of oil spill from ships.
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1. INTRODUCTION
Since marine traffic of all types of vessels, especially
recreational vessels and large cruisers, in the waters of the
Channel of St. Ante and the Port of Šibenik significantly intensifies
during summer, there is need for the analysis of risk of pollution
and spreading of oil spills in case of an accident.
Accidents involving injury to passengers, crew and port
employees, damage to the ship and operating coast, pollution of
the marine environment and discontinuation of port operation
seem to be a realistic possibility in this scenario.
Varlamov S.M., J.-H. Yoon, H. Nagaishi & K. Abe “Japan Sea oil
spill analysis and quick response system with adaptation of shallow
water ocean circulation model” (Varlamov et al., 2000), and an
especially large number of papers made by the National Oceanic
and Atmospheric Administration (NOAA), titled “Oil Modeling
Environment” (Barker, 2015; Varlamov et al., 1999) are of special
relevance for pollution simulation.
This paper revolves around risk assessment and simulation
of possible sea pollution by an oil spill from a ship, due to an
accident occurring during the navigation of large commercial
and passenger ships on approach to the Port of Šibenik, and
especially in the Channel of St. Ante, while sailing towards/
departing from the Port of Šibenik.
The scenario of arrival of a large cargo ship into Port of
Šibenik under difficult geographical and weather conditions
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was simulated using the ADIOS1 and GNOME2 models. A
simulation of this type is presumed to be capable of providing
important information for long-term and short-term (4-5 days as
a minimum) planning of environmental protection operations
and procedures in case of an oil spill.
The basic oil spill simulation applications are:
long-term planning of protection against oil spill pollution
by analysis of the level of risk of environmental pollution from
extant and future potential sources of oil spills for the most
sensitive areas (supply, tourism, maritime farms and similar);
short-term planning of environmental protection and
recovery. Anticipation of spill spread direction and manner of oil
disposal for cleanup purposes.
The Channel of St. Ante is considered one of the 50 most
demanding sea or river passages in the world. Since marine traffic
peaks in the summer months, the risk of a maritime accident with
grave consequences skyrockets in this period. There is therefore
need for the assessment of the risk of possible pollution and
anticipation of the consequences of an oil spill spreading in the
Šibenik City Port and the Channel of St. Ante.
2. RISK ASSESSMENT OF POSSIBLE OIL POLLUTION OF
THE PORT OF ŠIBENIK
Since a significant increase in marine traffic of all types of
vessels, general cargo ships, ro-ro ships and especially cruisers
and yachts is anticipated after the completion of reconstruction
of berths in the Port of Šibenik, the risk of oil spill pollution due
to collision, impact with the shore or grounding may realistically
be expected to increase as well. These types of accidents can
be caused by human error, dangerous navigation of large ships
through the narrow Channel of St. Ante and/or bad weather
conditions.
Owing to its natural characteristics and configuration,
the Channel of St. Ante and Šibenik city and cargo port area
are considered to be the most critical points of the fairway. The
Channel of St. Ante is considered one of the 50 most demanding
sea or river passages in the world. It is one nautical mile long, only
1.

2.
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ADIOS (Automated Data Inquiry for Oil Spills) is a model of the sea surface
oil spill spreading process, having at its disposal a database containing over
one thousand refined raw oils and products, and giving an insight into the
characteristics and assessments of the expected behavior of oil spilled into
a marine environment. The predictions are presented both graphically and
textually and designed to help answer questions usually accompanying
oil spills and the resulting clean-up, e.g. can spilled oil still be dispersed by
chemical dispersants or help anticipate the rate of increase of the water
content in oil over a period of time.
GNOME (General NOAA Oil Modeling Environment) is a publically available
simulation model of pollution movement due to the spillage of oil, and a
simulation of the trajectory of oil spill spreading and dispersion under the
influence of the wind, sea currents and tides. The program was developed by
the Hazardous Materials Response Division (HAZMAT) of the National Oceanic
and Atmospheric Administration Office of Response and Restoration (NOAA
OR&R).
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130 meters wide in the narrowest part, and 23-30 meters deep.
Since the sea along its rocky and exceptionally steep coastline is
interspersed with shallows, ship trajectories have to be frequently
modified. Tow-boat assistance is therefore recommended for
large cargo and/or passenger ships (200 m long, 23 m wide, with
a 10 m draught). Very limited maneuvering and turning space is
sufficient evidence of the demanding nature of the fairway, and
increases the risk of occurrence of all types of maritime accidents.
Navigation through the channel is additionally aggravated
by the fact that a large ship on the move is extremely difficult to
stop. Every attempt to navigate in the direction of the port is also
aggravated by the sea currents flowing in the counter direction.
Any ship with a deep draught has large undersea surface,
contributing to significant starboard pull when exposed to a
strong sea current, aided by ship inertia during turns, requiring
the control of ship movements by speed modifications.
Due to the geographical position and natural enclosure of
the Port of Šibenik, the spillage of 700-800 tons of oil into the sea
would have immeasurable consequences – the Port of Šibenik
and the Channel of St. Ante would be subject to long-term
pollution.
Since oil spreads across sea surface after spillage, sea
currents significantly influence its spreading patterns. The most
frequently occurring winds should also be considered, since they
would have the greatest effect on the spread of pollution.
Risk assessment needs to be made in advance to ensure
faster and more efficient action in case of maritime accidents and
pollution of the waters of the Port of Šibenik and facilitate the
determination of the required level of protection. The assessment
of the risk of occurrence of a maritime accident depending on
vessel type, size and speed, cargo type and value, danger of the
cargo to the sea and the environment, etc. should be made before
a vessel enters a heightened-risk area like the Port of Šibenik.
Applying the criteria defined in „PIANC - Approach Channels
Design Guidelines“, the analysis of the risk of possible pollution
by spillage of oil from a ship over a time period is based on the
following (Statistički meteorološki podatci za područje akvatorija
luke Šibenik, 2015; Admirality Sailing Direction NP 47, 2005;
Approach Channels Design Guidelines, 2014):
1. characteristics of the Channel of St. Ante and the Port of
Šibenik and the dangers posed by the very configuration of the
local waters and coastline:
Fairway configuration: approach to port (fairway depth and
width) – passage through the Channel of St. Ante, turning point,
locations of wrecks and shallows and other dangers;
Navigation aids: buoys (types and characteristics), covered
routes, lighthouses;
Conditions in the port: navigation practices, tow-boat
availability, different limitations pertaining to making port,
docking and departure from port, type and sizes of vessels
visiting the port.
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2. Weather conditions:
local wind direction and speed,
visibility.
Strong NE (Bura) and SE (Scirocco) winds blowing in winter
merit special attention. They blow counter to the general sea
current direction. Currents in the Channel of St. Ante continuously
flow westward and reach maximum strength along the northern
part of the channel, achieving the speeds of up to 3 knots during
winter and ½ knot during summer, with Bura adding to the speed
of the sea current. During summer, it rarely blows for more than
a couple of consecutive hours and usually stops within one or
two days.
Jugo – southerly wind, most frequently blows for several
days and is a harbinger of clouds and rain.
Maestral – north-westerly wind, blowing on sunny days.
Usually starts to blow around 11 a.m. and stops in the late
afternoon.
Nevera – strong westerly in the form of a storm. Although
sudden and intense, summer storms are short-lived.
3. Sea currents, current direction and speed:
Since the Port of Šibenik is situated in the mouth of the
Krka river, the effect of sea currents is continuously very intense,
especially during heavy rains accompanied by increased water
flow.
During navigation through the Channel of St. Ante, special
attention needs to be paid to the eastern (E) entrance into the
channel, particularly when sailing in the vicinity of the Cape of
Burnji Turan (43°43,7'N 15°53,1'E) due to the strong SE current.
Risk assessment was made based on the recognized
and identified possible risks. Risk identification allows it to be
analyzed and plans for its reduction, monitoring and supervision
made, meeting the preconditions for risk management (Bukša
and Zec, 2005). Potential threats may either take advantage of
a system vulnerability or be independent of the system’s safety.
Potential sources of threats are resource errors or failures (errors
made by automated steering systems, failure of a particular
ship device, etc.), accidents (fire, main engine failure, weather
conditions, grounding, collision, sea and/or air pollution, etc.),
human error and similar.
Risk management is the process of verification of business
justification of selected safety solutions and controls intended to
provide a sufficient level of safety. Risk management consists of
three processes: risk assessment, risk reduction and residual risk
assessment (Alagić et al., 2011).
To reduce the danger of pollution of the sea and the
marine environment, Port Authority should, in the framework
of measures of safe navigation in the waters of a high-risk port,
conduct a risk assessment in advance and select the measures of
the possible level of protection. Port Authority should therefore
conduct an advance risk analysis for a particular vessel, depending
on its type, size, speed, type and value of cargo, danger of the
-
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cargo to the ship and the environment, etc.
The “Risk assessment-based threat ranking” qualitative
method (based on descriptions or ranking) was used for risk
assessment calculation. This risk assessment method formally
makes use of only two parameters: impact on the asset (asset
value) and probability of risk realization. Impact on the asset is
implicitly assumed to be equivalent to asset value, while threats
are examined with respect to corresponding vulnerabilities. The
assessed risk thus becomes a multi-parameter function (Hutinski
and Krakar, 2002; BERR, 2008):

R = f ( PV, T, IAV, T )

(1)

P
probability of risk realization;
I
possible consequences (Impact) of threat realization;
V
resource vulnerability, i.e. potential for its exploitation
with possible unwanted consequences of present or planned
preventive measures capable of reducing the risk of vulnerability,
threats and consequences;
T
threats capable of taking advantage of vulnerabilities;
AV asset value, i.e. the likelihood of its realization having a
potentially harmful effect on the asset;
A variation of this method uses the same value range for
impact (AV) and the probability of risk realization (P). Possible
values range from 1 (small) to 5 (very high). The level of risk is
determined by the product of these two parameters.
Minimum and maximum values of risk assessed using
formulas 2 and 3 can be obtained using formula 1 and the value
range indicated in (Alagić et al., 2011).
Minimum and maximum values of an assessed risk are as
follows:

RMIN = PMIN ∙ IMIN = 1

(2)

RMAX = PMAX ∙ IMAX = 25

(3)

An assessed risk may be expressed in whole-number values
between and including RMIN and RMAX, but excluding simple
numbers outside that value range and their multiples (Alagić
et al., 2011; Hutinski and Krakar, 2002). Risk assessment-based
threat ranking allows the prioritization of threats in the later
stages of risk management.
Threat identification is followed by an assessment of the
probability of threat realization P(T)) and its consequences
(or Threat impact - I(T)) (Alagić et al., 2011). Threat realization
probability and its consequences are assessed using the same
value range utilized to determine asset value: insignificant (1), low
(2), medium (3), high (4), very high (5). Finally, risk is assessed. The
level of risk is determined using the established risk assessment
methodology, as the product of those two factors: R = P*I.
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The assessment of the level of risk of pollution from oil
spill from a ship is therefore based on the risk assessment-based
threat ranking matrix. The Data Risk Assessment List matrix was

used (5x5). The matrix includes a standard qualitative matrix with
the corresponding threat level colors (green, yellow, red) and
value designations 1-25 (Table 1).

Table 1.
Risk assessment-based threat ranking matrix (5x5).

Probability

Consequences
insignificant

small

medium

grave

very grave

(1)

(2)

(3)

(4)

(5)

1

Possible, but only under rare and
extraordinary conditions

1

2

3

4

5

2

Could happen, but probably never will

2

4

6

8

10

3

Could and probably will happen at some
time

3

6

9

12

15

4

Can probably frequently happen

4

8

12

16

20

5

Almost certain to happen in most cases

5

10

15

20

25

The development of the risk assessment-based threat
ranking matrix (Table 1) is followed by the establishment of risk
indicators (Table 2). The level of risk acceptability is determined
for each analyzed event separately. Risk level indicator is

determined by an interested user after the evaluation of all risk
calculation factors used. The following risk indicators are used to
estimate the level of risk

Table 2.
Risk indicators.

Risk indicators

Level of acceptability

1-6

< 40 %

insignificant or small consequences

7 - 14

> 45 %, <65 %

medium consequences

15 - 25

> 65 %

grave or very grave consequences

The results of assessment of individual and total risk levels
in case of pollution of the marine environment by oil spillage
from a ship into the sea:
The first step in risk level determination is the quantification
of consequences in case of pollution, followed by the calculation
of the overall assessment of risk of pollution based on the
Consequence (threat) quantification table and the values ranked
therein:
•
T1 -  Pollution consequence quantification with respect to
the configuration of the Port of Šibenik
•
T2 -  Pollution consequence quantification with respect to
the configuration of the Channel of St. Ante
•
T3 -  Pollution consequence quantification with respect to
sea currents and weather conditions
•
T4 -  Pollution consequence quantification with respect to
ship type (High Risk Ships)
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acceptable risk
unacceptable risk

•
T5 -  Pollution consequence quantification with respect to
time of year and density of traffic
•
T6 - Pollution consequence quantification with respect to
preventive measures at local community level
•
T7 -  Pollution consequence quantification with respect to
navigation aids and port customs
•
T8 -  Pollution consequence quantification with respect to
the characteristics of the transported cargo
•
T9 -  Pollution consequence quantification with respect to
navigation with tow-boat assistance
•
TTL10 – Calculation of individual and total level of risk of
pollution.
Each above table from T1-T9 consists of a certain number of
questions. Each question has several values assigned (reference
data from specially designated tables). Every value (P) has several
offered answers. Every answer is scored from 1-5 depending on
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Table 3.
T3 – Quantification of consequences for the ship with respect to sea currents and weather conditions.

2

Weather conditions

Value

Consequences

2.1

Time of day and visibility

Day

15

2.2

Visibility in fog or haze

Small < 4 Nm

15

2.3

Wind direction and strength

Northeasterly > Bf 2

25

2.4

Condition of the sea

0,5-1,5 m

16

2.5

Sea currents

lateral < 2 knots

20

Weather conditions

91

Table 4.
Reference data for T3.

BT2

Weather conditions

Question

Value (P)

Points

Impact

2.1

<NIL>

0

5

Day

3

5

Twilight

4

5

Night

5

5

<NIL>

0

5

High > 7 Nm

0

5

Acceptable 4-7 Nm

3

5

Small < 4 Nm

5

5

2.2

2.3

2.4

2.5

<NIL>

0

5

Bf = 0

0

5

Southeasterly < Bf 2

2

5

Southeasterly > Bf 2

3

5

Northeasterly < Bf 2

4

5

Northeasterly > Bf 2

5

5

<NIL>

0

4

0-0,5 m

3

4

0,5-1,5 m

4

4

> 1,5

5

4

<NIL>

0

5

bow 1-3 knots

1

5

lateral < 2 knots

4

5

lateral 3 knots and > 3

5

5

Max POINTS

25

25

25

20

25

T2
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the selected answer. Every set of questions has its weight, i.e.
impact, also scored 1-5. The product of multiplication of scores
and impacts indicates the magnitude of consequences for the
selected answer, ranging from minimum1 to maximum 25. Every
table thus has its maximum number of points and a total number
of points per set of questions, depending on selected questions.
The final value of the risk for the observed table (set) and the total
level of risk are obtained from the above figures.
Reference values of classified factors used in tables T1-T9 are
based on the requirements of PIANC (Approach Channels Design
Guidelines, 2014) recommendations of the ADMIRALTY SAILING
DIRECTION NP 47, Mediterranean Pilot Vol.3, pertaining to the
local waters of the Port of Šibenik and statistical meteorological

data of the Croatian Meteorological and Hydrological Service
(Statistički meteorološki podatci za područje akvatorija luke
Šibenik, 2015).
An example of risk analysis factor processing with respect
to sea currents and weather conditions:
In Table 3 (T3), the consideration of possible weather
conditions is made for unfavorable conditions for ships in transit.
The methodology for the calculation of individual and
overall risk levels using Tables T1-T9 and their reference values
indicated in the Table of reference data, may yield an unlimited
number of combinations. A detailed risk assessment methodology
requires the Table of quantification of consequences of pollution
and reference data for each table.

Table 5.
Calculation of individual and overall pollution risk levels.

