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ABSTRACT

The transport of crude oil requires the adoption of safety measures in port terminals, especially during
the operations of loading and unloading of crude oil. Accidents at sea are further serious cause of oil
pouring and cause pollution. For these reasons the port terminals are equipped with oil skimmers and
boats that intervene promptly to define and collect the spill at sea. The technology of oil skimmers is
subject to continuous innovation, to ensure prompt actions when operating in restricted waters, as may
be the area of the Gulf of Trieste, Northern Adriatic Sea or other restricted areas within the refineries
and oil terminals.

In the paper the principles by which the oil skimmers recover and transfer oil and some of the more
salient changes introduced recently in this technology will be explained. Then we will present a new
oil skimmer design, called FL.O.C (Flexible Qil Collector), developed under the Jonathan Project, in
collaboration with the University of Trieste and the Area Science Park of Trieste. This project is
currently under construction and should allow the availability of such a system as a standard
equipment in short time. The new skimmer will allow the recovery of a high percentage of
hydrocarbon in comparison to the traditional oil skimmers, will be available in very short time and will
require small maintenance.

Keywords: Sea Skimmers, Oil Pollution, Crude Qil Transport
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1 INTRODUCTION

It is not easy to determine the amount of oil spilled into sea every year but, according to
estimates, it is expected to be around 4 million tonnes in the whole planet and 600.000 tonnes
for the only Mediterranean. No spill situation is similar to another, both because of the variety
of existing hydrocarbons, both for the different locations and environmental conditions in
which they occur. However, there are general and common characteristics that must be taken
in planning activities. Generally, standard methods of decontamination are used, which
consist mostly to contain the spill paid through special floating booms and then collect the
spilled oil at sea. The amount that cannot be recovered is left in the sea, so that it degrades
naturally. If, however, these substances are near the coast, it is possible to intervene with
dispersants but, in long run, may prove harmful to the environment. The intervention depends
greatly on the type of spill happened and the means used to recover the oil differ, depending
on the operating steps of the intervention.

2  SPILLS

Spills at sea are injections of hydrocarbons, either intentional (e.g. washing tanks) or
unintentional (e.g. explosion of an offshore platform), in the water mass. They are classified
according to classes of crude oil paid. In industrial areas proximate to the sea or in port areas,
small spills “inevitably” occur for the mere performing of routine activities in those areas. Oil
spills and its derivatives draw together in thin extended surfaces and float, as a result of their
lower specific weight than water. The extension of these surfaces increases over time, while
their thickness decreases. Wind, atmosphere and water waves distort and shift the spills: they
alter spills by oxidizing and beating them together, thus leading to their emulsification and/or
sinking; they move spills by cracking them into thinner and wider extensions and pushing
them onto the coasts, where the environmental damage is even worse.

Disasters result from exceptional circumstances, in scope and severity, and are caused by
human activities, e.g. the explosion of the Deepwater Horizon in the Gulf of Mexico, or by
natural events, such as an earthquake. Containment and remediation interventions last for a
long time, they are imposing in extent and require supranational involvement. All possible
means are put in place and in the course of the emergency new devices intended to help in the
rescue will be designed, constructed and employed.

Spills are classified as accidents resulting from mishandling, collision of ships or broken
structures. The places most at risk of accidents are ports, refineries and industrial areas along
the sea and pipeline terminals. The determination of the risk involves the on-site emergency
response of specific organizations and materials to be used in case of need. The specific
agencies are public (Coast Guard, Harbor Master, Fire Brigade) or private (industrial
properties or companies formed for this purpose).

Spills can be classified as “routine” when they consist in small, but continuous
discharges, resulting from leakage, loading / unloading, refueling, etc. Reclamation works are
not consequent to states of alarm, but are maintenance works; they are daily operations carried
out continuously by municipalities and private organizations, by means of limited-size
instruments that scan and suck the water surface.

3 HUMAN INTERVENTION

Human intervention [1] is divided into the following phases :



16" International Conference on Transport Science - ICTS 2013

~ Conference proceedings -~

3.1 Identification of pollution sources

In the event of an accident, the very ships involved call for help; in other cases (e.g. in
illegal dumping of oil into sea), a very active surveillance of the coasts and sea with ships and
aircraft by the competent authorities is required. In cases of a ship damage, the main task of
the commander is to safeguard the lives of the people on board and then the integrity of the
ship, trying to save the load; only later he should deal with the damage caused by the load
poured at sea.

3.2 Limitation of the spill

In the event of an accident and whenever sea water reaches deposits, tanks, double
bottoms or boxes containing pollutant liquids, their content must be transferred to other intact
containers, when possible. To be effective and to limit the extent of damage, the intervention
must be immediate, timely and performed by appropriate means.

3.3 Containment of oil

It is an operation that is carried out by using protective barriers with buoys and booms,
both at an early stage and in the operational phase. In pipeline terminals, barriers are often
present to prevent that the floating oil escaped into the sea could spread into the surrounding
environment. In this case, the protections are anchored on the bottom and arranged in such a
way as to be active at most, without being sucked or damaged by the currents. Currents with
speed above 1.5 knots, typically found in rivers and estuaries, can cause the oil content to spill
over the barrier. More recently air bubble chains, flowing from submerged pipes, generate an
immersed barrier to the oil propagation near the oil pipeline terminals.

On the high seas, it is very difficult, if not impossible, to lay and secure the protective
barriers. So they are free to float and must be able to contain, in limited size, the maximum
amount of crude oil. There are several types of effective barriers in presence of wind, currents
and waves. They have a sufficient free edge to prevent the oil from spilling over if driven by
the waves and an adequate depth to avoid current carrying the oil from the bottom. In such
fences, the oil reaches a thickness of a few centimeters (up to ten).

4 CLEANING THE SEA

Once defined the area affected by pollution, the sea must be swept by collecting or
destroying the pollutant.

4.1 Use of fire

One of the first methods used, though only partially effective, is to ignite the oil. This
operation must be done soon, before the lighter components volatize, and only under
conditions of total safety. To activate the combustion, highly flammable substances can be
shed on crude oil by planes or helicopters. There are also fire resistant barriers which restrict
the wildfire burning through and cause the explosion of incendiary charges installed on the
barriers. The results obtained with these operations are limited. The temperature of the water
cools the pollutant and prevents the various components of crude oil from reaching the
combustion temperature, especially if the state of the sea is rough.
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4.2 Oil skimmers

The collection of spilled oil is performed by means of special vessels called oil skimmers.
The ultimate aim of any recovery operation is to collect as much oil as is reasonably and
economically possible. These vessels can be specially-built for the purpose or fitted with
equipment to be used for intervention. The intervention can be very different depending on the
theater of action; the open sea or ocean, rivers, harbors or confined areas; in the presence or
absence of winds or currents, etc. Another factor which characterizes the operation is the
quantity of oil that should be recovered. It can range from a few hundred kilograms (for
example in port areas contaminated by routine operations) to the millions of tones (for
example in the episode of the Gulf of Mexico). A successful recovery system must overcome
the interrelated problems of encountering significant quantities of oil and its subsequent
containment, concentration, recovery, pumping and storage. The recovery and pumping
elements of the overall operation are frequently combined in a skimmer. All skimmers are
designed to recovery oil in preference to water, but designs vary considerably according to the
intended use, for example in sea, in sheltered waters or onshore and for this reason the units
used in these types of interventions are therefore deep sea, ocean, coastal, or port.

Furthermore, the unit responsible for the collection can be autonomous in operations, i.e.
it can circumscribe, collect and transport the residue to the ground by itself; or it may require
other units and vessels in order to perform, in which case it operates in groups of units.

A number of factors should be considered when selecting a skimmer, the most important
of which are viscosity and adhesive properties of the split oil (including any change in these
properties due to "weathering" over time), together with the sea state and levels of debris. In
relative predictable situations, such as at fixed facilities, for example, marine terminals and
refineries, the type of oil handled may be known and a specific skimmer can be selected. This
can be the case of the upper Adriatic harbors, characterized by a pipeline terminal (Trieste)
and fuel deposits for the ships (Koper, Rijeka, Trieste, Venice, etc.).

Conversely, a versatile skimmer, that may be required to address a variety of situations
and oils, may be preferable as part of a national stockpile. However, no single skimmer can
cope with every situation that may be encountered as a result of an oil spill and a selection of
skimmers may be required, particularly as the oil weathers (Table 1). This classification, of
the International Tanker Owners Pollution Federation Limited (ITOPF) [2], can be used to
identify the best skimmer solution to be used in the different situations. In this table a primary
identification is made between the oleophilic skimmers and the others.

The oleophilic skimmers employ materials that have an affinity for oil in preference to
water. The oil adheres to the surface of the material, commonly taking the shape of a disk,
drum, belt, brush or rope-mop which, as they rotate, lift the oil from the water surface.
Alternately to oleophilic skimmers there are the non-oleophilic skimmers, which can be
classified as suction skimmers, weir skimmers or other skimmer type.

Non oleophilic skimmers can be the vacuum or suction skimmers in which the oil is reco-
vered by pumps or air suction systems directly from the water surface. In particular these sy
stems can operate in combination with vacuum trucks or trailers, that combine the elements of
recovery, storage, transport and oil/water separation, which are often ready locally.

Table 1: Generic characteristics of commonly encountered skimmers [2]

Skimmer Recovery Rate Oils Sea State Debris Ancillaries

2 | Disc Dependent on Most effective In low waves and Can be clogged | Separate power pack,
= number and size of | in medium current can be highly by debris hydraulic and discharge
2 discs. Tests show viscosity oils. selective with little hoses, pump and

O grooved disc can be entrained water. suitable storage

4
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highly effective However, can be requirements.
swamped in choppy
waters.

Rope mop | Dependent on Most effective Very little or no Able to tolerate | Small units have built
number and velocity | in medium oils entrained water. Can significant in power supply and
of ropes. Generally | although can be | operate in choppy debris, ice and storage. Larger units
low throughput. effective in waters. other require separate

heavy oil. obstructions. ancillaries.

Drum Dependent on Most effective In low waves and Can be clogged | Separate power pack,
number and size of in medium current can be highly by debris. hydraulic and discharge
drums. Tests show viscosity oils. selective with little hoses, pump and
grooved drums are entrained water. suitable storage
more effective. However, can be required.

swamped in choppy
waters.

Brush Throughput Different brush Relatively little free of Effective in Separate power pack,
dependent on sizes for light, entrained water small debris but | hydraulic and discharge
number and velocity | medium and collected. Some designs | can be clogged hoses, pump and
of brushes. heavy oils. can operate in choppy by large debris. | suitable storage
Generally mid- waters, others would be required.
range. swamped in waves.

Belt Low to mid-range Most effective Can be highly selective | Effective in Can deliver oil directly
in medium to with little entrained small debris but | to storage at the top of
heavy oils. water. Can operate in can be clogged the belt. Ancillaries

choppy waters. by large debris. | require to discharge
from a vessel to shore.

Vacuum/ Dependent upon Most effective Used in calm waters. Can be clogged | Vacuum trucks and

suction vacuum pump. in light to Small waves will result | by debris. trailers are generally
Generally low to medium oils. in collection of self-contained with
mid range excessive water. necessary power

Addition of a weir more supply, pump and
selective. storage.

Weir Dependent upon Effective in Can be highly selective | Can be dogged Separate power pack,

o pump capacity, oil light to heavy in calm water with little | by debris hydraulic and discharge
E type, etc.. Can be oils. Very heavy | entrained oil. Can be although some hoses, pump and
3 significant. oils may not easily swamped with pumps can cope | storage. Some
% flow to the weir. | increase in entrained with small skimmers have built-in
' water. debris. pumps.
S | Belt Low to medium Most effective Can be highly selective | Effective in As for oleophilic belt.
z in heavy oils. with little entrained small debris.

water. Can operate in Clogged by

choppy waters. large debris.

Drum Mid range Effective with Can be highly selective | As for weir As for weir skimmer.
heavy oils. in calm water with little | skimmer.

entrained oil. However,
can be swamped in
waves.

The weir skimmers use gravity to selectively drain oil from the surface of the water. By
positioning the lip of the weir at, or just slightly below, the interface between the floating oil
and water, the oil flows over the weir to be selectively recovered with minimal amount of
water. Advanced types of weir skimmers have adjustable weirs and accurate vertical
positioning of the weir is usually achieved by a self-leveling arrangement.

Other skimmer designs have been adopted to cope better with waves and rough seas.
Upward rotating belts, for instance, can be partially lowered beneath the oil/water interface, to
reduce the influence of surface waves; the oil is then scrapped off the belt as it rises above the
surface and drops into a storage tank or other container. Other skimmers use buckets or
paddles on the belt, to aid lifting of the oil from water surface.
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5 THE JONATHAN PROJECT (JP)

It is the result of a research carried out jointly at the Area Science Park (Padriciano,
Trieste), with the support of Innovation Factory (Area Science Park branch) and the
Department of Engineering and Architecture of the University of Trieste. This idea is related
to a device for the interception and collection of oily substances pollutants, which float on the
surface of the sea, rivers or lakes, to be used mainly in harbors and in coastal waters. The idea
has been patented with patent Nr. 10884PTWO.

The idea of Jonathan Project [3] consists of a skimmer equipped with a funnel-shaped
conveyor, supported by floats, drawn inside of the spill to be cleaned or self-propelled in it
with its own drive and/or remote-controlled guide. This device has been named FL.O.C.
(Flexible Qil Collector) and has the primary function to intercept and collect the share of
surface water, on which float pollutants and debris to be removed. It can be classified as a
weir skimmer (Table 1), which is very flexible and used with light and heavy oils. It can be
equipped with different ancillaries, such as a separator and a collection tank, and used
autonomously or have tugs or support ships to transfer the collected oil, to be treated on
board. It is scalable in different sizes so as to be used for land reclamation in areas with
limited space up to catastrophic theaters. In reduced dimensions, it is equipped with inflatable
floats, so that they can be stored in a tank of reduced overall dimensions, both for the boarding
of vessel and for the transport (Figure 1).

Figure 1: Jonathn Project Oil Skimmer cleans the oil slick and collects the polluted oil.

5.1 System operation

The device, supported by suitable floats, is placed on the surface of the water to be
reclaimed

and moves in the direction of the pollutant to intercept and collect. The movement is
obtained by towing or by using its own drive. The device is constituted by a funnel-shaped
collector plate tapered from the larger cross-section, in the direction of motion, to the lower
section, in the queue according to the motion. It is equipped with a front opening and with
one Or more rear openings.
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F1

Figure 2: View 3/4 front of the device Figure 3: View 3/4 rear the device

The opening front generates an inlet flow (F1 in figure 2) function of the speed of
advancement of the device and of the ratio of the immersed area of the opening itself. This
inlet flow must be balanced by the sum of the flows at the output (R (recovered oil) in figure
2; S (water in excess) and Z (not collected oil) in figure 3).

FI=R+S+Z (1)

Outgoing flows are generated by the flow of a suction pump (R in figure 2), which sucks
to water’s surface as much as possible, and by one or more openings controlled by heads and
placed in the lower face of the funnel (S and Z in figure 3). The balancing of the flows
generates the benefit of facilitating the entry of the inlet flow, without opposing pressure
waves. The inlet flow is necessarily constituted more by water than by floating hydrocarbons,
because the film of the hydrocarbons can be very thin and for the effect of water motion. The
openings controlled on the face of the funnel immersed allow the escape of the excess water,
in order to convey the maximum possible rate of hydrocarbons into the suction area of the
pump (K in figure 2).

F3

F1

Figure 4: Side view

Figure 5: Plan view

The concentration of hydrocarbons in a thicker mass floating on water is generated by the
dual-dimensional gradient of the funnel. The face is immersed inclined downwards from the
front opening and narrows in the plan view towards the rear opening; in this way the section
of the inlet flow varies from a flat rectangular shape, very wide and very low, to a narrower
and higher rectangular shape. The area of the free surface of the funnel is reduced and then
generates a greater thickness for hydrocarbon. The excess water is discharged downwards,
directly before the suction area.
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A more general representation of the functioning of the collector is shown in figure 6.
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Figure 6: General representation of the collector

The symbols of figure 6 correspond to those of figures 2 - 4 as follows : F is F1, R is FR,,
S is FS; other symbols have not been changed.

The collector functioning and its response to the different speeds of the skimmer have
been simulated with specific programs and in creating physical models, which have been
tested in the towing tank of the University of Trieste. The presence of oil has been simulated
with different density foams, product easily removable from the basin. With the experiences
carried out it has been verified, at different speeds of the collector, the ability to collect and
convey the floating material into the collection bags; in fact it is not uncommon that the
collector, with little ability to suck, rejects the crude oil that must collect.

5.2 Application of FL.O.C. to JP skimmers

The collector FL.O:C. is part of all the JP skimmers that, in the first series, are sized
according to the maximum measures transportable by trucks and are devoted to the
maintenance of pools of water and emergency measures for occasional spills up to 7 tons.

It is shown in figure 7 a general outline of FL.O.C..
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Figure 7: FL.O.C. general outline

A further accessory plant is called Drac - Oil, which is a container - filter (Figure 8) in
which the collected oil is conveyed. This is also a filter, as it keeps the oil polluting, pulling it
away from water/oil, while releasing the water clean. Drac - Oil is a "core - product™ that JP
uses in setting its skimmers and can it supply as third part to manufacturers who wish to use
this device downstream of their skimmer systems.

ROTARY VANE
PUMP

WATER AND OIL
SPLITTING MIXTURE

PLATE RUBBER BAG

WATER
OIL RETAINED

IN THE FILTER

WATER

Figure 8: Drac-Oil container - filter

The mixture water-oil is selected from the splitting plate; the extractor flows the deep
water clean, while the rotary vane pump pushes the water-oil mixture into the rubber bag,
without increasing significantly the emulsion. The filtering particles absorb the oil, by holding
it, while the clean water comes out from the bottom. Drac-Oil can be used to filter any
mixture of oil and water collected by skimmers; its use makes unnecessary the use of
separators for the storage of the pollutant mixture; for this reason is not necessary the use of
settling tanks on board the support ship or moving the collected pollutant. The saturated Drac-
Oil containers are placed directly into a container box and can be sent to landfills for disposal.
All basic operations, within the cycle, are extremely clean.

The range of oil skimmers JP consists of three subsystems : a) The system FL.O.C., b) the
collected system and c) the vessel. We already discussed in detail on the FL.O.C. system.

The sampling system has the function to remove the pollutant from the bulk water by
filtration in a filter bag (Drac - Oil system) or adduction of the mixture on board of a support

9
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boat. The vessel has the function of assembling and connection between FL.O.C., the
collection system and the auxiliary machines (engines, generators, batteries, piloting, etc..)
necessary for the correct functioning of the whole skimmer system and ensures the operation
and navigation.

Figure 9: JP systems to collect and transfer the pollutant mixture.

The systems used to collect and transfer the mixture can be (see figure 9, in progression ):
a) FL.O.C. and Drac-Oil systems; b) FL.O.C. and a connecting pipe; c) FL.O.C. and
oleophilic drum; d) FL.O.C. and a weir system.

The boat is the rigid structure which groups together and allows working all the systems
placed on board. It is composed of a rigid frame to which are attached the floats, the azimuth
pod engines for propulsion, the control systems for the pods, FL.O.C., its frame and its
planting, the deep flow extractor and the suction rotary pump. Il figure 10 a view of the
different component parts of the skimmer is shown.

Figure 10: JP skimmer components Figure 11: Self propelled JP skimmer

A more complete visualization of a possible self-propelled skimmer is shown in figure
11.

We can notice that the solutions provided for JP skimmers are various and include the
wire-guided solution, the remote distance controlled and unmanned solution and the piloted
one. One of the basic principles that have inspired the choice of these solutions is that they
must be readily available, as soon as the operational need arises. It will then be the user to
define in detail the type of solution that best suits to the local port requirements.

10
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6 CONCLUSIONS

The solution presented for the oil skimmer to be used in coastal waters and ports is the
result of studies, research and experiments on models carried out at the University and
Research Area of Trieste. The solutions presented take into consideration the needs required
to have a unit that is available quickly, easily manageable and easy to use, adaptable to
complementary activities, such as cleaning of beaches and small harbors. The obtained
product, still in the experimental phase, should respond to the requirements and be available
in short time.
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ABSTRACT

The future transport policy in landlocked countries has to be based on inland waterway transport
(IWT). The development of the cargo transport on each inland waterway depends directly on its
technical and exploitation characteristics. Analysis of navigational characteristics on inland waterways
always comes before a transport planning and scheduling or building of ships which are the most
suitable for these conditions on river. The size of the vessel’s draught (T) usually is the limiting value
in project tasks and it is conditioned by the depth of the waterway or depths in certain ports. The Sava
River is the greatest tributary of the Sava River and it connects four countries. Navigation
characteristics on the lower sector of the Sava River have to be determined as precise as possible,
especially from the aspect of determination of a possible draught of vessels. The analysis of water
level changes on the Sava River during the last sixty years was done.

Keywords: The Sava River, navigational characteristics, vessel’s draught

1 INTRODUCTION

Inland water transport (IWT), as a crucial transport mode, could be the backbone of the
future European intermodal transport chains, due to the fact that it can ship heavy as well as a
large amount of commodities in combination with price advantages [2]. Besides, inland
waterways have still free shipment capacities. In Europe around 14,000 km of approximately
29,000 km of inland waterways are used for freight carrier. Also, IWT represents the only
means of land transport which does not suffer congestion problems like that of rail or road
within Europe. In general, inland waterways are underused, but inland navigation is not
considered as a truly competitive alternative to other means of land transport. Estimates
suggest that inland navigation would carry up to 425 million tons per year, including the
accession countries, in the European inland waterway network, if the necessary action towards
an integration of IWT into managed intermodal logistics chains were undertaken [8] [5].

The basic problems in the transport planning and risk management in IWT are
probabilitiy of a disturbance occurrence and duration of period with restriction in navigation.
This paper approaches determination of possible size of draught of vessels in the lower
section of the River Sava as one of their most important technical characteristics.

2 BASIC OBSERVATIONS ON THE LOWER SECTIONS OF THE SAVA RIVER

The Sava River is an international river (Slovenia, Croatia, Bosnia and Herzegovina,
Serbia) and it is 944 km long. Navigable part of the Sava River is 583 km long, but navigation
for larger vessels is possible to Slavonski Brod (km 377). The navigable part of the Sava
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River is divided in three parts: the upper Sava, the middle Sava and the lower Sava. The lower
section of the Sava River is from km 178 (mouth of the Drina River) to its mouth in the
Danube River (Belgrade). According to the slope of the river bed and the regime of the waters
the lower Sava River is a typical lowland river and it is divided into lots of river branches with
many islands, sandbars and shallow waters which have variable characters. On the part of the
lower Sava River downstream from the mouth of the Drina River (km 178), there are a few
shallow waters which can limit navigation considering vessel’s draught.

Having in mind that the lower Sava River has a typical lowland river character, with a
great amount of alluvium which forms sandbars and shallow waters, navigation is regulated
according to few water level measuring stations of which the most suitable is the one in
Sabac. The basic data of water station Sabac are shown in the Table 1.

Table 1: Basic data of water station Sabac

. Point of “0” .
River Basin Fg:rndatlon (height above the lr)i\';tf?:guft?m the
y Adriatic Sea)
Sava Danube 1921 72,61 m 106,28 km

Source:www.hidmet.gov.rs
The norm of vessel's draught for this station is 150 cm when the water level is 0 cm.

3 BASIC OBSERVATIONS ON THE LOWER SECTIONS OF THE SAVA RIVER

The research includes the oscillation of water level at the water level indicator in Sabac
(Serbia) which is used to plan the navigation in this section of the Sava River from the aspect
of low water levels because low navigation levels limit the size of draught of all vessels. It is
known that the size of the vessel’s draught (T) is usually the limiting value in project tasks and
it is conditioned by the depth of the waterway or depths in certain ports. Based on vessel’s
draught and by carefully choosing the relation between draught and width (T/B) the
constructive width of the vessels hull (B) can be approximately determined which is of great
importance [6] [7]. This is the reason why navigation characteristics of the Sava River have to
be determined as precise as possible, especially from the view point of determining the real
possible draught of vessels [1].

To get even more precise condition of waterway on this section of the Sava River, from
the view point of navigation of vessels with large draughts, during research it has been started
from the assumption that the possible draught of vessels is T=150 cm when water level
measuring station Sabac shows H=0 cm or T<150 c¢cm when H<0. By using the adopted
principle research carried on to determine navigation condition for following draughts of
vessels: for 7<175 cm (H<+25); 7<200 cm (H<+50); 7<225 cm (H<+75), T<250 cm
(H<+100); 7<275 cm (H<t125) and 7<300 cm (H<+150).

Research has been done for the period between years 1950 and 2011, which was divided
into three parts: the first from 1% January 1950 to 31% December 1970, the second from 1%
January 1971 to 31* December 1990 and the third from 1% January 1991 to 31® December
2011. The results of research are shown in following chapters according to adopted periods of
research.

3.1 Results of research in the first period (from 1% January 1950 to 31% December 1970)

Basic navigation characteristics of importance for determining vessels’ draughts in this
period are:
o the lowest navigation level determined in the period 01.1 1950+31.X1I 1970 is -74.

13
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e the highest navigation level determined in the period 01.1 1950+31.X11 1970 is +575.

e the average navigation level in the period 01.1 1950+-31.XII 1970 is =180 cm with
standard deviation from the average value s=£148 cm, which gives an interval of
possible values of navigation level Hyin=+32 cm and Hmax=+338 cm, or draughts of
vessels, average 1= 330 cm, minimal 71,i,=182 cm and maximal T,,=488 cm.

Hydrographs for all of years in the first observed period are shown in the Figure 1.
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Figurel: Hydrographs of all of years from the period 1% January 1950 to 31* December 1970
Probabilities of occurrence of adopted navigation levels, possible draughts and

expected number of days for navigation in a year according to adopted levels for water level
measuring station Sabac in this period are shown in the Table 2.

Besides given data it is important to notice the following values (Table 3) which are

necessary for evaluation of navigation characteristics of the Sava River on lower section of its
flow, from the mouth of the Drina river to its mouth into the Danube River, and they are:

e average number of days in a year with water level which is lower than adopted
(H<0; 25; 50; 75, 100; 125; 150);

e expected start of the period with water levels lower than adopted
(H<0; 25; 50; 75, 100; 125; 150);

o expected end of the period with water levels lower than adopted
(H<0; 25; 50; 75, 100; 125; 150);

e expected length of the interval of the period with water levels lower than adopted
(H<O0; 25; 50; 75, 100; 125; 150);

e average duration of the period with water levels lower than adopted-calculated only
for those years when limited water levels occurred.

14
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By analyzing the data from the Table 3, it is obvious that there are in average 49 days a
year when water level is lower than 0 (H<0); expected start of the first period with water level
lower than 0 (H<0) is on 12" August; expected end of the first period with water level lower
than 0 (H<0) is on 14™ October. Expected start of the second period with water level lower
than 0 (H<0) is on 24™ November; expected end of the second period with water level lower
than 0 (H<0) is on 6™ January. Also, expected length of the interval of the first period with
water level lower than 0 (H<0) is 64 days and expected length of the interval of the second
period with water level lower than 0 (/4<0) is 44 days.

It can also be seen that for all of water levels there are two periods of limitation. For
example for water level H<100 it is expected that the first period of limitation starts on 18"
July and to end on 31% October and the average duration of lower water period in the first
period is 35 days, while the start of the second period is on 25" January and to end on 17"
February and the average duration of lower water periods in the second period is 25 days.

Table 2: Probabilities of occurrence of water levels and possible draughts of vessels in the period 01.1
1950+31.XII 1970

Probabilities of occurrence of water levels and possible draughts of vessels Expected number of
lower then adopted water level (draught) | higher than adopted water level (draught) | days for navigation
P(H<0)=0,135— P(T<150)=0,135 P(H>0)=0,865 — P(T>150)=0,865 0,865 - 365=316
P(H<+25)=0,193 — P(T<175)=0,193 P(H>+25)=0,807 — P(T>175)=0,807 0,807 - 365=295
P(H<+50)=0,254 — P(T<200)=0,254 P(H>+50)=0,746 — P(T>200)=0,746 0,746 - 365=272
P(H<+75)=0,312 — P(T<225)=0,312 P(H>+75)=0,688 — P(T>225)=0,688 0,688 - 365=251
P(H<+100)=0,366 — P(T<250)=0,366 P(H>+100)=0,634 — P(T>250)=0,634 0,634 - 365=231
P(H<+125)=0,417 — P(T<275)=0,417 P(H>+125)=0,583 — P(T>275)=0,583 0,583 - 365=213
P(H<+150)=0,478 — P(T<300)=0,478 P(H>+150)=0,522 — P(T>300)=0,522 0,522 - 365=191

Table 3: Average number of days in a year with water level which is lower than adopted water level,
expected start of the period, expected end of the period, expected length of the interval of the period
and average duration of the period with limited water levels

Characteristic
SHTE AT | gt st [oxgociegeng | e [ afre o
Water level a year with of the period | of the period of the period with | with water
w?ilter level with water with water water Irzevels levels lower
o levels lower levels lower
which is lower than adooted | than adooted lower than than adopted
than adopted P P adopted (days) (days)
12.VII 14.X 64 35
H<0 49 24 XI 06.1 44 25
08.VIII 12.X 66 39
H<25 70 02.XI1 18.] 49 22
02.VIII 14.X 74 40
H<50 93 16.XI1 22,1 36 18
25.VII 23.X 91 51
H<T5 114 24 XII 28.1 36 24
18.VII 31.X 106 62
<100 134 25 | 17.11 24 18
14.V1I 31.X 109 62
H<125 152 23] 2511 34 19
06.VII 05.XI1 123 70
H<150 174 23.1 2311 32 19
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3.2 Results of research in the first period (from 1% January 1991 to 31% December 2011)

Basic navigation characteristics of importance for determining vessels’ draughts in this
period are:
¢ the lowest navigation level determined in the period 01.1 1991+31.X11 2011 is -116;
¢ the highest navigation level determined in the period 01.1 1991+31.XI1 2011 is +572;
e the average navigation level in the period 01.1 1991+31.XII 2011 is H =137 cm with
standard deviation from the average value s=+£137 cm, which gives an interval of
possible values of navigation level Hpmin=0 cm and Hpy.=+274 cm, or draughts of
vessels, average T = 287 cm, minimal Tjin=150 cm and maximal Tpma=424 cm.

Hydrographs for all of years in the third observed period are shown in the Figure 2.
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Figure 2: Hydrographs of all of years from the period 1* January 1991 to 31* December 2011

Probabilities of occurrence of adopted navigation levels, possible draughts and expected
number of days for navigation in a year according to adopted levels for water level measuring
station Sabac in this period are shown in tables 4 and 5.

General characteristic of the third period from 1% January 1991 to 31% December 2011 is
that limitation of water level occurs two times a year. For the level H<25 the first period of
limitation is expected to start on 14" July and to end on 14™ October, while the start of the
second expected period of limitation is on 9" January and the end on 3™ February; for the
water level H<50 the first period of limitation is expected to start on 4™ July and to end on
17" October while expected start of the second period of limitation is on 9™ January and the
end on 1% February. Identical claims can be made for all of other water levels.
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Table 4: Probabilities of occurrence of water levels and possible draughts of vessels in the period 01.1

1991-+-31.XII 2011

Probabilities of occurrence of water levels and possible draughts of vessels Expected number of
lower then adopted water level (draught) | higher than adopted water level (draught) | days for navigation
P(H<0)=0,214— P(T<150)=0,214 P(H>0)=0,786 — P(T>150)=0,786 0,786 - 365=287
P(H<+25)=0,276 — P(T<175)=0,276 P(H>+25)=0,724 — P(T>175)=0,724 0,724 - 365=264
P(H<+50)=0,336 — P(T<200)=0,336 P(H>+50)=0,664 — P(T>200)=0,664 0,664 - 365=243
P(H<+75)=0,385 — P(T<225)=0,385 P(H>+75)=0,615 — P(T>225)=0,615 0,615 - 365=224
P(H<+100)=0,454 — P(T<250)=0,454 P(H>+100)=0,546 — P(T>250)=0,546 0,546 - 365=199
P(H<+125)=0,520 — P(T<275)=0,520 | P(H>+125)=0,480 — P(T>275)=0,480 0,480 - 365=175
P(H<+150)=0,573 — P(T<300)=0,573 | P(H>+150)=0,427 — P(T>300)=0,427 0,427 - 365=156

Table 5: Average number of days in a year with water level which is lower than adopted water level,
expected start of the period, expected end of the period, expected length of the interval of the period

and average duration of the period with limited water levels

Characteristic
average number expected length average duration
of days in g}(?ﬁgtegrisgt gﬁﬁgtegrfgg of the interval of the period
Water level | a year with e P e p of the period with | with water
with water with water
water level water levels levels lower
o levels lower levels lower
which is lower than adooted | than adooted lower than than adopted
than adopted P P adopted (days) (days)
22.VII 03.X 74 44
H<0 8 15.XI1 17.1 33 32
14.VII 14.X 93 57
<25 101 091 03.11 26 17
04.Vil 17.X 106 65
H<50 122 09.1 OLII 24 16
30.VI 16.X 109 63
H<T5 141 12, 07.11 27 19
16.VI 26.X 134 77
<100 166 19, 20,11 33 19
08.VI 01.XI 147 80
H<125 190 18] 23111 37 24
01.VI 05.XI1 158 84
H<150 209 17.1 1111 42 25

4 COMPARISON OF NAVIGATION CHARACTERISTICS ON THE LOWER
SECTION OF THE SAVA RIVER FOR OBSERVED PERIODS

With the goal of easier analysis of navigational characteristics on the lower section of the
Sava River, according to water levels at water level measuring station Sabac, in the Table 6
most important characteristics have been presented at the same time based on which the most
important constructive characteristic of vessels can be determined which is draught T.

Table 6: Basic navigation characteristics on the lower section of the Sava River

Characteristic Period of observing the water levels
01.1.1950+31.XI1.1970 01.1.1991+31.XI1.2011
Lowest water level (cm) -74 -116
Highest water level (cm) + 575 + 572
Average water level and standard deviation (cm) H=+180 (5=+148) H=+137 (s=+137)
Average draught of vessels (cm) (T _1§2:_3$0 —448) (T _1;;_2.?7 —424)
min— L max™— min™ ’ max™—

Expected number of | H>0— T>150 316 287
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days for navigation H>+25— T>175 295 264
according to the water | H>+50— T>200 272 243
level (cm) and the H>+75— T>225 251 224
draught of vessels H>+100— T>250 231 199
(cm) H>+125— T>275 213 175
H>+150— T>300 191 156
H<0— T<150 49 78
H<+25— T<175 70 101
Expected duration of H<+50— T>200 93 122
limitation of H<+75— T<225 114 141
navigation (days) H<+100— T<250 134 166
H<+125— T<275 152 190
H<+10— T<300 174 209
12.VI1+14.X 22.VI1+03.X
H<0— T<150 24.X1 +06.1 15.X11 + 17.1
08.VIlI+12.X 14.VIil+ 14.X
H<+25—- T<175 02.XI1 = 18.1 09.1 = 03.11
02.VIII +14.X 04.VIIl +17.X
Expected periods with H<+50— T>200 16.X11 = 22.1 09.1 = OL.II
water levels lower H<+75— T<225 22‘3'\)/("': 223;1( 33'2\? .+0176|'f(
than adopted (days) 18 VII 'T31 X 16 \I/IT' 2é X
H<+100— T<250 25.1 17,11 10,1 + 2011
14.VI1l - 31.X 08.VI = 01.XI
H<+125— T<275 23.1 + 2511 181+ 23.11
06.VII + 05.XI 01.VI + 05.XI
H<+10— T<300 23.1 + 2311 170+ 1111

5 CONCLUSION

By analyzing the values from the Table 6 it is obvious that in the third period
(01.1.1991+31.XI1.2011) there has been significant worsening of navigation conditions on the
lower section of The Sava River in comparison to the first period (01.1.1950+31.X11.1970).
The thing that deserves special attention is that expected duration of limitation of navigation
in the third period is about 30 days longer in comparison to the first period observed. Also,
average daily water level in the third period is lower for about 0,40 m in comparison to the
first period observed, which caused noticeable reduction of average draught of vessels.

The trend of reduction in average annual water level, or flow, is evident in almost all the
rivers in Europe [3] [4]. The results of the analysis lead to general conclusion on the
conditions on the lower section of the Sava River — determining the exact conditions demands
more detailed analysis on every shallow that is stated which can be realized by careful
measuring in the field. Only then based on such analysis the possible draught of vessels can be
considered, which is, in great extent, limited.

Further work will be directed toward forming of model for estimation of occurrence and
duration of the possible vessels draught, which will be based on presented analysis.
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HYDROCARBONS IN PORTS AND MARINAS IN THE GULF
OF TRIESTE-THE IMPACT OF MARITIME TRAFFIC
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National Institute of Biology
Marine Biology Station, Fornace 41, 6330 Piran, Slovenia
oliver.bajt@mbss.org

ABSTRACT

The impact of maritime traffic on the pollution of marine environment in the Gulf of Trieste was
studied by the determination of the distribution and sources of aliphatic (AH) and polycyclic aromatic
hydrocarbons (PAH) in sediments at eight sites in the gulf. The results of the analyses show higher
concentrations of hydrocarbons in the port of Koper, in the marina of Portoroz and in the Koper and
Izola harbors. The influence of pollution was also evident in rather higher concentrations of
hydrocarbons in the surrounding area in the Bays of Koper and Piran. Concentrations of the total
resolved aliphatic hydrocarbons were in a range from 1095 to 4888 ng g-1. Concentrations of the total
PAHs were between 209 and 4416 ng g-1. Polycyclic aromatic hydrocarbons are primarily of pyrolytic
origin with some contribution of the petrogenic, while the aliphatic are mostly of petrogenic origin
with significant amounts of biogenic derived compounds of terrestrial and marine origin. According to
the data from the literature for other parts of the world the investigated area can be still considered as
moderately polluted.

Keywords: Pollution, maritime traffic, hydrocarbons, Gulf of Trieste, sediments

1 INTRODUCTION

Traffic is nowadays becoming the most important source of environmental pollution. It
has an important impact on all compartments of the environment. It is an important pollution
source of the atmosphere by the emissions of different gasses and particles (NOx, CO,
hydrocarbons, PM10, PM 2.5). Many pollutants are accumulated in soil and in natural waters
(metals, hydrocarbons, antifouling compounds, MTBE...). Traffic is also a very important
source of pollution in the marine environment. More than 40 % of the pollution of the sea is
caused by the maritime traffic (tanker operations, residues of fuels and lubricants, tanker
accidents, marine terminals) [1]. It is an important source of metals and hydrocarbons,
especially in the coastal sea.

Hydrocarbons are widely distributed in the natural environment throughout the world.
The most important sources of these compounds in the marine environment are oil seepage,
oil spillage, traffic, urban runoff, waste waters and sewage effluents, as well as atmospheric
deposition [1]. Hydrocarbons are hydrophobic compounds. Because of their low solubility in
water, hydrocarbons tend to adsorb on organic or inorganic particles in the water column. The
enriched suspended matter settles down to the sediment surface. In the sediment phase
hydrocarbons are less subjected to physico-chemical or biological processes and may
accumulate to higher levels. Because of this, marine sediments often contain hydrocarbons of
higher concentrations than those in the overlaying water.

Hydrocarbons, especially polycyclic aromatic hydrocarbons (PAH), have been
recognized as hazardous environmental chemicals [1]. Many marine organisms living in
contaminated areas accumulate hydrocarbons. As a consequence, the elevated concentrations
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of these compounds in sea food could also be harmful to human health. These are important
reasons to devote a special attention to this class of organic compounds.

The aim of the present work was to assess the impact of maritime traffic on hydrocarbon
content in sediments of the Gulf of Trieste. For this purpose our own results of the analyses of
sediment samples, as well as results from the literature were used. Sediment samples at 8
sampling sites were collected and the content of aliphatic (AH) and polycyclic aromatic
hydrocarbons (PAH) was determined.

2 STUDY AREA

The investigated area (Gulf of Trieste) is a part of the northern Adriatic (Fig. 1). The
marine environment along the coast is affected by the pollution from different sources since
this area is one of the most urbanized in the northern Adriatic.
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Figure 1: Location of sampling sites within the investigated area

The maritime traffic to the three ports (Koper, Trieste, Monfalcone) is very intensive,
about 70 million tons of different cargo per year. The estimated annual quantity of oil and oil
products carried by ships in the Gulf of Trieste is more than 35 million tons. In addition to the
intensive maritime traffic nautical tourism is also well developed (more than 10 marinas and
small harbors).

The investigated area is also affected by intensive road traffic, especially in the summer
period due to developed tourism. Moreover, the marine environment within the studied area
receives wastewaters from several sewage treatment plants and fresh water from rivers, which
carry also wastewater of the local industry, as well as waters, which drain rather large
agricultural areas. Coastal waters of the Gulf of Trieste are also used for other economically
important activities, like tourism, fisheries and mariculture.
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Table 1: Description of the investigated sampling sites

Sampling site Description
1 Central part of the Gulf of Trieste
Port of Koper
Central part of the Bay of Koper
Municipal harbor of Koper
Municipal harbor of Izola
Marina of Portoroz
Central part of the Bay of Piran
Reference site

| N OO B~ WDN

3 EXPERIMENTAL

Sampling and analyses of sediments were performed according to the procedure of UNEP
[2]. Briefly, sediment samples were collected using a gravity core sampler. After freeze-
drying, the samples were extracted with organic solvents and concentrated. Partition of
hydrocarbons into aliphatic and aromatic fraction was performed with column
chromatography (Silica, Alumina). Concentrated extracts were analyzed first by fluorescence
spectroscopy and additionally by gas chromatography.

4 RESULTS

Concentrations of total hydrocarbons in sediment samples are presented in Table 2. The
highest concentrations were detected in the marina of 1zola and Koper harbor (sites 4 and 5).

Table 2: Concentrations of total hydrocarbons in sediment samples

Concentration (ng/g, dry
Sampling site weight)

17.2

18.0

14.0

49.6

68.6
13.5

6.2
4.2

O N OO D W |N |-

The Bay of Piran (site 7) and the reference site off Piran (site 8) were the less
contaminated areas. The content of hydrocarbons at other sampling sites was somehow in the
middle and comparable between them. This could be a first indication of the impact of
maritime traffic. The relatively lower concentrations in the Port of Koper (site 2) and Marina
of Portoroz (site 6) are probably due to the better environmental protection management. The
area in the Port of Koper is also not so closed and the exchange of water masses is more
intensive, resulting in lower accumulation of different pollutants. Similar elevated
concentrations were also obtained in the central part of the Gulf of Trieste (site 1). This is an
indication of the influence of the Port of Trieste and the City of Trieste as well.

22



16™ International Conference on Transport Science - ICTS 2013

~ Conference proceedings ~

Concentrations of aliphatic hydrocarbons, presented in Table 3, showed a little bit
different distribution pattern. The highest concentrations were detected in the Koper harbor,
but rather high concentrations were also obtained in the port of Koper and marina of Portoroz.
The influence from these two areas is also evident in the central parts of the Bays of Koper
and Piran. As expected, the less contaminated was the reference site 8. Concentrations of
aliphatic hydrocarbons were also relatively low in the marina of Izola, what is different
compared to the presented results of the total hydrocarbons. This could be an indication of
another source of pollution.

Concentrations of heptadecane (C17) are rather high compared to the concentrations of
octadecane (C18), especially at sites 4, 5, 6 and 7. It is well known that this hydrocarbon can
originate also from intensive production of algae and microalgae [3]. This is not surprising
since all the investigated area could be considered as coastal area, with significant inputs of
nutrients by the rivers and from the sewage treatment plants. The ratio Pristane/Phytane is
used to distinguish between the petrogenic (petroleum) and biogenic (organisms) origin of
aliphatic hydrocarbons. This ratio is low in the case of pollution by petroleum and high in the
case of important contribution of the biogenic origin [4]. The prevailing petrogenic origin is
evident especially in both marinas and Koper harbor.

Table 3: Concentrations of aliphatic hydrocarbons in sediment samples (ng/g, dry weight)

Sampling site

1 2 3 4 5 6 7 8
C17 54 73 91 306 187 826 453 61
Pristane 51 101 46 77 27 14 49 1
c18 19 27 20 110 57 19 20 2
Phytane 2 23 4 131 49 47 5 1
Cl4-C34 2040 3404 2752 4888 1793 3603 2854 1095
Pristane/Phytane 25.50 4.39 11.50 0.59 0.55 0.30 9.80 1.00

Concentrations of PAHs are presented in Table 4. The highest concentrations are in the
marina of Izola and Koper harbor. At all other sites concentrations are much lower. Even in
the marina of Portoroz the concentrations are only slightly elevated. In the case of PAHSs it is
possible to point out two major origins of these compounds, petrogenic (from petroleum) and
pyrolytic (combustion of organic matter, e.g. fossil fuels). To assess the proportion between
these two origins different evaluation indices are used [5,6,7]. Two of the most important are
presented at the end of Table 4. In our case the pyrolytic origin is the prevailing one, but
different contribution of the petrogenic is also evident, especially at sites 1, 3, 6, 7 and 8.

Table 4: Concentrations of polycyclic aromatic hydrocarons (PAH) in sediment samples (ng/g, dry

weight)
Sampling site
1 | 2 | 3 | 4] 5 [ 6 | 7 | 8
Naphthalene 3 7 n.d. 22 n.d. 2 n.d. 1
Acenaphthylene n.d. 1 n.d. n.d. n.d. n.d. n.d. n.d.
Acenaphthene n.d. n.d. 1 7 n.d. n.d. n.d. 2
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Fluorene 27 41 21 7 27 19 9 25
Phenanthrene 52 40 28 289 657 30 38 32
Anthracene 2 4 2 57 240 2 2 1
Fluoranthene 98 28 75 482 1402 | 156 74 26
Pyrene 81 27 59 487 1211 | 125 78 33
Chrysene 13 61 17 446 298 86 94 34
Benzo[a]anthracene 40 13 23 316 244 22 10 2
Benzo[b]fluoranthene 19 18 26 464 61 50 29 18
Benzo[k]fluoranthene 23 21 46 239 70 56 11 12
Benzo[a]pyrene 34 14 38 269 122 46 25 18
Indeno[1,2,3-c,d]pyrene 33 14 31 159 35 22 14 2
Dibenzo[a,h]anthracene 8 17 4 128 34 24 2 1
Benzo[g,h,i]perylene 9 29 10 156 15 26 3 2
Total PAH 442 335 381 | 3528 | 4416 | 666 389 209
LMW/HMW 0,2 0,4 0,2 01 03 0,1 0,1 0,4
PHE/AN 26,0 | 100 | 140 | 51 27 | 150 | 19,0 | 32,0
Petrogenic Pyrolytic
LMW/HMW >1 <1
PHE/AN >15 <10

CONCLUSIONS

The results of the present study show an evident impact of maritime traffic on the
pollution of the sea in the Gulf of Trieste. Concentrations of hydrocarbons were much higher
at the expected sources of pollution (port, harbors, marinas) and in the surrounding area under
their influence. The major origin of hydrocarbons is pyrolytic with some contribution of the

petrogenic. In general, the investigated area can be still considered as moderately polluted.
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ABSTRACT

According to the International Maritime Organization, 80% of all accidents at sea are caused by
human error. Fast technological changes formed the structure of technical - technological systems of
marine vessels, especially in the sphere of information technologies. Investigations shows existing
disproportion in the application of new, especially information technologies of the ship exploitation, in
regards to the human factor. Because of these reasons, special attention must be paid to the education
and training of seafarers. The International Convention on Standards of Training, Certification and
Watchkeeping for Seafarers, London, 78, (STCW Convention) prescribes minimum requirements that
education systems of seafarers, in states that are parties to the Convention, must satisfy, and this paper
will give an brief overview of the existing systems for the education of seafarers in Republic of
Croatia.

Keywords: Higher Maritime Education, Special education program for seafarers, ECTS, Lifelong
learning, Human error

1 INTRODUCTION

Rapid technological development has influenced the structure of tehnical and
technological systems of ships. 80% of all accidents at sea are caused by human error. The
sophosticated information systems of ship management should be viewed with regard to the
models of seafarer education and training. A continuous technological improvement of marine
vessels has lead to the phenomenon of an increasingly fast training of seafarers. In the
Republic of Croatia, higher education of seafarers is conducted through university studies.
From March 2011. at Maritime universities currently it is undergoing “Special education
program for seafarers”. It is a model of lifelong learning for the acquisition of highest
positions on board the ships. The basis of accelerated seafarer training or Special education
programme for seafarers is based on the requirements of maritime industry for "more rational”
acquisition of the required maritime knowledge and sa matching ship explaitation technology,
in relatively short time. The existing programmes of seafarer education in the Republic of
Croatia are based on the IMO model programmes providing minimum requirements according
to 95/98 STCW Convention.

2 HIGHER MARITIME EDUCATION IN REPUBLIC OF CROATIA

Higher Education in the Republic of Croatia is carried out through university studies and
professional studies. University study prepares students for work in science and higher
education, business, public sector and society at large, and educates them in the development
and application of scientific and professional achievements. Professional study provides
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students with the application of knowledge and skills to perform professional activities and
qualify them for immediate employment.
In the Republic of Croatia, higher education of seafarers is conducted through university

studies:

1. University of Maritime Studies in Rijeka,

2. University of Maritime Studies in Split

3. Maritime department of the University in Zadar

4. Maritime department of the University in Dubrovnik.

According to the Law on Science and Higher Education, University studies are divided
into three levels:
1. Undergraduate study,
2. Graduate study
3. Postgraduate study

Undergraduate study in a period of three years may enroll persons who have completed
four years of high school. Those who had not completed secondary education of nautical,
marine engineering or other relevant field, are required to take and pass Additional training
program and Additional education program under the Ordinance on changes and amendments
to the Ordinance on Vocations and Certificates of Competencies of Seafarers (Official Gazette
no: 142/10). Those subjects that are prescribed by the International Convention on Standards
of Training, Certification and Watchkeeping for Seafarers, London, 78, with the 95th
amendment (the STCW Convention) and are required for the acquisition of the highest
positions in the maritime industry are covered by the program of the first two years of
undergraduate study. Upon completion of two years of undergraduate study, students are
issued a certificate on which they can apply for the exam necessary for obtaining the highest
positions in the maritime industry organized by the Port Authority.

After completing the undergraduate study, student receives the academic title Bachelor,
with reference to the field and can continue his/her education at the graduate level.

Graduate program lasts two years and at the end student is awarded with the academic
title of Master with reference to the field of profession. Upon completion of the graduate
program, students may enroll doctoral studies for a period of three years after which the
student receives a Ph.D. degree.

3 SPECIAL EDUCATION PROGRAM FOR SEAFARERS

Together with the current education system of seafarers in Republic of Croatia, from
March 2011. at Maritime universities currently it is undergoing “Special education program
for seafarers”. It is a model of lifelong learning for the acquisition of highest positions on
board the ships. Program content is defined by the Ordinance on changes and amendments to
the Ordinance on Vocations and Certificates of Competencies of Seafarers (Official Gazette
no: 142/10).

The basic requirement for admission to “Special education program for seafarers” is high
school education for marine engineering, nautical or other relevant field in period of at least
four years, and in which are included mandatory subjects of section A-Il / 2 of STCW
Convention. Another requirement is a minimum of 36 months of aggregated sea service as an
engineer officer in charge of a watch in the engine room with the machine propulsion power
of 750kW or more, or a same number of time (36 months of aggregated sea service) as officer
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in charge of a navigational watch on board ships of 500 GT or more. Evidence for this
requirement is issued by the Port Authorities according to a valid record in the seaman’s book.

By the Ordinance on changes and amendments to the Ordinance of the professions and
certification of the seafarers ("Official Gazette", No. 142/10) it is required that the “Special
education program for seafarers” lasts for six months. Due to the specific work of seafarers
and their contracts with the shipping companies, in practice, the date for completion of the
Special Program is usually extended.

Table 1: The statistic at the Maritime Department of the University in Zadar

Programme No. of partlt(r:]lé)a;)r;gsg\:\g:g completed Average time
Marine Engineering 51 15 months
Nautical 30 13 months

Source: Maritime Department of the University in Zadar

Of the total of 51 participants who completed Marine engineering course, and 30
participants completed the Nautical course only six of them (two Engineers and four
Navigators) decided to complete the entire program within 6 months with no interruption.
Other participants mainly decided to combine active sailing and participation in the Program
between contracts on board the ships. After completion of “Special education program for
seafarers” participants are receiving Certificate of successful completion of Program, enabling
them to apply for exam organized by the Port Authorities, necessary to acquire highest
positions sailing on board the ships. It is important to emphasize students do not acquire the
academic title, but allows them to continue their education at the undergraduate level if they
choose so.

3.1 Special Education Program for Seafarers as a Form of Lifelong Education

Learning outcomes for the subjects of the Special Education Program for Seafarers have
been defined and were given ECTS Credits" which will be recognized for the possible future
undergraduate education. Learning outcomes are statements that describe the knowledge,
skills, autonomy, responsibility and attitudes that learners should have after successfully
completing a learning experience or programme.? ECTS credits are based on the student
workload required to achieve the objectives of a programme. Student workload in ECTS
consists of the time required to complete all planned learning activities (such as attending
lectures, seminars, independent and private study, preparation of projects, examinations, and
so forth) needed to achieve the expected objectives of learning.® The student workload in the
formal context of learning is 30 ECTS credits per semester. In most cases the student
workload during one academic year amounts to around 1 500 to 1 800 hours per year so one
credit stands for around 25 to 30 working hours.*

'ECTS credit — European Credit Transfer and Accumulation System is a systematic way of describing an
educational programme by attaching credits to its components. The definition of credits in higher education
systems may be based on different parameters, such as student workload, learning outcomes and contact hours.
2DZelalija, M. and others: Croatian Qualifications Framework, Introduction to Classifications, Croatian
Government, Ministry of Science, Education and Sports, 2009.

® http://public.mzos.hr/Default.aspx?art=9852&sec=3304

*B. Divjak and others: Ishodi udenja u visokom 3kolstvu, TIVA Varazdin, Faculty of Organization and
Informatics, Varazdin, 2008, page 13.
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Table 2: ECTS credits at Faculties of Maritime Studies

Faculty of Maritime Studies — Faculty of Maritime Studies - Faculty of Maritime studies -
Rijeka Dubrovnik Zadar
Programme ECTS credits | Programme ECTS credits Programme ECTS credits
Marine 76 Marine 79 Marine 90
Engineering Engineering Engineering
Nautical Studies 79 Nautical Studies 76 Nautical Studies 88

Source: Official web sites of the Faculties of Maritime Studies®

Table 2 shows that the workload of the attendants of the Special Education Program for
Seafarers (6 months duration) is greater than the undergraduate student workload so the
question whether this type of collecting credits is appropriate arises. The possible answer
could be the working experience of the attendants of the Special Education Program for
Seafarers which should be taken into the consideration when giving a credit to a certain
course.

3.2 Special programme of seafarer education and management of modern technologies

In the past decade fast technological changes formed the structure of technical -
technological systems of marine vessels, especially in the sphere of information technologies.
Investigations show that there is a disproportion in the application of new, especially
information technologies of ship exploitation, with regard to the human factor. Frequent
maritime accidents are indicative of the presence of human error as the cause of the accident
in 75-96%° of the accidents recorded. In this sense, we can put into relation the application of
modern technologies to the education and training of seafarers who are possibly not at the
level of prevention of the occurrence of human error. Therefore, arising of human error in
relation to sophisticated information systems of ship management should be viewed also with
regard to the models of seafarer education and training.

A continuous technological improvement of marine vessels has lead to the phenomenon
of an increasingly fast training of seafarers to counterbalance the traditional acquisition of
maritime knowledge and skills at different European maritime universities. The basis of
accelerated seafarer training or special education programme is based on the requirements of
maritime industry for “more rational* acquisition of the required maritime knowledge and
skills matching ship exploitation technology, in a relatively short time. In that sense, there
appears the necessity of involving into the programme of technological changes a coherent
programme of seafarer education whose duration and content will contribute to achieving
effectiveness from the aspect of safety and optimization of modern technology applications.

The existing special programme of seafarer education in the Republic of Croatia has been
created for pragmatic reasons and under urge coming from the maritime industry to establish a
more effective education system that would produce seafarers trained at management level.
The quality of such education is based on IMO model programmes providing minimum
requirements according to 95/98 STCW Convention and complying with the university
programmes according to the life-long education model. Such a programme of seafarer
education is not based on previous projects and research that in cooperation with maritime
industry would emphasize the optimum segments of the required knowledge and skills as

> http://www.pfri.uniri.hr/, http://www.unidu.hr, http://www.unizd.hr/promet-pomorstvo
® Rothblum, A.: Human Error and Marine Safety, Maritime Human Factor Conference, Linthicum, MD, March
13-14, 2005.
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regards the exploitation of the modern technical ship systems. This is due to the traditional
view on seafarer education that is still present and results in insufficient research that could
optimally be applied to maritime industry.

Therefore, the former attendants of the Special Programme should be followed in order to
make corrections and improvements of the existing programme on the basis of their practical
experience. With this in mind socio-technical evaluation of the staff mentioned should be
carried out as they must fit into the modern technological changes that simultaneously require
organizational changes. Consequently, the method of comparison of the established —
traditional education and innovative — special education should be applied to the domains of”:

1. Technology in the field of: detection, acceptance and use of new technologies;
critical selection of new technologies; formation of clear and fast response to the
requirement of functionality of new technologies.

2. Communication systems in the field of: communication within and outside teams;
communication from the top of the hierarchy towards its bottom and vice versa;
creating communication characterized by expectation and wish in every individual to
respond to, and not only accept the information — interactivity.

3. Leadership and management styles in the field of: innovation — creativity and
openness to new ideas; autonomy and leadership — ability to cooperate; flexibility —
acceptance of cultural differences; creating communication climate; participating
leadership; delegating; motivating.

4. Results and safe acting in the field of: solving problems in interaction among
technologies — communication — leadership; overcoming emergencies.

Using parallel statistical analysis of the established and innovative education according to
the above mentioned approach indicators of certain educational models' effect on managing
present-day technologies can be obtained both from the technological and organizational
aspects. In this respect it should be borne in mind that the implementation of technological
changes on board marine vessels is conditioned by the commercial requirements of the
shipping companies and, generally, by profit tendencies of marine equipment industry in
which usability standards are neglected. In short, this means that the equipment with the same
purpose and goal there are different usability standards depending on the manufacturer and
model, and varying from vessel to vessel.

In evaluating a model of education, therefore, it should be taken into account to clearly
indicate in the domain of technology implementation the possibilities of critical selection of
marine equipment elements according to its usability and functionality. It can be expected that
in this sense the statistically acceptable responses will be based on the total seafaring
experience and not on the previous education, as such a comparison has not been incorporated
into the existing educational programmes. This would be an opportunity to practically
compare congenial types of equipment models produced by different manufacturers following
the criteria of usability and functional characteristics. Such an example contributes to opening
further possibilities of upgrading the existing educational programmes in compliance with the
actual requirements of managing present-day maritime system technologies.

4 CONCLUSION

The minimum STCW requirements are basic elements of all the above mentioned
educational systems in the Republic of Croatia. The common requirement for admission to

" Mraovi¢, B: Organizacijske implikacije tehnoloskog razvoja, Nakladni zavod Globus, Zagreb 1995.
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certain forms of education is four-year secondary school. To enrol on a special programme of
education, as a part life-long learning, completed secondary education in a nautical college is
required as well as previous sailing experience of 36-month-duration. Since both cases
mentioned correspond to similar programmes, in the future the degree of success of the staff
having finished the special programme based on the above mentioned methodology should be
followed in order to be able to correct the study programmes, not only the special ones but
also in ordinary studies. The tendency towards new forms of seafarer education will be
increasingly pronounced due to the transition of maritime affairs to new organisational —
technical components in conducting and managing the vessel. In this sense changes will
probably also become necessary in the structure of the programmes currently prescribed by
STCW.
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ABSTRACT

Dynamic positioning is defined as the technological system featuring predefined programs and
processes for maintaining and controlling the vessel's position. This paper deals with the position
reference systems in combination with the controlling systems in dynamic positioning processes. The
technological system of dynamic positioning is a relatively new technology which has been
continuously developing since the 1960's. A comparative analysis of these systems has shown all their
advantages and disadvantages. IMO has defined classes for DP equipment in line with specific DP
operations. The paper presents a flowchart diagram of IMO classes in accordance with the risk
assessment for particular DP technological operations.

Keywords: dynamic positioning, maintaining of position, controlling of position, position
reference systems, controlling systems.

1 INTRODUCTION

Dynamic positioning (DP) may be defined as a technological system whose processes
control the vessels fitted with DP systems. The system maintains the vessel's position and
heading, i.e. enables changes in its position by implementing various systems and processes.
The most important systems for maintaining or altering the vessel's position include:

1. Control DP system for controlling and directing a DP vessel, and
2. Position reference system for DP

The technological system of dynamic positioning (DP) is a relatively new technology,
having emerged as a result of the increasing demands of the oil and gas exploration industry.
In the early stage of the development of shore-based technologies, the exploited sources were
in shallow waters and the technical and technological requirements for shore-based structures
grew accordingly. The requirements for shore facilities have been progressively followed by
the requirements for developing technologically advanced shore technologies and,
simoultaneously, by the requirements for reliability and redundancy of DP systems. Risk
analyses have been systematically made and suggestions for risk elements calculations have
been given by means of the tabulation model which determines the risk level of individual DP
processes.

On the basis of a comparative analysis of the existing systems and the pre-determined
criteria for analysing the systems of positioning, advantages and disadvantages of the
technological DP systems have been defined, as well as the suggestions for their
improvement. The analysis is presented with the aid of the flowchart diagram, separately for
each system.
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2 TECHNOLOGICAL SYSTEM OF DYNAMIC POSITIONING

The technological system of dynamic positioning consists of the central processor
connected to a number of systems. In DP processes, these systems are grouped into:
1. Position reference systems
2. Position control systems
3. Thruster systems
4. Reference systems in relation to the environment.

The position reference and control systems present two major systems of vital importance
in the DP process. The entire DP process and the involved systems can be presented as the
model in Figure 1.

DP OPERATOR

POSITION
REFERENCE |«
ENVIRONMENT SYSTEM
REFERENCE
SYSTEM 4
CONTROL
CONSOLE OF
g THE DP
PROCESSES HEADING
% SYSTEM
COMPUTER |«
L
THRUSTER
SYSTEM
CONTROL
SYSTEM -

Figure 1: General model of the DP system and processes

Source: authors
2.1 Position reference systems

Maintaining the reliable and accurate reference position is the basis and the essential
prerequisite for the successful technological DP process. When using Position Reference
Systems (PRS), it is required to obtain the position data from a number of associated systems
at a rate of once per second. During the process, it is necessary that the DP vessel maintains
its position with the accuracy of one to two metres from the set point or the set position. DP
vessels and DP processes use PRS systems that have been specifically designed for such
services. The main PRS system types are:

e Hydro-acoustic Position Reference (HPR) technological system
e Artemis technological system
e Taut Wire System (TWS)
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« Differential Global Positioning System (DGPS)*
e Radar technological system
e Laser positioning system.

Each of these systems operates separately and independently of the technological DP
system. The DP system can receive multiple PRS input of data for determining the optimum
position. This process is a function of the mathematical model of the system, presenting the
connection of the system with the environment consisting of PRS systems (Figure 4).

LASER

ARTEMIS SYSTEM POSITIONING
SYSTEM
A
ENVIRONMENT
Y
HYDRO-ACOUSTIC | - TECHNOLOGICAL DP SYSTEM < |  TAUT WIRE PR
PR SYSTEM SYSTEM
4 A
A /
DGPS SYSTEM RADAR SYSTEM

Figure 2: Connection of the DP system with the environment (PRS systems)

Source: authors

Each position of the reference system provides the relative position measured in relation
to the known reference point. The reference point of the reference system's first position that
has been selected becomes the original reference point. For the purpose of redundant
operations, the vessel integrated in DP technological processes usually uses three or more
position reference systems, allowing the DP system to apply the principle of voting logic for
selecting the position.

The number of the applied position reference systems depends on:

e Level of risk involved in the operation

e Class of equipment as required by International Maritime Organization (IMO)

e Availability of reference systems that are reliable with regard to the risk of the DP
processes

e Consequences of losing one or more references for obtaining the position.

! DGPS is one of the commonly used reference systems for DP vessels. In order to improve GPS accuracy to
levels useful for DP, differential corrections are applied to GPS data by using reference shore-based stations.
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In DP processes using Class 2 or Class 3 equipment, at least three position reference
systems should be installed and simoultaneously available to the DP control system during DP
processes.

2.2 Dynamic position control systems

Manoeuvrability of DP vessels is essential in DP processes. The main system in charge of
maintaining the manoeuvrability is the DP control system. Efficient and reliable control
systems are essential to successful DP processes. The main element of the control system is
the thruster system. IMO requirements for thruster systems are the following:

e Thruster system has to provide adequate propulsion in the longitudinal and transverse
directions

e Ensure the yaw moment for the control of heading

e In DP systems using Class 2 or Class 3 equipment, thruster systems have to be
connected to the power supply systems in such a way that in the event of a power
supply failure the thruster system keeps running

e Values of the momentum that the thruster systems use should be corrected by taking
into account the interference between the thrusters and other factors affecting the
momentum.

Figure 3: Thruster system of a DP vessel

Source: http://articles.maritimepropulsion.com/category/Research-Development.aspx

Thruster system failures affect the elements of the DP process:
e Control of pitching
e Control of heading
e Control of speed

Failures should not result in the thrust system idling or running in the uncontrolled
heading during the DP process. During the process the thrust depends on two factors:
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e Time that the DP vessel spends in the DP process
e Time that the DP vessel spends on long-haul voyages in conventional mode.

The very choice of the thruster system applied in the DP process depends on:
e Design of the DP vessel (size, hull configuration, draught and type of power supply
system)
e Function of the DP vessel
e Level of required redundancy
e Type of the DP process that the DP vessel is engaged in.

Thruster systems may take the following designs:
e Main propellers
e Tunnel thrusters
e Azimuth thrusters.

2.2.1 Main propellers

Main propellers make part of the main propulsion system. The system may feature either
single or twin screw propellers as well as a multiple rudder system as the propulsion’s sub-
system. In addition to the main propulsion, any DP installation may include various thrusters
for better manoeuvrability.

2.2.2 Tunnel thrusters

Tunnel thrusters are fitted in the bow or in the stern of the DP vessel, allowing her to turn
or to move sideways during the DP process. Three bow tunnel thrusters and two stern tunnel
thrusters are required in complex DP processes.

Figure 4: Tunnel thruster system

Source: http://www.nauticexpo.com/cat/marine-propulsion/ship-lateral-thrusters-DA-1406.html
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The efficiency of tunnel thrusters may be presented as a set of variables K? which
depends on the coefficients: diy, ¢, d, ps, S, I

f(dlpl Cl dl pSJ SVa It) = K
dip = depth immersion of propeller

C = cavitation
d = draught
ps = pitching

sy = speed of vessel
I; = length of tunnel

The greatest impact on a DP process is exerted by the coefficient of pitching (ps). Tunnel

thrusters are limited to manoeuvring operations. Unlike azimuth thrusters, they can not be
used as back-up propulsion.

2.2.3 AZIMUTH THRUSTERS

Azimuth thrusters can be rotated to provide thrust in any directions. They may be grouped
into:
1. Fixed thrusters
2. Podded thrusters.

Figure 5: Azimuth thruster system (fixed)

Source: http://www.ngc.com.cn/en/proinfo.asp?id=145

2 Source: authors
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Figure 6: Azimuth thruster system (podded)

Source:
http://www.zf.com/corporate/en/products/product_range/further_product_ranges/boats/azimuth_thrusters

Unlike tunnel thrusters, azimuth thrusters can be controlled at higher speeds. They have
the advantage that they can provide additional manoeuvrability and are often used as main
propulsion in lieu of conventional propellers. When under way, the azimuth thruster system
should allow the function of controlling the vessel and is connected to the autopilot®. This
type of thruster may be retractable, rectracting into the hull and extracting from the hull
horizontally and vertically.

The technological process of azimuth thrusters has two main functions:

1. Function of moving ahead (Ah) — the efficiency is maximum
2. Function of moving astern (As) — at 60% of the maximum efficiency.

The size of the azimuth thrusters depends on the size of the vessel above and below the
waterline and on weather conditions under which they operate.
The weather conditions affecting the azimuth thrust operation include:
e Wind speed (b,) and wind direction (s,)
e Sea state (vy) and wave direction (Sy)
e Current force (bs) and current direction (ss).

In technological DP processes using azimuth thrusters, a DP process may be considered
successful if the thruster system responds accurately and timely.

3 ADVANTAGES AND DISADVANTAGES OF DP TECHNIQUES

Mobile platforms, the so-called Jack-up barges, was the first technology used for dynamic
positioning in offshore drilling operations. It started in the 1960s and was accompanied by
anchoring technique. With drilling moving into ever deeper waters, Jack-up barges could not
be used any more and anchoring became less economical so that, during the 1960s, the
dynamic positioning system was invented and has been continuously upgraded and enhanced
ever since. Figure 7 provides a comparative analysis of position-keeping options, presenting
their advantages and disadvantages.

% An autopilot is a navigational device whose task is to keep the vessel on the set course during navigation.
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Figure 7: Advantages and disadvantages of position-keeping systems

4 CONCLUSION

Source: authors

It can be noted that the DP process is just one of the position-keeping operation options.

In spite of the advanced DP technology, it is not an ideal solution, given the fact that the
system has its drawbacks. Further research should be encouraged and new measures
introduced in order to bring the DP technology onto a higher level of safety and operability. It
is suggested that the vessels experiencing difficulties and accidents are continuously
monitored and that, with regard to these events, detailed risk analyses are made. On the risk
assessment basis, measures can be defined and introduced for reducing the risk. Pursuing a
higher profit, most of the DP equipment manufacturers wish to install higher Class DP
equipment, which is not really necessary in some cases. A tabular list of equipment according
to the level and class is suggested, in line with the existing risk level and the specific area
where a DP process is carried out, which is not the practice on today's DP vessels. Taking into
consideration the technical complexity of the DP systems that are engaged in performing DP
processes, it can be concluded that these systems have not yet reached the level of full
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automation as the control of the entire process still remains dependant on human factor. The
paper has also provided a comparative analysis of the reference positioning systems and has
described the ways they differ by indicating the advantages and disadvantages of these
systems. It is exactly their variety and operating limitations that require further study and
analysis, in order to be able to select the appropriate technology to be engaged in specific
operation and onboard a specific vessel.
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ABSTRACT

The minimization of energy consumption represents a key challenge for train operating companies to
reduce the operational costs of fuel or electricity and to provide cost-effective services to users.
Commercial timetables are usually designed so that drivers can use part of the running time reserve
between the minimal estimated time and the commercial time in order to recover short delays. As
known, there is a relationship between the energy consumption and the running time. Therefore, the
more the train circulates close to the minimal running time, the greater is the energy that is consumed.
This research proposes a model which calculates the energy-optimal speed profile for electric trains in
undisturbed operations under a given timetable. The core element of the obtained driving strategy is
the so-called ‘coasting’ phase, the driving regime during which no tractive or braking effort is applied.
The algorithm intuitively indicates the driver the switching points of the optimized sequence of driving
regimes through simple advisory instructions displayed in real time. The difference between the
minimal estimated energy consumed at pantograph level and the actual energy consumption for some
local passenger trains, which has been previously measured through GPS data logging, is then
reported.

This simple approach is ready to be integrated in an on-board ITS device of a ‘driver assistance
system’, which requires real-time train location by the use of GPS or odometers.

This paper contains preliminary results of the research and also some recommendations for further
analysis.

Keywords: railway, energy, optimization, driving, assistance

1 INTRODUCTION

The use of innovative technologies is a key factor of success when train operating
companies and infrastructure owners aim at improving overall performance, quality of service
and profits. Intelligent Transport Systems (ITSs) may lead to safer, more cost-effective public
transport services, which are therefore likely to attract a greater number of users and achieve a
higher level of flexibility to meet the demand. Furthermore, another important outcome is the
reduction of operational costs as well as the rising resource management.

Technologies aimed at minimizing the energy consumption of trains prove to offer great
opportunities and can support train operating companies to effectively reduce the energy
costs. Various approaches can be found in the literature concerning on-board devices for
energy-efficient driving.
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1.1 Approaches in the literature

Various approaches for the computation of the energy-optimal driving strategy can be
found in the existing literature and grouped as follows:

1. Modeling the train run between two consecutive stations as a linear or non-linear
optimum control problem with explicit solution by means of the Pontryagin’s
Maximum Principle ([1] - [3], [6] - [8], [11]);

2. Representing the train run between two consecutive stations or along a route with
multiple stops as a multi-stage decision problem solved by means of Bellman’s
Dynamic Programming ([1] - [3], [6]);

3. Modeling the driving style of a train as a linear or non-linear optimum problem
solved by means of search algorithms (e.g., Genetic Algorithms [4]);

4. Modeling the driving style of a train as a non-linear simulation with implicit solution
of the optimum problem by means of different initial values of the switching points
([12]);

5. Taking into account also disturbances in the whole railway network and determining
the optimal speed profile for each single train involved in the conflict-affected area
by means of search methods ([3]).

The existing models show some limits which has led to the formulation of a new
approach. In fact, an explicit solution of the optimal control problem requires some
linearization of the laws of motion, which proves to be barely adequate to long distance
traffic. Moreover, when dealing with real-time conflicts, a continuous communication with
the signaling system and the traffic control centre is necessary but expensive, so the fifth type
of models are out of the scope.

The presented approach keeps the theoretical basics of the first family of models and
extends them through the method of the second group in the list. A specific method is used to
solve the problem and proves to be more suited than the others according to the level of
complexity.

1.2 State of the art

A Driver Assistance System (DAS) helps train drivers by making recommendations
concerning speed and acceleration or deceleration for energy-minimal operations. The driver
receives real-time data on a personal digital assistant (PDA), on a laptop or on the in-cab
displays. The software tool calculates optimized target speed and traction force and constantly
updates them to the actual time and position. The system thereby minimizes the energy
needed to run a train according to its allotted timetable and allows smoother operation of the
trains so as to reduce wear and costs.

The fundamental requirements of a DAS are as follows:

e Determination of the target arrival time for the train at stations and junctions that
must be achieved to satisfy the published timetable and avoid conflicts with other
trains;

e Calculation of an energy-optimal speed-distance profile starting from the current
train location and time, to achieve the target arrival times along the route;

e Monitoring the movement of the train and providing information to the driver so that
the speed-distance profile is followed and target arrival times are achieved.

Today there are several systems that are offered by suppliers or developed by railway
undertakings for their own use. The majority of these are stand-alone train-borne systems, but
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in most cases there is possibility of future links to a control centre of a traffic management
system. A complete list of these systems can be found in the literature [5] [10].

2 METHOD

The method of development consists of the following steps:
1. Definition of the model for the motion of trains in the energy-optimal train control
problem based on previous works;
2. Development of the algorithm for solving the problem;
3. Adjustments to the procedure in order to take into account the actual driving of a
train.

2.1 Principles

The most important part of the energy consumed by railways is the mechanical energy
used to overcome the driving resistances to which the vehicle is subject while moving from
one point of its route to another. The driving style adopted by the train driver greatly
influences the mechanical energy consumption and the energy costs of the railway
undertaking as a consequence. The mechanical power at the wheel-rail interface Ppech can be
expressed as the product of tractive effort F at wheel rim and speed v. Then, the mechanical
energy Emech cONsumed during train movements is given by the integral of mechanical power
Pmech OVer time t.

Eech = IF(EJ U(f) dt (1)

If we consider electric powered trains, the net electric energy consumption Eg is given by
the ratio of mechanical power Ppech to the efficiency of the traction system 7.

Ee[ =I%dt (2)

Positive tractive effort (during acceleration or while holding speed) determines energy
consumption and should be reduced as much as possible within the given timetable. The
higher the speed to hold is, the more energy is consumed during the driving process. Every
acceleration process requires a certain amount of energy, so unnecessary acceleration should
be avoided, whether it follows a regular stop (planned process) or a stop at a signal
(unplanned stop).

This strategy is greatly influenced by the punctuality of the train according to the
scheduled timetable, since neither late arrivals nor early arrivals at stations are permitted (at
least for a given time tolerance). In fact, planned running times, on which timetables are
based, consist of the sum of the minimum running time and a running time reserve, which
takes into account possible short deviations. The shorter the running time reserve until a target
point is available, the more the train has to accelerate, and the more energy is consumed. If the
train departs with a delay greater than the available running time reserve, it has to follow the
time-optimal trajectory (i.e., as fast as possible) so as to reduce that deviation from timetable
as much as possible (i.e., with the maximum energy consumption). Conversely, if that delay is
less than the available running time reserve, an energy-optimal driving strategy — i.e.,
determining which tractive or braking effort to apply at which instant of time — may be
followed in order to minimize mechanical energy.
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If the track is presently unoccupied and the route to the next station is set, the train will
move from one station to the next according to the scheduled timetable — i.e., with no
disturbance. In undisturbed operations, the energy-optimal train control problem is modeled to
find the points in space and time at which the driving style shall change in order to arrive at
the next target point on time and with the lowest energy consumption. In other words, it is a
constrained optimization problem with continuous control. The goal is the minimization of a
cost function which expresses the energy consumption of the train and the constraints are
given by timetable, infrastructure and train data.

The simplest application of energy optimization in undisturbed operations deals with a
train movement between a pair of stations (i.e., with no intermediate stops) on a line section
which has one permitted speed restriction and one slope. The key input variable of this
approach is the availability of the running time slack of that line section under the given
timetable.

According to the optimal control theory [1], a train journey between a pair of stops can
consist of an energy-optimal sequence of at most four driving regimes, which are as follows:

1. Acceleration with maximal tractive effort;

2. Speed holding (also known as ‘cruising”)at the maximum permitted value with partial
tractive or braking effort;

3. ‘Coasting’ — i.e., the driving regime during which no tractive or braking effort is
applied;

4. Braking with maximal braking effort.

Coasting may precede speed holding in case of steep descents — i.e., when the sum of all
resistances is negative.

Depending on the available running time reserve on the line section, the energy-optimal
driving strategy can omit the coasting driving regime or the speed holding one. In fact, a
relationship exists between mechanical energy consumption and available running time
reserve. In other words, the more the train circulates close to the minimum running time, the
more energy is consumed during operations.

2.2 Model

The model is based on some assumptions which are commonly used in simulation

programs:

1. The train is modeled as a mass point;

2. Return travel is excluded,

3. Speed limit exceeding is not allowed;

4. Only line sections between two consecutive stops are considered;

5. Each line sub-section, into which the section is divided, has only one speed limit and
gradient;
Only continuous train control is considered,;
7. The adhesion limit at the wheel-rail interface depends on the weather conditions that

may influence the status of the rail rolling surface;

S

The definition of the dynamics of the movement of a single train along a certain route is
fundamental to the resolution of any problem involving railway vehicles. The key physical
laws concerning the mechanical behavior of a train, which moves on a line section between
two consecutive stops, are presented with reference to the four driving regimes listed in
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Chapter 2.1 and are taken from sources of international proven validity found in the literature
[13].

As known [1], the speed profile of a train running with the shortest possible time between
two consecutive stops consists of a non-linear acceleration with maximal rate, speed holding
when the maximum allowed speed has been reached and a constant deceleration so as to come
to a standstill (see Figure 1).

F 3

------- Speed Limit
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Figure 1: Speed-distance diagram of a train running between two consecutive stops (minimum
running time)

However, some adjustments have been introduced into the proposed model in order to
take into account the actual behavior of train drivers. In fact, the power output while the train
is speeding up is limited for passengers’ comfort and to reduce the wear of the rolling stock.
The target speed to be hold is lower than the maximum permitted one (e.g., -5 km/h) in order
to avoid the risk of emergency braking due to the intervention of the onboard automatic train
protection system (ATP). The deceleration rate while the train is slowing down with the
application of brakes is equal to half the UIC default value.

According to the commercial timetable, the scheduled running time between each pair of
consecutive stops is fixed and a running time reserve is available so that trains can recover
short delays if necessary. If the train is already running late, the running time reserve is used
to arrive on time at the next stop along the route. Conversely, if the train is likely to come
earlier to the next station according to the time-minimal speed profile, a ‘coasting’ driving
regime can be included during real operations based on the current train location. This driving
strategy allows trains to run on time as well as to minimize the energy consumption since
coasting needs no mechanical energy. As a consequence, if the available running time reserve
is sufficient to allow the energy-saving strategy, the initial and final points of coasting in the
speed profile shall be determined to guarantee the expected punctuality (see Figure 2). The
more the train circulates close to the minimum running time, the more energy is consumed.

A Energy-saving section

i

v
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»
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Figure 2: The role of the running time reserve for the energy minimization
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3 APPROACH TO THE PROBLEM

The proposed model is based on the four driving regimes of the energy-optimal train
control problem presented in Chapter 2.1. Firstly, the simple case of a line section with single
positive gradient and constant speed limit is considered. Secondly, negative gradients and
changes of slope and maximum allowed speed are considered as an extension of the previous
case.

3.1 Level tracks and ascending slopes

If a horizontal line section is considered, the net mechanical energy consumption
increases non-linearly during acceleration, takes a lower constant value during speed holding
and is equal to zero during coasting and braking. This implies that the shorter the speed
holding time interval (or distance interval) is, the more mechanical energy is saved during the
whole journey. This time interval depends on the duration of the coasting driving regime,
whose final speed shall be calculated (see Figure 3).

——————— Speed Limit

Energy-optimum

v

Figure 3: Speed-distance diagram of a train running on a horizontal line section and coasting after
having reached the maximum allowed speed

If the line section is short (or the remaining running time is long) so that the maximum
permitted speed is not reached (Figure 4), speed holding is omitted, coasting starts at a lower
speed to be determined, and even less energy is consumed.

——————— Speed Limit
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»

Figure 4: Speed-distance diagram of a train running on a horizontal line section and coasting before
reaching the maximum allowed speed

The key solutions of the problem defined in the proposed model are the switching points
between the driving regimes of the energy-optimal speed profile (see red circles in Figure 3
and in Figure 4). The minimization of the mechanical energy consumption is then implicitly
achieved.

If we do not assume the energy-efficient driving of a train on a level line section as
subject to a given timetable, two different speed profiles act as boundary strategies:
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1. Time-minimal driving strategy: It is the trajectory of a train moving from one stop to
another with the minimum running time of the line section, thus causing the maximum
energy consumption during the journey; coasting is omitted.

2. Energy-minimal driving strategy with infinite time horizon: It is the trajectory of a
train moving from one stop to another with the maximum running time of the line
section, thus not taking into account a certain time horizon and causing the minimum
energy consumption during the journey; full braking is omitted.

When considering a given timetable, the net energy consumption of a train depends on
the available running time reserve and, since the solution of the energy-optimal train control
problem with finite time horizon is unique, the ‘goal running time’ of a specific journey
corresponds to only one energy-optimal driving strategy. The goal running time is given by
the sum of the minimum running time and the available running time reserve, and it might
take any value between the minimum running time and the maximum one.

As can be seen in Figure 5, the coasting driving regime for a specific set of train and track
data describes a family of curves depending on a parameter that is the goal running time
mentioned above. Each curve referring to a certain value of the running time intersects the
‘speed holding’ horizontal line (or the ‘acceleration’ curve if maximum permitted speed is not
reached) and the ‘braking’ curve so as to indentify the unknown switching points.

------------- Speed Limit Tmin ——-TG(1) —-—-TG(2) —--— Tmax

»
»

Figure 5: Speed-distance diagram of a train running on a horizontal line section with different
running times

3.2 Descending slopes

According to Equation (4), the acceleration becomes zero on moderately or steeply
descending grades for a certain value of speed, which is called ‘critical speed’.

2
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Therefore, the critical speed causes the total running resistance to change sign on
descents, and it generates a uniform linear motion with constant velocity if no tractive effort is
applied, since the vehicle resistance equals the line resistance. If the instantaneous speed is
higher than the critical speed, the instantaneous acceleration is always negative, so the train
slows down while coasting as in the case of horizontal lines and ascents. Conversely, if the
instantaneous speed is lower than the critical speed, the instantaneous acceleration is always
positive, so the train speeds up while coasting. In case the maximum allowed speed is lower
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than the critical speed (i.e., in case of steep descents), the target speed during the ‘cruising’
driving regime is hold through the application of brakes.

------------- Speed Limit - - - - Critical Speed Tmin ——-TG(1) —-—-TG(2) —--— Tmax

e —

v

Figure 6: Speed-distance diagram of a train running on a descending line section with different
running times

4  ALGORITHM

The considered problem is a continuous constrained optimization problem which
minimizes the mechanical energy of a single train moving between two consecutive stops
under a given timetable.