Calculation of individual and overall pollution risk levels
Set

T1.
Configuration of the
Port of
Šibenik

T2.
Configuration of the
Channel
of St. Ante

T3.
Sea currents and
weather
conditions

T4.
Ship type

T5.
Time of
year and
traffic
density

T6.
Preventive
measures
at local
community level

T7.
Navigation aids

T8.
Cargo
characteristics

T9.
Tow-boat
assisted
navigation

TTL10.
TOTAL

Set total #

143

108

91

88

90

70

82

31

64

767

Maximum

212

172

120

115

100

125

115

81

84

1124

Maximum
for the set
(%)

56

63

76

77

90

56

71

38

76

68

Risk
indicator

Red

Yellow

Red

Red

Red

Yellow

Red

Green

Red

Red

Level of risk
> 65%

Red

> 45%, <65% Yellow
< 40%

Green

Since the risk analysis and assessment pointed to very high
potential danger from pollution in case of a marine accident, a
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simulation of the pollution scenario was conducted to account
for all possible consequences.
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3. PORT OF ŠIBENIK POLLUTION SCENARIO
The goal of the simulation conducted using computer
programs for pollution spread anticipation is the establishment
of possible pollution levels. Specific geographical configuration

and unfavorable weather conditions make ship maneuvering
more demanding and difficult, increasing the risk of accident
occurrence and the consequent rapid oil spill spread under the
influence of (strong) winds and the incessant sea current.

Figure 1.
Local waters of the fairway of the Port of Šibenik, Channel of St. Ante and Port of Šibenik.

This scenario was chosen due to it being one of the most
critical stages of arrival into/departure from the Port of Šibenik.
Passing through this location always comes with the potential
risk of the vessel coming into physical contact with the shore/
bottom.
A commercial ship having the dimensions of 200 x 23
meters and a 10 meter draught navigates through the Channel
of St. Ante at the speed of 6-8 knots with the intention of sailing
into the Port of Šibenik. To avoid strong starboard pull, on the
eastern side of channel exit-entrance into the waters of the Port
of Šibenik, in the vicinity of the Cape of Burnji Turan, under the
strong influence of the NE wind and the SE current suddenly
picking up strength at the Cape of Burnji Turan, the ship comes
into close proximity of the northern side of the shore.
After passing the Cape of Burnji Turan, the bank effect
occurs, increasing the ship’s squat. The ship makes contact with
the bottom, its hull is damaged in the heavy fuel tank area (L20
x B6 x H4) loaded to 70 % of its capacity. The damage resulting
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from the impact of the ship into rocky bottom is square in shape,
having the dimensions of 3 x 3 meters, at the height of 2 meter
from tank bottom. Other relevant data used in the simulation
(as constituent elements of the simulation program’s database),
pertaining to pollutant type (type of oil), water characteristics,
dominant sea current, wind direction in the waters of the Port
of Šibenik during the spread of pollution from the moment of
spillage to the beginning of cleanup operations are as follows:
As illustrated in Figure 1 made in the Automated Data
Inquiry for Oil Spills - ADIOS2 program, approx. 696 m³ of heavy
fuel would be released into the sea from the damaged fuel tank
in the course of 109 seconds (Figure 4).
When all the above data are transferred into the GNOME
pollution spread simulation program, we can track the movement
of the oil spill under the influence of the wind, sea and currents
in real time and in the selected waters (eastern entrance into the
Channel of St. Ante, in the vicinity of the Cape of Burnji Turan
(43°43,7'N 15°53,1'E)) (Figures 5 and 6).
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Table 6
Simulation input data.

OIL TYPE
DORROOD, OIL & GAS (IRANIAN)

Synonyms = none listed Product Type = crude

API = 33.6

Pour Point = -20 deg C Flash Point = unknown

Density

0.867 g/cc at 11 deg C

Viscosity

25.7 cSt at 11 deg C
Sea Water Properties

Temperature

110 C

Salinity

15 ppt

Sediment load at mouth of the river

50 g/m3 (avg. river/estuary)
Sea Currents
2.3 knots towards 160 degrees
Wind and Wave Conditions
Winds Start = Feb. 05, 01:00 hours

Wind

Winds Stop = Feb. 09, 01:00 hours
Release Information - Leaking Tank Release
Time of pollution release

February 05, 0100 hours
Data on mechanical cleanup operations

Time of application

February 06, 0800 hours

Levels Inside Tank (m)

4.0

Oil Released (m3)

1000
Oil
Water
Hole

2.0

500

0.0
0

1

2

0

0

Time in Minutes

1

2

Time in Minutes

Figure 2.
Illustration of release of oil from a tank with square-shaped damage, having the dimensions of 3 x 3 m.
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Figure 3.
TRANSAS ECDIS Tsunami99 – ship course.

Figure 4.
GNOME oil spill spread simulation (step 1. 0-30 min, step 2. 30 min-90 min, step 3. 90 min-96 hrs).
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The simulation illustrates the area of oil spill spread,
depicted by black and red spots, over a 96 hour period (4 days).
The understanding of the GNOME simulation requires two things
to be taken into consideration:
1.
Black spots represent the GNOME‘s best guess at the
projected oil spill trajectory, under the assumption that wind
speed and direction remain unchanged and that the data in
the filled-in database indicate the exact and accurate position,
direction and strength of the current at the time of oil release
(Risk Assesment Template, 2015; GMONE, 2015).
2.
Red spots represent the GNOME‘s estimated minimum
error with respect to oil spill spreading, considering the level of
uncertainty of the entered wind and current data. Data used in
the modelling of the oil spill scenario indicate that 90 % of the
oil spill will remain inside the area covered by red spots (Risk
Assesment Template, 2015; GMONE, 2015).
In this case, pollution spread illustrated in the simulation
Figures is influenced by the predominant northeasterly wind, with
the tendency of its subsequent transition into the southeasterly.

Owing to the location of the initial pollution, the northeasterly
presents the greatest danger for the Channel of St. Ante, while
the southeasterly scatters the pollution across a wider area, even
inside the waters of the Port of Šibenik. Conducting the greatest
possible number of spillage simulations is of utmost importance
for any further analysis of projection of possible spreading of
pollution across an enclosed water area. Every simulation must
take into consideration the impact of sea currents and winds of
varying strength and direction.
In addition, the simulation of the Automated Data Inquiry
for Oil Spills - ADIOS2 illustrates oil spillage from the tank into the
sea based on the parameters of the previously described case.
Diagrams obtained by running the simulation provide data on oil
distribution status, quantity of cleaned up oil (%), water content
in oil (%), viscosity, quantity of evaporated oil (%), oil density
(kg/), content of evaporated fuel in the air (ppm), beached oil (%),
remaining oil (%), (cleaned up, evaporated, beached, remaining).
Figure 7, covering a 96-hour period, illustrates the status
(%) of the remaining, cleaned up, evaporated and beached oil.

Figure 5.
Simulated oil distribution status diagram (%) (remaining, cleaned up, beached and evaporated) over a 96-hour period.
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The diagrams clearly indicate that the quantity of
evaporated oil reaches it maximum of approximately 35 % (Figure
7) within the first 36 hours, with the quantity of evaporated
gasoline vapors peaking in the first 3-6 hours (up to 45 ppm) after

spillage, followed by a sudden drop, and amounting to a mere
0,01 ppm (Figure 8) 12 hours after spillage.
Oil spill spreading dilutes the spill (Figure 9).

Figure 6.
Diagram of simulated status of evaporated gasoline in the air (ppm) over a 96-hour period.

Figure 7.
Diagram of simulated status of water content in oil (%) over a 96-hour period.
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Almost 55 % of the oil remained uncollected after
approximately 36 hours of evaporation, beaching (day 1 = 20 m3,

day 2 = 10 m3, day 3 = 10 m3, day 4 = 5 m3, day 5 = 5 m3), skimming
and clean-up operations (Figure 7).

Figure 8.
Percentage of oil skimmed from sea surface by oil type (Varlamov and Abe, 2000).

Group
Group I
Group II
Group III
Group IV

Density
less than 0.8
0.8 - 0.85
0.85-0.95
greater than 0.95

Examples
Gasoline, Kerosene
Gas Oil, Abu Dhabi Crude
Arabian Light Crude, North Sea Crude Oils
Heavy Fuel Oil, Venezuelan Crude Oils

The simulation illustrates that instantaneous reaction
and reduction of the oil spill to the minimum are of utmost
importance in case of unexpected pollution.
Pollution with large oil quantities would require, if possible,
scouting from a plane, helicopter and/or by drone (or ship if the
former are not available). Long-term weather forecast should
then be consulted and the pollutant clean-up process initiated
by removing the source of the spill, limiting oil or oil mixture
spread, collecting oil or oil mixture, cleaning the coastline and
disposing of the collected material.
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4. CONCLUSION
Since a significant increase in marine traffic of all types of
vessels - general cargo ships, ro-ro ships and especially cruisers
and yachts - is anticipated after the completion of reconstruction
and expansion of the passenger terminal in the Port of Šibenik,
the risk of oil spill pollution due to collision, impact with the
shore or grounding, caused by human error or technical failure,
may realistically be expected to increase as well.
The improvement of measures of rapid and efficient action
in case of a marine accident and the consequent pollution
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of the waters of the Port of Šibenik requires not only prior risk
assessment, but likewise the selection of the possible level of
protection and determination of actions to be taken in emergency
situations on the basis of such assessment. Such detailed analysis
and assessment for the waters of the Port of Šibenik have yet
to be made. Risk assessment of a marine accident taking into
consideration vessel type, size and speed, cargo type and value,
danger of the cargo for the ship and the environment, etc. should
thus be made prior to a ship’s arrival into a heightened-risk area,
like the Port of Šibenik due to its geographical position and
surroundings.
Since the analysis of the possible consequences of oil spill
pollution has likewise never been made for the waters of the Port
of Šibenik, the numerical simulation of an oil spoil, especially
considering the natural surroundings of the port situated at
the mouth of the Krka river, provides valuable information with
respect to short-term and long-term (minimum 5 days) planning
of environmental protection operations and procedures in case
of an oil spill. Simulation results are dependent upon a large
number of factors and characteristics of the initial oil spill (e.g.
pollution location and intensity, oil spreading pattern). These
factors are often either unknown or only partially known.
Relevant data can be obtained by the parallel calculation of
several different pollution scenarios and the analysis of likelihood
of oil spill outcomes, and used to improve the prediction system.
Meteorological and sea current simulation subsystems are of
great importance for successful response to an oil spill and
prediction of pollution spreading patterns. They can significantly
improve the prediction of possible pollution, its spreading
patterns, monitoring and clean-up.
The part of the subsystem used for oil spill simulation in the
further analysis of pollution spreading pattern prediction is also
relevant for an efficient response to an oil spill and the prediction
of pollution spreading patterns by means of an oil spill simulation.
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Assessment of Solid Waste from
Cruise Ships in the Port of Split
Merica Sliškovića, Helena Ukića, Katja Božićb

The aim of this paper is to assess the quantity of solid
waste in the port of Split produced by cruisers during the past
five years. The increased number of cruising guests in the port of
Split is associated with more marine litter produced and directly
increases a potential impact on the marine environment. To
sustainably manage its resources, the city of Split should carefully
consider the positive and negative effects of the cruising
industry, set up a quality control system in cruising and consider
how potential profit impacts on the environment and natural
resources.
KEY WORDS
~~ Marine environment pollution
~~ Port of Split
~~ Solid waste
~~ Preservation of environment
~~ Cruising industry
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1. INTRODUCTION
Marine litter or debris is defined as any persistent,
manufactured or processed solid material discarded, disposed of
or abandoned in the marine and coastal environment. Marine
litter consists of items that have been made or used by people and
deliberately discarded into the sea or rivers or on beaches; brought
indirectly to the sea with rivers, sewage, storm water or winds;
accidentally lost, including material lost at sea in bad weather
(fishing gear, cargo); or deliberately left by people on beaches and
shores. (UNEP, 2005).
Marine litter produces a wide variety of negative
environmental, economic, safety, health and cultural impacts.
Some types of marine litter has a very slow rate of decomposition,
leading to a gradual, but significant accumulation in the coastal
and marine environment. (Jeftić et al., 2009).
In 2009, 498,818 volunteers picked up 7.4 million pounds of
marine debris in 108 countries around the world. They removed
marine litter from more than 21,000 kilometres of coastline and
waterways collecting more than 6.2 million pieces of marine litter,
weighing over 4,000 tonnes. Almost 58 percent of the marine
litter found could be attributed to shoreline and recreational
activities, such as beach-picnicking and general littering. (UNEP,
2016).
In general, public awareness of coastal and marine debris
has increased dramatically over the past years. The main reasons
for this are:
•
Legislation on bathing water quality and waste water
treatment
•
Blue Flags, best beach guides and the like which have
influenced users’ choices as to where to bathe, etc., have informed
and empowered the public choice
Increasing campaigns by
pressure groups have kept the subject in the public eye

e-mail: katja.bozic@plovput.hr
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•
An increase in recreational maritime activities has drawn
the attention of more people to the quality of local coasts and sea
•
An increase in contamination stories – whether it is
cancerous fish, oiled seabirds, dying seals, washed up munitions
or debris on beaches – has demonstrated that, despite
Government legislation, the problem of marine pollution is a
growing one. (Hall, 2000).
The Mediterranean Sea is one of the biggest tourist
regions in the world. Tourist revenues are of significant socioeconomic importance for the coastal regions. Many of the tourist
destinations are concentrated along the coast, with a heavy
dependence on the marine environment. (Jeftić et al., 2009).
The main Adriatic Sea sources of marine litter, on the
Croatian coast, can originate from merchant shipping, ferries
and cruise liners, fishing vessels, military fleets and research
vessels, pleasure craft, offshore oil and gas platforms, fish farming
installations… The land based sources may usually occur from
municipal landfills, discharge of untreated municipal sewage,
including storm water (including occasional overflows), solid
waste from landfills, and untreated waste water, sources along
rivers and canals, tourism ...
2. MARINE LITTER AND ACCOMPANYING LEGISLATION
FOR POLLUTION PREVENTION
Within the framework of the Convention for the Protection
of the Mediterranean Sea against Pollution (Barcelona Convention,
1976), the Mediterranean countries adopted the Protocol for the
Protection of the Mediterranean Sea against Pollution from landbased sources (Mediterranean Protocol, 1996).
Solid waste disposal prohibitions are very strictly settled in
“Special Areas“ for the purposes of Annex V of the MARPOL 73/78
Convention - The International Convention for the Prevention of
Pollution from Ships. (MARPOL 73/78).
From 1 May 2009, Special Area of MARPOL Annex V for
the Mediterranean (MARPOL Annex V) prohibits, for all ships,
disposal of all plastics and all other garbage. More specifically,
the disposal of the following is prohibited: plastics, including
but not limited to synthetic ropes, synthetic fishing nets and
plastic garbage bags; all other garbage, including paper
products, rags, glass, metal, bottles, crockery, dunnage, lining
and packing materials. Vessels must dispose of garbage ashore
into appropriate reception facilities. If suitable facilities are not
available, the garbage must be retained on board until the next
port or discharged when the vessel is outside the special area.
The revised MARPOL Annex V with an entry into force
date of 1 January 2013, prohibits the discharge of all types of
garbage into the sea unless explicitly permitted under the Annex.
Also, guidelines have been developed taking into account the
regulations set forth in MARPOL Annex V. The purpose of these
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guidelines is to provide guidance to governments, ship owners,
ship operators, ships' crews, cargo owners, port reception facility
operators and equipment manufacturers. The guidelines (MEPC,
2012) are divided into the following six sections that provide a
general framework upon which governments can formulate
programmes:
I. Introduction;
II. Garbage management;
III. Management of cargo residues of solid bulk cargoes;
IV. Training, education and information;
V. Port reception facilities for garbage; and
VI. Enhancement of compliance with MARPOL Annex V.
Recognizing that the Annex V regulations continue to
restrict the discharge of garbage into the sea, require garbage
management for ships, and that garbage management
technology continues to evolve, it is recommended that
governments and the IMO continue to gather information and
review these guidelines periodically (MEPC, 2012).
1.4 Regulation 8 of MARPOL Annex V provides that
Governments must ensure the provision of adequate port
reception facilities for garbage from ships and should facilitate
and promote their use. All ship owners and operators should
minimize taking onboard material that could become garbage.
Ship-specific garbage minimization procedures should be
included in the Garbage Management Plan. It is recommended
that manufacturers, cargo owners, ports and terminals,
ship owners and operators and governments consider the
management of garbage associated with ships' supplies,
provisions, and cargoes as needed to minimize the generation of
garbage in all forms (MEPC, 2012).
Compliance with MARPOL Annex V involves personnel,
equipment and procedures for collecting, sorting, processing,
storing, recycling, reusing and discharging garbage. Economic
and procedural considerations associated with these activities
include storage space requirements, sanitation, equipment and
personnel costs and in port garbage service charges (MEPC,
2012). Procedures for handling ship-generated garbage are
divided into four phases: collection, processing, storage, and
discharge.
Regarding to distribution of marine litter a lot of actions
have been taken nationally and internationally, but it is still an
on-going process.
3. CRUISING FACTS ABOUT THE PORT OF SPLIT
The town of Split lies on the Adriatic coast, central
Dalmatia. It is the administrative centre of the Split-Dalmatia
County. Split is the largest city in Dalmatia, second largest city
in Croatia, according to the latest census conducted in 2011
Split has 178,102 inhabitants. The port of Split is one of the
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largest passenger harbours in the Mediterranean and second
largest Croatian cargo harbour, after Rijeka. Since 1979 the entire
historical core of Split with Diocletian’s palace has been listed as
UNESCO World Heritage.
The city of Split, as the second major town of the Republic
of Croatia has become a popular stop in the Mediterranean cruise

ship routes as the cultural and historical centre of the Dalmatia
County. In the course of only one day, five cruise ships are known
to dock in the port, which amounts to approximately 12,000
people being let to the narrow streets of the city.
According to the Port of Split Authority, last year 262 cruise
ships visited Split. Just for comparison, in the year before, 2014,
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Figure 1.
Number of cruise ships arrived at the port of Split between years 2005 to 2015.
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Figure 2.
Number of cruise ships and number of passengers arrived at Port of Split between years 2005 to 2015.
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233 “floating hotels“ visited Split. For this year the Port of Split
Authority announced 290 cruisers that have already registered,
but this figure will surely increase by the end of the year. New
docks are also planned for large ships, although no consensus was
reached as to whether such a large number of visitors is necessary
for Split and whether it is even cost effective considering that
these are mainly day guests who do not spend much.