4.1 Single gradient and speed limit

If we consider a line section with constant gradient and speed limit, a search method can
find an optimal solution in one or two variables (i.e., the switching points of the coasting
driving regime, see Chapter 3.1) over a real-valued constrained search-space. A metaheuristic
based on the Generalized Reduced Gradient (GRG) method is used to solve this non-linear
constrained multivariable problem. In case of non-smooth problems, the GRG method might
move from a candidate solution to another similarly to a ‘steepest ascent hill-climbing’
method, where all successors are compared and the closest to the solution is chosen and which
fails if there are local maxima in the search space which are not solutions. However, the GRG
method is still able to find an optimal global solution of the non-smooth energy optimization
problem if the initial conditions are properly chosen at every restart of the algorithm.

Before the procedure is launched, all train and track data must be given. Then, switching
points are unknown in terms of speed, distance and time. Some of the switching speeds are
immediately known and the time and distance intervals are derived according to proven
formulas [13].

The analyzed energy-optimal train control model seeks the global maximum and
minimum of energy consumption with infinite time horizon, which correspond to the time-
unconstrained ‘energy-maximal’ (or ‘time-minimal’) and ‘energy-minimal’ (or ‘time-
maximal’) trajectories respectively. Afterwards, the time-constrained energy-minimal
trajectory is computed for a given goal running time within the real-valued bounded interval
between the previously determined minimal and maximal running time.

Every goal trajectory can be influenced by at least one of the following possible events:

e The line section has a significant negative value of the gradient or not;
e The train circulates on a line section with a steep descent, in which the maximum
permitted speed is higher or lower than the critical speed;
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e The length of the line section is sufficient for reaching the maximum permitted speed
or not — i.e., the ‘speed holding’ driving regime is omitted or not.

As a consequence, different sets of driving regimes are derived and the algorithm is
adapted for every single sub-problem of the multi-level structure of routines.

In every sub-problem, the boundary conditions on the switching points and on the ‘speed
holding’ driving regime are set and the initial feasible values of the unknown switching points
are found. Then, the GRG method gives the final solution to be verified through some
tolerance tests.

Finally, the net electrical energy consumption can be determined according to Equations
(1)-(2) and a simulation algorithm computes the energy-optimal speed profile.

4.2 Multiple gradients and speed limits

Shall a line section with a stepwise speed limit and/or at least two different slopes be
modeled properly, an extension of the approach described so far is recommended. The energy-
optimal train control problem for line sections with multiple speed limits and gradients is
solved by means of dynamic programming [6], which solves complex problems by breaking
them down into simpler sub-problems in a recursive manner. In this case, the simpler sub-
problems are the energy optimization problems for line sections with constant speed limit and
gradient, while the general problem uses a recursive algorithm similar to the gradient descent
method. The procedure consists of the following steps:

1. Division of the considered line section into a set of sub-sections with constant
gradient and speed limit;

2. Determination of the maximum entrance and exit speeds for every sub-section;

3. Computation of the time-minimal trajectory and of the time-maximal one;

4. Determination of the difference between minimum and maximum running time for
each sub-section and of the available running time reserve for the whole section;

5. Iterative loop: computation of the energy-optimal trajectory by increasing the overall
running time;

6. Iterative loop: computation of the energy-optimal trajectory by decreasing the exit
speeds of the sub-sections.

At each iteration, the net electrical energy consumption of every single sub-section is
estimated after changes of running time or exit speed. The simulated changes are approved for
the sub-section which has the greatest value of energy savings according to the difference
quotient. The procedure stops when all the available running time reserve has been distributed
uniformly among all the sub-sections into which the line section had been divided.

5 CASE STUDY

A comparison between simulated and real driving is necessary to prove the effective
benefits of a DAS based on the proposed model.

The case study is the conventional mixed-traffic railway line Trieste C.Le — Udine, which
is standard-gauge, double-track and electrified with a DC 3kV overhead catenary power
supply system on all its length of 82 km. Since the daily rail traffic is not dense and the
probability of conflicts is low, the hypothesis of undisturbed operations is correct in this case.

The considered trains are those of the current modern passenger fleet for public local
transport:
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e Italian FS Class ALe 501-502 “Minuetto” EMUs (“Regionale” service);
o ltalian FS Class E.464 electric locomotive hauling MDVC/MDVE passenger cars
(“Regionale Veloce” service).

A sufficient set of measurements has been recorded for data collection through the
installation of GPS devices onboard during real operations.
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Figure 7: Speed-distance diagram of an Italian FS Class ALe 501-502 EMU: measured and simulated
speed profiles in the case study on the line section from Sistiana Visogliano to Bivio d’Aurisina

As can be seen in Figure 7, train drivers are likely to hold a target speed much lower than
the maximum allowed speed and to set a multi-stage service braking so as not to overcome the
next planned stop. The presented approach is focused on the coasting driving regime since the
latter does not consume mechanical energy and finds the switching point at which the train
driver has to apply an uniform braking. Therefore, a DAS may also support drivers for those
actions which are hard to predict without a specific tool.

The preliminary results show the significant benefits which may be obtained through the
implementation of the proposed algorithm in a DAS and they are summarized in Table 1 in
terms of average differences between simulated and measured energy savings for every
considered train service.

Table 1: Average Differences between Simulated and Measured Energy Savings in the Case Study

Route Service Average Difference of Energy Savings
Trieste C.Le — Udine Regionale 12,30%
Monfalcone — Trieste C.Le Regionale 16,15%
Trieste C.Le — Gorizia C.Le | RegionaleVeloce 15,20%

6 REAL-TIME OPERATIONS

Various disturbances such as longer dwell times at stations, adverse weather and
temporary speed restrictions might affect the train journey during real-time operations. A
driver support tool must take into account the way external elements influence the adherence
to the timetable and the resulting behavior of drivers, thus causing an energy consumption
which becomes different from the one forecasted at the departure from the last stop. The
algorithm for energy optimization shall compute a new speed profile instant by instant in
order to minimize the mechanical energy effectively according to the current state of the
system (see Figure 8).
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Figure 8: Train control loop

The proposed model for the energy-optimal control of a train can be implemented in a
DAS. In fact, as the current position, time and speed of the train are known, the algorithm can
compute the energy-minimal speed profile on the line section between the current train
location on the route and the next scheduled stop. The goal running time, to which the
problem is subject, is given by the interval between the current instant of time and the planned
arrival time at the next station. If this time value is less than the estimated minimum running
time, there is no more available running time reserve to be used for energy minimization and
the train has to run as fast as not to increase the current delay, according to the operating rules.
Conversely, if the goal running time is greater than the estimated maximum running time
(unlikely in practice), the train will necessarily arrive earlier at the next stop.

The updated switching points between different driving regimes shall be shown to the
train driver through a simple driver-machine interface (DMI), so that he/she would be able to
intuitively adjust their behavior. The information which is displayed to achieve an energy-
efficient driving style shall be conceived in form of advice, since the minimization of energy
consumption is not mandatory.

The data to be input in a possible DAS, which can be based on the proposed algorithm,
are divided into train data, track data and timetable data. The length and gradient of line
sections/sub-sections should be derived from the real horizontal and vertical alignment of the
track rather than the ‘line file’ data (provided to drivers). In fact, the latter is actually a virtual
track profile which proves to be an overestimated approximation and is mainly used for safety
reasons. All this information may be input and updated directly through the DMI or
communicated via radio (GSM-R) from the control centre.

If the driver is already provided with a tablet PC showing real-time information on
timetable and route of a specific service, the output data may also include at least the
following key advice for the practical energy-minimization:

e Current recommendation on the energy-optimal driving regime;
e Countdown to the next switching point of the energy-optimal trajectory.

All this information must be updated in real-time — i.e., every 5-10 seconds. The
switching point at which the driver should start coasting may be also announced with an
acoustic signal.
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7 CONCLUSIONS

The study proves the potential benefits of the proposed approach for the energy
optimization during train operation, and it indicates the possible implementation in a Driver
Assistance System (DAS)which provides the driver with real-time advice in order to run on
schedule as well as to consume the minimum net electrical energy under the given constraints.

The case study of the Trieste C.Le — Udine railway line has been chosen and several data
have been collected on modern regional trains by means of on-board installation of GPS
devices. The comparison of the computed energy-minimal driving strategies with the
measured speed profiles shows the great difference from the actual behavior, even if trains
were running ahead of schedule during operations.

The hypothesis of undisturbed train movements (i.e., not considering unplanned conflicts)
proves to be correct for a practical use of the presented approach in the case study only if the
track database takes into account speed restrictions due to the lack of the ‘infill” functionality
of the existing ATP system in some stations.

Although the energy consumption is already brought down in reality without the aid of
recommended speeds, the calculation of the theoretical optimal trajectory is still very useful
for further improvements since coasting is hard to be precisely predicted in practical driving.

Further research should be done to analyze other case studies and to extend the model to
the case of conflict-affected areas, so that the potential of energy-optimal train control might
be fully exploited.

The preliminary results confirm the effective potentials for cost savings related to electric
power usage during operations in the case study, especially on short line sections with mainly
level or descending tracks.
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ABSTRACT

The future city in terms of traffic safety presents the work that shows the capabilities and utilization of
surfaces with conceptual designs and safer transportation and movement of passengers, cyclists and
pedestrians. In this paper were presented four conceptual solutions as an alternative vision of
transportation and movement with bikes and pedestrians and this will increase safety and
environmental sustainability. Conceptual design present a bicycle route along the river on both sides,
and the bike route between the routes of tram track. Conceptual design of travelator for public
transport of passengers. Conceptual design of lowering the tram route in the trough by glass covering
roof and outside visual communication. Covering with the dome pedestrian flows in the area of Main
Street on the stretch and the fourth segment of the conceptual design of pedestrian flow is covering
with movable transparent roofs the main pedestrian street. All solutions are analyzed in terms of the
role and importance of safety and environmental feasibility traffic carrier transport functions of city
development and communication of citizens. Traffic solutions, transport and mobility offered in this
thesis were not present in this region and there are not known to the wider areas of the developing
cities and it should serve as idea for increasing problems of developing towns in the area with
insufficient space for pedestrians and cyclists as well as an offer for bigger and massive transportation
of persons in the city. All of idea and innovations is implementations at simulations of the city
Sarajevo which have about half millions citizens.

Keywords: Traffic safety, designs and safer transportation, cyclists and pedestrians, conceptual design

1 INTRODUCTION

In every modern city, there is a specific focus of the pedestrians and cyclists. Alternative
forms of transport in the modern world are the trend that every day is more and more
widespread [8]. Walkers are the most vulnerable road users that must provide the physical
protection of motor vehicles. Sarajevo city of the future needs to follow the trends of
European cities and world capitals, to increase alternative modes of transport, modernizing
existing infrastructure, increase the level of safety of the road users. Through the master's
thesis and its implementation additionally would provided comfortable lifestyle, for walkers
would provide areas that are sheltered from the weather and protected from motor vehicles.
Urban cycling is not just a form of transportation choice; it is a kind of social phenomenon
that incorporates environmental awareness, the desire to own better health, a way to save on
transportation costs and vehicle maintenance [7]. We can say that cycling is a new way of
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thinking of a large number of citizens of Sarajevo who are increasingly opting to become a
cyclist. Although the number of cyclists is bigger and bigger every day on the streets of
Sarajevo, the city authorities have not yet decided to organized react to this phenomenon [1].
According bike sales trends and current conditions in which cyclists ride, it is expected to
further increase the number of bicyclists on city streets lead to serious problems in traffic,
especially in high-frequency locations in Sarajevo, where cyclists and pedestrians are moving
in the same traffic flow.

2 PROBLEM AND SUBJECT OF RESEARCH

Following the development of the daily traffic in the cities can be seen that the maximum
capacity is utilized, and to simply have the need to build new areas primarily for alternative
forms of transport and pedestrians. If we look at the situation there is almost no kind of traffic
in the city, and that's not broken or cut in level. Start-stop-start system is not in the interests of
neither the environment nor to the participants. Pedestrian and bicycle traffic and almost
forgotten by the authorities, the only aspect of bike trails for the citizens of the trails in the
surrounding hills, which certainly require skill and effort to master. City cycling is present in
cycling enthusiasts. Talk on the bicycle and pedestrian traffic there is a problem that is not
misled in any of the institutions related to traffic. Nowhere in the documents cannot be found
statistics as far as cyclists in the city, and that is their extent of movement as well as what are
the official bike paths, and no data exist on pedestrians and their available surfaces. The
biggest problem is that the city of Sarajevo remained a small fraction of unused space, and all
other requirements in the construction and reconstruction of new investment. One must also
take into account the pedestrian area and pedestrians who are targeted by bad weather and
with no physical protection from motor vehicles. The frequent occurrence of rainy days
reflected desolate streets and pedestrian zones, pedestrians simply have nowhere to shelter
from a storm and have no protection from the sun rays.

Subject of this study is to determine the relevant parameters that indicate trends in the
development of cities in terms of traffic and that the pace going with the simulation of
Sarajevo, Bosnia and Herzegovina. According to the collected information we can see that
there is a constant increase of bicycles and their involvement in traffic and an increase in
motor vehicle traffic density. These parameters you can see on the streets of the capital every
day and is not difficult to come to a conclusion that it is necessary to find a solution or present
an idea that would be the basis of further development.

3 THE CURRENT SITUATION OF PUBLIC TRANSPORT IN SARAJEVO

Today, the backbone of the urban traffic in Sarajevo are trams, carrying half of the total
number of passengers. Besides tram transport there is trolleybuses, buses and minibuses.
GRAS has no competition, and Sarajevo Canton is the majority owner of the company.

Global development directions of the City of Sarajevo in the period up to 2023 The basic
elements include the reconstruction and development of transportation, global strategy,
development of public passenger transport as well as its relevant segment and have as a final
goal of a quality, comfortable, safe and reliable transport, which are adapted to passenger
requirements [5]. Satisfying customer needs is imperative, and in the transformation of public
transport necessary to provide customers an attractive, comfortable, fast and affordable in
terms of public transport, with the smaller investments and lower operating costs. Planned
development of the system of public transport passengers will be based on the incorporation
of railroads in the system of public transport of passengers, as well as the transformation of
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the existing tram system in easy rail passenger transportation (LSP). The basic direction that
follows the river Miljacka and Sarajevo valley of City Hall to Ilidza and Hadzi¢i still time,
and direction of the Bosna river valley Ilijas to continue, will become in terms of traffic, the
key to future development and their throughput capacity, as well as the speed and capacity of
the public transportation of passengers on them the most important factor of the overall
system of public passenger transport in the city, but also at the regional level.

4 REDESIGN RIVERBED MILJACKA - INNOVATIVE SOLUTIONS FOR
PEDESTRIAN/BICYCLE FLOWS

Today the world is more and more emphasis on the use of alternative transportation
instead of motor vehicle traffic, build a bicycle and pedestrian paths. This reasoning, which is
a European orientated demands detailed and precise planning of available space that will be
used at most-used in the future [2]. Conceived stock, to redesign the Miljacka river bed that
stretches the entire length of about 10 km. Also, the river Miljacka serves to collect all the
surrounding water to streams and rivers from the hills also wastewater pollute the river
Miljacka, and in good measure, causing an unpleasant odor, especially in the summer [4].
Since the appearance of the Miljacka river bed is shown in Figure 1 [3], which clearly sees
derived form of balconies on both sides of the coast will be a pedestrian and bicycle path.

Figure 1: The bed of the river Miljacka transverse layout

For beauty and clearing of the river Miljacka, will make pipes which will collect sewage
from nearby villages.

Many analyze and surveys have shown that most of the population moved to an
alternative form of transportation when you order to ensure the right conditions. These
conditions include the construction of a secure section for pedestrian and bicycle traffic,
which would be physically separated from motor vehicle traffic, and the introduction of safe
driving education and culture in the traffic [6]. The goal of reconstruction Miljacka river bed
and construction of bicycle and pedestrian paths is to develop and massive cycling as a sport,
recreation and sustain as an alternative form of transportation, to popularize a healthy lifestyle
among the public, particularly children and youth, and the importance of sport and recreation
in the preservation of a healthy body and mind, to urbanization and urban environment
accompanied modern European and world view trends designed Miljacka river bed can be
seen in Figures 3 and 4 where it is clear purpose and total utilization of the redesigned
riverbed river.
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Figure 4: The view from the perspective of a pedestrian in the intersection Obala

Redesigning the Miljacka river bed would increase the level of safety of pedestrians and
cyclists on a whole new level. Structure with adequate protection from the weather and
security protection of motor vehicles, the majority of citizens in this part of the city of
Sarajevo before the motor vehicles used walking or bicycling zone movement.

5 REDESIGN PUBLIC TRANSPORTATION INNOVATIVE SOLUTIONS FOR
TRAM TRANSPORT

Trams in Sarajevo provides a central part of the city and takes up the length of the tram
network in the amount of 22.9 kilometers performed in the surface route electrical power
above the tracks. The biggest problem is its Sarajevo tram noise and obsolescence, and how
that power is a tangled web, and mockery of the entire city of Sarajevo. Innovative solutions
imply tram transport solutions that will be quiet and pleasant environment. Modern low-floor
trams, which derive their power from the rails, are the perfect solution to noise reduction and
elimination of power supply networks. Such an approach would enable us burials tram and
cycling facilities in the gallery tram routes. Observed tram route length of the city of Sarajevo,
we can notice that the belt looks like a lot of tram transport is regulated in areas where cellular
systems. Bandwidth tram transport ranges from 13m to 25m and even up to 70m in places
where the swing. To show the situation and innovative ideas and its simulation in space is
taken locations busiest intersections on the entire route. Interment tram up to the window part
contributed to the passengers have visual contact with the environment, which would avoid
the "uncomfortable™ feeling metro and other systems are to be buried underground, and on the
other side by this solution would be comparably cheaper than metro. In the intersection there
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would be a complete lowering trams underground and re-release immediately after the
intersection, which would produce a sustained flow of tram transport at intersections which
would largely increase the safety and volume of passenger tram transport. Coverage adequate
supporting platforms would get a space that could be used by building bicycle paths on the
gallery tram route, and could be used as a time of emergency medical services in cases where
the existing roads were overcharged. The tapes are divided grassy strip width 0.4 m, while on
the edges of the tape are cypresses 0.3 m wide and 0.5 m height.

i\'i

:

Figure 7: View of the intersection Pofali¢i from position of cyclists
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5.1 The innovative aspect of transportation in the city (old) part of the city - the
conveyor belt

This paper presents an innovative display on the inner city (old) part of the tram instead
ask conveyor belt. Treadmills would have the function of public transport passengers.
Transportation routes by moving tape is shown in Fig 8st Accessing a treadmill designed in
four steps: addition of users, users accelerate to 7 (kph), transport users speed 15 (kph),
slowing the user to 7 (kph h) [9].

o

Figure 8: Transversal layout conveyors

Figure 9: Transversal layout conveyors
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Figure 12: Showing conveyor belt in the street Titova
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Figure 13: Display glass panels that cover the conveyor belt

Figure 14: Interception of the conveyor belt

5.2 Redesign of the city's pedestrian zone

The main area for walking, or street of Sarajevo, there is no infrastructure that protects
pedestrians from the weather and therefore users are left to themselves to find protection from
the rain and wind drift, and the sun. Innovative ideas final resolution envisions pedestrian
retention pedestrians in pedestrian areas during storms. By placing the entire length of the
movable panels allow pedestrian pedestrians normal pedestrian use in all weather conditions.
Glass, slightly tinted panels to be mounted on nearby buildings with designed brackets that
would be randomly automatically during inclement weather or excessive sun to protect.
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Figure 15: View open the panel in front of the Cathedral

The modern layout the entire infrastructure will give citizens and walkers the opportunity
to continue to enjoy the beauty of the streets for walking. Design form glass panels will allow
users during bad weather protection from rain, wind and snow. Appearance panel closed with
the entire frame is shown in Figure 16.

Figure 16: Pedestrian protections from the weather with a glass panel

In the period of bad weather panels would be widespread and thus would prevent the
penetration of rain and snow in the pedestrian area, and during the heat of solar panels would
be semi-open, opened and closed as needed to prevented from striking sunlight and thereby
create additional shade for walkers .
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Figure 18: Indoor glass panels

5.3 Redesign the pedestrian area along the main street

Street for a motor traffic on both sides are wide pedestrian area. There is no scientific
infrastructure that protects pedestrians from the weather, and therefore users are left to
themselves to seek protection from the rain and wind drift. Also during the heat, and heat
stroke, there is no protection other than the surrounding buildings, which should provide
natural shade for hikers, which is impossible to create a position for the walkways. The idea is
to cover the whole pedestrian zone concrete domes that fit the look of the building that would
allow walkers normally use pedestrian zone without fleeing for cover. Concrete domes with
arches should be fixed to the building and would constitute an integral part of the
infrastructure. In Figure 19th shows the locations where this idea is infrastructural presented.
Open side of the pedestrian zone gives users display width and reduces the feeling of looks
tunnel.
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Figure 19: Pedestrian protections from a storm in the pedestrian zone Titova

Canopies would be in conjunction with the appearance of each building and its facade
separately, will remain promenade in a lovely setting.

Figure 21: View to Titova Street from the Big park
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6 CONCLUSION

This master thesis points to current problems in Sarajevo, capital of the future he has to
develop in the direction of the great modern metropolis whose transport infrastructure meets
all international and European standards. Innovative and futuristic ideas have never been to
the first prehensile in society, but they eventually proved to be the right idea, and have
become an integral part of our lives. This paper describes an idea that would have raised the
overall transportation infrastructure of Sarajevo in a higher degree, as well as traffic safety.

When referred to the current problems are primarily talking about the lack of alternative
forms of transportation, lack of bicycle and pedestrian area, lack of traffic culture, lack of road
safety. Through this master work and the very idea of all these deficiencies can be remedied
even rose to the level.

That would be the construction of a new redesigned Miljacka river bed got a brand new
walking and cycling route that is physically separated from motor vehicle traffic. This idea
does not get much eroded layout Miljacka river bed but would get quite sensitive to its
construction.

Interment of the tram we would get a whole new image of Sarajevo, stylish and beautiful
ambience. Inadequate pillars tram zone, representing a mockery of the substitution of bike
paths and green space.

Travelator construction, conveyor belts, Sarajevo would obtain a futuristic look and a
special mode of transportation of passengers and as such again to get coveted title of the first
city that introduced a travelator in public transportation as was the case with the first electric
tram in Europe.

Covering pedestrian zone in Titova and Ferhadija set to point to the "i" on the issue of
pedestrian protection from the weather and deserted walks in the rain.

Everyday observation may notice an increase in traffic of cyclists, however, increase the
number of cyclists is not followed by the development of appropriate cycling infrastructure in
the city, so it is expected that due to the lack of bike lanes and paths, the number of accidents
involving cyclists continue to increase. It is the safety of cyclists and other traffic participants
basic reason why that should be up to date approach to problem solving.
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ABSTRACT

Hazard identification is very important for safety management system (SMS) implementation process.
In aviation industry practice, hazards may be identified through a data-driven (quantitative)
methodology or qualitative process such as discussions, interviews and brainstorming and can be
grouped into three generic families: natural hazards, technical hazards and economic hazards. Since
the scope of hazards in aviation is wide, this paper develops a quantitative methodology for assessing
aviation hazards during the aircraft usual daily operations. The methodology is developed by
estimating all related hazardous factors by their occurrence placement, nature and specific components
related to timing, sequencing and mutual dependency. The use of the proposed methodology allows
investigation of aviation safety factors and flexible assessment of aviation hazards. The results
demonstrate that the proposed methodology has the potential of becoming very useful in practice
facing further generalization of hazard identification process.

Keywords: Safety; Risk; Hazard, Aircraft

1 INTRODUCTION

Aviation industry defines hazard identification and safety risk management as the core
processes involved in the management of safety. Traditional system safety is based on the
consequences and the safety implications of technical aspects and particular components of
the system under considerations whilst contemporary safety management recognizes system
safety based on hazard identification and safety risk management as a key driver in aviation
system design and operation issues which also includes the role of human factor.

The concept of safety in aviation may have different connotations like freedom from
hazards or no accident (Waikar and Nichols, 1997). Therefore it is important to understand
and identify those factors which cause or are likely to cause harm. Contemporary methods
vary from statistical and trend analysis to cost analysis. The paper describes brainstorm
methodology for conducting organizational factors which could cause serious incident or
accident. Described case study which is based on everyday aircraft operations, demonstrated
the methodology process. Nowadays, researches related to hazards in aviation or hazard
methodologies implementation widely consider risk assessment as a part of safety
management system process (Cokorilo et al., 2011a; Hurst et al. 1996; Lee, 2006; Shyur,
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2008; Lawrence and Gill, 2007; Oztekin and Luxhoj, 2010). Decades of psychological and
social scientific research have shown that the everyday processes of risk perception and risk
evaluation rely on entirely different models to subjectively assess risks (Plattner et al., 2006;
Paternoand and Santoro, 2002).

2 HAZARDS IN AVIATION

The scope of hazards existing in aviation activities is very wide since aviation
environment is bounded by man-machine relationship. There are several most used hazard
definitions in aviation. According to (FAA, 2006), a hazard is a condition that is a prerequisite
to an accident or incident. According to (EUROCONTROL, 2001) a hazard is any condition,
event, or circumstance which could induce an accident. Hazards can be grouped into three
generic families: natural hazards, technical hazards and economic hazards.

Aviation industry recognized hazard identification as the process used to determine all
possible situations, events and circumstances that may expose people to injury, illness, disease
or death or may cause damage or loss of equipment and property, or damage to the
environment. For example, well-known SHEL model generally describes relationship between
software (S), hardware (H), environment (E) and liveware (L) include into all aviation
activities. Therefore, hazard identification is necessary for understanding hazard treats from
human actions, procedures, system design factors, regulatory and organizational factors,
defences, etc. Hazard identification and safety risk management, are the core processes
involved in the management of safety (ICAO, 2009). The complete elimination of risk in
aviation operations obviously is an unachievable and impractical goal (being perfectly safe
means to stop all aviation activities and to ground all aircraft). As not all risks can be
removed, nor are all possible risk mitigation measures economically practical. In other words,
it is accepted that there will be some residual risk of harm to people, property or environment,
but this is considered to be acceptable or tolerable by the responsible authority and the society
(Cokorilo et al., 2010; Cavka and Cokorilo, 2012).

3 HAZARD IDENTIFICATION METHODS

Hazard identification (FAA, 2000): the hazard analyses and assessments required in the
plan shall identify the safety risks associated with the system or operations under evaluation.
Nowadays, different methods and tools are used in safety analysis: statistical analysis, trend
analysis, normative comparisons, simulation and testing, expert panel, cost-benefit analysis.
All mentioned methods for hazard identification generally could be selected into two possible
groups: 1) Reactive hazard identification methods where hazards are recognized through
investigation of safety occurrences and trend monitoring; 2) Proactive hazard identification
methods where hazards are identified analyzing systems’ performance and functions for
intrinsic threats and potential failures. The most commonly applied proactive methods are the
safety assessments, operational safety audits, safety monitoring, etc. In order to obtain
different techniques toolbox (FAA/EUROCONTROL, 2007) defined inventory of over 500
techniques. More popular techniques are: Air-MIDAS; Air Safety Database; ASRS (Aviation
Safety Reporting System); Bias & Uncertainty Assessment; Bow-Tie Analysis; CCA
(Common Cause Analysis); Collision Risk Models; ETA (Event Tree Analysis); External
Events Analysis; FAST (Future Aviation Safety Team) Method; FMECA (Failure Modes
Effects and Criticality Analysis); FTA (Fault Tree Analysis); Future Flight Central; HAZOP
(Hazard and Operability study); HEART (Human Error Assessment and Reduction
Technique); HERA (Human Error in ATM); HTA (Hierarchical Task Analysis); HTRR
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(Hazard Tracking and Risk Resolution); Human Error Database; Human Factors Case;
PDARS (Performance Data Analysis and Reporting System); SADT (Structured Analysis and
Design Technique); SAFSIM (Safety in Simulations); SIMMOD Pro; TOPAZ accident risk
assessment methodology; TRACER-Lite; Use of Expert Judgment.

Generally, hazard identification methods are used for safety factors identification. These
factors are measured against more subjective standards and might be more difficult to
quantify. Theoretically, safety factors are those most closely correlated with accidents and
include casual factors such as (Wells et al., 2003): personnel capabilities (pilots, controllers,
etc.); air traffic environment; aircraft capabilities (Cokorilo, 2011b); weather; unpredictable
acts. The following case study presents mixture of all mentioned factors and could be used as
a good practice for hazard identification process.

4 HAZARD IDENTIFICATION CASE STUDY

The presented case study considers problem of runway incursion. The problem describes
proactive tool related not only to mentioned case study but to every similar aircraft operations.
A runway incursion is any occurrence on an airport runway involving an aircraft, vehicle,
person or object on the ground that creates a collision hazard, or results in a loss of required
separation with an aircraft taking off, intending to take off, landing, or intending to land
(Krause, 2003). The FAA four year study between 1997 and 2000 which included the over
450 towered airports in the U.S. National Airspace System resulted by the number of airport
operations neared 266 million with a reported 1 369 runway incursions.

The scenario presented below is based on international airport three-phase construction
project. This is a construction project to repave one of the two crossing runways at an
international airport with approximate 100 000 movements a year (Fig. 1).
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Figure 1: International Airport Layout

Based on initial airport layout, scope of construction works are defined into three phases
as it is shown on Fig. 2. Assumptions for the runway utilization during the construction work
are: 1) Continuous utilization of RWY 18-36 during the three-phase construction project; 2)
RWY 18-36 length is 3 850 m and the distance available from threshold RWY 18 to
intersection RWY 09-27 is 2 600 m; 3) Information must be provided to airport users.

Phase 1 includes: 1) Extend the length of RWY 09-27 by 900 meters westward and width
from 30 to 45 meters from a point 100 m from the intersection with RWY 18-36, and
strengthen the runway extension (from asphalt to concrete) to increase its Pavement
Classification Number (PCN); 2) Extend the length of TWY Delta by 900 meters westward,;
3) Estimated time to complete the work: seven months.

Phase 2 includes: 1) Construct and enlarge new threshold entrance and holding zone at
TWY Charlie; 2) Extend the width of RWY 09-27 from 30 to 45 meters and strengthen (from
asphalt to concrete) this part of the runway up to a point 200 m before intersection TWY A-B
to increase its PCN; 3) Estimated time to complete the work: five months.

Phase 3 includes: 1) Complete the construction work of RWY 09-27 for the central area
of the last 350 m at the intersection of RWY 09-27 and RWY 18-36 (from asphalt to
concrete), increase its width from 30 to 45 meters and its PCN; 2) Estimated time to complete
the work: two months.
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Figure 2: International Ai'rport Construction Work Layout

4.1 Results

The presented case study was used for hazard identification. Author used brainstorming
techniques for listing possible hazards avoiding possible misunderstanding between hazard
and risk differences (Table 1). Described case study presents overall methodology for hazard

identification which is based on following steps:
o list type of operation or activity;
o state the generic hazard (hazard statement);
¢ identify specific components of the hazard.

Analyzed sample was done based on conducting the analysis per phase of construction.

This principle allowed systematic approach which ensures hidden hazard identification.
Table 1: Hazard ldentification

Type of operation or

N activity

State the generic hazard
(hazard statement)

Identify specific components of the hazard

1 | Air Traffic Services

Air traffic
considerations
associated with single
runway operation.

- Increased volume of traffic;

- Separation issues;

- Runway congestion;

- Controller workload:;

- Changed departure and arrival flight procedures;
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N° ;—éli)\?i toyf operation or (S;thz:gesgigrer:;tl;azard Identify specific components of the hazard
- Vehicles crossing runway in use;
. . . - Staff movements;
2| Construction works Alrport reconstruction - Not removed construction materials and equipment;
- Access into prohibited airport areas;
- Failure to comply with the deadlines;
Air traffic - Movements within construction works area;
considerations - Exiting into closed runway;
3 | Take off associated with runway | - Use of closed taxiwgys; _
closure and available - Available take off distance reduction;
take off distance - Changed procedures;
reduction - Take-off Weight — TOW limitations for particular
airliners;
Air traffic
considerations - Use of closed runway;
4 | Landi associated with runway | - Available landing distance reduction;
anding closure and available - Changed procedures;
landing distance - Landing Weight — LW limitations for particular
reduction airliners;
Movements of handling | - Airport equipment and vehicles movements within
and landing vehicles construction works area;
- Vehicle crossing runway in use;
- Inadequate marking of closed airport areas
Airport activities . . o (construction works areas);
5 P Airport signalization - Inadequate marking of maneuvering areas;
- Inadequate marking of relocated threshold;
- Inadequate light signalization;
- Increased number and time delays due to the
Runway closure capacity reduction and weather conditions
(crosswind);
- Rerouted flights into alternative airports;
Communication . . - Not proceeded NOTAM and other relevant
6 | issues associated with Information on airport information about the changed conditions at the
ATC and airlines duty plans airport;
- Navigation charts changes;
Aircraft operations Increa§ing numt_)er of . .
7 . operations per single - Increased noise, emissions and complete
departures/arrivals runway environmental impact;

The importance of hazard identification lies in fact that well defined hazards are the basis
for safety risks measurement. Safety risk is defined as the assessment, expressed in terms of
predicted probability and severity, of the consequences of a hazard, taking as reference the
worst foreseeable situation. In reality one generic hazard could lead to variety of risks with
different probability and severity. For example “Not removed construction materials and
equipment” described in activity number 2 is a typical hazard, while possible risks are: aircraft
crash into equipment or facility; foreign objects ingestion into aircraft engine; FOD (foreign
object damage). All noted risks are critical. If one could evaluate hazard and its circumstances
(risks) then organization (airport, airline, ATM, etc.) would be able to make priority measures
to bring defined risks into green or yellow zones, instead of red one. It means that good safety
policy based on hazard identification could bring the organization operating in safety zone
which is based on risk elimination or mitigation within acceptable limits.
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5 CONCLUSIONS

The objective of this research was to establish an analytic methodology that uses data on
organizational processes to quantify the aviation hazards which are caused by aircraft
everyday operations during the airport construction works period. The use of the proposed
methodology allows investigation of aviation safety factors and flexible assessment of
aviation hazards. The results demonstrate that the proposed methodology has the potential of
becoming very useful in practice facing further generalization of hazard identification.
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ABSTRACT

Computer simulation models represent important field in many aspects of vessel traffic, thus in a
vessel collision occurrence aspect as well. Modern technology base and it’s advantage in terms of
functionality capabilities, graphics and user interface over some conventional approaches is pointed in
this paper through a discrete — event vessel collision simulation model. Vessel collision simulation
model is custom — developed using one of modern object oriented programming languages — C#.
Special case of vessel collision occurrence in straits where two vessels approach from opposing
directions is taken as an example to present this model’s reliability. Results obtained by simulation are
within the scope of verified analytical solutions..

Keywords: object-oriented, discrete-event simulation, ship collision.

1 INTRODUCTION

Computers are increasingly used for a variety of purposes in engineering and science
including control, data analysis, simulations and design optimization. It is therefore becoming
more important for marine engineering students to have a robust understanding of computing
and to learn how to program.

Programming language should be chosen based on its strengths for performing certain
task — the problem to solve should determine the language to use [8]. That refers to simulation
model and its software development as well.

In classical thinking there are three types of simulation: discrete — event, continuous and
Monte Carlo [7]. Many of models use stochastic simulations along with Monte Carlo
approach when assessing the complex marine traffic systems [7], [2], [1]. Monte Carlo
simulation utilizes models of uncertainty where representation of time is unnecessary. Marine
traffic can be considered as complex and dynamic system that takes time as variable. It means
that Monte Carlo approach alone won’t be able to deal with marine traffic situations where
time needs to be taken in account.

Logical and most commonly used alternative is discrete — event simulation. It is well
known fact that discrete — event simulation and object oriented languages have a long
common history [4]. Simula (1967) is generally considered to be first language with the
primary features of an object oriented language. It was created for making simulation
programs, in which what came to be called objects were the most important information
representation. Smaltalk (1972 — 1980) is arguably the canonical example and the one with
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which much of the theory of object oriented programming was developed. Also, it was used to
create the graphical user interface (GUI). Therefore, modern object oriented languages such as
C#, Java, C++, Visual Basic.NET should seriously be considered as one of primary tools for
building simulations, especially discrete — event ones [5]. Other alternative is usage of
software simulation packages such as Arena, Extend, MODSIM |11, Enterprise Dynamics and
others, but they are usually more expensive solutions and not very flexible when dealing with
some particular and detailed problems.

According to Nance (1993) [7] there are six characteristics of a discrete — event language.
He proposed that discrete — event simulation programming languages must meet a minimum
of six requirements:

e Generation of random numbers to represent uncertainty.

Process transformers, to permit other than uniform random varieties to be used.
List processing capability, so that objects can be created, manipulated and deleted.
Statistical analysis routines, to provide the descriptive summary of model behavior.
Report generation, to provide the presentation of potentially large reams of data in an
effective way for decision making.
e A time executive or time flow mechanism.

All these requirements can be accomplished using powerful modern object oriented
languages. In this paper, we outline the vessel collision simulation as one application of object
oriented programming languages for marine engineer.

The problem of obtaining the number of ship collisions in waterways crossing situations
is also dealt with. The main facts causing collision will be defined as mathematic model.

The paper is organized as follows. In the second chapter, object oriented programming
languages and their advantages in simulation development are presented. The third chapter
exposes main modelling and programming steps. The forth chapter presents specific collision
problem in straits, test scenario and results. Final chapter is conclusion and discussion about
the future work.

2 OBJECT ORIENTED PROGRAMMING LANGUAGES

OOP (Object — oriented programming) is a design philosophy. OOP uses a different set of
programming languages (C#, C++, Java, Visual Basic.NET etc.). In OOP, everything is
grouped as self sustainable “objects” [10]. Relationships between these objects can be created
(e.g. objects can inherit characteristics from other objects). Main advantages of OOP
techniques are that they enable programmers to create modules that do not need to be changed
when a new type of object is added to a program. A new object can inherit many of its
features from existing objects. This makes object — oriented programs easy to modify. Object
oriented languages are especially effective and powerful thanks to class libraries. A class
library is a pre — coded object oriented programming template collection [9]. Class libraries
enhance code reuse by providing implementations of repetitive jobs so applications are not
developed from scratch [9]. Different class libraries are developed for different purposes. To
improve and speed up programming of simulations, several simulation libraries were
developed for object oriented programming languages (e.g. SharpSim is a discrete — event
simulation code library developed in C#).

Graphics and animations are especially important feature in modern simulations.
Animation can increase the acceptance of discrete — event simulation as a legitimate problem
— solving technique. With the animation usage, dynamic graphical images can be created that
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enhance verification, validation and development of simulation itself. This can easily be
achieved using one of modern object oriented languages because there are class libraries that
contain pre — coded templates for graphics and animation as well. Object oriented languages,
while useful for writing complex programs, can be difficult to learn, so it can be considered as
disadvantage.

3 VESSEL COLLISION SIMULATION MODEL - BASIC MODELING STEPS

This chapter contains the formulae used in our developed model that is based on discrete
— event simulation [7] and molecular collision model used for marine purposes [6]. It
estimates number of geometric collision candidates if no anti — collision maneuvers are
initiated. Generally, object oriented simulation has objects that interact as simulation
progresses through simulated time. In order to simplify the programming and still acquire
correct number of collision occurrences, vessels are replaced with geometric circles that
represent objects (in terms of programming languages) carrying information about the vessels
position, direction, length, width and velocity in the simulated time. Hence, vessel motion in
time period is approximated with discredited circle movement. In simulated time period,
collision between two vessels (circles) is described as an overlap of two circles. Figure 1
illustrates the collision event.

Figure 1: Definition of collision situation

Source: Montewka, J., Hinz, T., Kujala, P., & Matusiak, J. (2010). Probability modeling of vessel collisions.
Reliability Engineering & System Safety (Volume 95, Issue 5, pp. 573-589). Helsinki: Aalto University, School of
Science and Technology, Department of Applied Mechanics, Marine Technology.

As shown on Figure 1, a collision between two circles occurs when the sum of both
radiuses is less or equal to the distance between two centers of the circles. Monte Carlo
method [11] is used for the generation of random samples from normal (Gaussian)
distribution. These random samples are used to place vessels (circles) on their initial positions.
In other words, vessels (circles) are normally distributed across the width of the strait, or part
of it. Vessels (circles) are generated linearly in a simulated time period.
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4 PARTICULAR COLLISION PROBLEM IN STRAITS - HEAD ON MEETING
OF THE VESSELS

As shown on Figure 2, vessels in straits usually move in opposing directions through
parallel waterways. Vessels from both directions are almost always differently distributed
across the straits width. It can be seen that the probability of the path of two meeting vessels
will overlap depends on the distribution of the vessels across the straits width from each
direction of the channel. The smaller i value is the greater becomes the probability of
collision (n indicates the distance between central lines of the sailing routes). Distribution of
the vessels across the straits width is normal (Gaussian). Mean value of the normal
distribution, g, and standard deviation ¢ are defined as necessary. Obviously, length of the
vessels is not important in this particular case.

Center of Channel

[:- — s —— s — S Route 1

Figure 2: Head on meeting of the vessels in straits

Source: Hansen, P. F. (2000). ISESO Project 7 and 8 - Basic Modeling Principles and Validation of Software for
prediction of frequencies, Denmark: ISESO — Information Technology for Enhanced Safety and Efficiency in
Ship Design.
Number of geometric collision candidates depends of:

e The length, L,,, of the route.

e The number of vessels of class i passages in time unit per route 1, Qf”, number of
vessels of class j passages in time unit per route 2, @, and their velocities, v and
@
AR

e The geometrical probability distribution, £;*(x) and f;?(x), of the vessels distribution
across the straits width, where x is normally distributed random variable.

According to Hansen [3], the number of geometric collision candidates, N,, for the head
on meeting of the vessels, is analytically expressed as:

o n?
()02 - ; 2
N, = LWE;E-QE-&}?E _(V_(lj n V_(zj) ] (B@ T B_UJ)_ ; ¢ zl-:‘crz.z+afj_ At (1)
T vy ' J ‘ ] |2n(6?+6?)
A\ U

where parameters are described as follows:
e L. isthe length of the route.
o Qf” is the number of vessels of class i passages in time unit per route 1.
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o Qf] is the number of vessels of class j passages in time unit per route 2.
o V™ is the average speed of class i vessels on route 1.