5. CALCULATION OF SOLID WASTE LOADS
A detailed analysis of the harmful effects of cruise ships in the
port of Dubrovnik, which is the leading port in the number of
passengers, is provided by (Carić, 2010a).
Using the same methodology for the calculation of the harmful
effects, in part relating to solid waste, i.e. waste that cruise
ships produce in the area of the port of Split, calculation of the
amount of solid waste in kilograms is given. It is calculated that a
passenger on a cruise ship capacity of 3,000 passengers produces
4 kg of solid waste daily (Carić, 2010b). The amount of the daily
produced 4 kg of solid waste multiplied by an average day stay
and the number of passengers gives the total amount of the solid
waste for the period of 2010-2015. Average day stay in the city
of Split is nine hours, i.e. 0.375 day (Port of Split Authority, 2016).
It is important to note that the city of Split, only in the past few
years recorded a significant growth in the number of cruise ships
and passengers. The port of Split in the past 5 years received
only a dozen of cruise ships that have a capacity of over 3,000
passengers. To view the assessment of the amount of waste,
data on the number of passengers from cruise ships that have a
capacity of over 2,000 passengers are used, so we must take into
account the differences in the smaller percentage.
Also, it is important to note that the smaller cruise ships produce
and dispose of waste that produces harmful effects on the
environment, which is not included in the calculation.

4. PROTOCOLS FOR WASTE COLLECTION IN THE PORT
OF SPLIT AREA
The port of Split has three concession holders for the service of
collecting mixed waste in 2015: Čistoća d.o.o., Split Tours d.d.
and In Capita d.o.o.
The protocol for waste collection from vessels in the port of
Split defines activities - the liquid waste can be accepted at
anchor (only in Split), but only to the amount of 5 m3. Price for
this specific service for anchored vessels increases for additional
1m3 by € 55.00, and for the Croatian flagged ships VAT has to be
added to the price. For solid waste, the total minimum amount
(sum) cannot be less than 100 kg. All the waste must be in
appropriate containers marked in accordance with MARPOL and
the international label waste (waste code). Additional packaging
and labelling is calculated at 0.15 €/kg for foreign flag ships. The
service price for solid waste on weekends and holidays is 30 %
higher (Port of Split Authority, 2016).
Table 1.

Calculation of solid waste loads from cruise ships of 2,000 passenger capacity and more.
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Year

Number of cruise ship guests
(2,000 passenger capacity and more)

Solid waste loads (kg)

2010

58,085

92,936

2011

67,845

108,552

2012

122,037

195,259.2

2013

70,433

112,692.8

2014

90,970

145,552

2015

63,484

101,574.4

2010-2015

472,854

756,566.4

As already pointed out, there are no quality management
policies for the waste disposal in the port area of Split, and port
authorities do not collect separate data on waste collected from
cruise ships. According to the available data from one of the three
concessionaires in charge of waste collection, it is clear that there
is a significant increase in the weight of mixed waste in the past
five years. Comparing the calculated data in Table 1 with the
amount of discharged waste shown in Figure 3, a huge difference
in waste quantity is noticed. The potential impact on difference

of discharged and calculated waste can be found in the fact that
port of Split traffic annually reaches the number of approx. 4.5
million passengers and 650 thousand vehicles, and national
and international traffic in the port have been continuously
increasing, showing further growing tendency. It is important
to emphasise that the increase in the number of cruise ships in
the port of Split also significantly contributes to the increase of
mixed waste amount.
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Figure 3.
Amount of waste discharged in the port of Split area for period 2011-2015.

At all the levels of cruising industry as a nautical tourism
phenomenon, the development of cruising as well as all the
factors contributing to its successful development should
clearly be formulated. It should clearly define goal, i.e. answer
the question what the goal of specific entity regarding cruising
is, what the profit is, both for cruise ships and cruise companies.
Profit is the goal, but profit has to be ensured for a long period
in terms of sustainable development. This means that strategic
planning and strategic thinking in general must guarantee the
future of cruising (Luković and Božić, 2010).
6. CONCLUSION AND MEASURES PROPOSED BY THIS
ARTICLE
The Republic of Croatia in general has a lot of open issues
regarding waste disposal, and problems are even bigger in tourist
areas during the high season. An increase in the recreational
maritime activities in the port of Split area, especially in the
past few years poses a growing threat to the marine and coastal
environment. Due to this fact, a large quantity of waste created
by cruise ships, yachts and small boats can be expected.
As the port of Split is becoming one of the top cruising ports
in Croatia, this paper highlights the potential threat to the marine
environment by calculating only the solid waste from cruise
ships. The calculation of solid waste is only taken into account
because there are no quality management policies for the waste
disposal in the port area of Split, and the port authorities do not
collect separate data on the waste collected from cruise ships.
The fact that the port of Split is one of the top five
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Mediterranean passenger ports, a large amount of mixed waste
is expected. The analysed data in the port of Split area show a
significant increase in the weight of mixed waste in the past
five years. From 2005 up to date, the number of cruise guests is
five times higher, which consequently leads to the increment of
produced waste. The calculation of solid waste from 2010 to 2015
and the comparison with passenger numbers is in accordance
with the observation regarding increment of produced waste.
In order to minimize the influence of produced waste, the
following measures are proposed:
•
To design and establish a quality control system in cruising;
•
To improve cooperation of all participants, including port
authorities, local authorities and the government in order to find
solutions and a proper management plan for waste disposal;
•
To create a base for collection and comparison of data
received by all concession holders regarding waste disposal;
•
To establish a proper waste management for quality
collecting of garbage produced and separated on board.
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RFID Control System for the
Embarkation/Disembarkation of
Passengers and Vehicles on/from
Ferries
Toni Mišković, Pančo Ristov, Zvonko Markić

Radio-frequency identification (RFID) is a technology which
provides automatic identification and real time data acquisition
capabilities without requiring additional human resources.
This paper presents a control system for the embarkation/
disembarkation of passengers and vehicles on/from ferries,
supported by RFID technology. A basic model of a RFID control
system is developed to introduce the notion of RFID as a
technology capable of access control with certain technical
constraints. The ticket check-in process, made automatic by
simple entry of a tag into the field of a RFID reader, increases
the flow of passengers and vehicles, reduces port congestion,
eliminates the possibility of boarding the wrong (by destination)
ferry, and significantly reduces the number of cash payments.
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~~ Access control
~~ Port
~~ Ferry
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1. INTRODUCTION
Radio-frequency identification is a technology based
on automatic identification and data collection. Nowadays,
companies introduce new technologies to reduce costs, improve
efficiency or simply to raise product or service quality and ensure
market competitiveness.
RFID technology has become an integral part of everyday
life, finding its application in a wide variety of areas, e.g.: as
a transportation payment tool (electronic tolls and public
transportation), in libraries (speeds up book borrowing and return),
the automotive industry (smart keyless ignition systems), spare
parts monitoring (life cycle supervision), animal identification
and monitoring (pet owner identification), e-passports, human
implantation (supervision of criminals, coordination and
monitoring of army and personal identification), restricted access
to buildings or rooms within buildings, contactless payment
systems, asset tracking, warehouse management and logistics,
supply chain product tracking, product safety and tracking
of the movement of raw materials and parts within factories,
counterfeit product detection, automatic vehicle identification
(AVI) systems, railroad car tracking, luggage tracking at airport,
military industry, maritime industry (container monitoring and
tracking, access control) (Narsoo et al., 2009; Günther et al, 2008;
Hansen et al., 2006). In this age of various “smart” devices, such as
“smart” TVs, mobile phones, home appliances and even “smart”
houses, one cannot help but wonder whether it is possible to
create a “smart” ship? Can RFID technology contribute to the
development of the next/new generation of ships?
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Maritime processes, including port processes such as
sale and control of passenger tickets in maritime transport, are
increasingly reaping the benefits of RFID technology, especially
safety and unique identification. Norwegian ship operator Fjord
Line uses RFID technology to monitor and control ticketing and
cabin access on one of its ferries (MS Stavangerfjord with the
capacity of 1,500 passengers and 600 vehicles), and is planning
to expand the technology's use to its other ferries and other
onboard services, such as at restaurants (Swedberg, 2013).
In December 2009, a RFID-based waterproof wristband
tag was introduced at a 361m long cruise ship Oasis of the
Seas, owned by the Royal Caribbean company. RFID technology
shortened queues at boarding and the initial 1,000 tags enabled
the identification of passengers aboard the cruise ship capable
of catering for approximately 6,300 passengers and 2,394 crew
members and staff at full capacity (Swedberg, 2010).
In 2014, the Royal Caribbean company continued with its
good practice of RFID technology use by introducing it to its 347
m long cruise ship Quantum of the Seas, shown in Figure 1. Before
boarding, passengers purchase a waterproof RFID wristband tag
worth $2, using a 13,56 MHz frequency in compliance with the
ISO 14443 standard. The passenger embarkation check-in process
(taking a maximum of 10 minutes) is performed manually by staff
members using a MC9190-Z handheld RFID reader manufactured
by Zebra Technologies, while all luggage is marked by a passive
UHF RFID tag. The development of a smart phone application for
personal luggage tracking from the “loading” to “delivered into
cabin” status has proved its worth since it allows passengers to
enjoy the facilities and services of the ship while waiting for the
notification that their luggage has finally been delivered to their
cabin. The ship’s special attraction is the robotic bar where two
robots, calibrated to millimeter accuracy, serve drinks within 60
seconds without the presence of a waiter. The wristband RFID
tag identifies the users and alcoholic beverages may only be
served if the automatically identified person is over 21 years of
age. All service payments are cash-free, made by deducting the
appropriate amounts from the funds paid to the wristband RFID
tag, which also serves as a replacement for the traditional cabin
key. RFID technology likewise contributes to safety by enabling
the identification and tracking of people during security drills
and procedures – a matter of utmost importance onboard a ship
with the capacity of 4,900 passengers and 1,500 crew members
and staff. The Royal Caribbean installed approximately 280 RFID
readers onboard the Quantum of the Seas as part of a ship-wide
transaction and identification network. RFID technology is used
to allow free and relaxed movement of family and friends, while
simultaneously giving a clear insight into their whereabouts at
all times. According to Bill Martin, the Royal Caribbean plans
to continue with the good practice of RFID technology use by
introducing it to its cruise ship Ovation of the Seas by the spring
of 2016 (Swedberg, 2014).
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Figure 1.
Usage of RFID technology on the Quantum of the Seas
cruise ship during embarkation and in other RFID-supported
onboard services.

2. OVERVIEW OF THE RFID SYSTEM
RFID technology is based on the transmission of data via
radio frequency or radio waves. RFID technology can be defined
as technology that incorporates the use of electromagnetic
or electrostatic feedback in the radio frequency part of the
electromagnetic spectrum to uniquely identify a person, animal
or an object. RFID technology is based on a system consisting
of three main components: tag, reader and middleware.
Technological advancement made possible the development of
broader-range tags than in the first half of the twentieth century.
The aim of any RFID system is to convert information about
each unique product into digital format which allows further
processing and storage in a database, simply and rapidly.
Figure 2 is a simplified model of a RFID system, its main
components and their interconnections. The RFID tag, located
on or inside a designated object, is irradiated with radio waves
emitted by the reader. The tag then uses its integrated antenna to
convert the received signal into electric energy it needs to perform
its duty. Simultaneously, the tag sends the content of its memory
(information about an identified object) to a RFID reader. The use
of special anti-collision algorithms to prevent interference allows
the reader to simultaneously read a large number of tags, with
the number and speed of reading depending on the type of the
reader and the tags, as well as on the range of the RFID reader's
field. RFID reader converts received information into digital
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format and transmits them to a central computer. Middleware
fills the gap in the middle of the data flow between the readers
and the processing unit, and manages information flow. The
computer system receives and processes information in real time
and stores them in the database.

Table 1.
Desirable features of anti-collision procedures
(Finkenzeller, 2010).

Figure 2.
Basic model and corresponding software of a RFID system for
registration of embarkation.

Data transfer between the reader and the central computer
unfolds through a communication interface, which can be either
protocol RS-232 or RS-485, USB, Bluetooth, Wi-Fi and TCP/IP.
The International Organization for Standardization - ISO and
EPCglobal (Electronic Product Code) regulate the standardization
of RFID technology. EPCglobal proscribes specifications for
all aspects of RFID technology, while the responsibility for the
distribution and control of allocation of EPC numbers rests on
international organization GS1 (Global Standard One) and GS1
members (EPCGlobal, 2015; RFID, 2015).
2.1. Anti-Collision Procedures
In practice, the RFID system often has to deal with the issue
of simultaneous presence of more than one tag in the range of
a RFID reader's field. In this event, since all tags are striving to
forward their information to the reader at the same time, collision
occurs. The issue of multi-access is a long-standing problem in
radio-frequency technology. The issue of collision in the RFID
system is comparable to that encountered by satellite or mobile
phone networks which have to cope with a large number of users
simultaneously trying to access a satellite or a base station. It
gave rise to the development of a variety of procedures intended
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to differentiate between individual participant signals. Anticollision can be defined as technical implementation of multiaccess procedures which reliably prevent interference between
tag IDs without noticeable time delay. Anti-collision protocols are
classified on the basis of four different principles: time domain
multiple access, space division multiple access, frequency domain
multiple access and code division multiple access. There are two
approaches to the resolution of the collision issue: probabilistic
and deterministic. The aim of any anti-collision procedure is
reliable detection and identification of all tags in the range of
the electromagnetic field of the reader. While the selection and
implementation of a particular anti-collision procedure may vary
depending on the manufacturer and type of equipment, all anticollision procedures are subject to the same basic principles.
Table 1 shows and describes the desirable features of each anticollision protocol, such as: robustness, independence from line
of sight, minimal delay, reliability, completeness and scalability
(Finkenzeller, 2010).

DESIRABLE FEATURES

DESCRIPTION

Robustness

Anti-collision procedure must
be unaffected by weather and
environmental conditions.

Independence from
line of sight

The tagged object or person must
be identifiable anywhere, regardless
of the line of sight, as long as they
are in the range of a RFID reader's
field.

Minimal delay

Tag identification time must be
as short as possible and almost
imperceptible by end users.

Reliability and
completeness

All tags in the range of a reader's
field must be accurately identified.

Scalability

Protocol must be sufficiently flexible
to accommodate an increase in the
number of tags in the reader's field.

In terms of the issues of RFID collision and the application
of anti-collision procedures, two main issues need to be
distinguished: collision between tags and collision between
readers. Both cases are illustrated in Figure 3.
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Figure 3.
Various collision occurrences.

Conflict between readers occurs when two readers are
installed in such proximity to each other that the ranges of
their electromagnetic fields intersect and overlap, if a tag
appears in that section of their fields, the tag will simultaneously
communicate with both readers without knowledge of collision.
The tag will immediately react to the request of both readers

since it is incapable of recognizing the reader intersection zone.
Collision between tags occurs when more than one tag appears
in the range of a reader's field, simultaneously attempting to
forward their information to the reader. This is the most commonly
encountered collision scenario. One must not disregard the fact
that the tags are incapable of direct mutual communication,

Figure 4.
Application of anti-collision procedure between tags.
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since communication unfolds exclusively through the reader, i.e.
the tags can not recognize the simultaneous existence of other
tags in the reader's field. When implementing an anti-collision
protocol, one must bear in mind that the maximum number of
tags simultaneously present in the field need not be fixed and
known in advance and that the anti-collision system must be
scalable at this point. Collision between tags is possible even if
a single user has two or more different RFID tags (smart cards)

on him/her (e.g. several contactless cards for paying for various
forms of public transportation), in which case the RFID system
must successfully charge the appropriate card without noticeable
delay.
The following paragraph will provide an example of
resolution of collision between tags in order to get an insight
into what happens when several passengers or vehicles
simultaneously approach the ferry and contact the same

Figure 5.
Economic impact and developments stemming from the use of RFID technology in ports.
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RFID reader. The issue of collision occurring in the event of
simultaneous presence of numerous tags in the interrogation
zone of a single reader and the application of binary tree anticollision procedure is shown in Figure 4.
The above anti-collision procedure is based on a binary tree
founded on a recursive function. The root of the binary tree is
common to all tag IDs, and each tree node contains an additional
component of tag ID information, while the final leaf of each
branch of the tree represents a specifically identified tag ID.
The characteristics of inheritance and parent-child relationship
are also applied. The binary tree-run anti-collision algorithm is
based on the principle of a reader’s inquiry on the tag ID. In each
round, the reader transmits a parity bit (0 or 1) to tags, and only
tags containing the prefix which matches the parity bit, respond.
When collision occurs, the reader sorts the tags by applying the
principle of control bits (0 or 1) and repeats the process until
resolution, i.e. only tags involved in the collision participate in
further iterations. This procedure is repeated until only one tag
responds to the reader's inquiry or until every branch of the binary
tree is checked, i.e. until all tags are identified. The scalability of
the binary tree anti-collision procedure is manifested in recursion
and iteration (Usama and Mohammed, 2011).
3. APPLICATION OF RFID TECHNOLOGY IN PORT
PROCESSES
Figure 5 illustrates the economic impact, developments
and application areas of RFID technology in port processes.
Numerous factors make RFID technology the best choice for port
process automation.
RFID technology is suitable for monitoring and supervision
of spare parts, vehicles and technical equipment, access
control (control of authorized and unauthorized movement),
supervision and monitoring of container handling, supervision
and monitoring of port services, tracing passengers and
crew members and monitoring documents. Monitoring and
supervision of onboard services (such as cabin access control
or restaurant services) may also be improved by implementing
RFID technology. Individual and customized services (breakfast,
Internet access, cocktails, etc.) can be offered via RFID-based
prepaid solutions, eliminating the need for vouchers (additional
discounts for frequent travelers are becoming available). All
these factors contribute to the reduction of human resources,
paperwork and manual labor, accelerate the execution of
business processes and increase the financial profits of maritime
companies.
In 2013, the RFID market was worth 8.8 billion dollars, 9.5
billion dollars in 2014 and 10.1 billion dollars in 2015. This includes
tags, readers, and software for RFID cards, labels and other forms
of tags. The market’s value is expected to reach 13.2 billion dollars
by 2020 (Research reports and subscriptions, 2015).
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Globalization contributed to a series of transformations in
all lines of business. These changes have an impact on ports, as
important links in the transportation of goods on the door-todoor principle. Port authorities are encouraged to optimize their
business processes to remain competitive on the services market
and especially in the container transportation business, which
renders cost reduction and port process automation a necessity.
Port authorities are trying to increase efficiency by
effective management of all business processes in the port, and
directing all funds towards control, transparency, availability of
services, automation and security. To meet their goals and fulfil
their mission, port authorities use modern information and
communication systems based on the latest technologies (Ristov
and Mrvica, 2011).
RFID technology enables item identification at great
distances, automatically enters data in real time, facilitates and
accelerates access to data and ensures the transfer of data to
the port’s information and communication system. The benefits
of using RFID technology in comparison to other technologies
are: adaptability to working conditions (moisture, dirt, high
temperature, mechanical resistance), long lifetime (standards
proscribe a 10-year duration of RFID media with a minimum of
100,000 readings), secure data storage on tags, the favorable
price of RFID elements, 99.5-100 % reading accuracy at first scan
etc.
The mean time between failures (MTBF) of a RFID system
consisting of 1,000 readers can be calculated as (1):

lt

MTBF =

(1)

N

∑ qt × ft

t=1

where:
•
N – is the time interval,
•
l - lifetime,
•
t - tag detected by a reader,
•
q - quantity of components (readers in this case),
•
f - failure rate associated with a component.
The following example shows how to calculate the MTBF
for the RFID reader by using the equation (1). RFID readers are
the only components of the system. In a system with a total of
1,000 RFID readers operating over 100 hours, 10 RFID readers are
expected to fail. If equation (1) is applied, MTBF for a RFID system
consisting of 1,000 readers can be calculated as follows (2):

MTBF =

1000 × 100
1

∑ 1 × 10

=

100000

= 10000 = 10 4

(2)

10

t=1
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The obtained MTBF hours should be divided by 24 to
arrive at the number of days the RFID system will statistically
operate as planned between failures. Clearly, the final MTBF for
a RFID system consisting of 1,000 readers is 416 days. MTBF is a
quantitative indicator of repairable systems, essential for modern
technical systems. The sample of 1,000 strategically placed RFID
readers is more than sufficient for the next generation of smart
ships to create identification networks capable of locating any
person onboard at any moment.

3.1. Monitoring the Embarkation of Passengers and
Vehicles on Ferries
Owing to its many benefits, RFID technology can be used to
automate the embarkation of passengers and vehicles on ferries.
Figure 6 illustrates a RFID-based access control system used for
the embarkation of passengers and vehicles.

Figure 6.
Embarkation of passengers and vehicles supported by RFID technology.
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The RFID check-in procedure can be performed regardless
of weather conditions, making the entire process more robust
and reliable. Tags can be interrogated either by RFID handheld
(mobile) readers or more complex stationary readers. Stationary
RFID readers can be placed at various locations onboard ships
and in ports: at entry/exit terminals, at locations of container
transshipment from terminal - to ship and vice versa, on
machinery used at the terminal or at any other location requiring
automatic identification.
The entire tag check-in process unfolds without
additionally burdening employees, and thus directly minimizing
the possibility of human error. After testing each tag attribute,
the application generates a text message and sends it to the user.
The application processes the collected data and sends them
in the appropriate digital format to the assigned database. The
collected data can be stored on a local database server (agency),
on a maritime company’s database server, or, more reliably, in the
cloud (Ristov et al., 2015).
RFID technology is capable of significantly improving
security due to the ability of the system software (using increment
and decrement variables of embarked and disembarked
people) to establish, at any moment, exactly how many people
(passengers and crew) had left the ship or remained onboard

in case of fire or any other danger requiring evacuation. The
RFID system provides real time insight into the precise current
locations of the remaining people onboard. Its ability to offer
information on the last location and last time when a particular
tag was read makes it invaluable in case of a missing person
(or man overboard situation), since these are very important
clues in any search and rescue operation. Therefore, the authors
recommend the use of bracelet tags instead of card tags.
Storing data in the cloud is an easy, reliable and automated
backup mechanism for real time data storage to a remote
location. Furthermore, this mechanism provides very efficient
compression, global data deduplication, significantly reducing
storage timeframe, etc.
3.2. Model of Access Control Supported by RFID
Technology
Process Modeler 5 for Microsoft Visio allows the creation
of BPMN (Business Process Modeling Notation) diagrams in
compliance with the BPMN 1.0 specification, with all elements
and all attributes defined in the above specification. Figure 7
illustrates the model of processes of a RFID access control system
for the embarkation of passengers and vehicles on ferries.

Figure 7.
Model of RFID access control system processes.
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The above model of RFID access control system processes
clearly demonstrates the substantial contribution and possibilities
of RFID systems in terms of embarkation of passengers and
vehicles on ferries. Tags need to be registered in the database prior
to the beginning of embarkation. The validity of a tag is checked
once embarkation begins. If the system determines that a tag is
not registered, the user will be informed thereof and prevented
from boarding the ship. On the other hand, if a user has a properly
registered tag, the RFID system starts to collect and process data
from the tag, and thus initiates the embarkation procedure. The
first step of the system is to check whether the user is boarding
the correct ferry by comparing port of destination indicated in
the user's tag with the port of destination of the respective ferry.
This important step can help preventing misunderstandings
and boarding of wrong ferry lines. This algorithm is of special
importance for foreign tourists who are unfamiliar with the
layout of berths in the port. The RFID system then proceeds to
determine whether the detected tag is registered as a passenger
or as a vehicle. The next step is the automatic establishment
of balance on the account, followed by charging the correct
amount for the transportation of passengers or vehicles. Once the
payment is made, the condition of counter variables in the RFID
system is changed and thus separately calculated for passengers
and vehicles. The variable of the current number of passengers/
vehicles is initially set to zero, while the variable of available
passenger/vehicle capacity is initially equal to the actual physical
passenger/vehicle capacity of the ferry. By simply increasing the
variable of the current number of passengers/vehicles, while
simultaneously decreasing the variable of available passenger/
vehicle capacity, the RFID system can, at any moment, calculate
current capacity. Since passenger/vehicle capacity of the ferry is
initially a constant corresponding to the actual capacity of that
ferry, defined in its technical characteristic during construction,
the sum of the variable of the current capacity occupied by
passengers/vehicles and the variable of available passenger/
vehicle capacity must necessarily, at all times, correspond to the
actual physical capacity of the respective ferry. A clear indication
of vehicle type on tags is necessary and should be used to
distinguish cars from trucks to ensure adequate space on the
ferry. Finally, following the end of the embarkation process, the
RFID system automatically generates a report on passengers
and vehicles, and calculates the total amount of payments and
the profit of the respective voyage. During embarkation, the
maritime company/agency and the ship’s captain have constant
access to and automatic communication with the RFID system
in real time, thus ensuring consistent enforcement of business
policies.
Following the analysis of embarkation processes, an
electronic circuit and its respective software were created to test
the basic possibilities of the RFID system. Multiplicative passive
smart cards were used to test the system. The advantage of using
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RFID cards is that each user has a single card (tag) that can be used
multiple times over a number of years. This advantage is especially
important for tourists who return every year. Only an authorized
person can change the information stored on the card (tag).
Data change devices are located at several locations in the port
and/or at an authorized agency. RFID access control by means
of smart cards is compliant with the ISO/IEC 14443 standard.
When it comes to reading passive tags, the recommendation
is to take the optimum distance between reader and tag into
account. Reading can be performed at distances deviating from
the optimum distance, but this reduces bandwidth and sampling
rate.
Figure 8 is an overview of an entire RFID system, including a
central computer with software support.

Figure 8.
Overview of a RFID system.

Access control system based on RFID technology is
managed by software support installed on a central computer.
Proper software use allows:
•
registration of new tags in a database stored on the central
computer or their storage directly in the reader's memory,
•
determination of access rights and authorities,
•
entering of data into tag's memory and subsequent reading
thereof,
•
entering of desired tag attributes,
•
master card setting,
•
deletion of old or creation of a new database,
•
deletion of a particular tag from the database or complete
deletion of the system's memory.
The main features of the suggested tag for access control in
the process of passenger and vehicle embarkation are:
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•
passenger code,
•
vehicle code (e.g. license plate) and indication of vehicle
type (car or truck),
•
maritime company code,
•
ticket code,
•
account balance,
•
date and time of transaction,
•
ferry line code and berth number (to check port of
destination),
•
name and surname of passenger or vehicle owner.
The introduction of RFID technology as a substitute for
conventional paper tickets and cash payments resulted in the
acceleration of payment services. Table 2 indicates the outcomes
of testing of different payment services reported in literature
(Czako, 1997).

Table 2.
Acceleration of payment services by RFID
technology (Czako, 1997).
Technology

Passenger processing time

RFID tags with greater reading
distances

1.7

RFID tags with smaller reading
distances

2.5

Contact smart card

3.5

Cash payment

>6

4. CONCLUSION
RFID technology is a suitable identification and automatic
data collection tool. In the global business world RFID technology
can be used to redesign the existing port processes, cut costs
and raise operational efficiency by improving factors such as
efficiency, accuracy, transparency and security.
The greatest advantage of RFID technology is that it
allows readers to simultaneously read multiple tags, providing
appropriate anti-collision procedures are applied, which leads
to significant time savings. This feature makes RFID the most
suitable technology for the control of the embarkation of
passengers/vehicles on ferries. The paper gives an example of the
application of an anti-collision procedure to prevent interference
among tags, which increased passenger and vehicle flow rates.
Rapid and precise information acquisition is achieved
by recording each passenger and vehicle with a tag, ensuring
efficient tracing of passengers and vehicles in real time, as well
as identification of their point of embarkation/disembarkation,
etc. Apart from container traffic control and monitoring, RFID
technology has the potential to replace conventional paper
ferry tickets. This paper provides an extensive description of the
potential of the RFID system for passenger and vehicle access
control during embarkation. Proper use of RFID technology
automates port processes and improves business management
by reducing workload and eliminating the possibility of human
error.
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From Content-Centeredness to
Learner-Centeredness in Teaching
English for Specific Purposes
Adelija Čulić Viskotaa, Maciej Dencb
Student / learner-created or student / learner-centred
/ generated content in the teaching of languages for specific
purposes (LSP) is one of the possible ways-out of the intricate
maze in which LSP lecturers often find themselves when dealing
with a professional content different from their own. Lecturers of
languages for specific purposes, mostly experts in linguistics or
literature of a foreign language, are usually faced with professions
different from theirs when they start their LSP adventure and are
forced to master to a certain extent the profession whose language
they intend to teach. Still, keeping abreast with the latest in a
profession different from the LSP lecturers' own is a demanding
and often hardly feasible task. Maritime English (ME) is used in
an environment to which ME lecturers hardly have access, i.e. on
board ocean-going and inland craft worldwide. The lecturer has to
take a detour, insist on eliciting information from the professionals
in the field and keep pace with the actual language requirements
to meet. It still remains difficult to find adequate content for LSP
purposes as the lecturer feels like a hurdles runner in a different
profession field. Students interested in their future profession
can often do better in this sense and should be engaged in the
creation of course materials and their presentation in class. LSP
lecturers should remain in their own field of the (language) coach,
while students should actually run their race through the LSP
course. Some ideas based in Maritime English are presented as an
example of why and how student-created / centred content has
become one of the principal approaches in the teaching / learning
of Maritime English at the Faculty of Maritime Studies (FMS) in Split,
Croatia and Gdynia Maritime University (GMU) in Gdynia, Poland.

KEY WORDS
~~ Student-created
~~ ESP
~~ Course content
~~ Maritime English
1. INTRODUCTION
The aim of this paper is not to advocate a particular teaching/
learning theory, but to present a comparison of the experiences
lived with students in different teaching / learning environments:
that of a traditional lecture room with unidirectional approach
against that of a constructivist, active student group creating
new course content in the learning process, while the lecturer
has the role of a consultant and mentor.
First, some reasons for a different approach are explained.
Also, some of the theories supporting or incorporating different
kinds of approach are presented. As an illustration, an example
is provided from the Maritime English course as taught at the
maritime universities in Split and Gdynia. The following chapters
deal with the main advantages and disadvantages of the
approach based on student creation of course contents. Finally,
a possible future development of student-created content (SCC)
is discussed and, instead of a conclusion, guidelines are provided
for the implementation of SCC into ESP courses.
2. SOME FACTS ABOUT LANGUAGE TEACHING
METHODS
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Until the 1950s language learning classes were dominated
by the traditional methods of rote learning of grammar principles
accompanied with translation and memorization of vocabulary
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followed by a massive number of examples to implant the
knowledge for good (Sinhaneti and Shinawatra, 2012). This
approach was widely accepted and corresponded well with the
image of students in that period. They were supposed to be quiet,
diligent, obedient and attentive, aware that their opinion did not
matter and punished for causing disruption in class. Along with
the civilizational progress, growing respect for human rights and
development of international trade and tourism, linguists started
to think about language teaching and class management much
more flexibly and realistically1 and the Grammar-Translation2
method got in the end overshadowed with the introduction of
newly devised techniques and defamed.
The 30-year-period between the 1950s and the 1980s is
known as "The Age of Methods”. It abounds with a number of
language teaching methods that aim at teaching the productive
skills by using the target language. Two new revolutionary
methods made an entry simultaneously: the Situational Language
Teaching in the United Kingdom and the Audio-Lingualism in the
United States. These later became a breeding ground for many
more alternatives known as Total Physical Response, Silent Way,
Community Language Learning, Suggestopedia and others3.
In the 1980s, with even greater emphasis placed on
humanistic aspects of learning4, Communicative Language
Teaching (CLT) approach (Walia, 2012) emerged, took the whole
idea of language acquisition into a different dimension and
evolved into what it is now in the so called developed countries
(Nielsen, 2011). However, the success of the modern methods
greatly depends on many aspects which may be difficult to
achieve simultaneously unless there are enough funds and
proper teaching facilities. Jeremy Harmer, in his handbook for
language teachers titled The Practice of ELT, points out the most
crucial ones: the background issues5, the practice6, and class
management and planning7. He also presents how vulnerable
these methods may be and why attempts of their implementation
1.