. l}’@ is the average speed of class j vessels on route 2.

o B designates width of the class i vessels.

o B designates width of the class j vessels.

o 17 designates the distance between central lines of the sailing routes.
e ¢ designates vessels average deviation from central lines of the sailing routes.

5 TEST EXAMPLE AND RESULTS

Vessel collision simulation model presented in this paper and (described in chapter 3) is
actually realized as custom — developed software application. In other words, model is
integrated in software application. Application is developed by using modern object oriented
language — C#, and it consolidates modeling logic (see chapter 3), user interface and 2D
graphic animation. User interface is used for inserting and controlling the input data for
model, such as number of vessels, length of the observed sailing route, vessel dimensions, and
etc. 2D graphic animation illustrates vessel movement and collision scenarios in simulated
time period.

Software application with integrated modelling logic, 2D graphical animation and user
interface built in C# is presented on Figure 3.

#*] Simulator sudara bmdma— '_ i ‘ C=RREl "]

Broj brodova iz luke A 94.brod iz I.uke Bjeu« “
131 brod iz
700 132, brod iz luke A je
Broj brodova iz luke B 133. brod iz luke A je
500 95, brod iz luke Bje u
134, brod iz luke A je
Broj dana 95. brod iz luke Bje u
365 135. brod iz luke A je

. . L . 97.bred iz luke Bje u
Sirina broda iz luke A (metar) 136, brod iz luke A je
20 137. brod iz luke A je
Siring broda iz luke B [metar) |58 brodizluke Bjeu
. 138. brod iz luke A je
|20 138, brod iz
Sirina staze A (metar) 99, brod iz luke Bjeu
500 139, brod iz luke A je
140. brod iz luke A je
100. brod iz luke B je
500 140, brod iz
Brzina A broda (metar/minuta) | 141 brod iz luke A je
101. brod iz luke B je

10 142, brod iz luke A je
Brzina B broda (metar/minuta) | 102, brod iz luke B je
10 143, brod iz luke A je
. . L 144, brod iz luke A je
Duljina A broda (u radijusima) 103, brod iz luke Bje
1 145, brod iz luke A je
104. brod iz luke B je
146. brod iz luke A je

Sirina staze B (metar)

Duljina B broda (u radijusima)

1 147, brod iz luke A je
Standardna devijacija 105, brod iz luke B je
. 147. brod iz
0,1666666 148, brod iz luke A je
Kut krizanja [0,0%, 180.0°] 106. brod iz luke B je
180 700 148, brod iz luke A je
107. brod iz luke B je
Broj sudara 150. brod iz luke A je
151. brod iz luke A je
28 108. brod iz luke B je
Broj brodova u krizanju 152, brod iz luke A je
0 109 brod iz luke B je |=

153. brod iz luke A je
154. brod iz luke A je

Start (F5) 110. brod iz luke B je -

Figure 3: Vessel collision simulation application

Source: Authors:Mirko Corié, Anita Gudelj, Maja Kréum
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In current phase, developed model calculates number of geometric collision candidates in
specific marine traffic situation where ships approach each other from opposing directions.
This scenario is common for marine traffic in straits (as described in chapter 4). Anti —
collision maneuverings were not taken into account when calculating number of geometric
collision candidates.

Collision simulation model is tested through a next hypothetical example:

Observed time period At is set to 365 days.
Length of the route is set to 800 m.

7 is set to 0.

o; and g; are set to 100 m.

Vessels of class i:
e Q™ =500/(365-24-3600)s
(1 _
o I o= 2m/s
e BY =20m

Vessels of class j:
. ij = 620/(365 - 24 - 3600)s
° [},_(zj =35m/s
e BV =20m

Results of the hand calculation of this head on collision scenario obtained though
expression (1): N, = 0.697 collisions per 1 year.

Simulation results obtained through a several simulation repetitions of this head on
collision scenario: N, ~ 0.697 collisions per 1 year.

6 CONCLUSION

The advantage of pure Monte Carlo simulation is that it can be done very quickly because
the time is not taken into account. By ignoring the time when designing the simulation, the
system itself may often be oversimplified and hence could contribute to inaccurate results.
With the advent of computer power, discrete — event simulations should not present holdback
in simulating numerous marine traffic safety situations, because less and less time is needed
for the execution of the simulated scenarios. The fact that majority of modern complex
systems and applications are built by using today’s object oriented languages is contribution
to this thesis as well. From the programming aspect, usage of some non — object oriented
language in development of marine safety model presented in this paper would require much
more effort and would not be a straightforward task as in C#.

In this paper, discrete — event vessel collision simulation model is developed by using C#
— modern object oriented programming language. The proposed model is developed as an
intuitive application along with user friendly interface, graphic animation and comprehensible
functionality. In current phase of development, model calculates number of collision
candidates in head on meeting of the vessels in straits, when no anti — collision procedure is
engaged. The results obtained through a simulated test scenario are compared with verified
analytical results, and a good agreement is found. The proposed model is adaptable to more
complex problems in marine traffic. Future work will deal with overtaking and crossing
collision scenarios.
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ABSTRACT

This article describes the possibility of use of the price discrimination in personal transport, which aim
is to obtain consumer surplus (price difference between the price, which would the consumer pay for
transport service and its real price) and its conversion to firms additional profit.

Theoretical introduction describes the price discrimination as a method of determining different prices
of partially monopol transport services without needing for rising the prices due to cost reasons. In the
price discrimination, the knowledge of the price elasticity on the base of monitored mobility of the
passengers is used. There are many forms of price discrimination in the market, which are going to be
described and documented with practical applications.

Keywords: market, price discrimination, rail transport, price elasticity

1 THEORETICAL INTRODUCTION

Price discrimination or price differentiation [1] exists when sales of identical goods or
services are transacted at different prices from the same provider [2]. In a theoretical market
with perfect information, perfect substitutes, and no transaction costs or prohibition on
secondary exchange (or re-selling) to prevent arbitrage, price discrimination can only be a
feature of monopolistic and oligopolistic markets [3], where market power can be exercised.
Otherwise, the moment the seller tries to sell the same good at different prices, the buyer at
the lower price can arbitrage by selling to the consumer buying at the higher price but with a
tiny discount. However, product heterogeneity, market frictions or high fixed costs (which
make marginal-cost pricing unsustainable in the long run) can allow for some degree of
differential pricing to different consumers, even in fully competitive retail or industrial
markets. The effects of price discrimination on social efficiency are unclear. Output can be
expanded when price discrimination is very efficient. Even if output remains constant, price
discrimination can reduce efficiency by misallocating output among consumers. Price
discrimination requires market segmentation and some means to discourage discount
customers from becoming resellers and, by extension, competitors. This usually entails using
one or more means of preventing any resale: keeping the different price groups separate,
making price comparisons difficult, or restricting pricing information. The boundary set up by
the marketer to keep segments separate is referred to as a rate fence. Price discrimination can
also be seen where the requirement that goods be identical is relaxed. For example, so-called
"premium products™ (including relatively simple products, such as cappuccino compared to
regular coffee with cream) have a price differential that is not explained by the cost of
production. Some economists have argued that this is a form of price discrimination exercised
by providing a means for consumers to reveal their willingness to pay.
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2 TYPES OF PRICE DISCRIMINATION

2.1 First degree price discrimination

This type of price discrimination requires the monopoly seller of a good or service to
know the absolute maximum price (or reservation price) that every consumer is willing to
pay. By knowing the reservation price, the seller is able to absorb the entire consumer's
surplus from the consumer and transform it into revenues. The seller produces more of his
product than he would to achieve monopoly profits with no price discrimination, which means
that there is no deadweight loss. Examples of where this might be observed are in markets
where consumers bid for tenders, though, in this case, the practice of collusive tendering
could reduce the market efficiency [4].

2.2 Second degree price discrimination

In second degree price discrimination, price varies according to quantity demanded.
Larger quantities are available at a lower unit price. This is particularly widespread in sales to
industrial customers, where bulk buyers enjoy higher discounts [5].

Additionally to second degree price discrimination, sellers are not able to differentiate
between different types of consumers. Thus, the suppliers will provide incentives for the
consumers to differentiate themselves according to preference. As above, quantity
"discounts”, or non-linear pricing, is a means by which suppliers use consumer preference to
distinguish classes of consumers. This allows the supplier to set different prices to the
different groups and capture a larger portion of the total market surplus.

In reality, different pricing may apply to differences in product quality as well as
quantity. For example, airlines often offer multiple classes of seats on flights, such as first
class and economy class. This is a way to differentiate consumers based on preference, and
therefore allows the airline to capture more consumers’ surplus.

2.3 Third degree price discrimination

In third degree price discrimination, price varies by attributes such as location [6] or by
customer segment, or in the most extreme case, by the individual customer's identity; where
the attribute in question is used as a proxy for ability/willingness to pay.

Additionally to third degree price discrimination, the supplier(s) of a market where this
type of discrimination is exhibited are capable of differentiating between consumer classes.
Examples of this differentiation are student or senior discounts. For example, a student or a
senior consumer will have a different willingness to pay than an average consumer, where the
reservation price is presumably lower because of budget constraints. Thus, the supplier sets a
lower price for that consumer because the student or senior has a more elastic Price elasticity
of demand (see the discussion of Price elasticity of demand as it applies to revenues from the
first degree price discrimination, above). The supplier is once again capable of capturing more
market surplus than would be possible without price discrimination.

Note that it is not always advantageous to the company to price discriminate even if it is
possible, especially for second and third degree discrimination. In some circumstances, the
demands of different classes of consumers will encourage suppliers to ignore one or more
classes and target entirely to the rest. Whether it is profitable to price discriminate is
determined by the specifics of a particular market.
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2.4 Fourth degree price discrimination

In fourth degree price discrimination, prices are the same for different customers,
however costs to the organization may vary. For example, one may buy a plane ticket, but call
ahead to order a vegetarian meal, possibly costing the company more to provide, but your
ticket has no greater cost to you. This is also known as reverse price discrimination, as the
effects are reflected on the producer.

25 Combination

These types are not mutually exclusive. Thus a company may vary pricing by location,
but then offer bulk discounts as well. Airlines use several different types of price
discrimination, including:

e Bulk discounts to wholesalers, consolidators, and tour operators,

¢ Incentive discounts for higher sales volumes to travel agents and corporate buyers,

e Seasonal discounts, incentive discounts, and even general prices that vary by
location. The price of a flight from say, Singapore to Beijing can vary widely if one
buys the ticket in Singapore compared to Beijing (or New York or Tokyo or
elsewhere),

e Discounted tickets requiring advance purchase and/or Saturday stays. Both
restrictions have the effect of excluding business travelers, who typically travel
during the workweek and arrange trips on shorter notice,

e First degree price discrimination based on customer. It is not accidental that hotel or
car rental firms may quote higher prices to their loyalty program's top tier members
than to the general public.

The first/second/third degree taxonomy of price discrimination is due to Pigou
(Economics of Welfare, 4th edition, 1932), suggests an alternative taxonomy:

e Complete discrimination - where each user purchases up to the point where the user's
marginal benefit equals the marginal cost of the item;

e Direct segmentation - where the seller can condition price on some attribute (like age
or gender) that directly segments the buyers;

e Indirect segmentation - where the seller relies on some proxy (e.g., package size,
usage quantity, coupon) to structure a choice that indirectly segments the buyers.

The hierarchy - complete/direct/indirect - is in decreasing order of profitability and
information requirement. Complete price discrimination is most profitable, and requires the
seller to have the most information about buyers. Indirect segmentation is least profitable, and
requires the seller to have the least information about buyers.

The two-part tariff is another form of price discrimination where the producer charges an
initial fee then a secondary fee for the use of the product. An example of this is razors, you
pay an initial cost for the razor and then pay for the replacement blades. This pricing strategy
works because it shifts the demand curve to the right: since you have already paid for the
initial blade holder you will buy the blades which are now cheaper than buying a disposable
razor.

The purpose of price discrimination is generally to capture the market's consumer
surplus. This surplus arises because, in a market with a single clearing price, some customers
(the very low price elasticity segment) would have been prepared to pay more than the single
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market price [7]. Price discrimination transfers some of this surplus from the consumer to the
producer/marketer.

Strictly, a consumer surplus need not exist, for example where some below-cost selling is
beneficial due to fixed costs or economies of scale. An example is a high-speed internet
connection shared by two consumers in a single building; if one is willing to pay less than
half the cost, and the other willing to make up the rest but not to pay the entire cost, then price
discrimination is necessary for the purchase to take place.

3 PRACTICAL APPLICATION ON AN RAILROAD TRANSPORT EXAMPLE

The most important railway connection in Slovakia is the rail track from the capital city
Bratislava to the eastern metropolis Kosice through Zilina with its length of 445 Km. On this
track are kept multiple types of standard train expresses and InterCity trains. The Passengers
on this line have got relative low options of substitution, making this line the monopolistic
one, therefore it matches the terms of use the price discrimination type — Two part tariff.

Til the end of the year 2011 tickets on this track where regulated by price. ZSS Slovakia
had used price discrimination in non-regulated seat price, because all IC train tickets had an
seat reservation requirement. The principle of this price discrimination was the uneven
capacity utilization in ,,weak and hard days,, when the demand for transport was different due
to different passenger demand (for ex. students, duty travels). 7 pairs of express trains where
on this line. In the Table 1 are weak and busy days for each train. In this time in busy days
was the price of the ticket +100% higher than in the weak days. The price was even for the
first and second travel class.

Table 1: Calendar of strong and weak days mandatory IC trains timetable for 2010/2011

Train Monday | Tuesday |Wednesday | Thursday | Friday | Saturday | Sunday
IC 500/10500 S S

IC 502/10502
IC 503/10503
IC 504/10504
IC 505/10505

IC 511/10511
Explanation: S — strong days, W— weak days.

Sloln|g|lv|n|v
Sloln|nlnlz|Z
wlo|n|o|n|n

wlo|n|n|s|s|n
wlo|n|o|n|n

nlnnlzlg|n|Z
wlo|n|n|s|s|n

Mentioned price discrimination was for the passengers with non-elastic demand, while an
principle that students are traveling in the beginning and at the end of week, duty travelers in
the middle of the week. The price of seat reservation was the combination of days and
directions so that the price will mostly always be highest. This allowed the rail company to
maximize revenue from the sale of seat, which is the complementary part of regulated train
ticket price.

From the 1st of January 2012 IC trains on the track between BA and KE are operated as
commercial trains of ZSS rail company Slovakia without regulated prices. The Tickets are
sold in 5 price categories, specifically for the 1st and 2nd travel class.

The price level is determined according to the date of purchase of the ticket:

e 60— 9 days before the train departure, lowest price, price category C,
e 8-—1days before the train departure, price category B,
e onthe day of train departure, highest price category A.
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The Price categories are divided according various criteria with the goal of segmenting
customers and use their price elasticity by giving various prices. The Whole tickets on an IC
train contain the seat reservation and the ticket itself. On IC trains tickets for standard express
trains don’t apply.

Distribution of passengers to different price categories:

e 1% price category, -full price, SKUPINY member or SKUPINY MINI member

e 2" price category, - KLASIK RAILPLUS badge holder, SKUPINY member (6-99
persons group ticket) or SKUPINY MINI kids above 15 years

e 3" price category, - JUNIOR RAILPLUS EURO <26; SENIOR RAILPLUS badge
holders, kids to 15yrs and seniors above 70 years.

o 4 price category, - retires, seniors, ZSR, ZSSK CARGO, CD, FIP badge holders

o 5" price category, -MAXI KLASIK badge.

4 CONCLUSIONS

Changes in the price regulations on transport market allowed the ZSS to use modified
tools of price discrimination. These tools are increasing sales on that route. For comparison
see Table 2.

Table 2: Comparison of travel time and whole ticket price between regular express and IC train
from Bratislava to KosSice

Distance Travel time Price €
Regular 445 km 5,52 hod. 18,76 |18,76 18,76
IC 445 km 4.59 hod. A:24 |B:22 C: 20
Difference 53 min. 5,24 3,24 1,24

Regular and IC trains are different products, the rate of substitution is 53 minutes (time
savings) when IC is used. Difference of the substitution is from 5,24 -1,24€. Discrimination is
also involved on the travel class. The price for 1st class is 60% higher. Next factor is the price
category which has minor affect on the total price of the travel. The usage of price
discrimination in this form provides appropriate information system, which allows the
collection and analysis of data for the purpose of understanding the behavior of passengers.
Knowing the demand of passengers on this specific track with the usage of price
discrimination tools allowed the ZSS Slovakia to increase sales.
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ABSTRACT

Car sharing service is becoming popular in the large cities, with an high population density, since it seems to
address the limits of both the private car and the public transport by offering the flexibility of the former
combined with the reduced need of parking spaces of the latter.

While in large cities the car sharing becomes a new element of a range of alternatives, and it appears
especially suitable to public transport users who seldom use the private car, it appears interesting to
investigate whether such service could be attractive or not even in smaller cities, where public transport is
less frequent and parking might not be an issue.

In this paper the elements to be evaluated when planning car sharing for small cities are presented and
discussed, while an approach for designing it is introduced. First, the different ways of organizing and
managing a car sharing service are presented, focusing on the use of electric vehicles and on the integration
with the other modes, such as public transport and bike sharing. Moreover, the possibility of integration with
the fleets of public administration is evaluated.

The elements to design the service, i.e. the number of vehicles, the number of parking areas and
infrastructure, pricing policies, are estimated considering the cities of Gorizia and Nova Gorica.

Keywords: Car-sharing, small cities, design, electric vehicles, one-way

1 INTRODUCING CAR-SHARING

In the second half of the last century, as a result of the economic boom and an increase in per
capita incomes, the mobility demand has changed so the modal split has been moving more and
more towards the use of private vehicles, leading to the functional and financial crisis of public
transport in small cities.

In response to the change in user requirements there hasn’t been a substantial adjustment by the
offer; that has encouraged even more mobility through private vehicle.

Only in recent times, new mobility services have been introduced, aiming at limiting the use of
private means, and therefore solving its issues.

Among these services, Car Sharing is gaining interest since it combines the flexibility of
private car with the intelligent use of resources of public transport.

Car Sharing is a membership service intended to offer an alternative to car ownership. People
who subscribe the service can use vehicles from the provider fleet, by paying a fee, related to the
time of usage, or the distance driven with the car, or both.

The first idea of a company for sharing vehicles was born in Zurich in the later 40’s, named
“Sefage” and build up as a cooperative organization, which had operated until 1998. Apart that
isolated example, Car Sharing had been introduced largely in the 70’s in North and Center of
Europe. The need of such a service came from two historical facts: the “UN Conference on Human
Environment” (Stockholm 1972) e the Oil Crisis (1973-74) [1]. The aim of developing Car Sharing
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was the reduction of pollutant emissions and resources consumption, by reducing the number of
vehicles and by optimizing their usage.

After some isolated pilot projects, car sharing has been developed in Europe since the 90’s,
with the growth of non-profit companies or cooperatives initially started by environmentally-
friendly citizens. Since the rising of maintenance and usage costs of the private car, more and more
drivers has subscribed car sharing and given up their own vehicle [1].

1.1 Why Car Sharing?

Car Sharing supplements the sustainable transport modes of walking, cycling and public
transport providing an alternative to car ownership, without restricting the individual mobility.
Benefits of Car Sharing are both environmental and economic.

Car-Sharing vehicles are appropriate to the purpose of the particular journey; furthermore they
use less fuel and emit fewer pollutants than the majority of personal vehicles, since they are newer.
In most observed cases, the difference in CO2 emission lies between 15% and 20% with the highest
being almost 25%". Alternative drive systems are frequently adopted in the fleet. In particular a
major chance is offered for hybrid and electric vehicles®.

Each Car-Sharing vehicle replaces an average of four to eight private cars. This is a key factor
in big cities where the congestion levels are often as high that driving is seen as a real discomfort.

Consequently to the reduction of the total number of cars, Car Sharing reduces the usage of
public space, since each parking lot occupies about 12 square meters of ground. Since each shared
car replaces between 4 and 8 private ones, the reduction of parks need is estimated to be an area
between 36 and 48 square meters for each shared car®.

The price transparency of the service (given by the composition of fees) gives the user more
consciousness about what is the real cost of car usage. It takes to a reduction of kilometers driven.

Generally, car sharing leads to environmentally friendly transport behaviors and promotes
integration in using both Car-Sharing and public transports.

1.2 The features of car-sharing through its evolution

What mainly concerns cooperative and no-profit organizations, since they have governmental
or members founding, is to offer an alternative service in the citizens range of mobility options. The
service is needed to integrate the public transport supply, to give the people an economic and
ecologic substitute of the private car. In this case, the diffusion of the service for reaching economic
results is not the priority; fulfilling the users’ mobility demand with a low use of vehicles is more
important.

This was the scenario in which the first car sharing operators (such as Mobility Switzerland,
Greenwheels Netherlands) had been established [1]. These providers settled the base features of the
service, which has been adopted even by the first for-profit company (such as Cambio in German).

Providers adopted a set of cars in order to offer “the best vehicles for every situation” i.e. for
any kind of trip. In order to increase the attractiveness of the service, the strategy adopted by the
providers has been to improve the variety of vehicles in the fleet, and consequently give flexible
fares in relation to the car typology.

! Data from Momo (More options for energy efficient mobility throught Car-Sharing)-The State of European Car-
Sharing.

2 Momo research in Bruxell reveals an high willingness to drive with environmentally friendly cars, especially by car-
sharing users.

¥ Slogan of Car Sharing societies in Italy.
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As mentioned, various models and types of car are included in the fleets of car sharing
operators. It is possible to divide them into four main groups: micro and city cars, urban cars, sport
and comfort category, vans and transporters; basing on this division, providers have adopted
different fares. The majority of CS companies adopt at least three of the following categories of
vehicles.

The user has to book the use of a vehicle in a certain advance. While this operation, until a few
years ago, was usually done by phoning a call center, it is now replaced by web-booking or
smartphone apps. This evolution in service management allows to book the car just a few minutes
before using it a; some providers offer drivers the possibility to extend the reservation while using
the car, according to the other reservations.

When booking a car, the customer has to indicate also the return time. This limits the utilization
of the car for a defined interval time; but it is very important for the service management because,
in this way, the provider is able to reserve cars in advance.

In this sort of service, the car is offered for a round-trip-usage, meaning that the car must be left
at the starting point, ready for the next user.

The fare system is made up by combining two fees, the first one depends on time usage (a
definite amount for every hour of reservation), and the second one is based on trip length (an
amount for every kilometer run). In addition, often providers apply a yearly or ‘una-tantum’
subscription fee.

This kind of service fits the requirements of occasional drivers, for example: people who drive
less than 6,000 km each year and people not owning a private car, temporarily or for choice. The
service should also satisfy the needs of families giving up the second car.

As mentioned before, the company form adopted by the providers is a key factor to define the
main features of the service [2].

For a business company, the main objective is to extend the service to a larger population
range, to increase the potential demand. The for-profit companies reach this goal by simplifying the
use of car sharing by means of the most recent IT technologies and a flexible approach to parking
options.

For example, Daimler Group has created a car-sharing service called ‘Car2Go’[3] which
implements a One-Way relocation policy with no fixed parking locations. More recently, Renault
started to experiment the TwizyWay service, in which the easy-of-use of Car2go is combined with
the even smaller and less expensive Twizy EV [4].

The main advantage of these “innovative” car sharing services are:

e The composition of the fleet. Small vehicles, with low consumptions and low emissions,
are preferred. Electric vehicles seem to be the logical solution to these requirements.

e ‘Instant Access’ is the way of pick up these vehicles that means no reservation is required.
Instant access also allows an “unlimited” (Open-End) use of the car, since the users doesn’t
have to respect any “rental time”.

e The availability of a sharing car in the nearby could be checked on the website or with a
smartphone app.

e The re-location policy (in general called ‘One-Way™*) could be very permissive: the ‘free
floating parking location’ introduced by Car2Go; or could set some restricted areas where
the car must be parked after usage. The last case is called ‘Station-based parking’®; the
parking location could be chosen by the driver upon a bunch of available ones.[5]

* One-Way refers to how users are allowed to leave the car after usage. In particular, the car could be left in a
destination which doesn’t necessarily be the starting point.
> Station-based is the strategy adopted by Autolib’ in France.
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e In the end, another innovation key is the fee system, based only on usage time. Drivers
only pay the effective usage of the car, measured for each minute. Driven kilometers are
not evaluated.

1.3 Traditional versus innovative car sharing

Traditional car sharing usage is perfect both for big and medium size cities, since it gives the
users a wide range of vehicles, which means a big flexibility both for urban and long term trips. The
role of this kind of service is to complete the mobility supply, resolving the lacks of Public
Transport by giving the citizens the opportunity of use a car without owning it, especially for mid
and mid- and long distance trips or to carry large items.

Users are people which usually plan trips and which drive less than 6,000 kilometers in a year.

On the other hand, a so-called ‘innovative’ car-sharing service works properly within a city and
for occasional users, who might need immediately a vehicle, for a short period and a mono-
directional (One-Way) trip [5]. It could also effectively support the public transport.

Its main innovation, Instant Access and One-Way relocation policy, also represent the major
issues of designing the service.

1.4 Sizing car sharing, introducing the demand problem

Designing a traditional type of car-sharing service is just a matter of restrains and parameters.
The first parameter to start sizing, is the number of users to satisfy. At the same time, the number
and the location of parking lots could be easily decided based on demographic criteria. After fixing
parking lots and assuming the number of users to serve, the maximum number of cars composing
the fleet should be a consequence of the budget for the vehicles defined by the CS Company. The
booking policy and the round-trip-usage relocation modality are sufficient to avoid management
issues such as unsatisfied demand or users waiting their booked car at an empty park location. In
the end, the users should be easily counted by the provider, since they have to subscribe the service
registration, and trip data could be also easily obtained by checking the reservation chronology.

On the other hand, thinking about an innovative service with One-Way Free floating relocation
policy, the most obvious issue is to settle a sufficient number of cars to satisfy the demand. Any
user should be able to reach a vehicle in brief time without a long walk. The time of usage and the
relocation lot may not be known before the end of each trip. No reservation is required because of
the ‘open-end’ modality of use, therefore the provider could not guarantee, with the booking
service, the availability of a car for any user. This problem has been in part overtaken by inserting
an huge amount of cars. Only big providers, with car producers’ partnership, should apply this
solution and offer One-Way Free-floating service.

In the end, focusing on One-Way Station based, the sizing problem, which should be dealt with
firstly is to set the number and the location of parking lots (in analogy to the procedure for round-
trip usage) and secondly, the minimum number of cars, which is able to satisfy the whole demand,
has to be set. That means, in practice, that once a user comes to a parking lot, he shouldn’t wait for
the car to come.[5]

In both cases, standard car sharing, Free-floating or station-based, what always turns out is that
for correctly designing the service, an estimation of Demand is fundamental.
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2 LOOKING FOR CAR-SHARING POTENTIAL USERS IN SMALL AND MEDIUM
CITIES

In small and medium cities (so called cities with more than 20 thousand up to 100 thousand
inhabitants) the use and the possession of a car doesn’t cost nor produce the same negative effects
as in the big cities. Problems like air pollution, traffic congestion and lack of parking areas don’t
exceed (generally) acceptable levels. In these cities, the car is still the most flexible vehicle and its
main weakness is its ownership and usage cost. [6]

Therefore, the public transport is used mainly by people who don’t have the driving license or
don’t own a car. The public transport appears to be more convenient than private car only for people
living and working close to a bus stop.

For the majority of users, public transport is not an effective alternative: people's preferences
show, historically, a growing preference for the individual modes of transport, thanks to its higher
comfort, flexibility and capillarity. Despite of a growing attention for the quality of service, public
transport companies and local authorities show little capacity to adapt to the required standards. As
a result, there is an increasing number of users dismisses the public transport and chooses the
private vehicle; hence further decreasing economic sustainability for the public transport.[7]

Actually, mobility alternatives are emerging, designed specifically to supplement the PT itself;
for small and medium-sized cities, these are: the dial-a-ride buses and bike sharing. Their aim is to
contain the crisis of the PT, providing both a more flexible solution and cheaper one. The first
seems to be an ideal solution to offer a public transport service on low-density areas, to serve
weaker users demand and people not owning a car. Bike sharing is emerging as a flexible and low-
cost alternative, but its effectiveness is still to be assessed.

2.1 Modal split in small and medium cities

As mentioned, in a small and medium-size city, there is at least a car in each household, in
most cases two, depending on the number of members of the family with the driving license. But
there is a part of population that couldn’t access the private car, mainly:

e Students: they still have not the drive license, or they don’t possess their own car;
e Weaker® users: old people, or in general everyone who has not the drive license;
e Others: anyone who, for any reason is temporally without a car.

These three categories of users can only use the public transport, that is, for medium and small
cities, the bus service. as a result, analyzing qualitatively the modal split, as represented in Figure 1,
the private car is used for most trips, while PT, taxi and bicycle are by far less adopted.

Bicycle, bike sharing Taxi/ dial-a-ride

Private car \ \%
Public Transport

Figure 1: Qualitative Modal Split (in Small and Medium Cities)

® Here, weakness is considered the fact of not being able to drive.
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2.2 Which scenarios shall be generated by introducing car sharing service?

Sharing a vehicle could be an useful alternative for car owners using the vehicle less than a
certain mileage. Comparing the cost of private car (considering the possession for ten years) to the
cost of a sharing one (the same model, with fuel motor), join car-sharing and giving up the private
vehicle is estimated to be economically convenient for users that drive less than 9.000 kilometers in
a year, as shown in Figure 2, by comparing the costs of private car to the car sharing ones.

Therefore, each car which is driven less than 9.000 kilometers in a year might be potentially
replaced by shared vehicle.

Car Sharing affordability
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17750
15000
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—+traditional CS  -m-innovative CS (0,29 £/min) private car (Fiat Panda)

Figure 2: Car Sharing Affordability (A Comparison of Car Sharing and Private Car Cost-Effectiveness)

As a result, car-sharing should work properly for households which decide to give up one of
their cars, since they use it a very little, or for households that own more than one or even two cars,
but the second one or the third one are rarely used.

The three categories of users, explained earlier, are self-oriented on Public Transport. As
known bus service in small cities is quite inefficient because of high operating costs and low
occupation. Car Sharing could support the service, by giving opportunity to categories of users, able
to drive, but without a private vehicle (temporally or for other reasons as coming to city by train) to
shift from bus to car and vice versa, according to their necessity. For the weaker users a
complementary service could be the dial-a-ride bus or taxi. While students will probably still need
for a dedicated bus service, due to the high and concentrated demand. Obviously, this service might
be limited on upon the school times.

Car sharing service should offer a supplementary service for habitual Public transport users
and, at the same time, let the awareness of the mobility alternatives’ to grown®. So, all those users,
who give up their own car, have to make a modal choice for every trip. In their bunch of
alternatives, they select every time the most convenient transportation means (bus, car-sharing, taxi,

" P. Muheim (1998) express this self-awareness phenomenon with ‘Learning curve of Car Sharing” description.
8 Growing trought the creation of win-win situations is possible. Momo (2009)-The state of European Car Sharing.
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bicycle...). As represented in Figure 3, car sharing brings to a more equal distribution in modal
choice, a higher level of interoperability and a reduction in private car use too.

Bicycle, bike sharing Taxi/ dial-a-ride bus

T 7T~ ~ Public Transport

Figure 3: A Possible Evolution of Modal Split

2.3 The mission of Car Sharing in medium and small cities

Summarizing, Car Sharing in small cities (cities with more than 30.000 and less than 100.000
inhabitants) seems to be:

¢ A mobility solution for people who wants to give up one of their car, since they don’t use it
a lot (remember the kilometric threshold seen before). So, Car Sharing could develop in
residential areas for best supporting families’ demand.

¢ A mobility solution for people reaching the city by train. Give a flexible service, in the
nearby of train stations, seems to be strategically important.

e A support to university students (in possess of the drive license) and all the young people
who don’t own a car, but might be in need to make short and quick trips inside the urban
area.

Furthermore, car sharing could also replace partially, or even totally, the fleet of the public
administration, providing a cost-effective solution and, at the same time, gaining a significant and
reliable customer base. Therefore, local administrations and authorities represent a key role in Car-
Sharing development towards small cities. The multiple work trips made daily are often undertaken
with vehicles from a city-owned fleet that is not always exploited to its fullest potential. City
administrations should thus be obtained as business Car-Sharing customers, allowing them to
benefit from the potential financial relief of the service. The additional Car-Sharing services that
will likely be added because of this would benefit Car-Sharing users outside of business hours as
well.

Figure 4 resumes which might be the role and effect of car sharing in small and medium cities;
it also points out the vocation of car sharing in replacing private car and in completing the public
transport service.
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3 AMETHOD TO DESIGN CAR SHARING SERVICE FOR SMALL AND MEDIUM

CITIES

As explained in the previous section (see 1.4), one of the a-priori elements for correctly design
an ‘innovative’ car sharing service is a Demand Model, that is the key to estimate the potential
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number of users. Once the demand is known, sizing the service by setting a number of parks and
cars is quite simple [8].

The main issue is that Demand is rarely available and to obtain those data, careful surveys are
needed.

In Figure 5 the proposed method to plan a car sharing service is shown in diagram form,
underlining the iterative workflow.

A demand model makes it possible to set the basic parameters required to implement the
simulation model. Those parameters are the number of users / number of trips and the origin-
destination nodes. Therefore it must be included data about travel time for each trip.

The simulation model allows verifying the effectiveness of the system at variation of the
number of vehicles and of the parking areas [9]. Consequently, by iterating the number of cars and
the number of parking areas (in the simulation model), the configuration, which guarantees the
service effectiveness, is to be found. The next paragraphs explain more in detail the processing
phases of the Designing Method.
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(and daily distribution) -—
-_I-I_I:avel Travel Times
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Costs, usage fee
Break-even point | ———-
Service affordability

Figure 5: The Designing Method

3.1 Simulation Model - the operative feasibility

To address the problem, a simulative method has been developed. A discrete-events simulation,
that reproduces how the service is running, was set up using the Anylogic software.

This approach is needed since the operation of the service is a dynamic process, where even if
the Demand and the Travel times are known, the number of vehicles is a variable related to the goal
of serving all the demand by employing the minimum number of cars (see 3.3). So here the three
steps for finding out the dimensional data through the simulation:

e Stepl: Create the network. The model consists of a number of parking spaces and a
number of vehicles, which is the variable defined by the decision-maker. The demand and
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the travel times allow setting other parameters such as number of users, their daily
distribution and time occurring for trips.

e Step2: Run the Model. The so settled model allows to the decision maker to perform a lot
of What-if scenarios, by injecting a different number of vehicles, and observing how the
system works (for instance how many users are served, if the cars don’t reach some station,
at what time the service is inefficient, etc.).

e Step3: Analysis of the results. At the end of the simulative process, it can be observed
what the most efficient number of vehicles is; that is the minimum number which satisfies
the demand with acceptable retards (it could be result of the number of users waiting at the
station, or highs waiting times).

Once the number of vehicles in the fleet and the number and location of parking lots are
obtained, the first phase of sizing is concluded. The operability of the service has been tested.

3.2 The simulation model and tool

The simulation of a process or system is an instrument, generally used to identify critical points
of a system, it may also be a valid support in the selection of the best alternative, among a set of
configurations. Through simulation, optimization of a system can be obtained, proceeding with
successive iterations.

The strength of simulation models consists in taking into account the temporal distributions of
variables value, to assume different solutions without realizing them physically; avoiding additional
costs and wrong choices.

[10] AnyLogic is a software developed by XJ Technologies, which is used to create simulation
models in each of the three traditional hierarchical levels (abstraction): Discrete Events, System
Dynamics and Agent Based, or even combining them together (the name 'Anylogic’ comes from the
software's ability to use each of the three logical). These models are used to represent prototype
systems to design or develop systems which are thus "virtually" studied: different aspects and
scenarios related to the design or implementation of the system are explored in a simple way and
without risks.

The strength of AnyLogic is to provide a user-friendly interface thanks to which, as an
alternative to the Java language programming, modeling can be made by means of the drag-and-
drop elements belonging to particular software libraries.

Therefore, the construction of the model is realized by combining graphical elements, in
modules, following a hierarchical structure.

Furthermore, Anylogic provides an environment for animation and the graphical tools suited to
represent the model by means of interactive animations (implemented in Java). Here, Figure 6
shows a piece of the logic diagram which performs the simulation for a car sharing service with
only one origin and four destinations.
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Figure 6: A Piece of Car Sharing Simulation Loop performed with Anylogic

3.3 Business Plan - the economic feasibility

The so planned car sharing service has now to be evaluated from the economic point of view.

At the end of this evaluation, taking into account costs, and wanting to ensure that the service is
still efficient from the financial-economic point of view, the minimal fee to be imposed, or the
minimum usage of fleet, for economic feasibility, should be found out. If this rate is compatible
with market standards and with the customer's willingness-to-pay, then the size of the service is
completed. Conversely, a too high cost rate is a symptom of poor profitability of the service. At this
point, the designer should re-evaluate the service planning, and then return to the Simulation Model
stage (in the scheme in Figure 5, the passage is evidenced by the dashed line) to vary the number
and / or location of the parking spaces and the number of cars.

The proposed procedure for performing the business plan is here described in three steps:

e Step 1: Evaluating costs for provider. The unit costs for each CS service component are
calculated; which include those related to vehicle, to staff, to technologies for management
and to marketing.

e Step 2: the total cost of the service (generally expressed in a multiannual amortization
plan) is calculated. The total amount depends on the number of vehicles and parking areas.

e Step3: Find out the break-even point. Since the Demand is given and so the Travel Times,
the break-even point could lead to the minimum usage fee to be imposed for covering the
costs, since the usage time is given. Otherwise, basing on a given fee, the break-even point
could lead to the minimum usage of the service (in terms of hours/ minutes of use, since an
‘innovative’ service has to be designed), which is required to cover the costs. This last
result is the one adopted in the pilot test exposed in par.4.1.

At this point, the sizing procedure could be considered ended. But as previously told, if the
usage fee given by step 3, or if the usage time is not compatible with the reality, the designer should
re-start the procedure from the simulation Model, by changing simulation variables.

4 APILOT STUDY FOR PLANNING AN INNOVATIVE CAR-SHARING SERVICE,
FOR SMALL TO MEDIUM CITIES, WHEN NO DEMAND MODEL IS PROVIDED

When the Demand is not available, the method (as exposed in par.3), thanks to its iterative
structure, allows to perform a preventive sizing. The sizing could be performed by starting from the
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business plan to firstly define the break-even point in the service usage, and then entering the
Simulation Model with hypotheses based on the financial equilibrium, instead of on the real
Demand and Travel Times.

In fact, despite the lack of the Demand database, it is possible to obtain, by setting a usage fee,
the minimal theoretical usage of the service (expressed in usage time, hours and minutes), which
guarantees economic efficiency. To better understand the procedure adopted, this one has been split
in two phases and, as mentioned, the first one to be processed, in this case, is the business plan.

Hence, in this case the procedure starts from the Business Plan, with a-priori evaluation about
economic feasibility (with an assumed number of cars and parking lots).

At this point, the problem is to determine whether the sizing, made from the economic point of
view (in the first phase), is valid from the operational point of view; i.e. it must be determine
whether the number of vehicles and the number of parking lots are enough to guarantee the
minimum desirable use. For testing the operative effectiveness of the service, the simulation model
is applied.

4.1 A test for the method. The pilot study for Gorizia and Nova Gorica

The proposed method has been applied to design a car sharing service for medium-sized cities,
i.e. Gorizia (and Nova Gorica), intended to be run by a hypothetical provider. The case study was
carried out to obtain a very rough estimation of the possible costs and quality of service provided by
car sharing. The positive acceptance of these first results by the public administrations of the cities
appears a a pre-requisite for starting a survey that would result in a more detailed model of the
demand to be used for in a more accurate planning phase.

As it was previously explained, since the lack of Demand and Travel Times, the method (look
at par.3) has to be applied by starting from the Business Plane Phase.

The service to be sized is One-Way, station-based, that is, as explained earlier, characterized by
a fixed number of parking spaces, in which the user can park the vehicle, without the restriction of
having to bring it back to the starting station.

In the first hypothetic scenario, the fleet has been made up with 30 electric vehicles (all Renault
Twizy) according to observed structure of similar examples of car sharing (TwizyWay). A usage
fee per minute (€ 0.29 per minute, as well as car2go and TwizyWay) has been set.

From the point of view of management costs, to verify the economic feasibility, the number of
parking area has only logistical relevance, in this phase is only used to quantify the number of
charging stations that must be included. The cost of these units can be very variable, it is estimated,
however, that its impact on the total cost does not exceed 15%.

The total costs of the service were split into a five-year amortization plan. Then the variable
costs of the service, management and consumption, spent by the provider in a year, have been used
as the basis to calculate the minimum usage of the service. Considering a rate of € 0.29 per minute,
the result is a minimum usage, which is expressed in hours, that ensures the coverage of the
operative Costs.

By assuming a time of 10 minutes as the average usage for each trip, the estimate has led to
almost 400 trips per day.

The number of users, at this stage, is expressed by the number of travels, so each user is the
equivalent of one trip. Otherwise, the estimated number of users would come from a demand
model.

According now to the Simulation Model Stage, there is the need to achieve the simulation
which, as mentioned earlier, has been realized using the Anylogic software.
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The model has been created with exploratory purposes; of course, its effectiveness is closely
related to the accuracy in choosing the parameters, which in this case have been set without
preventive surveys about the real parameters.

Anyway, the structure of the simulation has been defined by creating a network of nodes
(points origin-destination and connection points) and arches (roads connecting the nodes).

Each of the source-destination nodes corresponds to a vehicle pick-up and vehicle drop-off
area, in this pilot model, car parks are assumed to be 4.

The number of vehicles can be injected at decision-maker will, in each of the 4 parking areas.
In our case it has been provided 30 cars, according to the business plan, in Figure 8 a screenshot of

the running simulation is represented.
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Figure 7: Screenshot of the Anylogic Simulation

The vehicle trips are generated when an user joins a car. A source continuously generates
service users, who enter the system close to the 4 parking areas (according to an assumed statistical
distribution, which replace the real O/D data).

Hence, the number of users to be included in the system is assumed to be an arbitrary
parameter, the users generator reads the number of inputs (or the frequency of the same) by a matrix

defined by the decision maker.
Such a matrix, in the case in example, has the daily entrance of about 400 users (each user

perform one 10-minutes trip). The number is not precise because it has been preferred to insert a
frequency-rate of arrivals per minute, according to a distribution that considers three daily peaks of

a maximum about 20 users per hour for 3 consecutive hours, represented in Figure 8.