2.

3.
4.

5.
6.
7.

It can be traced back to Hymes (1972), who proposed that knowing a language
involved more than knowing a set of grammatical, lexical and phonological
rules.
Sometimes also named as the Classical Method, this is a traditional teaching
technique that was used to teach Latin and Greek were particularly popular
during the 16th ct. The focus at that time was on the translation of texts,
grammar and rote learning of vocabulary. There was no emphasis on the
productive skills or listening comprehension because Latin and Greek were
taught more as academic subjects than means of oral communication.
Dincay, T. (2010:42)
In other words, linguists started to think not only about developing language
teaching itself, but about finding ways and methods to assist students to
develop themselves as persons, encourage them to take charge of their own
learning, as in Harmer (2001:37)
Reasons and motivation for learning, what the learners already know, the age
of learners, what they should learn, concerns if any.
Teaching materials, practice load and techniques
How classrooms and students can be best organised and lessons prepared,
time allowed and consumed for practice.
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may turn into a failure making them utterly counter-productive
or turn against the teacher.
3. SOME FACTS ABOUT THE TRADITIONAL LECTURE
ROOM
The traditional8 lecturing requires a traditional lecture
room as a common teaching/learning environment. Students
most often sit in a large auditorium in which they were hardly
more than a number. It was difficult to really participate in the
on-going lecture. Some of them, although interested in the
topic could not appropriately concentrate on it as there were
others, less interested, who distracted them in the lecture room
brimming with students. Some students trying to follow the
lecture eventually lost concentration while some others would
slowly but incessantly melt down on the desk in front of them
risking falling asleep. This may not have been a frequent case,
but it cannot be denied that most lecturers lecturing in oversized
lecture rooms to more than a 100 students in a group (have)
witnessed it during their lectures. In the traditional lecture room
equipped with a black-/white-/smart-board the lecturers mostly
tried to do their best to explain a certain content to students
using the board to illustrate or analyze the topic. In trying to
do their best, perform as highly as possible and teach their
students as much as they knew, the lecturers often forgot about
the students sitting in the room opposite them as they were
normally concentrated on what they were writing or showing
on the board. Thus, in many a case the so necessary eye contact
between the lecturers and their audience was lost, leaving the
audience unattended. No eliciting opinions, answers from the
students often used to result, and in some universities it still does,
in the students’ loss of concentration and eventual loss of interest.
Some lecture rooms at universities are so large to require even
more than one display on the same wall so that the students in
the left half of the lecture room can better see what is displayed
on the left screen and those in the right half, obviously, on the
right screen. It is needless to say that the lecturers are forced to
use the microphone in such a large lecture room if they wish to
be heard equally well by all their audiences. The larger number of
aids lecturers use, the farther they get from their audiences even
though the original idea was just the opposite, i.e. to make better
seen and heard what the lecturer has to show or say. Still, nothing
can replace direct human eye and voice contact.
Sometimes it is the students who end up hopeless because
they have missed important part of the lectures and eventually
cannot keep pace with the course requirements, but on some
occasions it can happen even to the lecturer that he/she starts
8.

Traditional refers to the lecturer’s approach, not to be understood as
characteristic of a particular period in time, as different approaches (the
traditional one included) are still used at present, only the ratio of the methods
implemented is different from what it was in the past.

TRANSACTIONS ON MARITIME SCIENCE

http://publikationsserver.tu-braunschweig.de/get/62885

173

feeling not effective enough by the end of the course. This is
obviously the point at which the need is felt for a change in the
teaching / learning styles.
4. FEATURES OF THE MODERN TEACHING / LEARNING
STYLES
Modern teaching and learning styles are definitely different
from both distant and recent past ones. The style in which the
teachers are seen as omniscient creatures, who should only be
attentively and unquestionably listened to and their words
memorized, has been superseded for some time already. The
student is no longer to be perceived as a cargo carrier onto which
the teacher should smoothly load the cargo of knowledge of
a number of facts discovered, analysed and systematised, i.e.
containerised by the lecturer at a different place for the purpose.
The learner-centred teaching methods shift the focus to the
learner who is expected to find out, categorize, classify, relate

and describe the items of knowledge just as the shipper and the
stevedore are expected to do with the cargo, while the student’s
mind becomes the active processor instead of a passive carrier.
This transformation of teaching and learning models has been
enabled by the developments in technology and desktop and
mobile devices, which are continuously bringing new knowledge
to the consumer’s doorstep. This should inspire students’ minds
for a further research and let the consumer evolve into a producer.
One model of transforming the ex cathedra lectures into a
more active form, allowing increased student participation is to
make students inquire, search for content, present their findings,
prepare comprehension questions for the rest of the group,
compare their reports if more than one group have focused on
the same topic and, eventually, prepare the exercises to test what
they have learned. Even the 1st-year-students will most often
gladly participate in the activities. On the other hand, a graduate
student’s presentation, questions and exercises will certainly be
more elaborate. His peers will also be more capable of following

Figure 1.
The circular teaching / learning process (author: Čulić-Viskota, A.).
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the presentation and doing the related exercises. Thus, the
teaching / learning process gains a circular shape in which the
lecturer introduces the topic by first asking the students about it,
what they already know about it (because somebody usually has
some knowledge which makes a good starting point). Students
are more likely to get involved if they feel they already have some
mastery of the topic; they are more keen to develop something
they are already, even if vaguely, familiar with. Next, students
are asked to find more material to work on and are encouraged
to consult the professional course lecturers. Students may
contact the lecturer for consultations regarding the content and
terminology or methodology of presenting findings, creating
exercises, and alike. In this way the content returns to the lecturer
in an extended and enriched way. In case the students are
capable and interested it can return to the lecturer accompanied
by exercises which can also be used for the final assessment.
4.1 Learner-Centred Methodology: Example (1) from
Maritime English Course at FMS in Split, Croatia
In the recent times there has been much talk about
sustainability and raising awareness of the environment we
live in that it inspired the organizers of G.A.M.E. 2016, Maritime
English seminar for Maritime English lecturers worldwide, to elicit
the participating lecturers’ views on the content and methods to
use when dealing with the theme.
Along this line, an example was presented from the Faculty
of Maritime Studies in Split participating lecturer of eliciting
active student participation in the sustainability project. The
project was conducted with the 1st-year students of the nautical
department. Obviously, not all 96 1st-year students could
participate in the creation of the course material covering the
topic. Still, all of them were active in some phase of the project.
When the lecturer introduced the sustainability theme and
asked about any specific ways in which they thought it would
best be dealt with, one of the students came up with the idea
of visiting the local shipyard to see how and to what extent their
activities meet sustainability requirements.
The students were taken to the shipyard in two groups and
readily participated in the visit, listened to the hosts’ presentation
of the institution and asked questions to make the presenters
come right to the point they were interested in. The students also
appreciated being part of the lively working atmosphere in the
shipyard; they readily put on helmets and followed the host from
one workshop to another, from one object to another.
Next, the students were asked to form groups and select a
project they saw in the shipyard to describe in terms of where the
sustainability of the project could be seen.
The following step was to produce comprehension
questions and presentation-based exercises for the rest of the
groups. In this phase the lecturer’s support is vital. Each group
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dealt successfully with the task, some groups obviously more
extensively and in detail than the rest, but they all showed
interest in the project from the very beginning to the end.
The students were invited to present their work in the
project at one of the sessions of G.A.M.E. 2016 Summer Seminar
for Maritime English lecturers in Split earlier this year9. The
presentation inspired the lecturers to discuss several points
among which are the following:
1. Student-created content is primarily the matter of
content, not methodology. Still, methodology has to be decided
on at the very beginning. This is where the lecturer enters the
scene and must be there to provide necessary assistance.
2. This meta-communication10 about the theme to be
investigated by the students increases their motivation. Most
students like to present their own suggestions about where,
when, how a topic can be approached. They also like to be
asked for details about what they found out and presented to
their peers as well as to clarify the ideas expressed. The latter, in
particular, helps raise their self-consciousness.
3. Increased student participation can also be adopted in
the creation of assessment questions, search for the contents
to best reach the learning outcomes or, ultimately, even in
the determination of learning outcomes, which is more easily
applicable with the higher-year students for obvious reasons.
4.2 Learner-Centred Methodology: Example (2) from
Maritime English Classes at GMU in Gdynia, Poland
The recent trends in language teaching are intended to teach
the language as lingua franca for real-life communication. Thus,
a contemporary offer should not only include mastering what is
required for a successful monologue or English comprehension
only, but put an emphasis on how to act and what to say when
difficulties arise, without damaging effects, being able to meet
differing views, opinions, values, attitudes behaviour, being able
to defend verbally if necessary, avoiding judgemental utterances,
avoiding domination to allow others to speak in order to sustain
meaningful conversation and enable development of a trustful
relationship or a fruitful cooperation.
Students at maritime universities are often not inborn
orators, especially males are not masters at sustaining
communication and this is why providing them with the above
mentioned skills is challenging most of the time. It is said that
nobody can learn to play an instrument only by listening to
it being played by another person: one must try to play it
9.

G.A.M.E. Summer Seminar for Maritime English lecturers (from 2017 G.A.M.E.
Summer Workshop) takes place once in two years to gather Maritime English
lecturers from around the world to practically deal with new topics in shipping
to be incorporated into Maritime English courses
10. For more details about the concept of meta-communication, see: Baltzersen,
Rolf K. (2013)
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oneself. To achieve the goal, a variety of guided role-plays for
maritime purposes have successfully been used as means to
maximize students’ interaction in class and minimize anxiety
while speaking11. Another form of activating students that works
well is bringing a controversial issue to the class to put it under
discussion.
One of the issues that deserves a closer look and a thorough
discussion within the circles of people related to maritime
industry and maritime trade and economy is sustainable
developmen12 and, inscribed in that, sustainable shipping. The
process of popularization of the idea of sustainability along with
the changes required to be introduced are multi-dimensionally
conditioned. Its success is largely dependent on the human
factor, which requires a transformation of consciousness and
reframing ethical values to look at a number of processes related
to the common good, finances, politics or consumption from
an utterly different perspective. The issues for which there has
been consent e.g. controversial waste disposal, overexploitation
of human resources, selective partnerships, excessive resource
consumption, modern slavery, child labour, etc. remain at
odds with this idea. Thus, the activities of shipping and port
operations having an influence on the condition of global waters
and coastal areas as well as the conditions of employment of
seafarers should be revisited according to the intentions of the
Sustainable Shipping Initiative (SSI). This includes improvement
of shipyard operations for more sustainable building and
disposal of ships, implementation of new environment-friendly
and low-energy technology for ship operations, implementation
of good shipping practice, supporting and financing companies
promoting sustainable shipping and, last but not least, supporting
countries which lack the requisite resources, experience or skills
to implement IMO treaties through an Integrated Technical
Cooperation Programme (ITCP)13.
Shipping seems to be one of those branches of industry
where future looks brighter than dimmer. The interdependent
shipbuilding and seaborne transportation do not lose much
of their popularity although many companies are undergoing
challenging times and may not survive in the nearest
future. It is widely discussed in an article by Katsioloudis, P.J.
(Katsioloudis, 2009). The industry employs people of different
origin, religion, skin colour, and people coming from diverse
cultural environments. Reconciling these multiple elements is
11. Denc, M. (2009)
12. As in Report of the World Commission on Environment and Development
or Brundtland Report (1987:27): ”Sustainable development is development
that meets the needs of the present without compromising the ability of future
generations to meet their own needs. It contains within it two key concepts: the
concept of 'needs', in particular the essential needs of the world's poor, to which
overriding priority should be given; and the idea of limitations imposed by the state
of technology and social organization on the environment's ability to meet present
and future needs.”
13. http://www.climateactionprogramme.org/climate-leader-papers
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a challenge and obviously requires an open mind for accepting
otherness. However, this is not the only key to open the door
of understanding and cooperation. The other key is a sufficient
command of Maritime English. This heightens the importance of
the above mentioned skills.
Since there is no indication that Maritime English will
be dethroned in favour of any other language as on-board
means of communication, the Maritime English lecturers at
Gdynia Maritime University normally make current trends and
requirements in the maritime industry part of their constantly
updated course contents. The students are urged to take a closer
look at the topics presented and to study them in an integrative
approach. In this way, they acquire both the ability to form a
critical opinion and develop speaking skill through subsequent
role-plays, debates and discussions in class. The widely discussed
sustainable shipping is an example of such a topic.
4.3 Further Advantages of SCC
SCC is not limited in the sense of time or space; it can easily
be posted among students’ learning materials. It is not delivered
by the lecturers at a certain place (their lecture rooms) at a certain
time (specific lecture).
SCC enables students to control their course contents
allowing in this way the content to be created by students for
students; in other words, the learning process remains with the
learner for as long and wherever he likes.
Students also learn about a topic by reporting on other
students’, their peers’ work. This also helps develop their
meta-cognitive skills as they are asked to evaluate their peers’
contributions. They can also evaluate how much they have learnt
or how useful to them a contribution has been.
With SCC students and lecturers can learn from one another
to the benefit of each person in the teaching / learning process.
4.4 Disadvantages of SCC
SCC is obviously about students; still, this does not mean
that all students participate in the creation of all content to an
equal extent or degree. It is always the case in whatever learning
/ teaching approach is applied. Students are different individuals
with different abilities, interests, possibilities, etc. The important
criterion to stipulate is the lower contribution level, i.e. the one
from all students’ achievements through their contributions are
evaluated or, in Maritime English terms, the chart datum.
Furthermore, before letting the students set out to explore
new contents on their own, it is important to try to determine the
standards of the web contents they will take into consideration.
Not all web content is appropriate for inclusion in course
contents. This refers to the lecturers’ part of the work, their role
in the creation of SCC.
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The lecturer’s role is definitely different from the role he/
she has in the traditional lecture room. Teaching methodology
is different with SCC: initially, the course has to be elaborated
differently from the single-lecturer’s course. There may be
requirements for specific types of software, which again is the
lecturer’s task to ensure.
Finally, a constant requirement for the lecturer’s mentoring,
support (both technical and psychological), which is far more
demanding than in the one-directional ex cathedra teaching
method, is indispensable. Still, if properly performed, it is also
more rewarding.
5. INSTEAD OF A CONCLUSION: FUTURE
DEVELOPMENTS OF SCC
The future development of SCC will certainly depend on
particular lecturers and the groups of students they work with.
Since SCC is an individual and group tailor-made approach, it
will certainly require both an engaged lecturer and students.
The students’ willingness to work and their knowledge and skills
will determine their involvement in the generation of content
and, accordingly, their attitude to their achievements. On the
other hand, it will depend on the lecturers’ skills, knowledge and
diligence whether they will successfully guide the students to an
outcome they will all be proud of. The lecturers will also have to
think of the ways of adjusting their assessment to the students’
activities in SCC as it must be significantly different from the
assessment in other forms of learning / teaching. Smart lecturers
should assess the group before deciding on the ratio of SCC to
the other forms of learning / teaching in their courses. Different
students perform differently with different forms of learning/
teaching. Finally, there is also the lecturer factor to be taken into
consideration as some lecturers will definitely hardly wish to give
the traditional omniscient character, while others will readily
adapt to their new role as coaches or facilitators.
Changes usually take time, especially if radical. Courses are
considered to be best designed if they ensure the appropriate
ratio of content delivery and active learning to suit the particular
group of students. As Duda and Garrett (2008: 1055) note “if we
care about learning, we need to pay attention to students’ attitudes.”
(Duda and Garrett, 2008).
With different possibilities of e-learning currently available
at higher institutions, lecturers can easily assist in accumulating
and updating a body of specific course materials which, opposite
to what it seems in advance, will end up more extensive than
expected. Still, the most important of all achievements in SCC
is definitely a closer student engagement and more intensive
collaboration resulting in getting to know and mastering team
work practices, so important in their future professional life.

Trans. marit. sci. 2016; 02: 172-179

REFERENCES
Albano, A., (2012), Flipping the Classroom – Breaking the Mold of Traditional
Teaching,
available
at:
http://www.scholastic.com/teachers/classroomsolutions/2012/04/flipping-classroom-%E2%80%94-breaking-mold-traditionalteaching, [accessed February 10, 2016.]
Baltzersen, R. K., (2013), The Importance of Meta-communication in Supervision
Processes in Higher Education, International Journal of Higher Education, 2(2), pp.
128-140.
http://dx.doi.org/10.5430/ijhe.v2n2p128
Bergtrom, G., (2011), Content vs. learning: An old dichotomy in science courses.
Journal of Asynchronous Learning Networks, 15(1), pp. 33-44.
Report of the World Commission on Environment and Development: Our Common
Future, available at: http://www.un-documents.net/our-common-future.pdf,
[accessed February 12, 2016]
Cook, J., (2010), Mobile Phones as Mediating Tools within Augmented Contexts for
Development, International Journal of Mobile and Blended Learning, 2(3), pp. 1-12.,
http://dx.doi.org/10.4018/jmbl.2010070101
Curricular Conflict, Online Classroom, (2012), available at: http://www.magnapubs.
com/newsletter/online-classroom-2908-1.html?__hstc=753710.52ab27f104472
b22e4f0d323ba69319e.1454877314452.1454877314452.1454877314452.1&__
hssc=753710.3.1454877314453&__hsfp=3684921022, [accessed 14 February 2016].
Davis, T. A., (2013), Connecting Students to Content: Student-Generated Questions.
Bioscene: Journal of College Biology Teaching, 39(2), pp. 32-34.
Denc, M., (2009), Maximizing Student Interaction in Class, Proc. International
Maritime Science English Conference (IMEC), Szczecin, Poland, October 6-9, pg. 179186., available at: http://www.pfri.uniri.hr/~bopri/IMEC_Proceedings/PDF/IMEC21.
pdf
Dincay, T., (2010), A Quick Chronological Review of the ELT Methods along with Their
Techniques and Principles: Choosing eclecticism from among Language Teaching
Methods, Dil Dergisi, 147(1), pp. 40-62.
http://dx.doi.org/10.1501/Dilder_0000000125
Duda, G. and Garrett, K., (2008), Blogging in the Physics Classroom: A Researchbased Approach to Shaping Students’ Attitudes Toward Physics, American Journal
of Physics, 76 (11), pp. 1054-1065.,
http://dx.doi.org/10.1119/1.2967707
Harmer, J., (2001), The Practice of English Language Teaching, 3rd Edition, UK:
Longman ELT
Hymes, D.H., (1972), On Communicative Competence, In: Pride, J. B. and Holmes,
J. (eds) Sociolinguistics, Selected Readings, pp. 269-293. (Part 1), Harmondsworth:
Penguin.
Katsioloudis, P. J., (2009), Transportation of the Future: Understanding Port Logistics:
By 2020, Even at Moderate Rates of Domestic Growth, the International Container
Trade Will Double from Current Levels, The Technology Reader, 69(1), available at:
https://www.questia.com/library/journal/1G1-207943831/transportation-of-thefuture-understanding-port-logistics, [accessed February 12, 2016]
LaMartina, D., (2012), 5 Tips for adding student-generated content to your
curriculum, available at: http://edcetera.rafter.com/5-tips-for-adding-studentgenerated-content-to-your-curriculum/, [accessed February 12, 2016]
Moll, L. C., (2014), L.S. Vygotsky and Education, New York: Taylor & Francis.

TRANSACTIONS ON MARITIME SCIENCE

http://publikationsserver.tu-braunschweig.de/get/62885

177

Nielsen, L., (2011), Classifications of Countries Based on Their Level of Development:
How it is Done and How it Could be Done, IMF Working Paper, available at: https://
www.imf.org/external/pubs/ft/wp/2011/wp1131.pdf, [accessed February 14, 2016]

Vygotsky, L. S., Piaget, J., Dewey, J. and Bruner, J. S., (2016), Constructivism, available
at: http://www.learning-theories.com/constructivism.html, [accessed February 28,
2016]

Sener, J., (2007), In Search of Student-generated Content in Online Education,
e-mentor, 4(21), available at: http://www.e-mentor.edu.pl/_xml/wydania/21/467.
pdf, [accessed February 8, 2016]

Walia, D. N., (2012), Traditional Teaching Methods vs. CLT: A Study, Frontiers of
Language and Teaching, 3(1), pp. 125-131.

Sinhaneti, K. and Shinawatra, E. K. K., (2012), A Study of the Role of Rote Learning in
Vocabulary Learning, US-China Education Review A 12 (2), pp. 987-1005, available
at: http://files.eric.ed.gov/fulltext/ED539350.pdf, [accessed February 14, 2016]
Taylor, A., (2016), Language Teaching Methods: an Overview, available at: http://
blog.tjtaylor.net/teaching-methods/, [accessed March 01, 2016]

Weimer, M., (2013), Course Redesign Finds Right Blend of Content Delivery
and Active Learning, available at: http://www.facultyfocus.com/articles/
i n s t r u c t i o n a l - d e s i gn / co u r s e - re d e s i gn - f i n d s - r i g ht- b l e n d - o f - co nte ntdeliver y-and-active -learning/?__hstc=753710.52ab27f104472b22e4f0
d323ba69319e.1454877314452.1454877314452.1454877314452.1&__
hssc=753710.3.1454877314453&__hsfp=3684921022, [accessed February 7, 2016]

The Online Teacher Resource, (2016), available at: http://www.teach-nology.com/
currenttrends/constructivism/piaget/, [accessed February 13, 2016]

178

doi: 10.7225/toms.v05.n02.008

Adelija Čulić Viskota and Maciej Denc: From Content-Centeredness to Learner-Centeredness in Teaching English for Specific Purposes

http://publikationsserver.tu-braunschweig.de/get/62885

CONTRIBUTION

News from IMO
Popularization of Science and Technology
News
Pjesma / Poem
Guidelines

http://publikationsserver.tu-braunschweig.de/get/62885

CONTRIBUTION

News from IMO
Tatjana Krilić

This contribution presents a compilation of information
on current work of selected IMO bodies in the period preceding
the publication of this issue of ToMs. The outcome of IMO bodies
responsible for safety and environment protection has been
covered, aiming at informing readers on the decisions taken, as
well as on the IMO instruments and/or their amendments that
have entered into force.
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International Maritime Organization, 4 Albert Embankment, London, SE1 7SR
e-mail: tkrilic@imo.org

INTRODUCTION
The 69th session of the Marine Environment Protection
Committee (MEPC) met in London at the IMO Headquarters from
18 to 22 April 2016 and the 97th session of the Maritime Safety
Committee (MSC) was held from 11 to 20 May 2016. Selected
decisions and outcome of discussions of the MEPC and MSC have
been presented in this review, along with amendments to the
mandatory IMO instruments that entered into force since the last
issue of ToMS.
It is worth noting that, on 8 September 2016, the long
expected entry into force of the International Convention for the
Control and Management of Ships' Ballast Water and Sediments
(BWM Convention), a key international measure for environmental
protection that aims to stop the spread of potentially invasive
aquatic species in ships’ ballast water has been triggered, and
the Convention will enter into force on 8 September 2017,
marking a landmark step towards halting the spread of invasive
aquatic species, which can cause havoc for local ecosystems,
affect biodiversity and lead to substantial economic loss. Under
the Convention’s terms, ships will be required to manage their
ballast water to remove, render harmless, or avoid the uptake
or discharge of aquatic organisms and pathogens within ballast
water and sediments.
Whilst news presented in this contribution only highlight
the selected topics, complete information on the outcome of
various IMO bodies is available in their reports, which can be
found on the Organization's IMODOCS website (http://docs.
imo.org/). More information and highlights on the work of the
Organization can be found on its public website (http://www.imo.
org), including press briefings and meeting summaries available
in “Media Centre” area. In addition, most of the Organization’s
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technical and operational data, some of which is available to the
public, is stored in the Global Integrated Shipping Information
System (GISIS), which is also accessible via a public website
(https://gisis.imo.org).
69th session of the Marine Environment Protection
Committee (MEPC 69)
Mandatory system for collecting ships’ fuel
consumption data approved
The MEPC approved mandatory requirements for ships to
record and report data on their fuel consumption together with
additional data on proxies for the “transport work” undertaken
by the ship.
The mandatory data collection system is intended to be
the first step in a three-step process in which analysis of the data
collected would provide the basis for an objective, transparent
and inclusive policy debate in the MEPC. This would allow a
decision to be made on whether any further measures are
needed to enhance energy efficiency and address greenhouse
gas emissions from international shipping.
Reduction of GHG emissions from ships
The MEPC welcomed the Paris Agreement under the
UNFCCC and recognized the role of IMO in mitigating the impact
of GHG emissions from international shipping. Following a wideranging discussion on future work to further address greenhouse
gas emissions from ships, the Committee agreed to establish a
working group at MEPC 70 for an in-depth debate on how to
progress the matter.
Adoption of amendments to MARPOL
The MEPC adopted amendments to MARPOL and the
NOX Technical Code 2008, with expected entry into force on 1
September 2017:
•
amendments to MARPOL Annex II, appendix I, related to
the revised GESAMP hazard evaluation procedure;
•
amendments to MARPOL Annex IV relating to the dates for
implementation of the discharge requirements for passenger
ships while in a special area, i.e. not before 1 June 2019 for
new passenger ships and not before 1 June 2021 for existing
passenger ships;
•
amendments to MARPOL Annex VI regarding record
requirements for operational compliance with NOX Tier III
emission control areas;
•
amendments to the NOX Technical Code 2008 to facilitate
the testing of gas-fuelled engines and dual fuel engines;

Establishment of effective dates for the Baltic Sea
Special Area
The MEPC agreed to establish the effective dates for the
application of the Baltic Sea Special Area under MARPOL Annex
IV (Prevention of pollution by sewage from ships). In the special
area, the discharge of sewage from passenger ships will generally
be prohibited unless the ship has in operation an approved
sewage treatment plant that meets the applicable additional
effluent standards for nitrogen and phosphorus in accordance
with the 2012 Guidelines on implementation of effluent
standards and performance tests for sewage treatment plants
(resolution MEPC.227(64)).
The dates are: for new passenger ships, on 1 June 2019
and for existing passenger ships, with some exceptions, on 1
June 2021. An MEPC resolution adopting the effective dates
encourages Member Governments, industry groups and other
stakeholders to comply immediately on a voluntary basis with
the Special Area requirements for the Baltic Sea Special Area.
Implementation of the BWM Convention
The MEPC approved draft amendments to regulation B-3 of
the Convention relating to the time scale for implementation of
the requirements, to be held in abeyance and circulated on entry
into force of the BWM Convention for subsequent adoption.
The Committee granted Final Approval to three further
ballast water management systems that make use of active
substances. The Committee noted that the total number of typeapproved systems is currently 65.
Energy efficiency of international shipping
The Energy-Efficiency Design Index (EEDI) for new ships and
associated operational energy-efficiency measures for existing
ships became mandatory in 2013, with the entry into force of
relevant amendments to MARPOL Annex VI. The regulations
require IMO to review the status of technological developments
and, if proven necessary, amend the time periods and the EEDI
reference line parameters for relevant ship types and reduction
rates.
Data received by the IMO Secretariat identifies that so far
nearly 1,200 ships have been certified as complying with the new
energy-efficiency design standards.
Following consideration of an interim report of its
correspondence group reviewing the status of technological
developments relevant to implementing Phase 2 of the EEDI
regulations, MEPC instructed the group to continue considering
the status of technological developments for ro-ro cargo ships
and ro-ro passenger ships and to make further recommendations
to MEPC 70.
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Fuel oil quality
Following discussion of the report of a correspondence
group established to consider possible quality-control measures
prior to fuel oil being delivered to a ship, MEPC encouraged the
fuel oil supply industry to develop draft best practice for fuel oil
providers and submit this best practice to the Committee for
consideration at a future session. The Committee also agreed
that best practice for fuel oil purchasers/users and Member
States/coastal States should be developed and instructed the
correspondence group to continue its work on this guidance.
96th session of the Maritime Safety Committee (MSC
96)
Construction rules verified as conforming to goalbased standards
The MSC confirmed that ship construction rules for oil
tankers and bulk carriers submitted by 12 classification societies
conform to the goals and functional requirements set by the
Organization for new oil tankers and bulk carriers set out in the
International goal-based ship construction standards for bulk
carriers and oil tankers which were adopted in 2010.

Nations Recommendations on the Transport of Dangerous
Goods;
•
Amendments to chapter 8 of the International Code for
Fire Safety Systems (FSS Code) regarding prevention of internal
corrosion and clogging of sprinklers and a new chapter 17 of the
FSS Code, containing mandatory requirements for helicopter
facility foam firefighting appliances. An MSC circular on early
implementation of the new chapter 17 of the FSS Code was also
approved; and
•
Amendments to the Code for the Construction and
Equipment of Mobile Offshore Drilling Units, 2009 (2009 MODU
Code), to align it with the new provisions of chapter 17 of the FSS
Code.
Advice regarding the verification of the gross mass
of packed containers loaded before 1 July 2016 and
transhipped on or after 1 July 2016 agreed
An MSC circular (MSC.1/Circ.1548) on Advice to
Administrations, port State control authorities, companies, port
terminals and masters regarding the SOLAS requirements for
verified gross mass of packed containers was agreed, following
discussion on the entry into force of the requirements in SOLAS
regulations VI/2.4 to VI/2/6 on the verification of the gross mass
of packed containers on 1 July 2016.

Survival craft safety: SOLAS amendments adopted
Cyber security - interim guidelines approved
The MSC adopted amendments to SOLAS regulations III/3
and III/20 to make mandatory the Requirements for maintenance,
thorough examination, operational testing, overhaul and repair
of lifeboats and rescue boats, launching appliances and release
gear.
This package of provisions, with an expected entry into
force date of 1 January 2020, aims to prevent accidents with
survival craft and addresses longstanding issues such as the
need for a uniform, safe and documented standard related to
the servicing of these appliances, as well as the authorization,
qualification and certification requirements to ensure that a
reliable service is provided.
Adoption of other amendments
The MSC also adopted the following amendments, with an
expected entry into force date of 1 January 2020:
•
Amendments to SOLAS regulation II-2/13 to extend the
requirements for evacuation analysis to all passenger ships, not
just ro-ro passenger ships. Associated revised guidelines on
evacuation analysis for new and existing passenger ships were
approved;
•
Amendment 38-16 to the International Maritime Dangerous
Goods (IMDG) Code, to reflect latest changes to the United

The MSC approved interim guidelines on maritime cyber
risk management, aimed at enabling stakeholders to take the
necessary steps to safeguard shipping from current and emerging
threats and vulnerabilities related to digitization, integration and
automation of processes and systems in shipping.
The interim guidelines are intended to provide high-level
recommendations for maritime cyber risk management, which
refers to a measure of the extent to which a technology asset
is threatened by a potential circumstance or event, which may
result in shipping-related operational, safety or security failures
as a consequence of information or systems being corrupted,
lost or compromised. The guidelines include background
information, functional elements and best practices for effective
cyber risk management and are expected to be updated when
the Facilitation Committee had completed its work on facilitation
aspects of cyber risk management.
Guidance for developing national maritime security
legislation approved
Guidance for the development of national maritime
security legislation was approved. The guidance aims to assist
SOLAS Contracting Governments with developing national

Tatjana Krilić: News from IMO

182

http://publikationsserver.tu-braunschweig.de/get/62885

legislation to fully implement the provisions of SOLAS chapter
XI-2 on Special measures to enhance maritime security and the
International Ship and Port Facility Security (ISPS) Code.
Carriage of industrial personnel - outline for new
SOLAS chapter and code endorsed
The MSC endorsed the draft outline for a new proposed
SOLAS chapter related to the carriage of industrial personnel, and
the outline of a proposed mandatory code. The SOLAS chapter
and code would be aimed at ensuring the safe and efficient
transfer of technicians serving and servicing installations in the
growing offshore alternative energy sectors.
It was agreed that MSC 97 would continue discussion on
a roadmap for developing the requirements in the chapter and
code, as well as a proposed Recommendation for the carriage
of more than 12 industrial personnel on board vessels engaged
on international voyages, which could be adopted as interim
guidance pending the development, approval and adoption of
the proposed new mandatory requirements.