99



16™ International Conference on Transport Science - ICTS 2013

~ Conference proceedings ~

]
i

(i
(>

]
0:00 4:00 8:00 12:00 16:00 20:00 0:00
hours

rate of users
(9]

o

Figure 8: Hypothetic Daily Distribution of Users’ Arrival

4.2 Results from the pilot test

Since the origin-destination points are only 4 and quite far from each other, if an user reaches a
parking lot where there are no cars available, it will not move to the next parking area on foot,
looking for an available car, but he will stand in a queue to wait for the car coming. The simulation
has been set such to automatically crash when the system registers more than 10 users waiting for
the car at a parking lot.

Assuming an hypothetic rate distribution of users’ arrival, which is the one described in Figure
8; by iterating the simulation with different rates of vehicles, from 5 to 50, the simulation model
shows the results displayed in the Figure 9. The figure shows an increment of satisfied users,
according to a bigger number of vehicles. In this case, 30 is the minimum number of vehicles in the
fleet which allows serving the sufficient number of users needed for covering the costs.

Linked to the growing in satisfied users’ number also grows the daily income; while, the
increasing of management costs shows a linear-growing tendency, which only depends on number
of cars in the fleet.
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Figure 9: Simulation results: number of vehicles, users, costs and income

4.3 The role of Public Administrations in the start-up of Car Sharing

For a Car Sharing service, the start-up phase is known to be the most critical from a financial
standpoint. In fact, customers have firstly to become aware of the benefits of car sharing, secondly
have to evaluate the service effectiveness compared to their mobility habits and, in the end, possibly
decide whether to join it or not.

For a newborn Car-Sharing service to rely on the partnership of a big customer means being
able to bear the financial difficulties at start-up stage. Public administration and government bodies
play a key role in this regard.

In order to quantify the importance of the accession by the Public Administration, the case of
Gorizia has been considered; after an a priori sizing of a Car Sharing service with 30 electric
vehicles (as seen before).

In Gorizia the fleet of private cars available to the various Public Agencies is about of 70
private vehicles.

Of course, not all vehicles can be conveniently replaced by the use of Car Sharing vehicles. An
estimate has led to limit the number of vehicles to 20 replaceable units (only small vehicles has
been considered, which can be replaced by electric ones).

Further, the estimate has showed an incidence of demand from the public administration that is
equivalent to a percentage of about 8 to 10% of the total (demand to reach the break-even point in a

year).
5 CONCLUSIONS

Car sharing is a very flexible transport service, its effectiveness is demonstrated so far in the
big cities, where the problems related to traffic: parking, pollution and congestion, are not
negligible. In the medium and small cities, where the main mobility issues are related to a lack in
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public transport offering , car sharing seems suitable to support all drivers with no own car, and all
those who, although they have a private vehicle, they use it so rarely that costs connected to
property are no sustainable. The latter could then decide to give up the private car for a sharing
vehicle.

In this paper, the characteristics of the service have been analyzed. Then, a method of approach
to the design of an 'innovative' car-sharing service, with suitable features for medium and small
cities, has been proposed.

The core of the proposed approach is the implementation of a simulation model.

The effectiveness of the method has been tested by carrying out a study on Gorizia and Nova
Gorica, where no demand was provided. Anyhow, the proposed method has shown great versatility
in the creation of a number of what-if scenarios, mainly thank to the simulative component that
incurs in the approach.

The results of this preliminary study will encourage the public administration to promote a
demand survey to be used as an input for a more accurate estimation of the potentials of car sharing
in Gorizia and Nova Gorica.

REFERENCES

[1] Britton, E., & World Carshare Associates (2000). Carsharing 2000. Sustainable Transport’s Missing
Link. Paris: The Common and Ecoplan.

[2] Stillwater, T., Mokhtarian, L. Patricia, Shaheen, S.A. (2009). Carsharing and the Built Environment.
Geographic Information System-Based Study of One U.S. Operator. Journal of the Transportation
research Board. 2009. 27-34.

[3] www.car2go.com/en/
[4] ww.twizyway.com/

[5] Shaheen S.A., Cano L.A., Camel M.L. (2012). Electric Vehicle Casrsharing in a Senior Adult
Community in the San Francisco Bay Area. Annual Meeting of the Transportation Research Board
(2013) .

[6] Le Vine, S., Sivakumar, A., Polak, J., Lee-Gosselin, M. (2013). The Market and Impacts of New
Types of Carsharing Systems: Case Study of Greater London . 92" Annual Meeting of the
Transportation Research Board . Washington D.C: Transportation Research Board.

[7] Jorge D., Correia G., Barnhart C. (2012). Comparing optimal relocation operations with simulated
relocation policies in one-way carsharing systems. Annual Meeting of the Transportation Research
Board (2013) .

[8] Celsor, C., Millard-Ball, A. & Nelson\Nygaard Consulting Associates (2006). Where does car-
sharing work? using gis assess market potential . Journal of the Transportation Research Board
2007.61-69.

[9] Barth, M., Todd, M. (1999). Simulation model performance analysis of a multiple station shared
vehicle system. Transportation Research Part C: Emerging Technologies (Vol.7, pp.237-259).
Amsterdam: Elsevier.

[10] Anylogic Tutorial @www.anylogic.com/anylogic/help

102



16" International Conference on Transport Science - ICTS 2013

~ Conference proceedings ~

PEDESTRAIN MICRO-SIMULATION APPROACH INTO
FUNCTIONAL LAYOUT SELECTION

Cristian Giacomini
Giovanni Longo
University of Trieste
Department of Civil Engineering and Architecture
Piazzale Europa 1
34127 — Trieste, Italy
cristian.giacomini@phd.units.it, longo@dica.units.it

ABSTRACT

The purpose of this research activity is the development of a combined analytical/simulative approach
helpful to identify the best layout configuration into urban development and building realization.
Through analytical macroscopic method developed is possible analyze the quality of the movements,
in a separate way, in the various elements that make up the infrastructure and so define a dimensional
range for each element, that will be inputs into simulative process.

The micro-simulation process, starting from the input provided from analytical approach, through the
most common algorithm implemented in commercial pedestrian software, social force, allow to
identify the best qualitative layout configuration.

This approach was tested into real cases of studies, a rail station and a commercial centre. The results
confirm that this approach is a very helpful for the choice of the best layout configuration.

In order to overtake the lack of data input available to increase the reliability of simulative process and
develop a data base from which obtain statistical data about pedestrians an automatic system device is
under development.

This method allow to the engineers to verify or project the best layout configuration according the
capacity/potentiality that the same must be able to satisfy.

1 INTRODUCTION

In recent years we are witnessing a growing interest in the analysis of pedestrian
dynamics in large buildings, whatever they may be.

Nowadays it is necessary that even before to do architectural design remarks aimed at
identifying constraints and requirements requested by pedestrian mobility which should be
taken into consideration in the design of functional layout, it may be developed a proper
design that allows to satisfy the pedestrian flows related to the infrastructure and/or an
assessment about the capacity and potentiality of nodal existing infrastructure (such as train
stations, subways, airports) as well as any civil complex that may gather notable pedestrian
flows (commercial centers, theaters, meeting rooms, skyscrapers, etc) and urban elements
such as shopping streets, main important squares, pedestrian flows in case of exceptional
events, etc.

The more careful minimization of spaces contextualized in the topics of saving money
and energy jointly with the need to increase the quota of sustainable transport whilst ensuring
users a dynamic, efficient, safe and highly frequent transport without bottlenecks are pushing
the architectural design to take root and to integrate itself always in the inputs generated by an
analysis approach of transport.

The integration of transport systems analysis in the design process and/or the evaluation
of nodal infrastructures, civil buildings and urban elements are now becoming a very useful
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tool in order to predict and then to take into consideration phenomena of pedestrian flows
concerning the elements under analysis.

The purpose of this work is to provide an analytical tool of calculation and evaluation of
some parameters for pedestrian facilities, that could be solid background for further
simulative analysis or simply parameters for technical draw of infrastructures.

This tool is easy to use, but at the same time give simple and reliable answers to the most
common problems encountered in the study of pedestrian dynamics.

The final scope is to obtain the optimal solution of the problem through a continuous
process of parameters refining, and optimization of the intermediate solutions obtained.

2 LITERATURE REVIEW

The issues concerning pedestrian flows have begun to have some relevance only in the
last 40-50 years. In a first approximation, the studies concerning the analysis of the
characteristics of pedestrian traffic can be divided into two broad categories (May, 1990):
macroscopic and microscopic analysis.

The first studies were based on direct observation and on the use of photographic material
or shooting with cameras in slow motion. These studies gave rise to the first macroscopic
models: they consisted in the development of the concept of “Level of Service” (Fruin, 1971),
in deducing design rules for optimal pedestrian infrastructure, or in the development of
guidelines for planning and design of transport systems (HCM, 1985). The results of this
work were usually translated into empirical relations between the various quantities involved,
which, however, are ill-suited to the study of particular cases such as infrastructure and
buildings with non “standard” geometries, or in the evacuation situations of particular
complexity. Moreover, these models took into account the traffic flows in the aggregate,
without taking into account the inevitable interactions that are established between individual
pedestrians, and that influence their behavior.

Therefore, a further step forward was the introduction of so-called microscopic models:
mathematical models of simulation of pedestrian behavior, both in normal and emergency
conditions. One among the first and most important of these models assumed for the
movement of pedestrians a behavior similar to that of the gases or fluids (Henderson, 1974):
this model was born first as macroscopic model, then adapted to take into account the
interactions between the different entities (Helbing, 1992). Later were further developed
mathematical models, such as models of the “Code” (Yuhaski, Macgregor Smith, 1989),
models in the transition matrix (Garbrecht, 1973), stochastic models (Ashford, O'Leary,
McGinity, 1976).

In recent years have emerged models that currently constitutethe most used tools in the
analysis in the field of pedestrian models: model with cellular automata (Blue and Adler,
2000; Muramatsu et al., 1999) and the model of social forces (Helbing, 1991) which, together
with models based on artificial intelligence and research models of the path (way-finding
algorithms), form the basis of modern simulation tools of pedestrian traffic.

Finally, hereinafter get a list of the main simulation models developed and published over
the years by various authors, just analyzed. The list comprehends the above described models
and many others that make up their evolution or variants. For each model it is described the
type, the type of representation of the pedestrian traffic, the rules of behavior of the agents,
the scale of representation and the scope.
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Table 1: Principal Pedestrian Models

Tm | Rapp | Rc Sc App
Aeneas (Petersen et al. 2003) Mi As In Di Evac
AlGadhi et al. (2001) Mi Fa Col | Di Gen
Amanda (Dijkstra et al. 2002) CA | As In Di 9]
Blue e Adler (2000) CA | As In Di Gen
Burstedde et al. (2001) CA | As In Di Gen
Di Gangi et al. (2003) C Fa Col | Di Evac
Gordge e Veldsman (1998) Mi Fa Col | Di S
Helbing (1992) G Fa In Con | Gen
Helbing e Molnar (1995) Mi As In Con | Gen
Jiang (1999) Mi As In Di )
Legion (Still, 2000) Mi As In Con | Gen
Lovas (1994) C As Col | Di Gen
Mipsim (Hoogendoorn e Bovy, 2000) G Fa In Di Gen
Nomad (Hoogendorn e Bovy, 2000) Mi As In Con | Gen
Paxport (Birchall et al. 1994) Co Fa Col | Di A
Pedflow (Willis et al. 2001) Mi As In Di )
PedGo (Kliipfel e Meyer-Konig, 2003) CA | As In Di Gen
Model Name and Author | Pedroute (Maw e Dix, 1990) Co Fa Col | Di S
Penn (2003) Mi As In Con | Gen
Steps Mi As In Con | Gen
Streets (Schelhorn et al. 1999) Mi As In Di )
Tajima e Nagatani (2001) CA | As In Di Gen
Teknomo (2002) Mi As In Con | Gen
Yuhaski e Smith (1989) C As Col | Di Gen
Aeneas (Petersen et al. 2003) Mi As In Di Evac
AlGadhi et al. (2001) Mi Fa Col | Di Gen
Amanda (Dijkstra et al. 2002) CA | As In Di U
Blue e Adler (2000) CA | As In Di Gen
Burstedde et al. (2001) CA | As In Di Gen
Di Gangi et al. (2003) C Fa Col | Di Evac
Gordge e Veldsman (1998) Mi Fa Col | Di S
Helbing (1992) G Fa In Con | Gen
Helbing e Molnar (1995) Mi As In Con | Gen
Jiang (1999) Mi As In Di U
Legion (Still, 2000) Mi As In Con | Gen

Type of model (Tm): Cellular Automata (CA), Micro Simulation (Mi), Code (C), Continuous (Co), Model
analogy gas-fluid (G)

Performance (Rapp): Flows aggregates (Fa), Individual Agent (As)

Rules of Conduct (Rc): Collective (Col), Individual (In)

Scale (Sc): Continue (Con), Fair (Di)

Scope (App): Stations (S), Airports (A), Buildings (E), Urban (U), General (Gen), Evacuation (Evac)

From the above analyzed models it is clear that an analytical simulation integrated
approach finalized to the identification of correct design - as described in the previous section
- appears today to be an innovative area on which there is still much work to be done.

3 ANALYTICAL APPROACH

In the case of macroscopic models, pedestrians are studied in the aggregate, similar to
what happens in the models for the study of fluid dynamics; they are therefore characterized
by global parameters such as flow, density and speed. In this way can be easily analyzed
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problems in large scale, even though from a qualitative point of view the results appear to be
rather rough and approximate values.

In any case it is possible to obtain sufficient results for the evaluation of the
infrastructure’s Level of Service (LOS, Level of Service) and for the evaluation about the
quality of the offered service. Models of this type have been developed since the early 70s
(Fruin, 1971; Pushkarev and Zupan, 1975) and have been adopted and updated by important
design manuals, such as for example the HCM (Highway Capacity Manual, 1985).

The analytical model developed in Excel environment is structured in different
spreadsheets, each focused in the analysis of a particular aspect. The methodology for the
analysis of data in these spreadsheets derives from the procedures described in two American
design manuals:

e Highway Capacity Manual 2000 (HCM 2000), famous and large utilized reference
manual for the design and analysis of different phenomena in transports field;

e Transit Capacity and Quality of Service Manual (TCQSM), a specialized manual in
studies of problems related to public transport.

The “Input-Output” spreadsheet is mainly developed for the calculation and evaluation of
Level of Service (LOS) of different elements which constitute the most common pedestrian
traffic facilities (pedestrian walkways, stairways, waiting and queue areas, signalized
intersections).

Figure 1: The “Input-Output” spreadsheet

In The “Design” spreadsheet the calculation procedure evaluates some values ranges
related to geometric characteristics of the different elements constituting the common
pedestrian infrastructures. These values depend on the Level of Service that analyst wants to
achieve for the particular item, which is one of the model inputs. In addition to the calculation
of geometric parameters related to the given Level of Service, this sheet also provides the
evaluation of the capacity of the elements; in the case of stairs and escalators is also provided
the evaluation of the waiting area required at the ends of the elements to meet the expected
pedestrian demand if it exceeds the capacity.
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Figure 2: The “Design” spreadsheet

“Elements drawing” spreadsheet provide to analysts an idea of the layout of the

infrastructure required to satisfy the pedestrian demand at a given Level of Service. In this
sheet input data are the geometric characteristics ranges, evaluated according to previous

“Design’

’ sheet, and also any other size of the element and the coordinates of insertion point in

the layout. Once inputs are entered, VBA macro code returns an output file in AutoCAD
format, in which are drawn, for each item, the minimum and maximum dimensions required
according to desired LOS.
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Figure 3: The “Elements drawing” spreadsheet

In the “LOS Intervals” spreadsheet the analysis is carried out in a similar way to the

“Design’

> sheet, but there is a more “theoretical” scope; the analyst provides in input the

desired Level of Service and eventually other data inputs, e.g. peak hour factor. The given
output is a graph showing, reporting the hourly demand in the x - axis, the limit lines that
represent upper and lower geometric dimensions of the element, according to desired LOS.
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Figure 4: The “LOS Intervals” spreadsheet

The developed tool provides to users a simple graphical interface for input-output data.
This interface and relative controls have been developed using VBA (Visual Basic for
Applications) programming language, which is an outdated language but still easy to use and
very popular, especially in Office applications environment.

Using VBA editor provided with Excel, graphical forms and related commands have been
developed; the language code commands (called “macro”) allows to switch from one form to
another, and to interact with spreadsheets in background, which features have been previously
described. Each form contains the command buttons, that allow user to start the calculation,
reset input values and switch from one interface to another. For a better user’s understanding,
boxes containing input and output data are distinguished by different background colors:
white for input data boxes, yellow for intermediate significant output boxes, green for final
results data boxes.

The purpose of this analytical approach is to give a domain of acceptable solutions for the
required purposes within which the simulation approach will make it possible to define the
most appropriate solution.

Simulation

Approach Analytical
Approach

Quantity1

Quantity 1

Figure 5: Way to proceed

In the two case studies taken into consideration, a railway station - where the mission was
to compare the current state and a project scenario - and a shopping centre in the design phase
- where the purpose was to check the size of the elements in the event of evacuation, it was
carried out, knowing the layouts, an accurate integrated analysis about the components with
the aim to obtain for each element the correct range of sizing as defined by LOS and
acceptable in terms of single values and average values.
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4  SIMULATION APPROACH

Once obtained the ranges from the analytical approach, the approach proceed with the
simulation for the case studies conducted. After a thorough analysis of the commercial
software available in the market, it was chosen Simwalk software, a micro-simulation
software which allows to simulate the behavior and pedestrian movement in normal
conditions and, with some limits, even in case of evacuation. In particular, it allows the
simulation of every individual, based on a simplified version of the social forces model in
combination with an algorithm of minimum path; the forces that guide and regulate the
movement of pedestrians are calculated on the basis of a "potential field" created at the
moment of the simulation layout’s definition: such layout is divided into cells with pre-
determined dimensions by the user. Pedestrians try to move to areas with minimum potential,
considering that there may be several solutions to this problem; the goal is to find the right
compromise between accuracy and computational speed (Savannah Simulations AG).

In the first case study analyzed (railway station) the aim was to compare the current
scenario and the project scenario. After the validation and verification of the model
constructed on the collected data, the simulation approach departing from the output solutions
resulted from the analytic analysis of the base model has made it possible to make many
useful considerations for the assessment of the urbanistic elements of the project scenario that
with the analytical approach weren’t considered.

Figure 6: Some stages of the simulation approach

Quantitative and qualitative analysis were conducted. The study made it possible to state
that the project scenario does not change the dynamics of pedestrian flows inside the terminal,
but that it makes clear that the lack of an adequate space where to wait for the public transport
in front of the terminal, during congestions moments, is not resolved, but moved.

In the project scenario the average density values recorded show a slight improvement of
the obtainable Level of Service - inside the gaps identified by the analytical approach - while
the maximum values are substantially the same as identified in the current scenario.
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Figure 7: Trajectories followed into actual and hypothetical scenario

In the second case study, however, since the building is in the design phase and it is not
existing, the dimensioning of the constituents elements been done within the gaps identified
by the analytic approach based on indexed statistic flows.

Since in this case the purpose of the study evaluating changes to the design layout to
enable a better evacuation in case of emergencies, the approach proceeded to test the designed
layout in emergencies after having checked the compliance with the rule requirements with
analytical approach. Although with analytical approach the results let us to conclude that the
building had been correctly dimensioned with reference to the fire engineering methods,
taking into account the particular layout of the structure and the class of fire resistance of its
elements, the simulation approach carried out allowed us to identify the best layout to
minimize the evacuation time which turned out to be simply verified with the analytical
approach.
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Figure 8: Trajectories during evacuation stage

Thanks to analysis and simulation results, the planner can easily evaluate the critical
points of the system, bottlenecks, and act accordingly optimizing the layout of the structure to
be designed, as in this case.

5 CONCLUSION

In conclusion we can say that the simulation approach, if properly validated and verified,
it is a very good support for the identification of appropriate solutions on the basis of the
proposed evaluation project purposes previously identified with the usual analytical approach.
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The macroscopic analysis conducted using this analytical model could be useful for
analyst and designer to get a first idea about the parameters involved in the problem, and it
will also help in later stages of the project, as a background to check the correctness of the
results obtained by more refined simulation techniques.

We absolutely don’t consider that the analysis carried out and the approach followed may
represent an absolute evaluation tool to define the convenience of a scenario over another,
especially in complex cases in which the possible variables are numerous, but want to be a
tool to support the design phase and the starting point for multi-criteria analysis that make it
possible - taking into account other parameters that here have been not taken into
consideration - to determine the optimal solution as concerns the necessary investment to
solve the problem under analysis.

Finally we can say that the simulation is a very useful tool: fast, flexible and able to
provide detailed analysis of the problems faced. It should not therefore be understood as an
analysis tool for its own sake, but should assist designers in many phases of their work, from
planning and design of new infrastructure to the evaluation of existing scenarios. The
simulation can be used to identify the critical points of the system and consequently to adopt
alternative solutions to assess the efficiency and the potentiality of current situation or in
development scenarios. The proper use of simulative techniques would allow thus to save a
lot of resources.

Possible future developments of this topic are different. In the first place there is the
development of a technique for self-calibration of the simulation model through a stage of
collection and implementation of automated data. Another important objective is the
development of an automatic data collection system and statistical analysis.
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ABSTRACT

Environmental pollution is increasingly becoming a major global problem. In Europe, about 90%
urban population is periodically or continuously exposed to excessive concentrations of particulate
matters. Pollutants from traffic are one of the main sources which on the level of PM;, concentrations
in cities and adversely effects on human health. This article discusses and analyzes the correlation
between data from different automatic traffic counting stations around the city center, which are not
necessarily close to measuring sites for the quality of ambient air with PMy, particles in Maribor.
Initially, the observation analysis was conducted with on daily data graphs, which means that each day
has been represented with hourly derived data from traffic flow and PM,, concentrations. Because
there was no clearly observable connection between PM;, concentrations and traffic, we decided to
examine the correlation. Data was divided into warm and cold season, because of heating season,
which impacts air pollutants. Furthermore we subdivided the data into weekdays, Saturdays and
Sundays. Based on fluctuations of correlations between weekdays and weekend days in the warm
season, we could assume that traffic impacts the PMy, at the measurement site Center.

According to findings in our correlation analysis, there is no such significant correlation which
uniquely demonstrates that traffic and air quality are related when longer distances are ubiquitous
comparing between ambient air quality measuring sites and traffic counters which are not in direct
vicinity of each other. To prove the latter, more coherent and detailed advanced statistical methods
will be used in the future .

Keywords: traffic, Maribor, pollutants, particulate matter, correlation

1 INTRODUCTION
Although traffic is an invaluable and essential part of the functioning of modern society,

it brings along many negative side effects for people, plants and animals. Besides the energy
sector, it is one of the main sources of air pollution with greenhouse gases which enhance the
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greenhouse effect in the earth's atmosphere, as well as a source of local and global pollution
of air with pollutants, which are responsible for acidification (NOx, NHs3, SO,), formation of
ground-level ozone (CO, NOx, NMVOC, CH4) and particulates PMo and PMs.

Pollution with particulate matters PMjq is increasingly becoming a growing concern to
the public, mainly because of its recognized adverse health effects. Scientific findings in
recent years are supported by the numerous epidemiological studies indicating a link between
long-term and short-term exposure to fine particles, which are having a negative impact on
human health with a variety of serious health effects and increased mortality as well »%3#,
Similar to particulate matters PM;o, emissions of nitrogen oxides emitted from road vehicles
are receiving an increasing attention in recent years.

The problem of air pollution with particulate matter PMjq is reflected in many city
centers, where the large part of urban population is exposed to the negative impacts of
pollution. Measurements show that many European cities fail to reach the target values of
pollutants, as defined in European legislation on ambient air quality. Exceedances of limit
values usually occur in urban areas close to the roads. In Slovenian cities, one of the most
pressuring environmental problems is excessive pollution by PMjo. In Maribor we are facing
excessive environmental pollution with PMyo. In 2011 we had 65 exceedances (which is more
than 35 legally permited) of the daily limit value on measurement site Center and 25
exceedances on measurement site Vrbanski plato, both in winter. Data from report of
Identifying sources of PMjq in Slovenia (ARSO), clearly shows that traffic has the largest
share of influence on PMyq levels at the monitoring site Center. We decided to find out if it's
possible to prove these indications with the correlation between traffic counters and PMyg
levels from air quality monitoring sites, which are not necessarily in immediate vicinity to
each other.

2 MEASUREMENTS AND LOCATION OF COUNTING AND AIR POLLUTION
SPOTS

2.1 Location of counting and measurements site

The subject of examination is a narrow area of the city of Maribor. Although we are
interested exclusivelyin the city center, we need to look at what kind of roads surrounding
Maribor as the city itself, and how much traffic they hold. We defined our study area ranging
on the east - to the Motorway Maribor — Pesnica, on the south - to the crossings of Trzaska
and Cesta proletarskih brigad road, on west - to the bridge Koroski most and on north - where
Maribor is bounded with hills Piramida and Kalvarija.

For the purposes of the correlation analysis between traffic and PMyy concentrations,
hourly data was obtained from the automatic traffic counters for the year 2011 (obtained from
DRSC). In the surroundings of Maribor several automatic counters are located. For us, the
suitable counters were only those which are located within Maribor municipality, are close to
the city center and are also close to air quality measurement stations After the review, we

! Jason D. Sacks, Lindsay Wichers Stanek, Thomas J. Luben, 2011, Particulate Matter—Induced Health Effects:
Who Is Susceptible?, Environ Health Perspect

2 Dockery, D.W., Pope, C. A., 2006. Health effects of fine particulate air pollution: Lines that connect. Air &
Waste Managment Association 56

3 Jong Tae-Lee, Ji-Young Son, 2007, The adverse of fine particle air pollution on respiratory function in the
elderly, Science of the total environment, 385

4 Autrup H., 2010. Ambient air pollution and adverwse health effects, Procedia Social and Behavioral Scineces 2
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found that three counting stations correspond to conditions mentioned above and are shown
on figure 1. The counting stations are the following:
e 15 Maribor HC (hereafter reffered as PLDP 15), road section Pobrezje-MB
(TEZNO),
e 16 Meljska HC (hereafter reffered as PLDP_16), road section Pesnica — Maribor in
e 18 MB Koroski most (hereafter reffered as PLDP 18), road section Koroski most —
Cesta proletarskih brigad.

The counting standpoint PLDP_15 is located on the highway Maribor- Tezno, which is
known as a city radial road, specifically on road section Pobrezje — Maribor (Tezno)
approximately 750 m northeast from the non-level crosings, where Ptujska road crosses the
highway. The standpoint PLDP_16 is located on the highway Maribor — Pesnica
approximately 450 m north of the non — level road crossings of Meljska and expressways. The
standpoint PLDP 18 Koroski most is located on the road section Koroski most- Cesta
proletarskih brigad and more precisely, 90m south from the roundabout on the road
Gosposvetska cesta.

& . Location of air quality
1 monitoring site

R

Figure 1: Location map of the study area

2.2 Location

The available data on ambient air quality pollutants of the PMjo, are conducted with
continuos measurements at locations in the center of Maribor - Center (hereafter reffered as
Center) and Vrbanski plato (figure 1).

The site Center is regarded as a typical traffic location located right next to Tito's road,
which is a busy traffic road with 18.900 vehicles® per day according to data from the traffic

® Prometni model 2010, Fakulteta za gradbeni$tvo, Katedra za prometno tehniko in varnost v Prometu, Maribor
2011
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model. The site is placed in the city center in densely populated area with higher buildings in
10 m distance from the bus stop. On the opposite site of the road another bus stop for urban
and suburban buses is located. It can be argued that traffic is having direct impact on PMyg
levels at the measurement site Center.

The site Vrbanski plato is managed by municipality of Maribor. It is located on
northwestern part of Maribor more specifically on the water protection zone, where is no
presence of direct emissions from pollution sources. The site VVrbanski plato is located 150 m
away from the Vrbanska road with aproximately 338 vehicles per day according to the data
from traffic model®. The measuring site is located 650 m north from the roundabout at
Gosposvetska road and Koroski most bridge which carries 28.000 vehicels per day [DRSC].7

2.3 PMjy measurements

The data for PMyo was obtained from the TEOM 1400 monitor, where the particles are
detected by a non-reference method. The PM;j, meter carries out real-time continous
measurements which are based on direct mass measures of the airborne particles using an
oscilating microbalance and it measures both the volatile and non-volatile fractions of the
particulate matter. A pump with continous flow draws the air sample through the entire route.
Inlet air flow is separated after the sampling head on part that goes into additional sampling
part (ACCU) which consist special filters for subsequent analysis and on the part that goes
into the meter.Particles are stopped on the filter (glass fiber coated with teflon). The filter is
weighted every two seconds, difference between the current mass and the weight of empty
filter gives the total mass of retained particles on filter. From measured masses of particles
and a constant flow through the device, the unit evaluates the current concentration of PMyg in
the air. The changing mass of glass elements, which is finished with a filter causes a change in
the frequency of its oscillations on the basis of which the change in weight of the filter
element is determined. TEOM meter provides also high accuracy PMip mass concentrations
for short term average (1h) as well as daily averages (24h). TEOM meter operates at a
temperature of 30° C, the main flow through the inlet chamber for PMyg is 16.67 | / min, flow
rate through the filter head 3 | / min and a bypass flow of 13.67 | / min. Once a year the
continuity of flow and concentration accuracy are checked (the mass of the reference filter).
By using various sampling heads it can measure the size fraction of PMyy and PM,s. At
measurement point Center the TEOM meter differs from the one at the measurement point
Vrbanski plato. In addition TEOM at measurement point Center uses additional features at the
operating mode named FDMS ( Filter Dynamic Measurement System) which means that the
meter itself compensates for any manual correction (correction factor), which would
otherwise be necessary due to loss of volatile substances (summarized by® and °).

3 METHODS
A data analysis was carried out on a daily basis, which means that each day is presented

by data which consist of hourly PM;o concentrations and traffic. The comparison was made
with a graphical analysis of PMjo hourly profiles and correlations between the latter and

® Ibidem 4

! Publikacija promet 2011, Ministrstvo za promet, Direkcija Republike Slovenije za ceste, Ljubljana 2012

8 Kakovost zraka v Mariboru — letno poroé¢ilo 2011, Zavod za zdravstveno varstvo, Maribor, 2012

° Green, D., Fuller, G., 2009, Development and validation of the volatile correction model for PMy; —An
empirical method for adjusting TEOM measuremnts for their loss of volatile particulate matter
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traffic. Traffic data and concentrations considered were processed for the period from
1.1.2011 to 31.12.2011. All data are on the sun clock, traffic data were re-adjusted to the sun
clock.

4 RESULTS AND DISCUSSION

4.1 Daily profiles of the PMyconcentrations and traffic

The presented daily profiles of PMy, concentrations and traffic (in figure 2 and 3) provide
an interesting comparison between the reduction of traffic and pollutant concentrations on
weekdays and weekend days in both seasons. Traffic volumes in the winter and summer are
approximately equal. The average traffic on Sunday is reduced by 49 % in comparison with
the traffic (PLDP_15, PLDP_16) on weekdays. Analog to that, concentrations at the PMyg
Center are reduced by 15% on Sunday. Similar reductions at Vrbanski plato have not been
observed. Traffic reduction at counting site PLDP_18 on Sundays decreased on 40 % in
comparison with weekdays which is less than the other two described above.

Analysis of traffic flows at the counters PLDP_15, PLDP_16 and PLDP_18 based on
daily profiles from these counters showed traffic reduction only on the weekend. Comparison
of traffic peak hours on weekdays, Saturdays and Sundays for counting points PLDP_15 and
PLDP_16 shows that on Saturday is 28% less traffic in the morning peak and 48 % less traffic
in the afternoon peak. Reduction is generally smaller at the counting site PLDP_18 with 13%
less traffic at morning and 43% less at the afternoon peak. On Sunday in comparison with
weekdays the traffic is reduced on counting site PLDP_15 and PLDP_16 at morning peaks by
45% and by 53 % at the afternoon peaks. The Sunday reduction of traffic at counting site
PLDP_18 is by 34% at morning peaks and by 46% at afternoon peaks. After reviewing the
daily profiles of counting stations, PLDP 18 can be characterised as a counter on the radial
road with a certain percentage of transit traffic. In comparison with reductions on other traffic
counters (PLDP_15 and-PLDP_16) a smaller reduction can be observed on weekend days.
The reason for this could be in the location because the traffic counter lies on the main road
connection between Maribor —Koroska where all transit traffic is destined for this region.

On counting sites PLDP_15 and PLDP_16 traffic reduction over the weekend is higher,
since most transit traffic is no longer on this road section, but a few kilometers on the east at
the highway, therefore more evident impact of the local traffic can be observed. In general,
more cars are caught in transport at the counting site PLDP_15 than at counting site
PLDP_16. At counting site PLDP_16 a smaller fraction of the local transit traffic can be seen.
Daily profiles of traffic are bimodal on all counting sites at weekdays showing two (peaks)
rush hours. Morning rush hour occurrs between 6 and 7 am while afternoon rush hour occurrs
between 2 and 3 pm. Weekend daily profiles indicate later rush hours which last in the
morning from 9 am to 12 pm and in the afternoon from 5 to 6 pm.

4.2 Correlations between traffic and PMyo concentrations in the warm and cold season

Data was divided into cold season (1.1.2011 to 31.3.2011 and from 1.10.2011 to
31.12.2011) and warm season (1.4.2011 to 31.10.2011). We decided to divide data on the cold
and warm season mainly because during the cold season besides the traffic other influental
sources are present such as road salting, domestic heating and district heating systems, which
affecting the PMyo levels particularly in urban environment. At the distribution of data we
oriented after the heating season, which begins when temperature at 9 pm is below 12° C three
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consecutive days and analogue to this also ends when the temperature is above 12° C for three
consecutive days. Correlations were calculated between counting sites PLDP_15, PLDP_16,
PLDP_18 and PMy concentrations from monitoring sites Center and Vrbanski plato.

In the following text, we simplified the concentrations of PMyg into PMyo and counting
sites PLDP_15, PLDP_16, PLDP_18 into the traffic (if it's not the same for all is mentioned
and explained).

PM10 warm season
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Figure 2: Daily profiles of the PM10 concentrations in the warm season

The analysis of the correlations between traffic and PMi Center shows that correlations
are insignificant in the cold and very low in the warm season. Nevertheless the correlation in
the warm season is 50% higher than in the cold. Correlations between traffic and PMjg
Vrbanski plato are also weak in the warm, while in the cold season there is no correlation.
Monitoring sites Center and Vrbanski plato during the cold season show a high correlation
(R=0.83) and moderate connectivity in the warm season (R=0.54). We may assume that in the
cold season on PM3, most likely impact the factor, which is absent or less active in the warm
season (domestic heating, distict heating). We should not forget that also modified
atmospheric meteorological features are different in the cold weather than in warm.
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Figure 3: Daily profiles of the PM10 concentrations in the warm season

This suggests that the correlation in the cold season is higher mainly due to the heating
season and the pattern of burning fuels by people. Due to the economic crisis a big portion of
people replace the heating oil with wood ( »from cleaner to less clean«), which is reflected as
an increased concentration of PM resulting in the higher correlations at cold season at city
background Vrbanski plato. We should not forget that also modified atmospheric
meteorological features are different in the cold weather than in warm.

4.3 Comparison of correlations between traffic and PMyy concentrations on weekdays,
Saturdays and Sundays

Since the traffic, as we described above, is the only anthropogenic activity that is
significantly reduced during the weekend, we performed correlations between weekday,
Saturdays and Sundays for warm and cold season in 2011. About reduced traffic activity
reported also several other authors, which called this effect »weekend effect« 1213,

Despite the correlations between traffic and sites PMjo Center are generally low, the
warm season show a higher correlation conection between weekdays (0.21 <R=0.31) than
over the weekend days (Saturday (0.12 <R <0.25) and Sunday (0.02 <R <0.1)). During the
cold season correlation between traffic and PMyg are negligible. Based on this it may be
concluded that traffic impact on PMjo concentration at the Center in a certain proportion but
direct relationship or significance can't be prooved with this method. Thus we should use
statistically more reliable methods. Correlations between the site PMjy Vrbanski plato and
traffic are in warm season negligible on weekdays (0.11 < R < 0.17), slightly rise on

10 Lonati, G., Giugliano, M., Cernuschi, S., 2006. The role of traffic emissions from weekends’ and weekdays’
fine PM data in Milan.
"' Morawska, L., Jayaratne, E.R., Mengersen, K., Jamriska, M., Thomas, S., 2002, Difference in airborne
EJzarticIe and gaseous concentrations in urban air between weekdays and weekends.

Rattigan, O.V., Felton, H.D., Bae, M.S., Schwab, J.J., Demerjian, K.L., 2010. Multi-year hourly PM2.5 carbon
measurements in New York: diurnal, day of week and seasonal patterns
13 Riga-Karandinos, A.N., Saitanis, C., 2005. Comparative assessment of ambient air quality in two typical
Mediterranean coastal cities in Greece
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Saturdays (0.15 <R <0.22) and falling back on Sundays (0.13 <R <0.15). In the cold season
all correlations between traffic and PM;o Vrbanski plato are negative and insignificant.

Occuring the higher PMy, concentrations during the cold season is most likely due to the
high atmospheric stability, reduced ability of air mixing on the cold winter days and domestic
heating which are significant sources of particulate matters. In the warm season domestic
heating is not present and the depth of atmospheric air mixing layer increases which enables
better dispersion of pollutants within this layer.

Table 1: Correlation between Weekdays Saturdays an Sundays and PMyq Center /PMy, Vrbanski

plato
Ell\zilc;)Center/Vrbanski weekdays saturdays sundays
warm cold warm cold warm cold

PLDP_15 0,23/0,12 | 0,10/-0,07 | 0,45/0,16 | -0,05/ -0,24 | 0,02/0,13 | -0,02/-0,04
PLDP_16 0,21/0,21 | 0,09/-0,08 | 0,12/0,15 -0,06/-0,45 | 0,01/0,13 | -0,01/-0,02
PLDP_18 0,31/0,17 | 0,16/-0,02 | 0,25/0,22 -0,01/-0,11 | 0,06/0,24 | 0,03/ 0,02
Center PM;, 1/0,56 1/0,80 1/0,44 1/0,88 1/0,50 1/0,89
Vrbanski plato PMy, 0,56/1 0,80/1 044/1 0,88/1 0,50/1 0,89/1

Compared to the cold season the daily profiles are characterised with the lower
concentrations of pollutants and more narrow peaks and consequently smaller duration of
daily peak concentration values for whole area.

Although there is no direct correlation between the distant traffic counters PLDP_15,
PLDP_16, PLDP_18 and measurement sites for ambient air quality, it can be observed based
on the correlation changes (fluctuations) between warm and cold season on weekdays,
Saturdays and Sundays that traffic could have an impact on PMj, concentrations. As long as
the traffic counters are at large distance it is not possible to proove that are however directly
conected to the PMyg concentrations on site Center and Vrbanski plato. The similarity is more
likely to find, because due to traffic increase and decrease based on usual repeating pattern
which appears due to the mobility needs of commuters and residentials.

5 CONCLUSIONS

In this paper we present the correlation analysis between traffic counters and PMyg
concentrations which are measured at the ambient air quality sites and are not necessarily in
vicinity to each other. Hourly data concentrations of the PM;o were measured on principle of
oscilating microweighting. Data analysis was carried out on a daily basis, where we
graphically show daily profiles of the PMj, concentrations in relation to the traffic. In
calculating the correlations the individual data was divided into the cold and warm season
with later subdivision on weekdays, Saturdays and Sundays. After calculating individual
correlations, we found the strong correlation between traffic counters themselves, because
traffic profiles at all road section follow a similar pattern. Between ambient air quality sites of
PMjo (Center, Vrbanski plato) the correlations are moderate in warm season and high during
the cold season. Correlations between traffic and PM;o Center are insignificant in the cold and
very low in the warm season; while at the Vrbanski plato they aren’t exist at all. Correlations
between the ambient air quality site PMo Center and traffic are negligible in cold while at
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warm season they are low with slightly more distinctive connection during the weekdays as
through the weekend. Correlations between the ambient air quality site PM;o Vrbanski plato
and traffic are in cold season negative and insignificant through all days; while in the warm
season there are negative and insignificant during the weekdays with slightly increase on
Saturdays and decline on Sundays. After examination of the correlations we can conclude that
it can not be observed any significant connection between traffic and pollutants at ambient air
quality site Vrbanski plato in both season. Changes at the ambient air quality site Center can
be observed between weekdays, Saturday and particular on Sundays, when traffic is lower for
49%. In relation to the traffic, concentrations of PMj, Center on Sunday drops for 15%, but
reason for the decrease can't be uniquely attributed based on correlations only to traffic
because decrease may be due to the several reduced anthropogenic activities during the
weekend. More coherent and detailed research with detailed statistical methods will be used
in the future for examination the connection between traffic and ambient air quality on the
area of Maribor.
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ABSTRACT

The paper presents new approach in the methods used for navigation safety increase. Real-time
simulation with mixed reality modules, including Human Machine Interface realized in augmented
technologies, are used for increasing the navigational situation awareness and safety of vessels
maneuvering. Due to new solutions, uncommon functionalities and possibilities are available onboard
as an aid to navigation. Eye tracking methods are proposed for efficiency assessment of newly
designed tools.

Keywords: Real-time simulation, Mixed reality, Augmented Reality, Augmented Virtuality, HMI,
Safety of navigation

1 INTRODUCTION

For several years in the maritime field, we distinguish the "eNavigation” term. The IMO's
eNavigation initiative has as its goal the seamless integration of information: "eNavigation is
the harmonized collection, integration, exchange, presentation and analysis of maritime
information onboard and ashore by electronic means to enhance berth to berth navigation and
related services, for safety and security at sea and protection of the marine environment”.

The decision support systems (aids to navigation) also enroll into this area, which
covering the broad field of information to assist the navigator in the safe passage of the ship.
These include:

o classified hydro-meteorological information

e anti-collision and alarm systems

¢ ship handling and cargo handling operations systems
e systems to monitor ship traffic parameters

e route monitoring systems

e systems for presentation of vessel’s location in space
e others.

We note the tendency to simultaneously integrate multiple systems together, with the
properly selected, multi-level form of presentation of navigational information, forming the
Integrated Bridge Systems (IBS). Software, a variety of features, technical capabilities used in
these solutions go hand in hand with technological advances in these fields.

Analysis of the evolutionary process of modern ship’s equipment have shown, that the
final, executive element, in the Human Machine Interaction (HMI), which is software
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interface, practically remains unchanged for years. Except technical parameters, such as: the
type of backlight, resolution, material and shape of the matrix, etc., it still remains as a two-
dimensional isometric, top view, predominantly showing the alphanumeric data, less
dynamic, two-dimensional geometric models (only used in ECDIS, ARPA. DP Conning
Display, pilot-docking systems). From the subject’s point of view, which was taken into
consideration in this paper, it is a method of presentation that uses augmented virtual reality
technology, with simple two-dimensional models applied (e.g., two-dimensional waterline,
coastline).

Technologies for information presentation such as Augmented Reality (AR) and
Augmented Virtuality (AV) with three-dimensional models applied, and the displays other
than standalone computer graphic (CG), such as see-through (Head-Up Display - HUD, Head
Mounted Display - HMD, Virtual Retinal Display - VRD) have no utility in decision support
systems designed for conventional vessels.

Based on such solutions used for years in the aerospace, medicine and more recently in
the automotive industry, the authors of this paper tried to enunciate some of the benefits and
opportunities of using aforementioned technologies in the navigating and ship handling
processes to increase the navigation safety.

2 MARINE MIXED REALITY

2.1 Definition

As shown in figure 1, Mixed Reality (MR) encompasses the continuum of possible
combinations of elements from both virtual and real environments, the continuum between
fully real and fully virtual. Augmented Virtuality and Augmented Reality are the two major
subsets lying within the MR range of the Reality-Virtuality (RV) continuum.

Mixed Reality

Real Augmented Augmented Virtual
Environment

I{E‘

Virtuality Environment

Figure 1: Mixed Reality Continuum
Source: Traskback, 2004

AV describes cases where some real object/data is inserted into a predominantly
computer-generated environment, which has been explored in safety programs and
manufacturing. The converse case on the MR continuum is AR, which is a technology or an
environment where the additional information generated by a computer is inserted into the
user’s view of a real world scene. AR allows a user to work in a real world environment while
visually receiving additional computer-generated or modeled information to support the task
at hand. (Wang & Dunston, 2011).
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2.2 Architecture

MR applications are the systems that combine real environments and virtual objects
together. The system aligns real and virtual objects with each other in real time and it offers
real time interaction (Azuma, 2001).

To realize all tasks MR application must be in cooperation with 4 main subsystems:
Geometric 3D virtual world, Real-time background, Input sensors and Output display.

2.2.1 Geometric 3D virtual world

It is necessary to create a virtual world that is interactive and in real time. It describes the
spatial relationships of virtual and real objects. The model particularly describes where, in
relation to real objects, the virtual objects shall be placed or to provide a correct depth
perception by giving the illusion of real objects occluding virtual objects.

The creation of a virtual world is the main issue of mixed reality: modeling, digitalizing
and computer processing of the virtual world. Mostly, it is performed with Computer Aided
Design (CAD) software (figure 2).

Databases, which are contained in Electronic Navigation Charts, are mainly use to create
the synthetic, 3D virtual world, in marine applications. From the navigation safety point of
view, the virtual world must include sub-models of such databases: hydrotechnic, seabed,
marks, buoys and beacons, and vessels database.

Figure 2: 3D geometric models creation process

Source: Authors

2.2.2 Real-time background

Depending on the intended use of the system and the type of assigned output display, the
image of the real world can be digitized using a variety of techniques or remain unchanged in
perception by the human eye. The most popular method is to digitize the image with the DVC
cameras, infrared cameras or CCTV cameras. For see-through displays (HUD, HMD, VRD)
the digitalization is not provided.

In all cases, it is necessary to track the coordinates of the point of view (POV) and field
of view (FOV), which is in the feedback loop with position, rotation, and virtual camera FOV
matrixes.

2.2.3 Input sensors

In terms of subjects, which have been taken into consideration and the use of MR
technology in the IBS, input sensors, which link the worlds included among RV Continuum
can be divided into 3 groups: positioning sensors, HMI sensors and additional, depend of
particular system destination.
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To ensure full alignment between real-world and virtual objects, especially those which
are moveable, it is necessary to provide their exact position in space. In maritime terms, we
can distinguish the following areas: own vessel positioning, point of view positioning
(navigator's head) and surrounding objects positioning .

Vessel’s positioning in its 6 DOF can be carried out by using various methods.
Depending on the ambient conditions, the availability of positioning systems, purpose of the
system (port, restricted area, open waters), we can distinguish among others:

e satellite positioning systems: dual DGPS Real-Time Kinematics (RTK)
e acoustic positioning systems: long base line (LBL), short base line (SBL),
super short base line (SSBL), ultra-short baseline systems (USBL)
optical positioning systems: with markers, no markers, laser
inertial positioning systems: gyroscopes, accelerometers
microwave positioning systems
hybrid positioning systems

Positioning of the point of view, in the MR technology, is realized inside the navigation
bridge or other closed space, according to needs. Similar to vessel positioning, it is possible to
use most of the aforementioned technique, in its personal variants. The relative positioning is
provided, with the coordinate’s origin equal to the position of ownship. Due to the high
magnetic field interference from other ships’ devices, solutions based on magnetic positioning
are avoided.

Positioning of floating units other than ownship can be done by using similar methods.
Additionally, the movable objects, which cannot be tracked by its own sensors (e.g. buoy
located at open waters), can be positioned relatively with microwaves emitted by the radar
installed on the ownship.

HMI sensors are utilized to provide constant communication between the system and the
operator. Through computer peripherals such as mouse, trackball, keyboard (standard/virtual),
voice commands, virtual gesture, the operator can interfere with the virtual world’s variables
and control the software through the user interface.

Depending on the needs and capabilities of the system, changes in the virtual world may
also be reflected in the real world (e.g. control of vessel’s automatic). To implement these
functionalities, it is necessary to use additional sensors to provide application’s feedback.

2.2.4 Output displays

According to Azumas' criteria (Azuma, 1997), the augmentation can be of any form, but

most Mixed Reality systems only make use of visual augmentations. To generate such an
augmented view, displays are required which provide a method to combine the view of the
real world with virtual objects in the form of computer generated graphics.

If we classify these displays by the technology and position where the augmented image

is displayed, the following three classes exist: the combination is either done in the user's
eye (retina projection /semi-transparent monitor, a.k.a. optical see-through display), in front of
the users eye (overlaying a video with the computer graphics on a monitor, a.k.a. video see-
through display) or in the real world (projection on the real world/or on a special surfaces)
(Schwerdtfeger, 2009). Additionally, visual Augmented Reality displays by their spatial
location can be classifiedas: Head-attached (Head-mounted), Hand-held and Spatial Displays
(Bimber, & Raskar, 2011).
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According to above classifications, several classes of existing hybrid display
environments can be found, which could reasonably be considered to constitute MR interfaces
according to definition:

1. monitor-based (non-immersive) AR displays, upon which computer graphic (CG)
images are overlaid.
Same as 1, but using immersive HMD-based displays, rather than WoW monitors.
HMD-based AR systems incorporating optical see-through (ST).
HMD-based AR systems incorporating video ST.
Monitor-based AV systems, with CG world substratum, employing superimposed
video reality.

6. immersive or partially immersive (e.g. large screen display) AV systems, with CG

substratum, employing superimposed video or texture mapped reality.

partially immersive AV systems, which allow additional real-object interactions, such as

“reaching in” and “grabbing” with one’s own (real) hand (Miligram, & Kishino 1994).

arwn

Table 1: MR systems immersiveness comparison

. SYSTEMS

Main Features
DESK-TOP SEMI-IMMERSIVE IMMERSIVE

Resolution Higher High Low-Medium
Perception/Situation Low Mid-High High
Awareness
Field Of View Low (Typ. 50°) Medium (Typ. 150°) High (Typ. 360°)
Immersion Low Medium High
Price Low Medium High

Source: Fernando, 2005

Classes 2 and 4 for IBS realized in MR technology should be avoided, due to their total
immersion (video ST). Complete isolation of navigator’s sight from the outside world and
relying only on digital communications, significantly reduce the level of navigation safety.

3 MIXED REALITY MARINE SOLUTIONS ACCORDING TO E-NAVIGATION

3.1 Presentation of vessel’s location in space

One of the important VR attributes that facilitates these successful applications is the 3D
graphical environment in which users can freely navigate around and interact with virtual
objects (table 2). This is especially useful for the applications that require real-time
involvement with task environment e.g. berthing maneuvers, since human tend to understand
graphical information faster and more easily than text data. With virtual reality, all
navigational situation data can be transformed into 3D synthetic scenario of the vessel in
relation to its surrounding environment based on its geometrical model. This relieves the
navigator from imaging the vessel’s spatial location based on the sensor data. (Lin & Kuo,
1998).
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Table 2: Comparison of visual and virtual worlds observation

Visual Virtual
Image Real Synthetic
Interaction Real world 3D model
POV Fixed Controlled by operator
FOV Limited 360 deg
Image quality Visibility dependent Visibility independent

Source: Miligram, P., Takemura, H., Utsumi A., & Kishino F., 1994

By using this method, it is possible to obtain a complete picture of the current navigation
and maneuvering situation, regardless of the visibility level. The values of position, rotation
and FOV of each virtual defined viewpoint, can be changed by the navigator (figure 3).
Virtual POV selection preview is made on a two-dimensional map.

Figure 3: Augmented Virtuality Enhanced Conning Display

Source: Authors

The system interface is designed to reflect, as closely as possible, the current, actual
navigation and maneuvering situation in a virtual environment, and due to its features enhance
the navigation safety in restricted areas.

Optimization and ergonomics of CG interface has been developed basing on the results of
real-time simulations with Eye Tracking techniques applied, carried out in Maritime Traffic
Engineering Centre located at Maritime University of Szczecin.

3.2 Classified information

Presentation performed in MR technology, allows primarily, to integrate and overlay
multiple alphanumeric data and images obtained from different IBS devices. Due to hybrid
displays utilizing, it is possible to present CG navigational information, for instance directly
on the ship’s bridge windows. An example of such a solution is used by Ulstein Bridge
Vision™ (figure 4).

An optical projections were used as an eye-catching element of the system. These allow

to pop up information directly on the windows, as a full frame head-up display on the aft
bridge and on seamless monitors directly below the windows on the front bridge. The
intuitive touch-commands and gestures are used for HMI sensors to control the application.
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Figure 4: Ulstein Bridge Vision™

Source: Window on the future, 2012

The optical projection of information provides the users with all relevant details related to
an operation in their line of vision, improving their ability to safely operate the vessel. It also
makes coordination between crew members performing interdependent operations much
simpler, as they can see the same information even though they positioned apart from one
another.

The system prioritizes information based on the operation and situation of the ship. For
example, when the ship is in transit mode, illustrations will be presented on a large, seamless
surface below the windows on the front bridge. A real-time overlay is also possible, where the
head-up display provides information on operationally critical tasks by showing elements the
user cannot spot directly, such as fog, darkness or elements hidden behind objects (Window
on the future, 2012).

3.3 Ship handling and cargo handling operations

Systems developed in MR technology can be successfully used to increase the efficiency
and safety of ship handling and cargo handling operations, from both: the navigation bridge
and machinery side, indirectly increasing the navigation safety.

Operations which require specific procedures and conduct checklist, the use of AR
technology allows to instruct the operator, step by step, what actions should be performed.
Examples of such systems are applications from MAN (to replace of marine engines) and
from BMW (to repair of cars).

Using special data goggles and wireless access to a powerful computer, operators have all
the information at their disposal, precisely where they need it at the vessel or vehicle (figure
5).

Figure 5: Augmented Reality Repair Systems
Source: MAN, 2010 and BMW, 2008
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By applying a computer-generated, virtual geometric model of ship’s equipment on the
real-world image, checking of its status and operation can be performed. For example, by
comparing the readings of analog or digital indicators, position of lever, valves, lighting
status, etc. for different states of its working cycle.

Providing an appropriate amount of automation systems to its control by the user,
connected to the MR application, allows direct manipulation of devices with optimized,
personalized, customized to specific situations interfaces, such as anchoring, mooring
operations.

3.4 Anti-collision and alarms

Conducting of anti-collision maneuvers, particularly in reduced visibility, may also be
aided by the use of the system realized in the MR technology. The concept provides to the
automatic generation of target synthetic model and it’s overlaying on the vessel navigator's
field of view (AR or AV).

Based on coupling the information about its position via AIS (or relative via ARPA), and
the MMSI number, the identification of its 3D geometric model is performed. Then, the
textured mesh is rendered in the display system. Rendered collision warning and information
are located in space and specifically assigned to the object (figure 6).

The major advantage of MR technology in the field of anti-collision warning and alerting
on board of the merchant vessels is to integrate all the information in one place and possibility
to display them directly in the field of view of the navigator. In this way the segmentation of
alarms (displaying on separate IBS devices) is avoided, thereby the probability of unnoticed
them by the navigator or engineer is reduced.

Figure 6: Anti-collision and alarms rendered with MR technology

Source: Window on the future, 2012

3.5 Route and ship’s traffic parameters monitoring

The creation of synthetic 3D model of the area, based on data from the electronic vector
map ENC, allows for the presentation of navigation information with MR technology in 6
DOF (instead of 2 DOF in standard ECDIS).

Such technology increases situational awareness in all conditions by taking a wide variety
of information and rendering it into a real-world view, in 3D and in real time. In effect, MR
effectively enhances native senses, maximizes awareness by limiting unnecessary mental
processing time. The operator’s view is enhanced by route related information, such as guide
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rails (fairway boundaries), object markers, bottom bathymetry, which allow to navigate
around otherwise invisible objects in any conditions (figure 7).

Figure 7: Route and ship’s traffic parameters monitoring with MR technology

Source: AVCOP, 2011

During route planning operation, the navigator can move the viewpoint in the synthetic
world, read the terms of navigation on the site, receive interactive aids to navigation from
sailing directions, also radio procedures, etc.

In addition, if the parameters of geometric models are defined for such objects like
fenders and hull, it is possible to implement mathematical calculations, which might be useful
in the navigation process. For example: minimum distance from the hull to the nearest
obstacle, the maximum transverse velocity to contact with fender, etc.

Conjunction of MR technology with wireless teletransmission is a perfect tool for
handling a remote pilotage service, run from the pilot’s land based center.

4 EYE TRACKING

Eye-tracking is concerned with methods and techniques used for registering eyes’
movements and points of gaze with the use of specially designed equipment — an eye tracker.
In one of its most basic form, eye tracker uses one or more cameras to register so called
Purkinje images or Purkinje reflections and based on this data, calculates Point of Regard
(POR). This allows for precise identification of visual scene’s elements on which subject
focuses his/her attention (Duchowski, 2007).

The use of the eye-tracker on the navigation bridge makes it possible to objectively
measure the ergonomics of the individual interfaces as well as to evaluate the decision-
making process itself, including the mental workload and stress (figure 8).

Figure 8: Evaluation of IBS interface design in ergonomic aspect

Source: Muczynski, Gucma, Bilewski, & Zalewski, 2012
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Eye trackers are widely used in cognitive processing researches, human-computer
interfaces usability and in marketing (website and advertisement design). Few researchers
pointed out usefulness of gaze tracking data in predicting skill-level differences in
collaborative tasks, assessing situational awareness of VTS’s operators and evaluation of
interruption modality influence on task resumption.

Such approach could be modified and used on the full-mission navigational bridge
simulators. Such study could lead to several conclusions:

Evaluation of bridge design in ergonomic aspect

Evaluation of radar, ECDIS and conning interfaces in usability

and ergonomics aspects

Evaluation of Officer of the Watch situational awareness

Evaluation of differences in decision making process and information analysis
between experienced and junior officers

Evaluation of simulator training efficiency (Muczynski, Gucma, Bilewski,
& Zalewski, 2012)
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ABSTRACT

The Slovac republic is located in central Europe and shares borders with Austria, the Czech Republic,
Hungarym, Poland and Ukraine. The country covers 49 034 km?, and nearly all oft his area - 47 084
km? or 96% oft he country lies in the Danube River Basin.

Transport is amongst the most important factors influencing the economical development of Slovakia
and will continue to be also in the future. Slovakia due to its position in the Central Europe, is a
connection between the Black Sea and western river ports via the river Danube. Vah, Danube’s
tributary becomes a part of this connection.

The purpose of the current paper is not to solve all technical problems associated with the
development of inland waterway transport for navigation on the Vah river, but rather, to begin to
establish which conception and stages would be most useful and desirable for inland waterway system
in Slovakia.

Keywords: Vah river route, navigation stages, legislative framework, project.

1 INTRODUCTION

Vah River, tributary of the Danube River in Slovakia. Rising in the Tatra Mountains as
the Biely Véh (in the High Tatras) and Cierny Vah (in the Low Tatras), the river describes a
long arc to the west and south. It joins the Little Danube to become the Vah Danube (Vazsky
Dunaj), which forms the eastern limit of Great Rye Island, and after several miles enters the
Danube River at Komarno, in extreme southern Slovakia, after a course of 242 miles (390
km). The area of its drainage basin is 4,109 square miles (10,641square km). The Vah has a
large number of tributaries, many of which fallsteeply off the Tatras and the outer ranges of
the Carpathians. The east-west valley formed by its upper course provides a natural
transportation route across Slovakia that is followed by major road and rail arteries; the river’s
north-south valley between Zilina and Bratislava similarly serves as a corridor. The river
flows rapidly—particularly when swollen by seasonal meltwater, since the Tatras have few
storage lakes—through a picturesque valley. There are numerous small hydroelectric-power
stations along the Vah.

The river Vah, by its course creates a natural North-South river route. Therefore the
significance of this waterway is in reinforcing the North-South transport corridor and creating
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a unique connection between Danube and the navigable waterways of North and Eastern
Europe. Connection of this nature does not yet exist in central European region.

Slovakia has been a signatory state to the Danube River Protection Convention since
1994 and has been a party to the Convention on the Protection and Use of Transboundary
Waterresourses and International Lakes since 1999. The Slovak republic joined the European
Union in 2004.

2 CONTEMPORARY USE OF VAH AND ITS WATERWAY

There is a general assumption about the potential uses of Vah river in the transport area —
based on the greater volumes of transferred goods in its direction, and also in the energy area
in connection with the anticipated growth of electricity consumption in the future .

The construction Vah river dams began in the 1930s, the main motivation being energy
resources, but also area protection and navigability. The first dam to become operational was
the power plant in Ladce in 1936 [1].

In 1995, the hydroenergetical potential of Slovakia covered 19% of energy consumption
in Slovakia, and the Vah cascade was responsible for 8%. On the installed overall electrical
output of all the power plants in the Slovak electrification system, water power plants
participated with 33%, Vah river dams alone with 25% [2]..

In a simplified statement it is possible to say that all power plants on river Vah were built
and are used as maximum or semi-maximum demand plants. The management of these plants
has gradually become automatic, run by the energy dispatching centre in Zilina in way so that
the whole cascade works as a single source of energy.

Despite these positive indicators, from navigation point of view, the whole reality of
energy use of the river stands against the partial usage of navigations in the specific sections —
due to the shifting water level which depends on the through flow and waves originated by the
power plant onset.

In the present, level of using the river for navigation and water transport is very low.
Navigation is only possible under restricted conditions between the estuary of Vah into
Danube and the water dam of Kral'ov4, depending on the through flow, which in turn depends
on the regime of the dam itself. In the first section, from Komadarno to Sered’, navigation is
possible for the Vla class of ship formations, in the remaining sections for the class Va.

Public use of river Vah is mainly based on the protection against floods, but it also has an
effect on other areas of life. Under the term public we understand “beneficial” for the general
public.

Areas of public use and benefits:

e Water resources — safety and protection dikes/dams, drainage and anti-leaking
precautions,

e Transport — reconstruction of bridges, transport connections to ports,

e Agricultural — irrigation,

e Tourist — sport and recreational sailing.

3 LEGISLATIVE FRAMEWORK FOR THE VAH RIVER ROUTE

The Slovak government, through its ministry of transport, post offices and
telecommunications has in its resolution n. 469 from the 21. 6. 2000 approved the Conception
of development of water transport in the Slovak republic. This document also contains a plan
of constructing the Vah river route, because in the international context of Slovak republic,
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this route is of a strategic importance, and its realization is being prepared since the half of the
20™ century. Two years later the government of Slovak republic, in the resolution n. 463
from 9™ of May 2002 has approved the proposal of the project of Vah river route and its
connection to the Odra river. This was not yet a detailed technical project for construction
purposes; its goal was to create a stable concept of building the water way by constructing
additional water dams, finishing the existing ones and other objects for navigational purposes.
It also aimed to state the basic parameters and especially the direction / location of the routes
for the water connection between Véah and other water ways in Poland and Czech Republic
[3,4]. Approval of this intention created the basic preconditions for the Slovak government
to enter negotiations with its Polish and Czech counterparts, about the realization of
connecting the waterway of Vah with the waterways of participating countries. Amongst the
Slovak, Czech and Polish navigation and water resources specialists, the proposed route for
the planned water connection included Vah and Odra and it would pass through the territory
of Slovak republic, in the Kysuce region, in Czech republic the Ostrava agglomeration and in
Poland the region of Upper Silesia.

4 THE VAH RIVER ROUTE PROJECT

Project of the Vah river route, as apart of an integrated network of international
waterways according the AGN is a long-term investment of strategic importance, which
includes all the features of dynamic development program. The implementation of this
invesment could have a positive impact on many areas of economic and public life of society
[3.4].

The Permanent committee for inland waterway transport under the European economic
committee of the UN in Geneva, designated in 1995 the Vah river route as a part of the future
international routes and it was assigned the international identification code of E81 with the
recommended gabarites of international waterway class VIa up to the town of Sered’ and Va
up to Zilina. Two years later, as part of the III. Paneuropean Conference of Ministers of
Transport in Helsinki, at which the routes of the European transport corridors were defined,
there was also a European agreement on Main Inland Waterways of International Importance
(AGN) with the river Vah being part of it [5]. The navigability of Véah is the sole
responsibility of Slovak Republic and the prolonging of Danube waterway inlands is in the
competence of the corresponding governmental bodies of SR.

In the present, level of using the river for navigation and water transport is very low.
Navigation is only possible under restricted conditions between the estuary of Vah into
Danube and the water dam of Kral'ova, depending on the through flow, which in turn depends
on the regime of the dam itself. In the first section, from Komarno to Sered’, navigation is
possible for the Vla class of ship formations, in the remaining sections for the class Va [6,7].

Viéh river is from Liptovsky Mikula§ expect of the section Vritky-Zilina, Hlohovec —
Sered’, Komarno — Selice equipped with the hydro-energy constructions of which only some
have builded shipping locks for navigation. Any extension of the navigability increased its
national importance, but the whole goal of the project will be achieved by linking the Vah to
the rivers of Poland and Czech Republic.

Vah river route has a strategic direction, which coincides with the orientation of
multimodal transport corridors no. Va and VI. Region along the Véh river route is the
dominant industrial region of Slovakia produced nearly half of GDP [8]. The existing road
and railway network already exhausted land options. Waterways has not many territorial
claims except of some ports neccesaries.
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5 STAGES OF NAVIGATION AT THE VAH RIVER ROUTE

Vah river route is long-term investment, therefore it is expected the implementation in
stages. Each stage will be completed with port connected to the other transport modes (road
and railway). It provides comprehensive services in the field of transport. Port of Sered,
Puchov and Zilina was established as the main transport and transhipment point in the whole
project [9].

Vih river route is 250 km long from Komérno up to the Zilina. The whole river route is
from the bigger part already builded. It is neccessary to completed the dam of Koléarovo,
several kilometers long section along the Sered’ and completed and reconstructed navigation
lock chambers at severals other dams.

Table 2: Stages of the Vah river route

Stage Section years km

1% stage Komarno — Sered’ 1993 — 2002 75 km
2" stage Sered’ — Puchov 2003 — 2013 124 km
3" stage Pachov — Zilina 2010 - 2016 51 km
4™ stage Zilina — Odra 2025 - 2035 98 km

Source: http://www.telecom.gov.sk, arranged by authors

Stage 1, Komarno — Sered’: Navigation on this section started in 1998 after completion
of the dam of Selice. In this section there are two dams: Selice (river km 43,9) and Kral'ova
(river km 63,2). They have two lock chambers of the navigability dimensions 110 x 24 m,
which corresponded to class Vla of navigation according AGN. Currently, navigation works
only in limited regime, which is only 2,0 meters draft (according AGN should be at least
2,5m). This situation is as a result of the unfinished the lower part of the system Gabcikovo-
Nagymaros. Its implementation would provide the neccessary depth at the whole section up to
the Kolarovo. As an alternative plan is to built water dam Kolarovo, which will provide
required navigation depth [9,10].

Stage 2, Sered’ — Puchov: With the completion of the Vah river route is the most
difficult section. Currently is derivation channel of water dam Sered” - Hlohovec under the
progress. From Hlohovec to Puchov can be navigation implemented in shipping channels of
the Vah cascade and in the dams of Sifava, Tren¢ianské Biskupice a Dolné Ko&kovce. Locks
in Madunice, Horn4 Streda, Nové Mesto nad Vdhom, Kostoln4d and Trencin are only partly
built. In Dubnica, Ladce and llava are only locks for small recreational vessels, so it has to be
reconstructed or build new lock chambers to suit navigation of class Va for minimum draft
2,5m[9].

Stage 3, Puchov — Zilina: Navigation could lead as in stage 2 in the channels of the
Viéh cascade and in the dams of Nosice and Hricov. At the dams Nosice, Povazska Bystrica,
Miksova and Hri¢ov have to be built lock chambers [9,10]. According to the AGN
classification of waterways, the section should be guaranted navigation class Va with
a minimum navigable depth of 2,5 m.

Stage 4 Zilina — Bohumin: In this section, followed to the Vah river route is about
linking the Vah river route with Czech Republic and Poland throught the river of Kysuca,
Ol3a. It will provide a perspective river route linked Danube, Vah and Odra [9,10].
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Figure 3: Vah river route
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6 CONCLUSION

Priorities in area of transport are clearly defined in Slovakia. Completion of the D1
highway is clearly a priority and right to be so, but it is also very important not to neglect
completely other areas of transport, including the water transport. The potential of Vah river
route is publicly well known and its navigability all the way up to Zilina and subsequent use
would help to redirect some of the traffic from the extremely strained road transport to more
ecological Vah waterway. The reality unfortunately points to the fact that the completion of
its construction is a matter of distant future. This pessimistic view was further supported after
the talks of Prime Minister Iveta Radicova with the head of the EU Commission José Manuel
Barroso in March 2011, where they agreed on the relocation of resources from Operations
Program of Transport with the exception of railways and relocation of idle resources from
other operation programs. It would be naive to think that this relocation of resources would
avoid the water transport. In terms of finishing the D1 Highway this probably is a positive
message.
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ABSTRACT

Liberalization of postal market influences the development and quality of postal services. Universal
postal service is defined as a continuing provision of quality basic postal services to all citizens
throughout the country on affordable prices. Obligation of providing universal postal service demands
clear criteria to be identified in order to ensure efficient realization of the service. This paper analyses
different criteria and models for financing and providing sustainable universal postal service.

Keywords: Universal postal service, criteria, financing model

1 UNIVERSAL POSTAL SERVICE

Special significance in the development of postal services traffic has had a universal
postal service, due to the characteristics of universality, which is reflected in the provision of
services to anyone in the world, regardless of their location, race, religion, social status, etc.
World countries are required to enable the provision of services under specific conditions
satisfying a certain level of quality, at prices that are affordable for all segments of society.
The concept of a universal postal service refers to the profitable and non-profit service and the
service that is provided in urban and densely populated areas as well as the service provided
in rural areas. This leads to another important feature of the universal postal service -
availability. Spatial or territorial availability means that any user is granted access to the
network of postal provider, at a reasonable distance, where the provider of the universal
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service has the obligation to ensure that the density of access points meet the needs of users,
according to the technological and economic development. Time availability implies working
hours of postal network units and transmission deadlines, which are closely related to the
quality and performance of the universal postal service. Quality standards are determined by
the state, and are related to the transmission time, regularity and reliability of the service
provision. Financial availability relates to provision of universal service at affordable and
reasonable prices. Universal Postal Convention defines the obligations relating to the
universal postal service by common rules mandatory for all Member States. The Convention
defines the services that are guaranteed throughout the single postal area.

2 MODELS FOR FINANCING UNIVERSAL POSTAL SERVICE

There is a number of models for financing universal service, and the main task of these
models is to help the universal service provider in the further performance of the service.
These models have already been established and used in many countries and in the industry
sectors where there is also a duty of providing the universal service. Some models that have
been implemented in other sectors, for instance railway transport, show considerable success.
Compared to other transport sectors, postal sector has following characteristics:

e users of postal services do not have to pay a fee to get the right and access to postal
services, which is the case in energy and telecommunications sectors,

e postal network is better by the means of labor intensity, than networks in the energy
or telecommunications sectors,

o the possibility of growth and development of postal services is much lower than in
other sectors, which is caused by much greater possibilities of alternative means of
communication (Internet, e-mail, etc.), which reduces the incentives for the use of
postal services.

There are several different models and approaches in solving the problems of insurance
and financing the universal postal service:

e reserved services or monopoly designed to create a fund to cover the additional costs
incurred with the obligation to provide universal service. Use of this model requires a
precise calculation of costs with the prior definition of calculation methods. In the
case that the additional costs are less than revenues from the monopoly it is
necessary to reduce it, otherwise it is needed to expand it in order to equalize the
revenue with the additional costs. If this is not enough (especially in developing
countries), then certain government grants are necessary,

e compensation costs where the basic idea is to establish a fund to finance the service
fee, and from which then universal postal service is subsidized. Some states have
already implemented this model,

e directly assisting provider of the universal postal service where all providers on the
postal market must fund universal service,

e there are some alternative approaches, based on the fact that the service gives the
possibility to work on the principle of minimum costs to meet the defined
obligations.
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3 CRITERIA FOR CHOOSING THE MODEL OF FINANCING UNIVERSAL
POSTAL SERVICE

Any assessment of the effectiveness of a particular model of financing the universal
postal service should be based on clearly defined criteria. The impact and importance of the
criteria depends on the individual market and specific policy objectives in a particular
country. These criteria are as follows [4]:

e efficiency;
e competitive neutrality (fair competition);
e social equality;
compliance with state aid rules;
transparency;
proportionality;
practicality;
security.

Efficiency - the application of a certain financing method should reduce irregularities in
economic efficiency and to improve it. In practice, there are three main aspects that can be
used to support the concept of efficiency: allocative, productive and dynamic efficiency.
Funding model that promotes allocative efficiency allows service pricing to reflect the cost of
providing services, including an appropriate return on invested capital. It is in conflict with
the basic idea of providing universal postal services on non-discriminatory insurance pricing.
Productive efficiency is based on the fact that providers provide services at the lowest
possible cost, with the optimum use of all available resources. In this context, financing
mechanisms should provide certain benefits and incentives for the purchase and
implementation of the technology available to maximize the utilization of resources and
acceptable costs, and also to facilitate the selection of the most effective service for the
provision of universal postal services, and so to avoid increasing fixed cost services. Finally,
the dynamic performance is related to the promotion of innovation processes, which
inevitably leads to the provision of new services and improvement of existing ones. Its
potential will be realized through development of new ways of providing services, or creating
entirely new services.

Competitive neutrality - funding mechanisms can affect the viability of existing
providers, but also the input process by favoring one service providers over another. For the
funding to be neutral with respect to competition, means for compensating the loss of
providing universal postal services should be avoid for the competition which involves,
among other things, non-discrimination in respect to payments to a compensation fund. This
criterion facilitates entry into the market of efficient and competitive service providers, and
prevents the entry of inefficient. Funding model should be well-balanced, to allow fair
competition.

Social equity - based on the concept of justice and fairness, presents concept that
determines the criteria and judgments made of society layers that should be privileged over
other. Method of financing should allow users to charge similar prices with similar
capabilities. It also implies the provider contributions to fund universal service.

Compliance with state aid rules - each of the financing models that involve some form
of state aid must be in accordance with national and later with other accepted (for example
European) rules and laws concerning state subsidies. Transfer of state funds, either directly or
indirectly, that in any way gives a competitive advantage to the recipient of these funds or
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distorts competition in a liberalized market is considered to be illegal state aid. However, this
does not mean that any state aid provider of universal service can be regarded as illegal, under
certain conditions.

Transparency - according to this criterion principles and functioning of the model
should be clear and known to all market participants and their roles and responsibilities.
Principles on how the model works, who can contribute to the financing, and how to
determine the contribution of each participant, how to manage funds have to be clear. All
information should be publicly available.

Proportionality instrument is one of the key principles of regulatory practice, and a
major aspect of this criterion is that the model primarily operates on clearly defined objectives
to be achieved. Ensuring sustainability of the universal postal service should be available, and
if the financing of the universal postal service is ensured by service providers, contribution
must be proportional. Contributions should be non-discriminatory and providers with a small
market share may be released from this obligation. Proportionality also means that the given
model of financing achieves a reasonable balance between the objectives and goals of the
global market.

Practicality - the complexity of schemes and the information required for the financing
should be kept to a necessary minimum. Administration, implementation and monitoring of
complex models, can lead to less efficiency.

Security - funding model must be sustainable and stable in order to enable funding and
provision of universal postal services.

These criteria are identified for evaluation of six possible mechanisms for financing the
universal postal service.

4 CHOOSING A MODEL FOR FINANCING UNIVERSAL POSTAL SERVICE

Given the possible models of financing the universal postal service, influence of each of
the identified criteria of the financing model will be examined: reserved area, compensation
fund, financing from the State budget, pay or play model, network access charges, public
tender.

4.1 Reserved area

Reserved area is the main and most effective funding model for the traditional approach
of ensuring universal postal service. Funding is based on the funds received from the
provision of reserved services. This model creates a monopoly in order for the provider to set
up a single average price in a particular geographical area without competing approaches. The
criterion of the efficiency of this model should be viewed in three segments: allocative
efficiency is relatively poor results on this criterion; productive efficiency consequently leads
to a reduction in the reserved area and the appearance of competition, while the dynamic
performance is negligible. From the aspect of competitive neutrality results of this model are
against fair competition because they make it impossible to enter the market. If this criterion
is interpreted as ensuring that, regardless of the location of the sender or recipient, the unit
cost of the service remains the same, reserved area on the criteria of social equity can be well
assessed. On the aspect of compliance with the rules of state aid this model does not include
any direct or indirect transfer of funds from the state to the universal service provider. The
transparency of this model can be achieved when the model is already established and is then
relatively transparent and easy to understand, but on the other hand, if it is in a development
stage, there is a certain contradiction. The problem with proportionality of the reserved area is
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when the reserved area inappropriately defined. From the point of practicality, the model
results are very good because the experience of reserved area in many European countries
shows its practicality. For safety criterion reserved area achieves good results, because the
creation of a monopoly over certain services eliminates the threat of competition.

4.2 Compensation fund

Compensation funds are one of the models that are commonly used to finance public
services, especially in the telecommunications and energy sectors. In postal sector
compensation funds have not yet found their wider application, which has been limited. There
are four main ways of fundraising: compensation payment from the income, payment from
the profits, payment from the amount of services, fixed amount. From the aspect of efficiency,
more efficient are the models that do not affect the final product, therefore collecting a fixed
amount is more effective than the other compensation methods. Fees for service users are
competitively neutral because providers should contribute to the fund, while in terms of social
equity compensation funds should not have an impact. Also, a model based on the
compensation fund will not lead to problems in relation to compliance with state aid because
the funds are financed from fees from the provider or user. However, there are some problems
with transparency that can be reduced with the requirements for the providers on preparing
independently regulatory accounts. The existence of opportunities to adjust the base for
fundraising can guarantee proportionality, while in terms of practicality the main problem is
to define the basis for compensation. Safety criterion has a relatively low result because the
compensation fund based on fees from income, profit or compensation to the number of
services is problematic if the funding is subject to change.

4.3 Financing from the State budget

Financing universal postal service, directly or indirectly from the state budget, which is
convenient for the countries in which the burden of providing universal postal services is
greater than the funds collected by other means of financing. This method is applied in
Russia, Belarus, Ukraine, Bulgaria, etc. Efficiency criteria in this model depends on the
success of the national tax system, while in terms of competitive neutrality, there are no
reasons which prevent the entry of more efficient service to the market. In terms of
redistribution from the state budget, if it is financed by taxes on high-income beneficiaries,
social equity is present. Compliance with state aid rules is important when financing from the
state budget and must be fully harmonized. From the aspect of transparency, possible
management problems are possible, due to the dual role of the state: as an investor and
supervisory bodies. It is necessary to ensure that the level of funding is proportional to the
level of universal service charges that have incurred as a result of providing the universal
service. General taxation would eliminate the administrative costs incurred when determining
which provider should contribute to funding, but it would be politically impossible in the case
of certain political reasons. Security problems can occur funding from the state treasury
cannot be guaranteed.

4.4 Pay or play model
This model represents more sophisticated approach for financing universal postal service.

Providers who operate exclusively in highly profitable areas (low cost/high volume services)
are obliged to pay certain funds in the compensation fund. This model provides the ability for
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multiple service providers to provide universal postal service in areas with a high cost. In
practice this means that each service on the market can decide whether to provide universal
service (play) or charge fund (pay). The biggest potential benefit of this model is to open the
possibility of introducing competition in areas with high costs and maximizing performance.
From the aspect of competitive neutrality, the choice to compete in areas with high costs
shows good results. However, when taking into account the difficulties that arise in
determining costs in postal sector, results are not optimal. Criterion of social equality is
important in areas with high costs of allowing lower prices. In contrast to the conventional
compensation fund where the funds are collected from all providers in the market, the results
of this model are neither worse nor better in terms of compliance with state aid rules. On the
other hand, the determination of basis for taxation may lead to some problems in
transparency. The extent to which this model is proportional depends on the efforts that have
been undertaken in determining the basis for taxation and scope of the game. Several
problems need to be addressed to make this a good model in terms of practicality: select high-
tax and the scope of the games and interoperability between providers. There may also be
problems with the safety criteria if the model takes participants to play on inefficiently high
levels.

4.5 Network access charges

The basic feature of this model is that potential new providers entering the market must
pay a certain fee to the existing provider (national or public). In practice, the fee for access to
the network is determined by a certain level, which is sufficient to finance the cost of
providing universal postal services. From the aspect of efficiency, fee charge approach could
have effect similar to those of a compensation fund because it can affect the marginal costs of
the participants. The lack of essential facilities in the postal services means that access
charges are in line with the costs that will undermine decisions that affect the criteria of
competitive equality. Network access charges can be transferred to users, which is a problem
from the aspect of social equity, while it is unlikely that it will create any problems regarding
compliance with state aid rules. The model can be transparent by the extent that providers are
aligned with the revised regulatory accounts. From the aspect of proportionality, if network
access charges significantly influences circumvent, this can seriously affect the ability of the
current universal service funding. It is relatively easy and practical to implement, because it is
only necessary to determine the amount of compensation for this criteria. Possible problems
in terms of security are present if the tax base is small and/or access charges result in high
levels of entry from end-to-end.

4.6 Public tender

Using different models for financing universal service showed the possibility of using
certain economic models that in other areas have good results. One of them is a model of
public tenders. This model implies that the universal service provider is selected on the basis
of the best competitor. Tender ensures providing the universal service from the most efficient
service provider, which could help reducing the amount of resources required for ensuring the
provision of universal service. However, the advantages of this method depend on a number
of aspects, including risks of tender frauds. Depending on how the tender will be designed and
on the market characteristics, this model has the potential to be competitively neutral. From
the aspect of social equity model has a very good results that will depend on several aspects,
including access to public bidding, distribution of users with low-to high-income across
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different competitions areas. It is unlikely to create any problems with compliance with the
state aid rules. This model has the potential to be very transparent in terms of the level of
resources and users. Problems can arise in the case of an administrative determination of the
level of subsidies and if the universal service provider must disclose commercially sensitive
information. The model also can be proportional, if service provider reveals real costs of
providing the universal service. From the point of practicality, this model can avoid the
information requirements for determining the cost of providing the universal service, but the
application of this model would be conditional on market structure, characteristics of the
industry and legal requirements. Well designed tender can guarantee the performance of long-
term financing of the universal postal service, which meets the requirement of security.

4.7 Model for choosing method of financing universal postal service

Using the Analytic Hierarchy Process (AHP), a method of multi-criteria decision making
process, model for choosing the best method for financing the universal postal service has
been created. Initial step is to define the hierarchical model with two levels (goal on top,
criteria and alternatives). After that, at every level of the hierarchical structure elements are
compared to each other, where decision maker express preferences using Saaty scale of
relative importance. Then, the assessment of the relative importance of the elements using a
mathematical model to calculate local priorities (weights) of criteria and alternatives is carried
out. This is then synthesized into the overall priorities of the alternatives At the end of the
sensitivity analysis is carried out. Following model is set up for financing the universal postal
service:

Ensuring and financing of the

universal postal service

A "
[ Efficiency ][ Competitive [ Proportionality [ Practicality ][ Security ]
neutrality

J J

4 Y

[ Compensation ] Network access [ Public tender ]
fund charges
. v

Figure 1: AHP model in the function of selection model for ensuring and financing the universal postal
service

After analysis, the criteria relevant to the creation of the model of financing the universal
postal service are: efficiency, competitive neutrality and fair competition, proportionality,
convenience and safety. Criteria that are eliminated are: social equity, compliance with state
aid rules and transparency. Compliance with state aid rules is eliminated due to it
insignificance to models. Social equality and transparency criteria, should be clear and known
to all market participants, and be a prerequisite for all models of ensuring and financing, so
they should not be discussed separately and were therefore eliminated from further analysis.
Following alternatives are identified: compensation fund, network access charges and public
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tender, while other alternatives were eliminated. The reason for this lies partially in the fact
that Postal Directive identifies some of these methods as possible solution for ensuring and
financing the universal postal service. Model of the reserved area was eliminated because it is
prohibited in the terms of open market in the European Union and Republic of Croatia.
Although the budget funding is very popular way of financing the universal service, it is
eliminated because the free market seeks to reduce it, ensuring the competitive climate in the
market. Pay or Play model was eliminated because of its complexity and high administrative
and supervisory costs and questionable practicality, transparency and security.
Comparing criteria at first level, weight values have been given, as shown in figure 2.