•
new traffic separation schemes "Off Southwest Australia";
•
new traffic separation scheme "In the Corsica Channel";
•
amendments to the existing traffic separation scheme "In
the Approaches to Hook of Holland and at North Hinder" and
associated measures, superseding the existing precautionary
areas;
•
amendments to the existing traffic separation scheme "At
West Hinder"; amendments to the existing traffic separation
scheme "In Bornholmsgat",
•
new two-way routes and precautionary areas "Approaches
to the Schelde estuary", superseding the existing precautionary
area "In the vicinity of Thornton and Bligh Banks";
•
new routeing measures "In Windfarm Borssele"; and
•
amendments to the existing area to be avoided "Off the
coast of Ghana in the Atlantic Ocean".
Amendments to mandatory IMO instruments that
entered into force
SOLAS amendments that entered into force on 1 July
2016:

Recognition of Galileo
The MSC recognized the Galileo Global Navigation Satellite
System (GNSS) as a component of the Word Wide Radionavigation
System (WWRNS).

- 2014 amendments to SOLAS 1974 (chapters II-2, VI and XI-1 and
Appendix) (resolution MSC.380(94))
- 2014 amendments to the International Code on the Enhanced
Programme of Inspections during Surveys of Bulk Carriers and Oil
Tankers, 2011 (2011 ESP Code) (MSC.381(94))

Ships routeing systems adopted
A number of new and amended ships routeing systems
were adopted, including:
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Popularisation of Science and Technology

Faculty of Maritime Studies on
Festival of Science
Luka Mudronja
The Festival of Science was held in 18 Croatian cities on
April 18-24, 2016. The city of Split and its University were among
the cities and institutions that decided to promote the world
of science to the people. The Faculty of Maritime Studies was
presented by two lectures:
•
Ship on the Waves in the Library Marko Marulić
•
The History of the Croatian Shipbuilding Industry on the
school sailing ship Queen of the Sea.
Those were two lectures closely related to teaching,
research and practical work at the Faculty of Maritime Studies

in Split. The Nautical Department of the Faculty, especially ship
construction and stability lecturers, dealt with this topic.
Lecture Ship on the Waves was presented at Marko Marulić
library. This topic was presented from two viewpoints. One was
the seafarers’ viewpoint and it dealt with ship maneuvering on
heavy seas and in storms. That was of great interest to the visitors
because it represented how a ship fights against huge waves and
all the procedures that have to be followed for safe navigation.
The other viewpoint was the shipbuilders’ and represented
all the calculations of a ship’s motions that will occur on the heavy

Figure 1.
Demonstrating waves to the pupils with an additional prop.

184

http://publikationsserver.tu-braunschweig.de/get/62885

seas. That was presented as a mathematical problem and was
very interesting to the visitors enthusiastic about mathematical
solutions of natural phenomena.
As a large part of the visitors at the festival were children and
elementary school pupils, part of the lecture was presentation
of the basic laws of physics. As an easy way to explain the
phenomena of the lifting force, weight force, mass and center of
gravity and metacentric height, a lot of props and ship models
were used. In this way, the youngest visitors could easily learn
the difference in heavy sea motions between passenger ships
and ships for the transport of cargo.
The lecture The History of the Croatian shipbuilding industry
was very interesting because it was held in the saloon of the
school sailing ship Kraljica mora, which had just returned to the
port of Split with a group of students who had been on their sailing
practice. All the students were from the Nautical Department of
the Faculty of Maritime Studies. Just a few minutes after berthing
the ship, visitors came on board and the presentation started.
An overview of the development of large shipyards on

the Croatian coast of the Adriatic was an interesting topic. This
presentation is a modification of the lecture that Professor Ivo
Senjanovic presented at the Croatian Academy of Sciences and
Arts. When the presentation touched on the past few years
of shipbuilding and Brodosplit shipyard, visitors had many
questions and comments.
After the presentation, the Master of the ship guided the
visitors on a tour of the ship and prepared them for the sailing
trip to the island Šolta where was planned to present life and
work of the famous Croatian writer Marko Marulić.
The Festival of Science is an opportunity for the
popularization of science and a way to arouse interest in
elementary and high school students for specific topics. The
Faculty of Maritime Studies will continue to participate in this and
similar festivals and events.
More about the Festival of Science at http://www.
festivalznanosti.hr/2016/

Figure 2.
Visitors on the school sailing ship Kraljica mora.
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News

1. WÄRTSILÄ BALLAST WATER MANAGEMENT SYSTEMS
CHOSEN BY MAERSK TANKERS FOR THREE TANKER
NEWBUILDINGS
Reprinted with premission from: http://www.wartsila.com/
media/news/31-08-2016-wartsila-ballast-water-managementsystems- chosen-by-maersk-tankers-for-three -tankernewbuildings
Maersk Tankers A/S of Denmark has selected Wärtsilä’s
Electro Chlorination (EC) Ballast Water Management System
(BWMS) for three new 50,000 DWT medium range (MR) tankers
being built at the Samsung Heavy Industries (Ningbo) yard in

China. The order was signed in the second quarter of 2016.
Ensuring compliance with the upcoming IMO Ballast water
management convention is becoming a priority for ship owners,
and the selection of Wärtsilä EC systems by Maersk Tankers
ensures their future compliance with IMO requirements while
USCG type approval is expected to be obtained by Q1 2017.
The Wärtsilä Aquarius EC BWMS is compliant in all salinities. An
open dialogue between the partners involved ensured that the
most suitable solution was chosen, thus providing peace of mind
and the lowest cost of ownership to Maersk Tankers for these
important newbuild vessels.

Figure 1.
The new tankers being built for Maersk Tankers A/S will be equipped with Wärtsilä Ballast Water Management Systems.
Source: https://dam.wartsila.com/dam/file/A4lhFQyEquWA9GzlcBnbA2/*/Maersk.jpg?authcred=d2ViZ3Vlc3Q6d2ViZ3Vlc3Q=&forceDownload=true
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Wärtsilä’s market leading ATEX and hazardous area
installation design was custom made to meet the vessel design
requirements.
“Ratification of the IMO’s ballast water treaty is very
close and the major ship owners are making preparations for
compliance. Wärtsilä has extensive experience and deep knowhow in BWMS technology, and can offer reliability and long term
support to ensure that customers have the optimal solution for
their specific needs. We are both pleased and proud to have been
selected to supply the systems for these vessels,” says Dr Joe
Thomas, Director, Ballast Water Management Systems, Wärtsilä
Marine Solutions.
Wärtsilä will supply each of the three vessels with one 1500
m3 per hour EC BWMS solution. The equipment is scheduled to
be delivered to the yard commencing in December of this year.
The Wärtsilä Aquarius EC Ballast Water Management System
provides robust technology for the treatment of ballast water
using a simple two stage process involving filtration and electrochlorination (EC). The system is easy to integrate and maintain,
and is type approved according to the IMO Convention. It has
Alternative Management System (AMS) acceptance certification
from the USCG.
The Importance of BWMS
Shipping is an international business with vessels travelling
to and from different parts of the world. The ballast water that
ships need is, therefore, taken on and discharged as required
to ensure that the ship remains a safe operating platform. Thus,
the ballast water can be taken from a body of water in one
part of the world and discharged in another. Carried with the
water is inevitably a host of microscopic marine organisms and
plants, which unfortunately do not all adapt easily to their new
environment. Those that do survive, however, can thrive, attack,
and harm the local species and environment. When scientists
brought their concerns to the world stage, the focus resulted in
the IMO (International Maritime Organization) introducing the
2004 Ballast Water Management Convention. In 2013, the USCG
introduced VGP 2013 legislation relating to ships sailing in US
waters.
Meet us at the SMM conference and exhibition in Hamburg,
Germany, Stand 312 in Hall B6, from September 5 to 9.
Wärtsilä at SMM 2016
2. PRESS RELEASE – EUROPEAN COMMISSION REPORT
RECOMMENDS THE INTRODUCTION OF A SHIP
RECYCLING LICENSE
Reprinted
with
premission
from:
http://www.
shipbreakingplatform.org/press-release-european-commission-

report-recommends-the-introduction-of-a-ship-recyclinglicense/
Brussels, 6 July 2016 – Ships regardless of their flag should
not be allowed to call at any EU port without a ship recycling
license to incentivise sustainable ship recycling, a European
Commission report recommends.
The report written by Ecorys, classification society DNVGL and the Erasmus University School of Law and published
yesterday, looks into the possibility of introducing a financial
incentive to enhance safe and environmentally sound ship
recycling [1]. Ship recycling license fees would be earmarked to
cover the cost-gap between substandard and sustainable end-oflife ship management. The capital amount accumulated during
the operational life of the vessel would be set aside for the ship
and only paid back to the last owner of the vessel as a premium
if the ship is recycled in a sustainable facility approved by the EU.
“We call on the European Commission to follow-up this
report with a legislative proposal. The effective implementation of
European environmental policies has been dependent on making
the ‘polluter pay’. If the EU is serious about its commitment to
sustainable ship recycling, all ship owners trading in Europe need to
be held financially liable,” says Stephane Arditi, Products & Waste
Policy Manager of the European Environmental Bureau.
The 2013 EU Ship Recycling Regulation requires all vessels
sailing under an EU flag to use an approved ship recycling facility
[2]. A major shortcoming of the Regulation, however, is that
shipowners can circumvent the law by simply flagging out to a
non-EU flag. At end-of-life, cash-buyers act as intermediaries and
sell the vessels to substandard yards in South Asia often using
flags of convenience which are grey- or black-listed by European
governments under the Paris Memorandum of Understanding.
Last year, Bangladesh, where human rights abuses and pollution
caused by shipbreaking activities are known to be the worst,
was the preferred destination for end-of-life ships. EU owners
account for around one third of the end-of-life tonnage beached
in substandard yards in Bangladesh, India and Pakistan. Thus, the
EU is the single largest market sending end-of-life ships for dirty
and dangerous shipbreaking and has a particular responsibility
to regulate ship recycling [3].
“EU shipping companies should not circumvent EU
environmental laws and not utilise practices that would never be
allowed in Europe. EU flag-neutral measures which apply equally to
all ships calling at EU ports are necessary to increase environmental
protection” says Sotiris Raptis, shipping and aviation officer at
Transport and Environment.
European ports are not opposing the ‘ship recycling license’
[4] and SeaEurope, Europe’s ship yard and maritime equipment
association, has expressed enthusiasm towards ensuring better
implementation of the Ship Recycling Regulation – last month
they called for support to enhance ship recycling capacity and
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R&D towards more cost effective solutions in Europe [5].
“The upcoming EU list of approved ship recycling facilities
will function as an important market differentiator for yards that
have already invested in proper occupational health & safety
and environmental standards. The use of the EU listed facilities
will however depend on the introduction of an effective financial
incentive that forces irresponsible shipowners towards better
practices” says Ingvild Jenssen, Policy Director at the NGO
Shipbreaking Platform.
Notes
[1] Article 29 of the EU Ship Recycling Regulation asks the
European Commission to submit a report on the feasibility of a
financial instrument that would facilitate safe and sound ship
recycling, and to accompany this report by a legislative proposal
if deemed appropriate. For Regulation text see http://ec.europa.
eu/environment/waste/ships/ For the report on a possible
financial incentive see: http://ec.europa.eu/environment/waste/
ships/pdf/financial_instrument_ship_recycling.pdf.
[2] A list of approved ship recycling facilities globally will be
published by the end of 2016.

[3] Approximately 40% of the world fleet is controlled
by owners based in the EU+EFTA, only 17 % of the world fleet,
however, sails under an EU+EFTA flag. The vast majority of EUowned ships are sailing under the flags of states such as Panama,
Liberia and the Marshall Islands during operational life. The
percentage of EU flags drops to less than 8 % at end-of-life.
[4] An earlier proposal for a ‘ship recycling fund’ was
narrowly rejected by the European Parliament in 2013 with
industry stakeholders, including the shipping industry and
ports, strongly opposing the fund at the time. Whilst ship owners
remain unwilling to bear the cost of sustainable recycling, both
the public and private European port associations – ESPO and
Feport – have now expressed that they are satisfied with the new
license proposal. The license scheme will not be administered by
the ports. It is also time-based, with the option of a monthly or
yearly license, rather than based on the collection of a fee at each
individual port call.
[5] See press release from 11 May 2016: http://www.
seaeurope.eu/template.asp?f=pressreleases.asp.
For more information see our “What a difference a flag
makes” report on why ship owners need to be held accountable
for sustainable ship recycling beyond flag state jurisdiction.
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ART

ŚÌKA

CLIFF / ROCK

Ante Božanić

trans. by Mirna Čudić

Iź pulênta
uśri kûlfa
vârh Komìźe
jelnù òko ũ me glèdo
śa òba ga glèdon jô
Kurîn blìźje da ga vìdīn
i pòl noge da ga ćũtīn
ũ me pãrśte ga dotãknen
śtînu cõrnu da pomãknen
U mèni śe śvè raźbũdi
kôr mi vrìje
glèdon gõre
vìdīn môre
Òci śu na horīźôntu
ovâ śìka, ovâ gròta
śòto śvèga morśkô bòta
na lnù śìke Kalafôta
Ośervôn śe kòlo ôśi
śõmi cùfi
śõme gròte
cõrni kordûr
mòdre bòte
A pol sòbon ćũtīn śtînu
i tvardinù tvûga pîźa
mekoćù tvojê dūśê
dokle frìśku jùgo pũśe
glèdon vêl ol morśkê pìne
môre bĩlu ko divìca
na Volìć śe krĩvi tvìca
Bĩli kãleb
krô…krò…
ś nèbon raźgovõro
u mèni śe źèja nõjde
i ślùśon ga câ govòri
kakò śe tû gõre plòvi

From the south-west
amidst the open sea
beyond Komiža
an Eye watches me
I watch it with both eyes
I hurry closer all the better to see it
and to feel it beneath my feet
and to touch it between my fingers
the black rock to move
All within me awakes
my blood boils
I look above
I see the sea
Mine eyes are on the horizon
this image, this rock, this crag
beneath all the swell
at the foot of the rock of Kalafot
I look all around
only crags
only reefs
the black of the shoreline
the blue of the swell
And beneath me I feel the rock
and the hardness of your weight
and the softness of your soul
while the fresh sirocco blows
I gaze upon the veil woven by the sea foam
the sea is white as a virgin
a bird squeaks upon the rock of Volić
A white seagull
kro…kro…
converses with the sky
stirring a desire within me
and I listen to what he is saying
how the sky above is sailed
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Out of sweetness and tranquillity
a drop of sunlight, a drop of coldness
a pinch of salt from the depth
a whiff of sea-weed from the shoreline
the black rock amidst the pebbled beach
a breath of breeze down Mustacin
upon the midst of the current
a fundamental rock rests
a true remedy to my heart
the name of the rock is Brusnik.

Òl drãgośti i mirnoćê
kãpje śûnca i hlalnoćê
pînku śòli iź dubinê
i jaśprîna iź kordûra
cõrne śtîne nãśri źōlâ
pînku bôve nìź Muśtaćîn
na filêru ol kurênta
śtojî śìka fundamênta
mûmu śãrcu prôvi lîk
ìme śìke je Bruśnîk.

RJEČNIK
pulenat jugozapad
kulaf pučina, obzor na pučini
kurit‘ ići
kor krv
grota morska stijena
bota val
sika Kalafota podmorska stijena na kojoj su
se za oseke mogli oštetiti brodovi pa bi im trebao popravak kod
brodograditelja (kalafota)
lno dno
cuf vrh oštre hridi
krivit‘ se kriještati
vel veo
tvica ptica
kordur rub obale ili žala, mjesto do
		 kojega dolazi more
kaleb galeb
pinka malo
jasprin morska trava
bova povjetarac
filer površina mora gdje se vidi smjer
		 morske struje
kurent morska struja
fundament temelj
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About ToMS:
Ethics, Conflict of Interest, License
and Guides for Authors

The Journal is published in English as an open access
journal, and as a classic paper journal (limited edition).
ToMS aims at presenting the best maritime research
primarily, but not exclusively, from Southeast Europe, particularly
the Mediterranean area. Papers will be double-blind reviewed
by 3 reviewers. With the intention of providing an international
perspective at least one of the reviewers will be from abroad.
ToMS also promotes scientific collaboration with students and
has a section entitled Students’ ToMS. These articles also undergo
strict peer reviews. Furthermore, the Journal publishes short
reviews on significant papers, books and workshops in the fields
of maritime science.
Our interest lies in general fields of maritime science
(transport, engineering, maritime law, maritime economy) and
the psychosocial and legal aspects of long-term work aboard.
1. PUBLICATION ETHICS
Ethical Policies of ToMS
Plagiarism is arguably the most complicated ethical issue.
Our policies define plagiarism as “taking material from another’s
work and submitting it as one’s own.” ToMS holds authors —
not the Publisher or its editors and reviewers — responsible for
ensuring that all the ideas and findings included in a manuscript
are attributed to the proper source. We also refer to our role as
steward of what constitutes ethical conduct. Ethical misconduct
is the reason for our commitment to continue to strive to educate
all the parties in the publishing process how to handle this
matter. As a member of Crossref, ToMS has a powerful weapon –
iThenticate system, which is not perfect.
“Even if there were reliable and sensitive plagiarism
detection software, many issues would remain to be addressed.