Security 0,278
Practicality 0,093
Proportionality | 0,122
Competitive neutrality 0,278
Efficiency | 0,23
0 0,05 0.1 0,15 0,2 0,25 03

Figure 2: Weight values of the given criteria

Following figure shows weight values of criteria for each of the alternatives. It can be
noticed that each alternative has two dominant criteria.
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Figure 3: Weight values of criteria in relation to each alternative
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5 CONCLUSION

Obligation of providing universal postal service is mandatory in order to ensure global
postal market. Obtaining such service is an obligation, not just for the service provider, but
also for the country. It is in interest of every country that the functioning of the universal
postal service is guaranteed. Problem of financing such service of public interest can be
discussed through several methods of financing: compensation fund, network access charge,
public tender, reserved area, financing from the State budget, pay or play model. These
models have already been tested and implemented in other sectors with obligation of universal
service. Criteria that influence and determine each financing method can also be identified:
efficiency, competitive neutrality, proportionality, practicality, security, etc.

Model for choosing the best solution in financing universal postal service can be best
described through multi-criteria decision process, which allows identifying and comparing
several criteria and alternatives in order to gain best results, with respect to the goal to be
achieved. This method allows sophisticated compares of criteria on one level, alternatives on
other, and relations between criteria and alternatives.
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ABSTRACT

The operating of a cargo or cruise ship are affected by the motions and forces due to rolling, which can
cause ship/cargo damage and discomfort to the crew and passengers. In naval vessels, heavy rolling
may affect the accuracy of the weapon system or prevent the landing or take off of helicopters or
airplanes. In severe sea conditions, rolling may make it necessary for a ship to deviate from her
planned course to avoid the rough sea with consequent loss of time and money. Different kinds of
devices, known as stabilizers, have been developed for the purpose of reducing the rolling motion of
ships. Stabilizer has become increasingly popular as standard equipment for ships, especially on
passenger/ vehicle carrying ships, on certain classes of warships and yachts. In general these
appliances are of the passive or of the active type. Active fin stabilizers are fins mounted beneath the
waterline and emerging laterally. An active stabilizer has present control whereby the corrective action
in the form of a counteracting movement is programmed to take place simultaneously with the
occurrence of the disturbing movement that causes the rolling of the ship. In contemporary vessels,
they may be gyroscopically controlled active fins, which have the capacity to change their angle of
attack to counteract roll caused by wind or waves acting on the ship. The active fin stabilizers are most
effective when a ship has relatively high speed (above 10-15 knots), while reduction of ship rolling
can be up to 90% by using the generating lift of the fins extended to both sides of a ship. The active
fins can be withdrawn into the hull when the ship operates in calm weather conditions to eliminate
their small resistance with the water.

The active fin stabilizers are able to ensure a drastic reduction in roll with the consequent advantages
in terms of passengers and crew comfort; of ship stability; of course holding; etc.

Keywords: roll, wind, active fins, stabilizers, gyro.

1 INTRODUCTION

Various stabilization methods have been used throughout history to reduce rolling motion
on commercial, military, and, more recently, recreational vessels.Attempts to reduce the
rolling motion of a ship date back more than a century but not until 1936 was fully practical
solution to the problem achieved when Brown Bros of Edinburgh and William Denny and
Bros of Dumbarton successfully installed fin stabilizers on the steamer “Isle of Sark”.
Following this, the design rapidly gained favor over the clumsier, bulkier and less practical
devices of earlier years. During the 1939-45 War, for instance, over one hundred ships in the
UK Royal Navy were fitted with stabilizers to improve gunnery. After 1950, stabilizers were
installed in increasing numbers on merchant ships. Over the past twenty-five years, the
stabilizer has become increasingly popular as a standard fitment for ships, especially on
passenger / vehicle carrying ships and on certain classes of warships. [1]

Several methods exist for improving the seagoing stability of the ship and include, but
not limited to, fin stabilizers, roll tanks, (movable ballast) and bilge-keels, and may be used
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together or individually. Modern, active fin stabilizers have today largely replaced these
techniques.Various advantages and disadvantages exist for each of these methods and must be
considered when determining a particular method to be used.

This paper surveys the principal methods of fin stabilizers which are now being used for
roll stabilization of a vessels including application of passive fins. The method of operation is
described, together with practical details for operational effectiveness and advantages and
disadvantages of the methods.

2 ADD-ON STABILITY SYSTEMS

Sometimes large roll motion may cause unwanted dangerous situation to sea going
vessels even under not so harsh environment because roll motion is very sensitive to resonant
frequency. Very large resonant roll motion is mainly due to its very small inherent damping
comparing to other motions such as heave and pitch, of which radiation damping is
sufficiently large to suppress high resonant response. This property of roll motion gives an
idea that roll motion can be controlled providing additional damping force.[2] Anti-rolling
tanks and fin-stabilizers are typical examples of roll stabilizing devices. These systems are
designed to reduce the effects of waves or wind gusts. They do not increase the stability of the
vessel in a calm sea. The International Maritime Organization International Convention on
Load Lines does not mention active stability systems as a method of ensuring stability. The
hull must be stable without active systems.

Many vessels are fitted with active stability systems. Active stability systems are defined
by the need to input energy to the system in the form of a pump, hydraulic piston, or electric
actuator. These systems include stabilizer fins attached to the side of the vessel or tanks in
which fluid is pumped around to counteract the motion of the vessel.

3 FINSTABILIZERS

Fin stabilisers are lightweight and occupy a small volume but there is a penalty for the
added drag. A major disadvantage of the fin-type stabilizers is that they depend upon the
forward movement of the vessel in order to give the necessary lift, and this lift reduces very
rapidly as the speed drops (approximately by the square of the speed). For speeds less than 6
knots fins have almost no effect.[3] Many vessels have occasions to operate at low speed
(mine countermeasures ships, floating production, storage and offloading - FPSO vessels,
ships during launching or recovering boats or loads, cable layers, and survey ships). Relying
merely on fins leaves the ship at the mercy of the waves. Therefore ships operating at low
speeds require an alternative system for stabilization; one solution is antiroll tanks.

3.1 Active Fin Stabilizers

The active fin stabilizers - at present universally recognized as the most efficient system
for marine technology - are able to ensure a drastic reduction in roll with the consequent
advantages in terms of passengers and crew comfort; of ship stability; of course holding; etc.
The fin stabilizer is most effective when a ship has relatively high speed by help of its active
control, Active fins have the capability of reducing the roll by up to 90%.

The fins extend beyond the hull of the vessel below the waterline and alter their angle of
attack depending upon heel angle and rate-of-roll of the vessel.
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Fin Stabilizer
(ship front view)
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Figurel: Location of Active Fin Stabilizer on a hull

The stabilizing power of fins is generated by the “lift” on “airfoil” sections which may be
all-moveable, with or without flaps or partly fixed, partly moveable. These fins are tilted,
usually hydraulically.

The control system for the fin stabilizer can be classified as electro-hydraulic. On the
electrical side, it includes heavy electrical gear (motors, starters, solenoid valves, etc.), very
sensitive electromechanical sensors and sophisticated electronic circuitry.

Figure 2. Folding Fin Anti-roll Stabilizers

Source: Fouré Lagadec Marine, (www.fourelagadec.com) 2012
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Control of fin movement is automatic and is usually derived from gyroscopic sensing
gear which, in its simplest form, Velocity Control, is based on one small, electrically driven
gyroscope mounted horizontally with its axis athwart-ships. The angular velocity of roll of the
ship causes the gyroscope to process against centralizing springs to an amount proportional to
the velocity and generates a small force which is hydraulically amplified by a hydraulic relay
unit to provide power sufficient to operate the controls of the variable delivery pump via
suitable linkage. Part of the linkage is coupled to the fin-shaft to transmit a canceling signal to
the pump control and to bring the fin to rest at the angle of tilt demanded by the sensing unit.
This type of control is often fitted in small installations, usually for economic reasons, and is
most effective against resonant rolling.

f—; 7 i
!
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Figure 3: The main parts of the Active Fine Stabilisers

(1. Fin; 2. HPU 3. Motor switchbox ; 4. Local control unit; 5. Gravity oil tank; 6. Main control unit; 7. Central
switchbox; 8. Bridge control panel.)

Ships seldom roll in a purely resonant mode: the sea state is often highly confused. More
elaborate, and more expensive, control systems are required to deal with suddenly applied

roll, rolling at periods off resonance and rolling in conditions arising from the
combination of several wave frequencies. A sensing unit based on a vertical-keeping
gyroscope coupled into differentiating and summation units enables fin movement to be
controlled by a composite function derived from roll angle roll velocity and roll acceleration.
By adding a “natural list” unit, stabilization is achieved about the mean point of roll and so
reduces both propulsion and stabilizing power demand. This is known as a compensated
control system, (Figured), and is generally used in large installations. In the active fin
stabilizer control systems, fin movement is a function of :
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1. roll angle.

2. roll velocity.

3. roll acceleration.

4. natural list.

5. ship speed, if a speed control unit is employed.[1]

These produce a controlled roll moment where the phase and amplitude is such that it
counteracts the external heel moment.
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Figure 4. Principles of Active Fin Stabiliser Control Systems

Source: Samoilescu G., Radu S., "Stabilisers and Stabilising Systems on Ships",2002.
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Figure 5: Roll and roll damping curves for two ships in various sea conditions, and

obtained results with stabilizers

Source: Samoilescu G., Radu S., "Stabilisers and Stabilising Systems on Ships",2002.

The fins are most effective at higher speeds, since the force on the fin varies directly
proportional to the speed of the ship. Below ten knots, the stabilizing moment available is not
adequate to effectively counter the heel moment. In addition, the load on the fin or fin pivot
may be such that the fin is unable to undergo full angular displacement at certain speeds. This
could result in degraded performance at other additional speeds. Various parameters such as
shapes, ship locations, and angles of attack can be varied to help obtain the maximum
performance from them.

Active fin stabilizers have the ability to limit the angle of the stabilizer fins in relation to
the speed of the ship. Stabilizer system in automatic mode is set in a way that limits and
reduce the fin angle of attack when ship’s speed is higher than 18 knots. Maximum allowable
angle of attack is + / - 16.5 °, and restricted angle of attack is at ship’s speed less than 10 knots
and higher than 18 knots.
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Figure 6: Photograph of Folding Fin Active Stabilizer of the cruise vessel in dry dock

Source: Author's archive from works in dry dock (Brisbane-Australia 2006)

As example, Queen Mary 2 (length 345 m , tonnage 148528 GT), flagship of the Cunard
Line, has four ‘VM Series’ folding fin stabilizers built by Brown Brothers of Edinburgh. They
are a one-piece, and when combined can reduce the ship’s roll by 90 percent. The 70-ton
stabilizers are 8.2 feet wide with a surface area of 168 square feet. They extend beyond the
ship’s side by 20.5 feet, provide 1070 kN lift and take about half a minute to extend or retract.

Non-folding fins are commonly used where space within the hull is limited. They are
usually fitted at the round of the bilge and do not project beyond the vertical line from the

ship’s side or the keel line, to minimize the risk of contact with a quay wall or the sea
bottom. The fin shaft, to which the fin is rigidly attached, passes through a sea gland in a
mounting plate welded or bolted to the hull and is supported by two substantial bearings. A
doubleended lever keyed to the inner end of the fin shaft is actuated by two hydraulic rams
supplied from an electrically driven pump.
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Figure 7: Non-folding fin stabilizer

3.2 Passive Fin Stabilizers

Passive systems in which no separate source of power is required and no special control
system. Such systems use the motion itself to create moments opposing or damping the
motion. When fins are not retractable, they constitute fixed appendages to the hull, possibly
extending the beam or draft envelope, requiring attention for additional hull clearances. This
method of stabilization is considered as bilge keels. Bilge keels are the most widely used and
simplest kind of roll stabilization in current use. They consist of a fin fixed to the hull at or
near the bilge. The natural period of the roll of the ship is proportional to the radius of
gyration of the ship.[4] By attaching this fin, the radius of gyration of the ship is effectively
increased. This results in an increased mass of water to roll with the ship and therefore an
increase in the period of the roll. Under forced rolling conditions, such as in a seaway, the
increased natural period that results from the bilge keel results in a due to viscouseddy effects
supplied by the bilge keels plays an even larger role in roll reduction. Energy is dissipated by
viscous flow from around the ship and this energy dissipation is increased substantially by
bilge keel use. The roll damping achieved is less than that by active fin stabilizers and on the
vessels has been accompanied by an increase in fuel consumption of the order of 10-15%,
and this option is not widely favored.
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Figure 8: Photograph of passive fin stabilizers: a fixed fin stabilizer (front) and bilge keels.
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Figure 9: Roll reduction due to fin with active control

Source: Subramanian V.A., Asokumar G., Kumar V.J., “Active fin control for yacht using virtual
instrumentation”, 2007

4 THE ADVANTAGES AND DISADVANTAGES OF FIN STABILITY SYSTEMS

The advantages and disadvantages of pasive fin (bilge keel) systems are as follows:
Advantages:

1. Bilge keels are simple and easy to fit.

2. They remain effective at relatively low speeds.

3. Negligible reduction in ship's deadweight capacity, no reduction in initial static
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stability, no auxiliary power requirements, and negligible space occupied by the hull.
4. Low initial cost.

Disadvantages:

1. Since they are external to the hull, there is added resistance to ahead motion that must
be overcome by the main engines.

2. Comparatively to other methods, bilge keels offer smaller amounts of roll reduction.

3. Bilge keels, carefully aligned to flow around the hull in calm waters to reduce
forward
motion resistance, can lead to added resistance during roll motion.

4. Vulnerable to damage.

The following are advantages and disadvantages of active fin stabilizers:
Advantages:
1. They offer the highest possible roll reduction with no reduction in static stability
characteristics. They are the most effective of all single stabilizing devices.
2. They are used in ships of different sizes.
3. They inflict very small increases in ship resistance and have small auxiliary power
requirements.

Disadvantages:
1. They are not effective at low speeds.
2. They take up moderate machinery space, especially if they are retractable. This is
desirable as they are less prone to damage.
3. High initial cost due to the controlling equipment and machinery required.

5 CONCLUSION

Today in the market there are a number of active fin stabilizers, which has almost
identical working principle with the difference in performance and mechanical parts of the
fins. Active fin stabilizers are offered in various shapes and sizes for different types and sizes
of ships. Using years of experience, today's manufacturers of modern large active fin
stabilizer monitor market demand and continue to work on improving the stabilizing system,
so that today there are stabilizer fins resistant to cavitation despite being used on ships speed
exceeding 25 knots.

Fin stabilizer with a folding fin is more costly to produce and maintain compared to fixed
fin active stabilizer, but has better performance in stabilizing the ship is due to the greater
length of fins, and the ability to retract the fin in the housing when the stabilizer is not used in
navigation during calm sea, while reducing the impact on the speed of the ship.

Active fin stabilizers are used mostly in modern passenger ships, yachts, war ships due to
their good performance in stabilization and can be mounted in combination with one or more
other active or passive system stabilizers.

Active fin stabilizers are still not sufficiently present on cargo ships. Perhaps because of
the lower effectiveness at cargo ships speed which is less than speed of the an cruise, war or
pleasure vessel. Therefore, further development of active fin stabilizers should be focused on
improving the efficiency of fin stabilizers at low speed, so that active fin stabilizers could be
more applied on a slower merchant ships, what can result in less cargo damage and improved
comfort onboard.
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ABSTRACT

Air traffic between EU and South-East Europe has seen significant growth over the past few years and
industry forecasts show positive trend in the future. Analysis of the European Air Transport Market
published by European Commission shows that passenger flows within Europe count for remarkable
40% share in overall EU traffic, on average. This paper examines the quality of air service originating
in the selected non-EU countries® of the South East European region (SEE). The connectivity and
centrality index are crucial element of the network analysis. In this paper, network is defined by
Ticketed Point Mileage (TPM)? and Maximum Permitted Mileage (MPM)? between city pairs flown in
2010 with origin or destination in SEE countries. In examples where sum of individual TPMs exceed
MPM for more than 25%, connection is considered as non-reasonable and therefore not taken into
consideration. Results of the air service quality analysis based on the basic connectivity index and air
mobility for the selected countries are compared with EU-27 market.

Keywords: connectivity, air transport network, airport benchmarking, airport network, air mobility

1 INTRODUCTION

The air transport network consists of airline networks that are categorized by connected
city-pairs. An air transport network is a broader term than just an airline network, as it
includes overall network structure of a specific market or region, taking into account spatial
and temporal perspective. In general, there are two types of networks in the airline industry,
point-to-point and hub-and-spoke. While in the point-to-point all the cities in the network are
connected with each other, in the hub-and-spoke system all city-pairs are connected via
central point or hub. At a hub an airline concentrates its flights not only spatially, but also
temporally. In the airline network, a hub is acting as a traffic node at which the airline
operates a wave-system structure, using schedule coordination to maximize indirect
connectivity and minimize the waiting time for passengers [1].

Size of the airport is not critical factor to the network quality, small airport may have high
accessibility to the network if they have just a few flights to well-connected airports [2].

! Croatia, Serbia, Bosnia and Herzegovina, Macedonia, and Montenegro

% |ATA Ticketed point mileage (TPM) — the distance of pairs of points published in the Ticketed Point Mileage
Manual using non-stop sector mileages

% IJATA Maximum permitted mileage (MPM) — the maximum mileage that can be travelled for a fare component.
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Geographical location of the airport and economic power of the catchment area have
direct impact on the hub airport development and integration in the global air transport
network. The quality of network, of the hub-and-spoke system in general, depends on [3], [4],
[5]:

e Number of destinations

e Frequency of connecting flights

e Additional travelling time due to the geographical location of the hub
e Additional travelling time due to transfer time at the hub airport

e Ticket price

e Air mobility.

Travelling via the hub instead of with a direct flight, results in a longer travelling time
due to the transfer at the hub and to the detour that often has to be made (geographically). To
be convenient as a transfer point and build strong network, hub airport should generate only a
limited increase in terms of distance and travel times compared to direct travel [3]. On the
other hand, the frequency with which the final destination is served is higher via the hub,
therefore the network quality should be higher as well.

The air mobility is another indicator that can be used for the air transport network
analysis and has a strategic role in the network development planning. It shows the intensity
with which a given population uses air transport and country’s capacity to attract air traffic
(for business and tourism) and potentials for network development of global or regional basis.
The air mobility for the European market has been analyzed and published for the last couple
of years by International Center for Competitiveness Studies in the Awviation Industry
(ICCSAI) and in this context it is defined as the average number of trips per capita, measuring
a population’s overall propensity to fly. It is given by the ratio between the number of
passengers carried in a year and the country’s population. To avoid double counting, the
number of passengers arriving from and departing to domestic destinations is taken as a proxy
for traveling nationals, and this total is then divided by 2 [5].

Distribution of demand, traffic flows and development of the air transport network varies
amongst the regions. According to IATA, in 2011, RPK within Europe on the macro level had
8.6% share of the global realized RPK. On the micro level, more than 70% of European traffic
was realized as international traffic within Europe. The top European city-pair traffic base on
the origin and destination (O/D) of the passenger itineraries according to IATA are mainly
located in Northern Europe (London-Dublin, Amsterdam-London, London-Milan, London-
Madrid, Geneva-London) around hub airports that are categorized with strong intercontinental
traffic but also those that have big share of low cost carrier flights.

Development of the air transport network is subject to many external factors, regulatory,
economical as well as infrastructural (capacity). Despite the economic and financial
downturns, demand for air transport is continuously growing. The official market analysis for
2012 are yet to come, but it is notable that 2011 was the second consecutive year of above-
trend growth in airline passenger numbers worldwide. The growth of the past two years
compares favorably with the 4-5% trend of the past 20-30 years. Worldwide international and
domestic revenue passenger kilometers flown grew by 5.9% in 2011, compared with 7.5% in
2010 [6].

Even with a persistent economic uncertainty, tourist arrivals to Europe reached 503
million in 2011, accounting for 28 million of the 41 million additional international arrivals
recorded worldwide. Central and Eastern Europe and Southern Mediterranean destinations
(+8% each) experienced the best results. Although part of the growth in Southern
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Mediterranean Europe resulted from a shift in traffic away from the Middle East and North
Africa, destinations in the Mediterranean also profited from improved outbound flows from
markets such as Scandinavia, Germany and the Russian Federation [6], [7].

UNWTO* forecasts continued growth in international tourist; arrivals are expected to
increase by 3 to 4% [7]. IATA’s annual survey of airline forecasts for traffic growth showed
that passenger travel is expected to grow by 5.8% on average over the four year periods to
2015 (survey conducted third quarter of 2011). In long term forecast based on the 2012 data,
IATA expects passenger demand (RPKs) growth to average 4.9% over next 20 years [6], [7].

Overview of other industry forecasts for the passenger demand growth is shown in Table
1, they all have in common growth of passenger travel demand.

Table 1: Passenger Forecast

Source Market Unit Measure Period of Annual growth
forecast rate (%)

Airline World Passenger 2011-2015 5.80
survey

IATA World Passenger 2011-2015 5.00
IATA World Revenue Passenger Kilometers 2011-2030 4.90
ICAO World Revenue Passenger Kilometers 2005-2025 4.60
ACI World Passenger 2010-2029 4.10
Airbus World Revenue Passenger Kilometers 2010-2030 4.80
Boeing World Revenue Passenger Kilometers 2010-2030 5.10
Embraer World Revenue Passenger Kilometers 2010-2030 5.20
US FAA Er&tgrﬂﬁtri?ﬁeas') Revenue Passenger Miles 2010-2032 | 4.30
Eurocontrol | Europe IFR Movements 2012-2018 3.00
Eurocontrol | Europe IFR Movements 2010-2030 3.90
UNWTO Europe Tourist arrivals 1995-2020 3.10

Source: adopted from [6] and [7]
2 NETWORK DEFINITION BASED ON THE IATA MILEAGE SYSTEM

Following liberalization in the air transport industry, the air transport network has
undergone a major transformation, especially in Europe, where average flight distance
between city-pairs is shorter than for example in USA where whole liberalization started [8].
There are number of researches done in the area of airline network and an airport hub
development, weather the air transport network analysis is done from the airline perspective
or airport perspective it is mainly measured from the aspect of airport connectivity and
centrality [8], [9], [10], and some of them are taking into consideration the temporal
coordination in view of the routing factor [10]. The routing factor is defined as the ratio
between in-flight time and potential direct flight time and normally it is between 1.25 and 1.4.
Based on this factor, in theory some of the connections can be excluded due to detour and
longer total traveling time, however mileage restrictions and specified routings should be
taken into consideration as well.

For the IATA airline members, that represent 84% of total air traffic [11], for any city-
pair that has a direct service a Ticketed Point Mileage (TPM) is defined. TPM means the non-

* World Tourism Organization
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stop or shortest constructed distance between any two ticketed points in the passenger
journey, shown in the passenger ticket and it is subject to the specific routing provisions [12].

Published mileages are determined on the total airport to airport great circle distance of
the route as scheduled to be operated. Where a particular city is served by more than one
airport, mileages are based on the arithmetic mean of coordinates for such airports. In the case
of scheduled surface transportation from/to points not having an airport, the mileages are
determined on the off-line point to airport great circle distance.

The IATA Mileage system is one of the ticketing options that is used for international
travel only, to calculate the fare for transportation as well as for charging amongst the airlines
for an interline passenger travel based on the special prorate agreements.

For any direct travel between origin A and destination B only TPM will be taken into
consideration for ticketing and passenger will usually experience higher cost of travel due to
lower total travel time, as opposed to the passenger traveling between origin A and destination
B via an intermediate point (H) that potentially will get lower priced journey as a consequence
of detour and therefore longer traveling time. When O/D travel involves intermediate stops
there is another important element in the mileage system, a Maximum Permitted Mileage
(MPM). This states the maximum permitted mileage the passenger is allowed to travel
between the O/D for travel in indirect routings. If passenger travel is on one direct flight (from
Zagreb to Amsterdam), then there is no need to be concerned with the MPM. However, if
travel between these cities is via an indirect routing with intermediate points (for example
Zagreb-Athens-Amsterdam), then it is necessary to compare the actual mileage flown with the
MPM.

In the mileage system an MPM has role of the routing factor, defining O/D network that
can be priced in one ticket without incurring additional cost. Some of the connectivity
measures use a routing factor or circuitry factor as the ratio between the actual time distance
(Km/time) and the theoretical distance of a direct flight [8], [10], [13]. However, theoretical
routing factor may not be applicable in practice.

A routing which exceeds the MPM will increase the fare or require a different fare
breakpoint. If the MPM is higher than the sum of individual TPMs of flown sectors, then the
total distance of the itinerary did not exceed the maximum distance between the fare
component origin and the fare component destination. In ticketing terms, this situation is
considered “within the mileage” and such a journey can be priced in one ticket.

Under the mileage system, the fare component is permitted at the direct fare if the MPM
is greater than or equal to the total TPM of the individual journey components. In case the
TPM is higher than the MPM, the next step is to check if any TPM deduction is available for
specified routing or an Extra Mileage Allowance (EMA) is permitted. However, in case the
EMA is not enough or is nil, the TPM is divided by the MPM to arrive at an Excess Mileage
Surcharge (EMS). This surcharge ranges from 5 to 25%. If difference between sum of TPM
and MPM for specific O/D is >25% journey has to be priced using multiple fare break points
which will drastically increase total fare. IATA MPMs are established at 120% of the direct
route mileage [14].

3 SOUTH EAST EUROPE AIR TRANSPORT NETWORK PERORMANCE

According to ICCSAI in 2010 there were a total of over 5,000 European routes of which
majority (75%) were less than 1500 km and about 27% of them have length between 500 and
1000 km (Figure 1) [5]. As for the routes originating in SEE selected countries, almost all of
them have a length less than a 1000 km.
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Connectivity measures allow to identify how easy it is to reach the rest of the network
starting from an airport of origin, or which are the opportunity for interconnections that the
airport offers (centrality) with the latter typically employed in order to measure performance
of airline hub [10], [13], [15], [16], [17], [18]. In this paper only basic connectivity index is
described and computed for the selected countries. For detailed overview of connectivity
measures and suggested methodology see [2].

In brief, this index represents the average minimum number of flights required for a
passenger to reach any other airport in the network. A connectivity index exactly equal to one
would mean that an airport is connected by non-stop flights to all other European airports. For
example, if there is a direct link between airport A and airport B, the shortest path length
(SPL) between A and B is 1. On the other hand, if A and B are both connected to an
intermediate point but not directly linked, their shortest path length is 2.
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Figure 1: Distribution of 2010 European routes by distance (y-axis in km)

Source: adopted from [5]
The connectivity index of a specific airport (Cl) is defined as the average of its Shortest
Path Length (SPL) between airport i and all other airports j in the network of n accessible
airports [5], [9]:

1
Cl; = 1 j:lSPLij (1)

Based on the SPL, the average simple connectivity index for the entire European airport
network is 2.74 [5]. To calculate worldwide airport connectivity for SEE countries more than
24000 flown itineraries that meet MPM rules were taken into consideration. On average
connectivity index for SEE countries shows better connectivity than one computed for EU-27.
However, comparing individual connectivity indexes for the airports in SEE with the top
connected European airports it is noticeable that high proportion of travel for top EU airports
is realized with 1 or 2 connections, on the other hand for the airports in SEE journeys with 3
steps have relatively high proportion of overall travel (Table 2).
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Table 2: Basic connectivity index

Airport ﬁ]%r;r;ectlwty Step 1 Step 2 Step 3 Step 4 Step 5
Zagreb 2.42 2.00% 56.00% 41.00% 1.00% 0.00%
Belgrade 241 2.03% 56.98% 38.25% 2.66% 0.08%
Sarajevo 2.57 2.11% 45.79% 44.74% 7.26% 0.11%
Podgorica 2.23 3.31% 71.32% 24.08% 1.10% 0.18%
Skopje 1.84 20.00% 76.00% 4.00% 0.00% 0.00%
London Gatwick 1.83 26.40% 64.60% 8.50% 0.40% 0.00%
Amsterdam 1.84 27.80% 61.20% 10.60% 0.40% 0.00%
Dublin 1.86 27.40% 60.00% 11.80% 0.80% 0.00%
Paris Charles De

Gaulle 1.89 25.00% 61.60% 12.60% 0.80% 0.00%
Barcelona 1.90 24.20% 63.00% 12.00% 0.60% 0.20%
Copenhagen 1.90 22.40% 66.70% 10.20% 0.60% 0.20%
Dusseldorf 1.90 23.00% 65.00% 10.80% 1.00% 0.20%
EU-27 2.74 4.50% 35.80% 43.80% 13.90% 1.80%

Source: SEE airports computed based on data available from AirportlS. Top 5 EU connected airport and EU-27
connectivity index for 2010 adopted from [5].

Malighetti et al. (2008) [8] show that more than 2-step connections account for less than
7% of all availbe connections in Europe, weighted by the offered seat of the linked airports.

The connectivity of an airport is an indicator of its relative position in the network it
serves. A higher connectivity translates into a more favorable position, and therefore a higher
competitive value with respect to other airports in the network [5]. Due to the fact that
relativly high proportion of travel in SEE includes 3 and more steps, it is fair to assume that
passengers starting trevel in one of the SEE countires has less opportunities to reach final
destination with minimum number of steps, yet it is exposed to a network that has better
connectivit for the market served than averagy EU-27 netwok. One of the reason is higher
number of frequencies towards main europen hubs with well established network. Minimum
number of steps for selected airports is shown in the Figure 2.
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Figure 2: Minimum number of steps to reach the rest of the world
Source: ICCSAL, AirportlS and [6]
According to Eurostat, distribution of EU-27 air passenger transport in 2010 was;
national 21%; extra-EU 38%; intra-EU 41% [19]. For the selected SEE countries majority of

routes are intra-European, with exception of Croatia that also has some national routes (see
Table 3).

Table 3: Summary of the scheduled flights offered by SEE countries

No. of Total European National
Country airports E%tes routes (B) | Routes (C) BIA CIA
EU-27 496 13313 10575 2873 79% 22%
Croatia 8 205 203 20 99% 10%
Bosnia and Herzegovina 3 24 22 0 92% 0%
Macedonia 2 7 7 0 100% 0%
Montenegro 2 25 25 0 100% 0%
Serbia 2 49 49 0 100% 0%

Source: All data refer to 2010. EU-27 data computed based on [6], SEE data adopted from IATA AirportlS

Selection of routes and network development is subject to many factors, including but not
limited to tourism activity, trade and Gross Domestic Product (GDP). In the UK businesses
trade 20 times as much with Emerging Market countries that have a direct daily flight to the
UK as they do with those countries that do not [20]. Same is applicable for the countries of
SEE, majority of direct flights and passengers flown in 2010 are between SEE and their main
trade countries (Germany, France, Austria, Russia, etc.).

Economic power and passenger mobility are directly related. While the relationship
between passenger welfare and propensity to fly varies amongst the countries, according to
UNTWO [21] in years when world economic growth exceeds 4 per cent, the growth of
tourism volume tends to be higher. On contrary, when GDP growth falls below 2 per cent,
tourism growth tends to be even lower. Income obviously has strong impact on economic
power and therefore on propensity to fly [5]. For the SEE countries air mobility index is lower
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than the average EU-27 index, which means fewer flights per capita, due to lower welfare per
capita. The only exception amongst the selected countries is Montenegro, with air mobility
index of 1.72 flights per capita (Figure 3). For the last few years Montenegro has incremental
growth in tourism arrivals, in 2012 travel and tourism direct contribution to GDP was 16.8%
in terms of real growth [22]. For the next 10 years travel and tourism direct contribution to
Montenegro’s GDP is forecasted to 11.8% annual growth.
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Figure 3: 2010 air mobility for SEE countries
Source: Eurostat, World Bank, IATA AirportlS

4 CONCLUSION

Liberalization of the air transport industry had positive impact on the development of the
air transport network especially in terms of a hub-and-spoke system. Development of the
network is usually measured through the connectivity index (basic that counts only number of
steps passenger has to take to reach final destination, or more complex that is taking into
consideration also temporal coordination as well as routing factor). IATA MPM is critical
element for the routing factor and network definition as it limits absolute network to relative
network taking into consideration maximum permitted mileage passenger can fly within a fare
component.

Research on network analysis helps to understand diversity of air transport networks,
airport competitive position and country or regional propensity to fly. Comparing with the
EU-27 market, the selected countries of SEE have relatively small air transport market with
limited number of direct flights, and high proportion of journeys that require at least 3 steps to
reach final destination. Overall air mobility is lower than EU-27 market due to the lower
economic power. However, as shown on Montenegro example, investments in travel and
tourism sector even with low number of direct flight can improve air mobility and have
positive and direct impact on the GDP.

The paper identifies key elements for the network analysis and determines current quality
of network in the SEE region, based on the basic indicators.
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ABSTRACT

Air quality, especially pollution by particulate matter (PM) is a serious problem in cities. Road traffic
is its significant source. There are several approaches to cope with this issue. The most effective are
access restriction schemes, but they cause a lot of resistance by residents and local economy. Low
emission zones (LEZ) are well known measure, yet they have never been realized in Slovenia. In the
year 2012 LEZ was implemented in the city of Maribor, causing some resistance, but also gaining
support on the other hand. There are three major weaknesses of this approach: i) access restrictions
affect only certain group of travellers and might be therefore recognized as discriminatory ii) relatively
small impact on the general air quality, iii) impact on the city economy in the initial phases. The article
shows some model calculations of needed measures to reach set goals.

Keywords: Access restriction, Low Emission Zone, Air Quality, Maribor

1 INTRODUCTION

1.1 Air quality and road traffic

Air quality, especially pollution by particulate matter (PM) is a serious problem in cities
all over the world. Road traffic is its significant source. Slovenian cities are faced with the
same problem. Official reports published by ARSO show that the air quality limit for PM
daily values is exceeded in almost all Slovenian cities. General awareness of health risks
caused by this problem, supported by fines foreseen by the legislation, triggered some
activities in the city of Maribor. Therefore, the goal to improve the air quality by the reduction
of emissions caused by road traffic by at least 30 % was set.

The contribution of different sources to PM concentrations in the ambient air was
discussed a lot. A wide range of results can be found in published scientific papers and also
professional publications. The main anthropogenic sources are always reported to be burning
of fuels for heating purposes, road traffic, industry and construction. Their shares vary from
year to year (according to local and regional anthropogenic activities) and from season to
season (heating in winter). The current investigations of the PMinter project indicate that the
average part of the airborne PM from road traffic in Maribor is at least 30%. Road traffic
produces:

e exhaust PM emissions as a product of burning of fuel,
¢ non-exhaust PM emissions, produced by brake wear, road surface wear, tyre wears
and
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e resuspensions - the renewed suspension of precipitated PM due to vehicle speed,
vehicle weight and aerodynamics.

The share of certain contributor is not always clear and can vary a lot. The preliminary
results of the PMinter project, obtained by different research methods, indicate that the range
of the exhaust PM emissions is between 10% and 30%.

1.2 Measures and its feasibility

Emissions from road traffic depend on vehicle speed, engine revs and load, driving mode,
wear materials, fuel and lubricants, vehicle weight and aerodynamics, and road surface silt
loading. To achieve some significant results, the measures should address all sources of
pollution. Generally, the overall amount of road traffic must be decreased, the speed must be
reduced and vehicles should improve their emission characteristics.

There are several approaches to cope with this problem. Access restriction schemes are
the most effective, but they are causing a lot of resistance by residents and local economy.
Restrictions can be implemented directly as hard (or physical) restriction or indirectly as
charging scheme.

Low emission zones (LEZ) are well known measure for reduction of exhaust PM
emissions, but have been never implemented in Slovenia, so there is no local or national
practice available. There are three major weaknesses of this approach:

e Access restrictions are affecting only certain group of travellers and might be

therefore recognized as discriminatory.

e Relatively small impact on the general air quality if the measures are implemented in

a soft way with a lot of exceptions, limited area covered etc.
e Impacts on the city economy in the initial phases, requiring alternative supports.

Article is focused on the implementation of the low emission zones in Maribor,
particularly on its impact on PM concentrations in the ambient air. Furthermore, it shows
some model calculation of needed measures to reach significant impacts on air quality.

2 LOW EMISSION ZONE, PILOT PROJECT IN MARIBOR

In the year 2012, LEZ was implemented in the city of Maribor (MOM), causing some
resistance but also gaining support on the other hand. All the vehicles not meeting the EURO
2 standard are not allowed to enter the LEZ on the working days (from Monday to Friday).
There is a long list of exceptions like residents of LEZ, buses, all kinds of emergency and
other important services. There is also a time block when all vehicles can deliver goods.

Figure 1 shows the area limited to old city centre on the left bank of Drava River, where
the pilot LEZ was implemented in October 2012 (depicted as POC), and the planed
enlargement of LEZ (described as “extended zone™).
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Figure 4: Low emission zone (LEZ) in Maribor; area of pilot implementation and planed
enlargement
Source: (PMinter, 2012, [2])

As the base for all calculations, the base-year 2011 (the fleet structure from 31 December
2010) was taken into account. The structure of vehicle fleet is presented in the Table 1.
Approximately 14% of all personal cars (PC) did not meet the threshold, but after exemptions
were implemented, less than 10% of all private cars (PC) were affected by the measure.
Among light and heavy duty vehicles (LDV and HDV) less than 5% of vehicles were
affected. Buses and motorcycles were completely left out of restrictions.

Table 3: Structure of motorized fleet by EURO standards in the city of Maribor (Dec. 2010)

Euro 0 Euro 1 Euro 2 Euro 3 Euro 4 Euro 5+
Personal car 5,12% 9,06% 24,81% 32,37% 18,96% 9,68%
LDV 3,35% 3,98% 12,07% 32,27% 31,13% 17,21%
HDV 7,40% 5,74% 30,78% 22,21% 27,95% 5,91%
Bus 5,4% 4,9% 21,4% 27,2% 29,5% 11,6%

Source: (PMinter, 2012, [2])

Measured in vehicle-kilometres per year, the amount of affected traffic in the low
emission zone (POC area) was around 10%. In the whole municipality of Maribor around 450
million vehicle kilometres are travelled per year, less than 10% of this amount is travelled
inside of POC (and 10% of this were restricted) (Table 2).

Table 2: Vehicles-km per year by vehicle category in certain area (Maribor, 2011)

Arealtype of vehicle PC LDV HDV BUS
POC 21.830.708 912.771 253.650 239.403
Extended cone 89.073.500 3.724.656 1.050.996 991.172
Extended cone + edge 106.763.032 5.683.360 5.885.585 676.680
Sum: MOM 411.760.648 21.228.830 17.831.115 3.740.419

Source: (PMinter, 2012, [2])
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The implementation of LEZ described above has been a pilot project in a small area in
order to:
e study the measures and their socio-economic impact and to
e raise the awareness for environmental problems caused by road traffic.

The goal to achieve significant impact on air quality was not really targeted. The
prediction of impact according to HBEFA model was presented prior to implementation to
stakeholders (Figure 2) [1]. The overall reduction of emitted particles caused by road traffic
was predicted to be less than 10%.

Vehicle category | Restriction | Affected residents Results
(Extended zone)
poc  Euro0 o vehi -1 % of PM1o
vy vty BN Euro 1 2,5 % vehicles (84)
Fxtended Euro 0 2 9% vehicles (202) -3.5 % of PMro
Diesel zone Euro1
Euro 0
Qb‘ Q“ g POC  Euro1 20 % vehicles (223) -0,5 % of PM1o
—E Euro 2
Q Q) Qﬂ Extended EuroO
zone  Euro1 -2 % of PM1o
do3,5t Euro 2 25 % vehicles (414)
I curo!
POC  Eurol S -0.2 % of PMio
éLO‘ oW O Euro Il 20 % vehicles (79)
%_ Euro 0
(o) O® *OWQW [xiended
zone  Eurol 25 % vehicles (129) -3 % of PMio
Nad 3,5t Euro Il

m City public transport Maribor -0,7 % of PM1o
(@) (o)

10 buses euro I
m— Extended (reduction also outside of
o) ) zone extended zone)

10 buses euro V

Figure 2: Impact of planed measures, the information for stakeholders
Source: (PMinter, 2012, [2])

3 IMPACT OF VARIOUS FUTURE SCENARIOS ON AIR QUALITY

Faced with the fact that restriction measures (like LEZ) should not have only
demonstrative effect but must also reach the primarily set goal, several scenarios were
developed. The purpose of these model calculations is to show the transport-policy decision
makers the volume and list of measures needed to reach at least some significant impacts. The
three scenarios were named as:

e Conservative
e Active
e Optimistic
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The main characteristics of so-called “conservative” scenario are:

e LEZ characteristics:
- The area is extended to the right bank of Drava River (“extended zone” according

to Figure 1)

- The threshold to enter LEZ is raised to EURO 3

- The list of exemptions is slightly shorter
e Accompanying measures:
- Extension of public transport by 15%

These measures are likely to be implemented in the year 2013. Several assumptions were

taken into account, like:

e implementing assessment of expected impact on modal shift (5% of vehicle-km are

shifted to public transport),

e implementing not appreciated, but realistic, re-routing (5% of all vehicle-km were

shiftet around the LEZ in the so-called “extended zone — edge” zone),

e implementing the impact of renewing the fleet by 5% of new vehicles replacing the

old ones each year.

The following results are expected:

Table 3: Conservative scenario, measures and impact, prognosis (Maribor, 2014)

Area Restriction Vehicle/km change PM10 emissions change
(HBEFA methodology)
Pilot environmental | Euro 0,1,2 -15% (PC, LDV) -23,91%
zone (POC) + 15 % (Public transport)
Extended zone Euro 0,1,2 -15% (PC, LDV) -23,91%
+ 15 % (Public transport)
Extended zone - None +2 % (PC, LDV) -4,52%
edge + 15 % (Public transport)
Other parts of None + 15 % (Public transport) -6,25%
Municipality of
Maribor
Municipality of -3 % (PC) -9,78%
Maribor -2,2 % (LDV)
+15% (Public transport)

The measures would cause the reduction of PM emissions by 24% in the city (POC and
»extended cone®) and approximately 10% in the whole MOM.

3.2 Active scenario

The active scenario anticipates the same measures regarding the LEZ (geographical
extension) but some extensive accompanying measures, like substantial improvement in
public transport and restrictive measures for private cars in the city centre as well. The main

Source: ([PMinter, 2012, [2])

characteristics of so-called “active” scenario are:

e LEZ characteristics:
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- The area is extended to cover the right bank of Drava River
- The threshold to enter LEZ is raised to EURO 3
- The list of exemptions is much shorter
e Accompanying measures:
- Extension of public transport by 30%
- Extension of pedestrian zone, closing of several streets in the city centre
- Raising the average price for parking and slight reduction of available parking
spaces in the city centre
- Introduction of P&R on the major three (to four) arterial roads

These measures are likely to be implemented in the year 2014. Several assumptions were
taken into account, like:

e implementing assessment of expected impact on modal shift (15% - 50% of PC
vehicle-km are shifted to public transport or other modes of travel),

e implementing the 15% of reduction of LDV vehicle-km,

e implementing the increase of 30% of vehicle-km by busses,

e implementing the impact of renewing the fleet by 5% of new vehicles replacing the
old ones each year.