For example, how much copying is legitimate? Clearly, the
reuse of large amounts of others’ text constitutes plagiarism.
But what should one think about copying short passages from
the author’s own earlier work, such as commonly occurs in the
Methods section? In the Nature article it is suggested that some
journals set a quantitative limit whereby the amount of text
that can be reused is limited to about 30 percent. This may be
utilitarian, but it seems curious and arbitrary that 25 percent of
copied text might be deemed acceptable whereas 30 percent
might not. Indeed, two authors who copied the same number
of words could find themselves on opposite sides of that border
if one author simply was more verbose and thus diluted their
plagiarized content below the threshold! No, this is not a simple
issue at all.“ [cited from: http://newsletter.aspb.org/ethics.cfm]
Expectations for publishing in ToMS
Faculty of Maritime Studies expects authors submitting to
and publishing in its journals to adhere to ethical standards to
ensure that the work they submit to or publish in the journal is
free of scientific misconduct. Authors must:
•
Take credit only for work that they have produced.
•
Properly cite the work of others as well as their own related
work.
•
Submit only original work to the journal.
•
Determine whether the disclosure of content requires the
prior consent of other parties and, if so, obtain that consent prior
to submission.
•
Maintain access to original research results; primary data
should remain in the laboratory and should be preserved for a
minimum of five years or for as long as there may be reasonable
need to refer to them. All authors of articles submitted for
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publication assume full responsibility, within the limits of their
professional competence, for the accuracy of their paper.
Instances of possible scientific misconduct related to papers
submitted to or published in the ToMS will be addressed by
following the procedure outlined below.
2. CONFLICT OF INTEREST
The authors, reviewers and other participant are obligated
to clearly state possible conflict of interest. Editor-in-chief, senior
editor and/or executive editors board decide on actions based on
conflict of interest (COI).

Submission declaration
Submission of an article implies that the work described
has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis or
as an electronic preprint), that it is not under consideration for
publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not
be published elsewhere including electronically in the same
form, in English or in any other language, without the written
consent of the copyright-holder.
4. OPEN ACCESS LICENSE

Editors’ Duty
Disclosure and Conflicts of Interest: The editor cannot use
unpublished materials, disclosed in submitted manuscript for his/
her own research, without prior written consent of the author(s).
If author(s) of submitted paper is a member of editorial
board or editor-in-chief, the submission, review and decision
process is carried by the highest ranking editor who is not the
author.
Reviewers’ Duty
All reviewers should have no conflict of interest with
respect to the research, the authors and/or the funding bodies.
3. MALPRACTICE
Procedure for addressing allegations of scientific
misconduct or other ethical violations
Scientific misconduct in publishing includes but is not
limited to:
•
Fraud: fabricating a report of research or suppressing or
altering data;
•
Duplicate publication;
•
Plagiarism and
•
Self-plagiarism.
Procedure for handling allegations of misconduct
•
All allegations of scientific misconduct or ethical violation
will be referred to the editor for research integrity or to the editorin-chief. All allegations should be made in writing.
•
Editor for research integrity will report the case in the
meeting of the Editorial board and recommend the actions in 30
days.
•
Except redraw of the paper, punishment could be inclusion
in the black list of the journal and prohibition of further publishing
in ToMS.

Articles are freely available to both subscribers and the
wider public with permitted reuse.
All articles published Open Access will be immediately
and permanently free for everyone to read and download.
Permitted reuse is defined by Creative Commons Attribution (CC
BY) license, which: lets others distribute and copy the article, to
create extracts, abstracts, and other revised versions, adaptations
or derivative works of or from an article (such as a translation), to
include in a collective work (such as an anthology), to text or data
mine the article, even for commercial purposes, as long as they
credit the author(s), do not represent the author as endorsing
their adaptation of the article, and do not modify the article in
such a way as to damage the author’s honor or reputation.
For further details see the Creative Commons website.
5. PUBLICATION ETHICS AND MALPRACTICE
STATEMENT
Unethical behavior is unacceptable and Transactions
on Maritime Science does not tolerate plagiarism in any form.
Authors who submit articles affirm that manuscript contents
are original. Furthermore, authors’ submission also implies
that the manuscript has not been published previously in any
language, either fully or partly, and is not currently submitted
for publication elsewhere. Editors, authors, and reviewers, within
the Transactions on Maritime Science are to be fully committed
to good publication practice and accept the responsibility
for fulfilling the following duties and responsibilities, as set
by the COPE Code of Conduct for Journal Editors (http://
publicationethics.org/resources/guidelines).
5.1. Duties of the Authors
Reporting Standards: Authors should accurately
present their original research, as well as objectively discuss its
significance. Manuscripts are to be edited in accordance to the
submission guidelines of the proceedings.
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Originality: Authors must ensure that their work is entirely
original.
Multiple, Redundant, or Concurrent Publications:
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6.1.1. Ethics in publishing
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All authors are requested to disclose any actual or potential
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influence, or be perceived to influence, their work.
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publication elsewhere, that its publication is approved by all
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6.1.4. Changes to authorship
This policy concerns the addition, deletion, or
rearrangement of author names in the authorship of accepted
manuscripts:
Before the accepted manuscript is published in an online
issue: Requests to add or remove an author, or to rearrange the
author names, must be sent to the Journal Manager from the
corresponding author of the accepted manuscript and must
include:
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the reason the name should be added or removed, or the
author names rearranged and
b.
written confirmation (e-mail, fax, letter) from all authors
that they agree with the addition, removal or rearrangement.
In the case of addition or removal of authors, this includes
confirmation from the author being added or removed. Requests
that are not sent by the corresponding author will be forwarded
to the Journal Editors and to the corresponding author, who
must follow the procedure as described above.
Note that:
- publication of the accepted manuscript in an online issue is
suspended until authorship has been agreed.
After the accepted manuscript is published in an online
issue:
Any requests to add, delete, or rearrange author names
in an article published in an online issue will follow the same
policies as noted above and result in a corrigendum.
6.1.5. Copyright
Upon acceptance of an article, authors will be asked to

complete an ‘Exclusive License Agreement’. Permitted reuse of
open access articles is determined by the Journal Open Source
License (CC-BY).
6.1.6. Role of the funding source
You are requested to identify who provided financial
support for the conduct of the research and/or preparation of
the article and to briefly describe the role of the sponsor(s), if any,
in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit
the article for publication. If the funding source(s) had no such
involvement then this should be stated.
6.1.7. Open access
Articles are freely available to both subscribers and the
wider public with permitted reuse. All articles published Open
Access will be immediately and permanently free for everyone
to read and download. Permitted reuse is defined by following
Creative Commons user license:
Creative Commons Attribution (CC BY): lets others
distribute and copy the article, to create extracts, abstracts, and
other revised versions, adaptations or derivative works of or from
an article (such as a translation), to include in a collective work
(such as an anthology), to text or data mine the article, even for
commercial purposes, as long as they credit the author(s), do not
represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the
author’s honor or reputation. For further details see the Creative
Commons website.
6.2. Guidelines for Authors: Manuscript Preparation and
Submission
6.2.1. Organization of the manuscript
First (title) page
The first page should carry:
a.
the paper title;
b.
full names (first name, middle – name initials, if applicable),
and last names of all authors;
c.
names of the department(s) and institution(s) to which the
work should be attributed. If authors belong to several different
institutions, superscript digits should be used to relate the
authors’ names to respective institutions. Identical number(s) in
superscripts should follow the authors names and precede the
institution names;
d.
the name, mailing address and e-mail of the corresponding
authors;
e.
source(s) of research support in the form of financial
support, grants, equipment or all of these.
Last page
The last page should carry:
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a.
ethical approval, if required;
b.
authors’ declarations on their contributions to the
work described in the manuscript, their potential competing
interests, and any other disclosures. Authors should disclose
any commercial affiliations as well as consultancies, stock or
equity interests, which could be considered a conflict of interest.
The details of such disclosures will be kept confidential but
ToMS urges the authors to make general statements in the
Acknowledgement section of the manuscript.
c.
a list of abbreviations used in the paper (if necessary);
Other pages
Each manuscript should follow this sequence:
•
title page;
•
abstract;
•
text (Introduction, Methods, Results, Conclusions/
Discussion);
•
acknowledgments;
•
references;
•
tables (each table complete with title and footnotes on a
separate page);
•
figures and figure legends, and the last page.
6.2.2. Text organization and style
6.2.2.1. Abstract
The second page should contain the Abstract. ToMS
requires that the authors prepare a structured abstract of not
more than 250 words. The abstract should include (at least) four
sections: Aims, Methods, Results, and Conclusion, not necessarily
separated.
Aim. State explicitly and specifically the purpose of the
study.
Methods. Concisely and systematically list the basic
procedures, selection of study participants or laboratory/
experimental/simulation setup, methods of observation (if
applicable) and analysis.
Results. List your primary results without any introduction.
Only essential statistical significances should be added in
brackets. Draw no conclusions as yet: they belong in to the next
section.
Conclusion. List your conclusions in a short, clear and simple
manner. State only those conclusions that stem directly from the
results shown in the paper. Rather than summarizing the data,
conclude from them.
6.2.2.2. Main text
Do not use any styles or automatic formatting. All
superscripts or subscripts, symbols and math relations should be
written in MathType or Equation editor.

Introduction
The author should briefly introduce the problem,
particularly emphasizing the level of knowledge about the
problem at the beginning of the investigation. Continue logically,
and end with a short description of the aim of the study, the
hypothesis and specific protocol objectives. Finish the section
stating in one sentence the main result of the study.
Results
Key rules for writing the Results section are:
a.
the text should be understandable without referring to the
respective tables and figures, and vice versa;
b.
however, the text should not simply repeat the data
contained in the tables and figures; and
c.
the text and data in tables and figures should be related to
the statements in the text by means of reference marks.
Thus, it is best to describe the main findings in the text, and
refer the reader to the tables and figures, implying that details are
shown there. The formulations such as “It is shown in Table 1 that
the outcome of Group A was better than that of Group B” should
be replaced by “The outcome of Group A was better than that of
Group B (Table 1).”
The need for brevity should not clash with the requirement
that all results should be clearly presented.
Discussion/Conclusions
The discussion section should include interpretation of
study findings in the context of other studies reported in the
literature. This section has three main functions:
a.
assessment of the results for their validity with respect
to the hypothesis, relevance of methods, and significance of
differences observed;
b.
comparison with the other findings presented in the
relevant literature; and
c.
assessment of the outcome’s significance for further
research.
Do not recapitulate your results, discuss them!
6.2.2.3. Tables
Information on significance and other statistical data should
preferably be given in the tables and figures. Tables should not
contain only statistical test results. Statistical significances should
be shown along with the data in the text, as well as in tables and
figures.
Tables should bear Arabic numerals. Each table should be
put on a separate page. Each table should be self-explanatory,
with an adequate title (clearly suggesting the contents), and
logical presentation of data. The title should preferably include
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the main results shown in the table. Use tables in order to present
the exact values of the data that cannot be summarized in a few
sentences in the text.
Avoid repetitive words in the columns: these should be
abbreviated, and their explanations given in the footnotes.
Present data either in a table or a figure.
Each column heading for numerical data given should
include the unit of measurement applied to all the data under
the heading. Choose suitable SI units.
Place explanatory matter in footnotes, not in the heading.
Explain in footnotes all nonstandard abbreviations that are
used in each table.
6.2.2.4. Figures
Figures should be numbered in sequence with Arabic
numerals. Legends to figures should be listed on a separate page,
in consecutive order. Minimum resolution for all types of graphics
is 300 dpi and 600 dpi is recommended. The legend of a figure
should contain the following information:
a.
the word “Figure”, followed by its respective number;
b.
figure title containing major finding (e.g. Manuscripts
which follow Guidelines for Authors had higher acceptance rate,
and not Relationship with manuscripts style and their acceptance
rate).
Use simple symbols, like closed and open circles, triangles
and squares. Different types of connecting lines can be used. The
meanings of symbols and lines should be defined in the legend.
Each axis should be labeled with a description of the
variable it represents.
Only the first letter of the first word should be capitalized.
The labeling should be parallel with the respective axis. All units
should be expressed in SI units and parenthesized. Make liberal
use of scale markings.
Graphs, charts, titles, and legends in accepted manuscripts
will be edited according to ToMS style and standards prior to
publication.
Preferred format for graphs or charts is xls. Graphs and
charts saved as image (raster) files such as JPG, TIF, or GIF and
imported or copied/pasted into Word or Power Point are not
acceptable.
The resolution for photographic images should be at least
300 dpi, and minimum image width should be 6 cm. Please
submit files in RGB format. For published manuscripts, image files
will be posted online in their original RGB format, maintaining
the full color of your original files. Note that we will still need
to convert all RGB files to CMYK for printing on paper and color
shifts may occur in conversion. You will not receive a CMYK proof.
You can view an approximation of print results by converting to
CMYK in Adobe® Photoshop® or Adobe® Illustrator®.

6.2.2.5. Authorship statement
All contributing authors must fill out and sign these
statements and submit them to the Editorial Office. Accepted
manuscripts will not be published until signed statements from
all authors have been received.
6.2.2.6. Acknowledgments
Technical help, critical reviews of the manuscript and
financial or other sponsorship may be acknowledged. Do not
acknowledge paid services, e.g. professional translations into
English.
6.2.2.7. References
References cited in the manuscript are listed in a separate
section immediately following the text. The authors should verify
all references. Usage of DOIs is encouraged.
Examples of citation in text:
It is well known fact (Strang and Nquyen, 1997; Antoniou,
2006) that FT is not an appropriate tool for analyzing nonstationary
signals since it loses information about time domain.
First group of authors (Vetterli and Gall, 1989) proposed
Multiresolution Signal Analysis (MRA) technique or pyramidal
algorithm. Second group (Crochiere et al., 1975; Crochiere and
Sambur, 1977) proposed subband coding algorithm. Legal acts
are cited as in example: The Constitution of the Republic of
Croatia (Constitution of the Republic of Croatia, 2010) is the main
legal source for this subject matter, as well as any other subject
matter relating to the Croatian legal system. References from the
Web are cited in the text as (Author(s) last name, year of origin if
known (year of accessed in other cases). If the author is unknown,
such as in case of company web page, instead of author’s name,
title of the web page is used.
Examples for reference section:
Journals
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Donoho, D., Duncan, M. R., Huo, X. and Levi, O., (1999), Wavelab, available at: http://
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Unknown, Wavelab, available at: http://www.stat.stanford.edu /_wavelab/,
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http://dx.doi.org/10.1007/978-3-319-00506-5_3
Conference proceedings
Łutowicz, M. and Lus , T., (2013), Effect of Loss of Cylinder Pressure Indicating
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6.2.2.8. Supplementary materials
Supplementary materials are optional. Authors can submit
different types of materials which will be available on-line.
6.2.2.9. Language
Authors may use standard British or American spelling, but

they must be consistent. The Editors retain the customary right
to style and, if necessary, shorten texts accepted for publication.
This does not mean that we prefer short articles – actually,
we do not limit their size - but rather a resection of the obviously
redundant material.
The past tense is recommended in the Results Section.
Avoid using Latin terms; if necessary, they should be added
in parentheses after the English terms. Real names rather than
“levels” or “values” should refer to parameters with concrete units
(e.g. concentration).
6.2.2.10. Abbreviations
Only standard abbreviations and symbols may be used
without definition and may be used in the title or the pageheading title.
Non-standard abbreviations should not be used in the title
or page-heading title. They must be explained in the text in the
following way: the term should be written in full when it appears
in the text for the first time, followed by the abbreviation in
parentheses; from then on, only abbreviation is used in the text.
This applies separately to the Abstract and the rest of the text.
6.2.3. Submission of manuscripts
Paper submission via Open journal system.
Manuscripts can also be submitted to:
Editorial office
Transactions on Maritime Science,
Faculty of Maritime Studies,
Ruđera Boškovića 37,
21000 Split, Croatia
www.toms.com.hr | office@toms.com.hr
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