The following results are expected:

Table 4: Active scenario, measures and impact, prognosis (Maribor, 2015)

Area Restriction Vehicle/km change PM10 emissions change
(HBEFA methodology)
Pilot environmental | Euro 0,1,2 -50 % (PC) -59,71%
zone (POC) -15 % (LDV)
+ 30 % (Public transport)
Extended zone Euro 0,1,2 -30 % (PC) -48,81%
-15 % (LDV)
+ 30 % (Public transport)
Extended zone — None -7 % (PC, LDV) -15,13%
edge + 30 % (Public transport)
Other parts of None 30 % (PC) -25,33%
Municipality of + 30 % (Public transport)
Maribor
Municipality of -17,4 % (PC) -28,55%
Maribor -2,7% (LDV)

+30% (Public transport)

Source: (PMinter, 2012)

The measures would cause the reduction of PM emissions by 60% in the city centre
(POC) and approximately 30% in the whole MOM.

3.3 Optimistic scenario

The optimistic scenario anticipates the extensive measures regarding the LEZ
(geographical extension) and accompanying measures, like substantial improvement in public
transport and restrictive measures for private cars in the city centre as well. The main
characteristics of so-called “optimistic” scenario are:

e LEZ characteristics:
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- The area is extended to the right bank of Drava River
- The threshold to enter LEZ is raised to EURO 4
- The list of exemptions is reduced to emergency vehicles
e Accompanying measures:
- Extension of public transport by 50%
- Extension of pedestrian zone, closing of several streets in the city centre
- Raising the average price for parking and slight reduction of available parking
spaces in the city centre
- Introduction of P&R on the major three (to four) arterial roads

These measures are likely to be implemented in the year 2015 if social acceptance is
achieved. The following results are expected:

Table 5: Optimistic scenario, measures and impact, prognosis (Maribor, 2016)

Area Restriction Vehicle/km change PM10 emission change
(HBEFA methodology)
Pilot environmental | Euro 0,1,2,3 -80 % (PC) -82,03%
zone (POC) -40 % (LDV)
+50 % (public transport)
Extended zone Euro 0,1,2,3 -50 % (PC) -66,83%
-25 % (LDV)
+ 50 % (public transport)
Extended zone — None -15 % (PC, LDV) -42,32%
edge +50% (public transport)
Other parts of None -30 % (PC) -57,11%
Municipality of -15 % (LDV)
Maribor + 50 % (Public transport)
Municipality of -32,1% (PC) -56,34%
Maribor -17,5 % (LDV)

+50% (public transport)

Source: (PMinter, 2012)

The measures would cause the reduction of PM emissions by 82% in the city centre
(POC) and approximately 56% in the whole MOM.

4 CONCLUSIONS

The city of Maribor implemented the measure “low emission zone” to reach at least three
goals: to improve the quality of air, to raise the awareness for sustainable mobility and to
reach the requirements set by European legislation. The intensity of implemented measures
was too low to reach these three goals completely, but some evidences and experience were
gathered.

It is obvious that significant improvements in the quality of air could be reached in short
term only if the measure is implemented on bigger area, when thresholds are much higher
than today and when the list of exceptions is much shorter than expected by the citizens.
These might cause severe social and economic problems and resistance, therefore
implementation of LEZ is acceptable only with accompanying measures (e.g. extension of
public transport supply).

The results presented in this paper should serve primarily as support for the decision
makers.
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ABSTRACT

The socioeconomic losses resulting from road accidents in FBiH have been calculated using the Gross
output or Human Capital Method — a well recognized methodology used in many countries. This
estimates the cost of administration, medical treatment of victims, property damage and the lost
productivity of those killed and injured and includes an allowance for pain, grief and suffering. The
purpose is to prepare an initial approximation of the costs of different types of road accidents and to
use that to estimate the scale of annual economic losses being borne by the Federation of Bosnia and
Herzegovina Given the current GDP of Federation Bosnia and Herzegovina, 14,161,972,692 KM in
2010), the total cost of accidents in the FB&H (823,8million KM (Euro 421 million)) represents
approximately 5.8% of GDP in 2010.

Keywords: Traffic accident, economic losses, methodology, costs, casualty

1 INTRODUCTION

Cost analysis of road traffic accidents in the Federation of Bosnia and Herzegovina
showed that the costs of deaths in traffic are very considerable. Socio - economic losses
resulting from traffic accidents in the Federation were calculated using the gross output
method or methods of human capital - a recognized methodology that is used in many
countries. These are the estimated costs of administration, medical expenses, property damage
and lost output/productivity of killed or injured, and includes compensation for pain, grief and
suffering. Costs of material damage caused in a traffic accident are well understood, while the
other losses (deaths and injuries) are much harder to assess and analyze.

It is often difficult to obtain the necessary data. However, comparison of the methods
used in different countries show some similarities. For example, it is usually accepted as
"sufficient” for estimating the costs of road traffic accidents, to use the average unit prices for
different levels of road traffic accident /severity of injuries, e.g. death, serious physical
injuries and minor physical injuries and / or fatal road traffic accidents, road traffic accidents
with serious injuries, road traffic accident with minor severe injuries and traffic accidents with
only material damage.
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Analysis of road accidents costs in the Federation B&H shows that the costs of traffic
deaths and injury are considerable. Table A shows the casualty costs for one fatal, one serious
and one slightly injured person in traffic. Table B shows the costs of traffic accidents by type
of accident, eg. the cost of each fatal, serious, slight and property damage only accidents.

Table A: Losses incurred for each traffic casualty® by severity

TYPE OF CASUALTY COSTS

Death BAM 273.416,00 (Euro 139.798,00)°
Serious injury BAM 100.757,00 (Euro 51.517,00)
Slight injury BAM 25.780,00 (Euro 13.181,00)

Source: (Costs of traffic accidents in FB&H)

Table B: Losses incurred for each Traffic accident by severity®

TYPE OF ACCIDENT COSTS

Fatal Accident BAM 371.913,00 (Euro 190.159,00)
Serious injury Accident BAM 84.157,00 (Euro 90.180,00)
Slight injury Accident BAM 32.225,00 (Euro 12.550,00)
Property damage only Accident BAM 1.592,00 (Euro 814,00)

Source: (Costs of traffic accidents in FB&H)

Given the current GDP of Federation Bosnia and Herzegovina, 14.161.972.692 BAM in
2010), the total cost of accidents in the FB&H (823,8 million BAM (Euro 421 million))
represents approximately 5.8% of GDP in 2010.

2 PROGRAM OF THE STUDY

The valuation of accidents is controversial because life is too important to be valued in
simple monetary terms. When given the choice of trading their lives for a sum of money,
incurring added expenses to acquire safety devices or some other inconvenience to ensure an
acceptable level of personal safety on roads, most people would choose to spend money or be
inconvenienced.

The cost of accidents may consist of two components, often regarded as the coldblooded
material cost and the warm-blooded willingness-to-pay component. Material costs may
include damage to property, charges related to administration, fees for medical services,
charges for hospitalization, and loss of productive work. The problem with determining
accident costs is obtaining accurate relevant data for computation. The desire and the resulting
willingness to pay the economic cost of reducing the risk are likely to be much higher than the
material cost resulting from accidents. That explains why some developed countries adopt an
ex ante method of estimation®. However, considerable difficulties are involved in estimating
the willingness-to-pay component in developing countries, since extensive attitudinal surveys
are required. Estimating the cost of traffic accidents involves two important steps:

! Values presented here included a small allowance to reflect the admin costs plus property damage costs
incurred in the accident that the victim was involved in. These values per casualty can be used in cost benefit
analysis of proposed safety interventions which may deliver savings of casualties.

1 EURO = 1,9558 BAM

% The costs per accidents include the costs of the several casualties that may occur in an accident plus the
additional accident related costs of property damage, administrative costs etc. associated with each severity of
accident

* European Commission, APAS - Methodologies for transport impact assesment, Office for Official Publications
of the European Communities, Luxembourg, 1996.
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e identifying the cost components and
e placing a monetary value on each of these components.

To estimate the cost of road accidents in FB&H, the more conservative gross output
method was adopted. This method is used in many countries and was recommended by the
SweRoad team. The methodology was provided in the Guidelines for Estimating the Cost of
Road Crashes in Developing Countries supplied by the SweRoad project team.

3 COSTS COMPONENTS

The human capital method involves determining five cost components: property damage,
administration costs, costs of medical treatment, lost output, and human costs. For most
purposes, computing these from aggregate values obtained from summarized reports is
sufficient.

3.1 Administrative costs in FB&H

Administrative costs include data on the average times spent in dealing with road
accidents and their consequences, the cost of staff etc are contained within: Court and
Prosecutor's Office (Preliminary charges and criminal proceedings), MIA (the cost of Police
coming to the site, securing the site and inspections, the cost of the toxicological findings,
etc.), Road administration (the cost of removal and storage of vehicles and staff) and Fire
services (costs of vehicles and staff).

These costs are usually low compared to other cost components, such as damage to the
vehicle. Within organizations that contribute to the administrative costs, it is necessary to
explain and calculate how much money these organizations spend in dealing with the road
traffic accidents. Appendix B outlines the detailed calculations and data used in estimating
administration costs.

Table 1: Total administrative costs for FB&H by severity

INSTITUTION FBiH TOTAL COSTS (BAM)
Police (MIA) 7.695.357,00

Fire Service 758.388,00

Courts and Prosecution 5.895.691,00

Directorate for roads 943.250,00
ADMINISTRATIVE COSTS 15.292.686,00

Source: (Costs of traffic accidents in FB&H)

Table 2: Administrative average traffic accidents costs by severity FB&H?®

FATAL SERIOUS SLIGHT DAMAGE ONLY
ADMINISTRATIVE COSTS 13.500,00 2.160,00 1.350,00 270,00
Ratios 50 8 5 1

Source: (Costs of traffic accidents in FB&H)

® Babtie Ross Silcock, TRL Guidelines for Estimating the Cost of Road Crashes in Developing Countries,
Department for International Development Project R7780, May 2003
® Babtie Ross Silcock, TRL Guidelines for Estimating the Cost of Road Crashes in Developing Countries,
Department for International Development Project R7780, May 2003.
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3.2 Damage to property in FB&H

For the purpose of appropriate and acceptable analysis for the needs of damage to the
infrastructure assets of the categorized roads in FB&H, or determining the amount of damage
costs of the road infrastructure in creating road traffic accidents, the data were collected from
five cantonal authorities and six insurance companies, while data for other authorities and
insurance companies are estimated.

Costs of damage to the infrastructure: The percentage of road traffic accidents in
which damage to the road infrastructure occurred is 9.5%’. The average cost of one road
traffic accident with damage to road infrastructure is about 880,80(BAM). In the Federation
during the 2010, 2.720 road traffic accidents occurred with damage to road infrastructure. The
costs of damage to road infrastructure are shown in Table 3.

Table 3: Cost of damage to road infrastructure

Total traffic | Traffic accidents with Average damage | Total costs of damage to
accidents damage to infrastructure costs (BAM)® infrastructure (BAM)
TOTAL FB&H |28.506 2.720 880,00 2.395.776,00

Source: (Costs of traffic accidents in FB&H)
Table 4: The average costs of damage to infrastructure by accident severity

FATAL SERIOUS SLIGHT DAMAGE ONLY
DAMAGE TO PROPERTY 1 560 280 120 50
Source: (Costs of traffic accidents in FB&H)

Costs of property damage - data from insurance companies: Data on the total number
of damaged vehicles, by type and category is made using a case study on a sample of 2.844
road traffic accidents occurred in FB&H in 2009.

Tables for calculating the average damage cost per vehicle for a road traffic accidents
with serious and slight bodily injuries, as well as traffic accidents with material damage are
given in Appendix C — Costs of Traffic Accidents in FB&H, (Tables C3, C4 and C5). Below is
a table with the final calculation of the average costs of damage to the vehicle by severity of
accident.

Table 5: Average damage costs per vehicle depending on the severity

FATAL SERIOUS SLIGHT DAMAGE ONLY
DAMAGE TO PROPERTY 2 10.548 9.187 2.108 790
Ratios 13,9 11,62 2,66 1

Source: (Costs of traffic accidents in FB&H)

Damage to property 2— data from car repair services: Based on the data collected, it is
determined that where vehicles are not included in damages paid by insurance companies then
the damage repairs were paid for by the owners themselves. This is not insignificant, and
according to the indicators about 16.335 car owners repaired the damage to their vehicles in
car repair services with an average value of about 1.000 (BAM). Damage costs of vehicles
that are repaired by the owners themselves are shown in Table 6.

" Lindov O.; Omerhodzi¢ A., Olov&ié J., Troskovi saobracajnih nezgoda u FBiH, Apendix B, Sarajevo, 2011.
® Lindov O.; Omerhodzi¢ A., Olov&ié J., Troskovi saobracajnih nezgoda u FBiH, Apendix C,Sarajevo, 2011.
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Table 6: Damage costs per vehicle repaired by the owners

Traffic Number of vehicles repaired in | Average damage |Damage costs repaired in
accidents | auto services stations cost (BAM) auto service stations (BAM)
TOTAL FB&H | 28.506 16.535 1.000,00 16.535.000,00

Source: (Costs of traffic accidents in FB&H)

Table 7: Average damage costs per vehicles repaired by the owners

FATAL SERIOUS SLIGHT DAMAGE ONLY
DAMAGE TO PROPERTY 3 3.266 1.633 816 482
Ratios 6,28 3,39 1,69 1

Source: (Costs of traffic accidents in FB&H)

Table 8: Costs damage to property by severity of accident

FATAL SERIOUS SLIGHT DAMAGE ONLY
DAMAGE TO PROPERTY 1 560 280 120 50
(Infrastructure)
DAMAGE TO PROPERTY 2 10.548 9.187 2.108 790
(Vehicles, insurance paid)
DAMAGE TO PROPERTY 3 3.266 1,633 816 482
(Vehicle, owner paid)
TOTAL COSTS: 14.374,00 11.125,00 3.044,00 1.322,00

Source: (Costs of traffic accidents in FB&H)
3.3 Medical costs in FB&H

Medical costs of casualties in traffic accidents involve costs that range from those on the
spot to recovery or death, and they include the first aid and emergency services (ambulance),
hospital costs (food and bed, surgery, radiology, costs of doctors and medical staff) and
rehabilitation costs (treatment and Prosthetics). These costs are direct medical costs; some of
the costs are public while some of costs are private costs, and may be long-term costs
depending on the type of injury. Increases of medical funds that become free after the
reduction in the number of traffic accidents are very important. The main source for the
assessment of medical costs include:

e Auverage daily hospital costs,
e Department of Public Health and
e General Hospitals.

The average hospital costs, with the average cost of beds are representatives of medical
costs and they can often vary depending on the institution, i.e. whether it is the center of the
state or local health center. Insurance companies may allow assessment of medical costs of
traffic accidents based on their database. Private hospitals can provide information on costs,
but this can be very indicative depending on the type of hospital and can vary widely. Private
hospitals in developing countries may have better information on costs, but these data are not
representative because the majority of casualties of traffic accidents are located in public
hospitals.

Medical costs for one death= costs of coming to the site, transportation®, hospital costs
and funeral costs = 144,00 + 3.352,58 + 1.500,00 = 4.996,58 (BAM).

Medical costs for one seriously injured person in FB&H = costs of coming to the site +
transportation + hospital costs (number of days is multiplied by the average daily cost) +
outpatient cost + cost of rehabilitation and prosthetics (the number of days x average daily

® Lindov O.; Omerhodzi¢ A., Olov¢i¢ 1., Troskovi saobracajnih nezgoda u FBiH, Apendix D, Sarajevo, 2011.
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costs + average costs of prosthetic devices) = 144,00+3.440,80+1.500,00+1.314,33 =
6.399,13 (BAM).

Medical costs for one slightly injured person in FB&H = costs of coming to the site +
transportation + medical treatment costs (number of days x average daily cost) = 1.144,00
(BAM).

Table 9: Medical costs of casualties by severity

DEATH SERIOUS INJURY SLIGHT INJURY
(MEDICAL COSTS) 4.997,00 6.399,00 1.144,00
Source: (Costs of traffic accidents in FB&H)

3.4 Lost output

Lost output refers to the loss of productive capacity of the economy from those who are
injured or killed in a traffic accident. These costs can range from one day for someone slightly
injured to several decades of lost productivity for one killed or seriously injured. Appendix E
presents details of data and calculations on lost output. The average age of death in traffic is
40 years. The average number of days of hospitalization for serious injuries is 11 days. The
number of days spent in recovery at home for serious injuries is 30 days. An average number
of hospitalization days for slightly injuries is 4 days. About 20% of the total number of
slightly injured that are hospitalized remained at home recovering. Value of care
compensation is 85.17 BAM per month. The number of days that the caregiver spent with the
seriously injured person was 15 days. The average monthly gross wage per employee in B&H
in 2010 amounted to 1.217 BAM per month, while the average net salary for that period
amounts to 798 BAM per month. The average value of compensation for physical disability is
85,14 BAM per month. The average annual gross salary is 14.604 (BAM). (The average
monthly gross salary in FB&H in 2010. is 1.217 BAM). Discount rate is 6,65%. The
minimum retirement age is 65.

Table 10: Number of persons Killed, serious injured and slights injured in traffic accidents

YEAR DEATHS SERIOUS INJURED SLIGHT INJURED
2008 245 1.462 6.439

2009 209 1.246 6.108

2010 208 936 5.885

2010 2517 3.765™ 15.060

Source: (Costs of traffic accidents in FB&H)

SN s 14804 19 741.79(KM)

0 n = 0 n
Lost output for one death= (1+r) (1+0.065) (1)
Lost output for one serious injury= [(11+4+30) x 1.217+(15 x 85,17)] = 56.042,50 BAM 2
Lost output for one slight injury = (4+2+10) x 1.217=19.472,00 BAM 3

10 Federalni zavod za statistiku FBiH, Statisti¢ki godi$njak/ljetopis FBiH, Sarajevo,2010.
1 Babtie Ross Silcock, TRL Guidelines for Estimating the Cost of Road Crashes in Developing Countries,
Department for International Development Project R7780, May 2003.
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Table 11: Lost output per traffic casualty per severity (BAM)

DEATH SERIOUS INJURY SLIGHT INJURY
LOST OUTPUT 192.742,00 56.043,00 19.472,00
Source: (Costs of traffic accidents in FB&H)

3.5 Human costs

The human costs*? are not exact and are difficult to define precisely and are related to the
pain, grief and suffering due to loss of human life in the traffic and all those associated with
the persons who were killed or injured in traffic. The values of the human costs given in the
international guidance™ provided are as follows:

28 % total human costs for death,

50 % total human costs for serious bodily injuries and

8 % total human costs for slight bodily injuries.

Table 12: Human Costs traffic accidents per casualty™

DEATH SERIOUS INJURY SLIGHT INJURY
HUMAN COSTS (BAM) 55.367,00 31.221,00 1.649,00

Source: (Costs of traffic accidents in FB&H)

4 TOTAL COST OF ROAD TRAFFIC ACCIDENTS IN FB&H

The overall objective of the project is to estimate the total annual costs of road traffic
accidents. The costs of road traffic accidents involve incidents or costs that are related to
accidents, property damage and administrative costs, and expenses related to the victims such
as lost outputs and medical costs of the victims injured in road traffic accidents.

4.1 Component costs for casualties and accidents by severity

These are calculated from individual costs outlined in earlier chapters and the appendices
— Costs of Traffic accidents in FB&H.

Table 13: Average cost per traffic accident by severity (Administrative costs and Property damage

costs)
Costs components Fatal Serious Slight Property
Injury Injury Damage Only
1. ADMINISTRATIVE COSTS 13.500,00 2.160,00 1.350,00 270,00
2. PROPERTY DAMAGE 14.374,00 11.125,00 |3.044,00 1.322,00
TOTAL 27.874,00 13.285,00 |4.394,00 1.592,00

Source: (Costs of traffic accidents in FB&H)

12 Regional Road Safety Program: Singapore, Accident Costing Report, ADB 2002.

% Road Safety Guidelines, ADB, 1999.

!4 Babtie Ross Silcock, TRL Guidelines for Estimating the Cost of Road Crashes in Developing Countries,
Department for International Development Project R7780, May 2003.
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Table 14: Average costs per casualty by severity (Medical costs, Lost output costs and Human costs)

Costs components Death ?ner?;S Slight injury Eg)rﬁz;tg/ only
1.MEDICAL COSTS 4.997,00 6.399,00 1.144,00 -

2.LOST OUTPUT 192.742,00  |56.042,00 19.472,00 |--

3.HUMAN COSTS 55.367,00 31.221,00 1.649,00 -

TOTAL 253.106,00  |93.662,00 22.265,00

Source: (Costs of traffic accidents in FB&H)

Table 15: Average Casualties involved in different severities of traffic accident (2010)

Casualties SERIOUS SLIGHT
Accident category DEATH INJURY INJURY Total casualty
Fatal accident 1,24 0,27 0,22 1,73
Accident with serious injury - 1,62 0,51 2,13
Accident with slight injury - - 1,25 1,25

Source: (Costs of traffic accidents in FB&H)

Table 16: Average medical costs per different severities of casualties and accidents

Accident severity

Fatal Serious Slight
Per casualty cost Number of Number of Number of

casualties casualties | Total cost |casualties | Total cost

. Total cost . .

per accident per accident per accident
Death 4.997,00 (1,24 6.196,00 - - - -
Serious 6.399,00 |0,27 1.728,00 1,62 10.366,00 |- -
Slight 1.144,00 |0,22 252,00 0,51 583,00 1,25 1.430,00
Total costs 8.176,00 10.949,00 1.430,00

Source: (Costs of traffic accidents in FB&H)
Table 17: Summary of Average component by severity of accident
Accident severity | Accident related costs Casualty related costs Average
Property |Administration | Lost output Medical cost | Human costs | costs per
damage accident
Fatal accident 14.374,00 |13.500,00 258.415,00 8.176,00 77.448,00 |371.913,00
Serious accident 11.125,00 |2.160,00 100.721,00 10.949,00 51.419,00 176.374,00
Slight accident 3.044,00 |1.350,00 24.340,00 1.430,00 2.061,00 32.225,00
E;‘I’Se”y damage |1 32200 |270,00 : . . 1.592,00
Source: (Costs of traffic accidents in FB&H)
Table 18: Damage costs incurred by Severity of accident

Accident severity Number of accidents Cost per accident Total Cost
Fatal 167 14.374,00 2.400.458,00
Serious 1,051 11.125,00 11.692.375,00
Slight 3,600 3.044,00 10.958.400,00
Damage only 23,688 1.322,00 31.315.536,00
TOTAL 56.366.769,00

Source: (Costs of traffic accidents in FB&H)
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Table 19: Summary average component costs by severity of casualty

Accident related costs™ Casualty related costs Average
Average costs
costs per
per casualty casualty
Property Administration | Lost output Medical Human mcl_udmg excluding
damage cost costs accident .
accident
related costs
related costs
Fatal 9.831,00 [10.479,00 192.742,00 ]4.997,00 |55.367,00 |273.416,00 253.106,00
Serious |6.101,00 |993,00 56.043,00 6,399,00 |31.221,00 |100.757,00 93.663,00
Slight 2.435,00 |1.080,00 19.472,00 1.144,00 |1.649,00 |25.780,00 22.265,00

Source: (Costs of traffic accidents in FB&H)
4.2 Calculating national losses to the economy

In 2010, FB&H Police reported 208 deaths and further 43 were reported by hospitals
giving a total of 251 road deaths. In addition, police reported 936 serious injuries and 5,885
slight injuries. It is recognized worldwide that police can only ever record the accidents that
are reported to them and many motorists choose not to report accidents and even injuries to
police authorities. Consequently under reporting of road accidents and casualties occurs in
most countries and research has been often done in countries to estimate the level of under
reporting so that adjustments can be made when the losses to the National economies are
calculated.™® No research has been undertaken on such issues in FB&H so there is no way to
establish the true level of under reporting in FB&H. In the interim, until more reliable
research can be taken of such issues, international experience can be used to estimate the
likely true numbers of injuries in FB&H. The guidelines on accident costing indicate that
internationally it has been found that for every 1 person killed, there are typically 15 people
who will be seriously injured and around 60 or more persons who will be slightly injured. For
the purposes of this costing exercise, these ratios will be used in estimating the socio
economic losses resulting from road accidents in FB&H. The average costs of each casualty
are multiplied by the estimated numbers (allowing for under reporting) of casualties and to
those costs are added the losses incurred from the accident related costs (administration and
property damage). We know that the real damage cost will actually be higher since unreported
accidents will also have resulted in some damage. This provides a conservative assessment of
overall annual losses due to road accidents. Although there also have been many damage only
accidents that were not reported to Police, at least some of the losses related to those have
been included in the data collected from insurances and repair services. Table 20 below shows
the estimated losses in FB&H.

Table 20: Estimated total Cost of Road accidents in FB&H (2010)

Severity Estimated number’’ Average cost (BAM) Total costs (BAM)
CASUALTY RELATED

COSTS

Death 251 253.106,00 63.529.606,00
Serious injury 3.765 93.663,00 352.641.195,00
Slight injury 15.060 22.265,00 335.310.900,00
Total Casualty Costs 751.481.701,00

> European Commission, A Set of Guidelines for socio-economic cost-benefit analysis of transport
infrastructure project appraisal, New York and Geneva, 2003
'8 Lindov, O.; Sigurnost u cestovnom saobracaju, Fakultet za saobra¢aj i komunikacije, Univerzietat u Sarajevu,

2008.

" Federalni zavod za statistiku FBiH, Statisti¢ki godisnjak/Ijetopis FBiH, Sarajevo,2010.
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ACCIDENT RELATED
COSTS:
(1) Administrative Costs
Fatal 167 13.500,00 2.254.500,00
Serious 1.051 2.160,00 2.270.160,00
Slight 3.600 1.390,00 5.004.000,00
Damage only 23.688 270,00 6.395.760,00
Subtotal 1: Administrative Cost 15.924.420,00
(2) Property Damage Costs
Fatal 167 14.374,00 2.400.458,00
Serious 1.051 11.125,00 11.692.375,00
Slight 3.600 3.044,00 10.958.400,00
Damage only 23.688 1.322,00 31.315.536,00
Subtotal 2: Property Cost 56.366.769,00
Total Accident Costs 72.291.189,00
TOTAL ESTIMATED LOSSES 823.772.890,00
(Euro 421 million)
Source: (Costs of traffic accidents in FB&H)
Table 21: Socio-economic Losses as percentage of GDP
GDP in 2010 BAM 14.200,00 million
Estimated Losses BAM 823,8 million (Euro 421 million)
% of GDP 5,8%

Source: (Costs of traffic accidents in FB&H)
5 CONCLUSION

This study shows that the national economic losses resulting from road accidents in
Federation of Bosnia and Herzegovina are very high, even if the conservative human capital
method is employed in estimating the losses. As presented, in 2010, the total national
economic loss resulting from road accidents is estimated at 823,8 million (Euro 421 million),
or approximately 5.8% of the gross domestic product in 2010.

Based on this estimated annual road accident cost, it can be said that road accidents are
now, one of the most severe health problems in FB&H, these accidents do not cause only
losses in lives of productive members of the population and a substantial number of
disabilities and injuries but also generate a huge annual losses to the country’s economy.

Reducing such economic losses requires all government institutions to participate in
reducing casualties and to invest in improvement of road safety.

The losses resulting from traffic accidents should motivate all the relevant institutions
and political leaders to begin more serious implementation of traffic safety on the roads for
the benefit of society as a whole.

We strongly urge all parties concerned to use these estimates to persuade the Government
to be more proactive in promoting road safety and the allocation of resources, especially
financial resources, in order to alleviate this serious problem of deaths and injury to persons.

The calculated costs for individual casualties and accidents can be used for cost benefit
assessments of proposed safety schemes and interventions.
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ABSTRACT

The timetable represents a key element for the competitiveness of railways, since it allows exploiting
the existing networks at their maximum. To support timetable planners in meeting the variety of
requirements given by operators and customers, since the early 90s a rich literature has appeared,
which deals with the automatic or semi-automatic definition of optimal timetables. Despite of the wide
literature, few models have been tested and used under real conditions.

This work presents a model for the automatic generation of optimal timetables, which is based on a
mesoscopic infrastructure, which allows a significantly higher accuracy compared to the macroscopic
models used in most scientific work. The model considers all signals in lines and stations, while the
layout of stations is simplified in the switch areas.

The running times for all train routes are estimated by solving the motion equation; therefore running
times and time-losses are calculated with the same detail enabled by simulation models and the
headway times and the conflicts on lines and stations are automatically derived from the blocking
times.

The timetable is generated using a heuristic solution to solve a multicommodity flow model. In order
to maximize the accuracy in the definition of the timetable, various parameters can be defined for each
train, including the buffer times, the priority and the allowances.

The model is applied to the rail network of the North-East of Italy, with over 600 km of lines and 60
stations, among which the large junction stations in Venice and Verona.

Keywords: railway, timetable, multicommodity flow model, mesoscopic infrastructure

1 INTRODUCTION

This work presents a heuristic solution approach to the Train Timetabling Problem (TTP)
for large-scale railway networks when they are described at mesoscopic level.

The TTP is an NP-hard problem that aims at determining, for a given set of trains, the
arrival and departure time at each of the stations the train visits along its route (see, e.g., [1]).
The timetable represents a key element for the competitiveness of railways, since it allows
exploiting the existing infrastructures at their maximum. In the recent years, the importance of
an optimal usage of these infrastructures is, if possible, even increased due to the progressive
deregulation of the market. Different operators are now competing for the access to the same
generally scarce resources and many conflicts may arise [2] and must be solved through a
sensible timetabling.

This work presents a large-scale application of the heuristic solution approach to a
multicommodity flow model.

The key for high-quality timetabling is a precise estimation of blocking times based on
realistic running, dwell and headway times taking into account the signal spacing and train
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processing at critical route nodes and platform tracks [3]. For these reasons we provide to our
timetabling procedure a mesoscopic description of the infrastructures of the railway network
of interest. Such a description allows a significantly higher accuracy compared to the
macroscopic models used in most scientific work. Specifically, a mesoscopic description
allows a realistic estimation of the headway times and of the conflicts on lines and stations as
well as a calculation of running times and time-losses performed with the same detail enabled
by simulation models. In order to maximize the accuracy in the definition of the timetable,
various parameters can be defined for each train, including the buffer times, the priority and
the allowances.

The model is applied to the rail network of the North-East of Italy. It is tested under
different realistic demand conditions, for example considering an increase of the demand for
freight slots or a different structure of regional services. Moreover, it is used to obtain a rough
estimate of the maximum capacity for freight trains combined to fixed passenger services and
the effects of infrastructure improvements.

In addition, the limits of the mathematical modeling of a complex system and the
consequent difficulties of introducing decision support system in the real word operations are
discussed.

The first section describes the infrastructure model used by the timetabling algorithm,
which is presented in the following one. Third, the first results of a large-scale application in
the North-East of Italy are discussed. A final paragraph draws some conclusions and possible
improvements to the algorithm.

2 INFRASTRUCTURE MODEL AND IMPLEMENTATION

Choosing the right detail to represent the infrastructure and train dynamics is a key factor
in train timetabling. In fact, macroscopic models may lead to a by far simpler network
structure while, on the other hand, the microscopic ones may be require too much
computation time, although they lead to a more precise estimation of the behaviour of trains
on lines and therefore to a more precise allocation of the existing capacity.

Compared to a macroscopic model, in which stations are represented in a simplified way
and fixed running times are used, a microscopic model appears significantly more accurate in
the estimation of some key parameters used in timetable planning:

a) Running times take into account the speed profile of the train, also including low-
speed alternative routings within stations

b) Within the stations, the blocking time of each switch is estimated, enabling a reliable
representation of traffic conflicts.

c) On the lines, the blocking times are considered instead of the more simplified
headway times.

Most algorithms that solve the TTP problem are based on a macroscopic model, while
some others, such as [4] and timetabling tool DONS [5], already mentioned in the previous
section, introduce a two-level approach. They use a macroscopic model to create draft
timetable that will subsequently be checked for feasibility on a microscopic level for the
principal station areas of the country. In any case, none of the two works consider the
blocking times.

In order to combine the advantages of micro and macroscopic models some authors
proposed algorithms for an automatic generation of a macroscopic model based on the
corresponding microscopic one [6].
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In the same framework, a microscopic model less detailed than the conventional ones was
used Caimi [7] to represent the station areas.

In this work a mesoscopic model is introduced. It includes most of the accuracy of a
microscopic model, but it also maintains a reasonable complexity. Its aim is to allow the
generation a network-wide timetable in a reasonable time without the necessity of resorting to
two-level approaches -level approach. Similarly to the macroscopic models, the network is
rigidly separated into stations and line sections.

The station features of our mesoscopic model are the following:

e the station tracks, which include their real length, speed the stop position for different
train lengths as well as the presence of a platform for passenger service.

e The line tracks of the lines converging to the station, the distant and home signals at
their distance from the station building; they include their aspects. The home signals
belong to the station, while the distant ones are used to estimate the route occupation
times.

e A switch region at each side of the tracks (except, of course, the dead-end stations):
each line is connected to all tracks; a set of matrices contains the possible and
impossible routes and their compatibility. Figure 1 compares a mesoscopic model of
a station vs. a microscopic one.

The line features of our mesoscopic model include all signals, the speed limits, the
gradients and the curve radii.

The running time of each train is calculated by solving the motion eqgation, considering
the exact train routing and signaling system as well as the characteristics of the rolling stock.
Together with the running time on the default track, also the running times within each station
of all possible routings are calculated.

The running times on each line section and within each station are stored separately for
each train: therefore, when the software tool changes the track assigned to a train, or inserts an
additional stop, the corresponding time-loss is added to the running time of the train.

Within the stations the blocking times estimated on the mesoscopic model are also used
as input for the timetabling algorithm. Differently, on the line sections blocking times are
represented in a simplified way by means of two parameters: a headway time before each
train and a headway time after each train. The former represents the mean blocking time
before the train, while the latter includes the time a train physically occupies a section.

The result is model in which the running times are estimated with the same accuracy of
the microscopic ones, while the blocking times and the definition of conflicts appears slightly
simplified.
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Figure 1: Drawing and corresponding mesoscopic graph (above) and microscopic model of a station

Key factors for the acceptance of a software tool such the Timetable Planning Software
(TTPSW) are its perceived usefulness and the perceived ease of use. Within this framework,
the final user, i.e., the timetable planner should not feel losing the control of the planning
operations in a domain where he assumes to have some critical informal knowledge that
cannot be easily transferred to an information system. In addition, as in a real environment the
criteria defining the optimality of a timetable are often quite fuzzy, the final user should also
be able to influence the structure of the timetable that the TTPSW picks up among the feasible
ones.

Given the above considerations, we opted for the development of a software tool which,
on one side, is able to deal with all the information that a mesoscopic model can provide, on
the other side, provides its solutions quickly and whose working mechanisms are easily
understood by the final user.

The aim of TTPSW is to allow the planner to iteratively generate different timetables in a
reasonable time in order to assess them also in the light of the of its informal knowledge and
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to provide new (or different) constraints and objectives to the TTPSW for the generation of a
new round of timetables. The algorithm is described in detail in [8].

The output of the TTPSW is a complete timetable for each train of the families in C that
TTPSW has been able to schedule. Specifically, the software reports the arrival time, the
departure time, the platform and the route of the train in each station, junction or halt that the
train visits along its line.

3 CASE STUDY: NORTH-EAST ITALY

The first large-scale tests of the tool were performed on the railway network of the North-
Eastern part of Italy. This network includes a total of 10 lines, both single and double-track,
with over 120 stations, junctions and stops. The largest station included is the main station of
Venice. The main station of Venice is a terminal one with 20 platforms and up to 44 train
movements/hour excluding the shuntings. Venezia Santa Lucia is connected by two double
track lines to Venezia Mestre, where five double-track and a single-track line diverge.

The hourly services on the network are represented on the map in Figure 2.
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Figure 2a: Rail network of North-Eastern Italy
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Figure 2b: Hourly schedules services on the study area

The tests were carried out in accordance with the main aim of the tool, which was not
primarily to create the optimal timetable, but to obtain a realistic draft to be used as input for
operational studies.

Therefore the tests aimed both at benchmarking the performances of the algorithm in a
realistic context and at evaluating the quality of its outputs, especially in terms of applicability
of the timetable structure (such as the sequence of trains and the connections).

In order to test the feasibility and the quality of the timetables created by TTPSW, they
were first analysed qualitatively. Specifically, it was assessed whether the distribution of
service in the period appears realistic in terms of:

a) Sequence of fast and slower services;

b) Headway times between similar services (As an example it was chcked ., if when

there are two similar services each hour, they are separated by 30°);

c) Position of the freight slots;

d) Location of overtaking between passenger and freight trains.

Table 1 shows the time performance of the TTPSW, it reports the time required on a
standard PC featuring a 2.5 GHz Quad-Core Intel i7 to create some test timetables. They are
described by their key characteristics: the number of train groups and the number of lines.

The computation times appeared very low in all test cases (under 6’). However, multiple
testes were required to estimate a set of parameters — in both absolute and relative terms - that
lead to a realistic timetable structure and infrastructure utilization. Coherently with the
operating principle of the algorithm, an inappropriate set of parameters results in a timetable
with too long running time margins at some trains or with some missing trains and not in long
computational times.

After this initial parameter tuning session., tests were carried out starting with the eastern
part of the case study area, between Venice and the border with Slovenia. The passenger
services on these 7 lines are scheduled in about 2°, inserting all trains and defining a realistic
timetable structure and platform assignment. With a low increase in the computational time,
but a more careful estimation of the parameters also the freight services are scheduled, thus
leading to the saturation of the Monfalcone — Triest line section.
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In a third test the frequency of some services was lowered to two hours, hence doubling
the number of freight slots in these hours. A fourth test was also performed. It is slightly but
significantly different form the third one. It included freight services in one direction only.
The aim of this test was to reproduce a frequent condition for freight services, which show
non-symmetric flows in the different parts of the day.

A fifth, test was performed on the western part of the network, gradually inserting
multiple respective constraints between trains to model connections in Verona and Padua.
Figure 4 shows the results on the Venice — Verona line. The results of the tests were
visualized in a graphic interface based on the mesoscopic model and therefore representing
the blocking times on the timetable graph. This scenario was improved inserting the (real)
constraint that fixes the departure and arrival of most high-speed services, whose timetable in
Venice is defined starting from the arrival/departure slots in Milan and Rome and therefore
can’t be modified. The algorithm modelled correctly also this scenario with an increase of a
few seconds in the computation time.

In the last tests the second and fourth scenarios were combined, obtaining a timetable
draft of the entire network in about 5°, including the platform assignment of all services in
Venezia S.Lucia, the critical point of the entire network. The computation time for the last
scenario, which included all constraints and mono-directional services of tests 4 and 6 was
lower that 6°.

In seventh and eighth the second and fourth scenarios were combined, obtaining a
timetable draft of the entire network in about 5°, including the platform assignment of all
services in Venezia S.Lucia, the critical point of the entire network. The computation time for
the last scenario, which included all constraints and mono-directional services of tests 4 and 6
was lower that 6°.

Finally, the algorithm as network saturation tool was tested, inserting the maximum
number of freight trains on fixed passenger services. The tool was able to insert the same
number of freight services considered as maximum capacity by the Infrastructure Manager,
confirming the its potentials for quick timetable — related capacity estimations.
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Figure 3: Graphic timetable of the Venezia — Trieste line, created by the TTPSW and simulated.

Table 1: Key characteristics of the tests

N of Train Computation | Differences from
Test Groups (each . .
L h Time [s] manual scheduling
direction)

1 All passenger services 14 127 No

on the eastern part

All services on the eastern part (all No, relatively sensitive
2 18 143

hourly) to parameters

All services on the eastern part (freight No, but quite sensitive to
3 . 22 157

services at alternate hours) parameters

All services on the eastern part (different No, but quite sensitive to
4 - . 22 154

freight services east- and westbound) parameters
5 | All services in the western part 20 196 position of two stopping

services

All services in the western part, including
6 | fixed departure to some High Speed 20 217 No

services
7 | All services on the network (Test 2+5) 39 298 No
8 | All services on the network (Test 4+6) 43 354 No

All passenger services
9 | on the eastern part (fixed), saturation with | 27 163 No

freight services
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4 CONCLUSIONS

The importance of precise timetabling is increasing, since it allows an optimal use of the
existing infrastructures. This work presents a heuristic solution approach to the Train
Timetabling Problem (TTP) for large-scale railway networks when they are described at
mesoscopic level.

This intermediate detail level compared to most models proposed in literature allows a
favorable balance between the computational effort required to solve the problem and the
accuracy of the results.

The algorithm that solves the TTP and the others used for estimating the running- and
blocking times were implemented in a tool, which was successfully applied to the rail
network of the North-Eastern part of Italy, in order to estimate it applicability under real
conditions.

The tests showed that the model is able to compute realistic solutions for the entire
network in a few minutes: the position of the slots on the timetable graph appears similar to
that used in the timetable created by practitioners.

The promising results obtained in the first large-scale tests foster further improvements to
the algorithm and the whole approach, in order to make it more reliable and understandable
for practitioners, especially concerning the selection of the constraints and parameters.

The method used to estimate mean blocking times on line sections will be improved,
while its effective accuracy will be estimated, especially considering longer distances between
stations.

Results obtained in the most used part of the network will be compared to micro-
simulation in order to estimate the difference between micro- and mesoscopic models in terms
of blocking times and conflicts effectively considered.

Tests will be carried out also on larger networks, in order to extend the benchmarks,
estimating the maximum network size that can be considered in a single step and in a
reasonable time. While all mentioned improvements appear relevant in order to benchmark
the quality of the results their applicability to very large networks, the most extensive tests
will be carried out in order to find some general rules that allow defining the parameters and
constraints that lead to a realistic timetable structure.
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ABSTRACT

In a globalized world and with the increased urge to travel across continents, intercontinental flights
have become more and more common with a high yearly increase. A quick look back in time show us
several technological steps. At the beginning, transcontinental flights with hydroplanes sold very
expensive fares. The first technological step was the economy of scale as flying became a product of
mass consumption. In the 60’s the Boeing 747 revolutionized intercontinental fares. At the same time
the Concord covered the Paris — New York liaison in less than 3h45.

The last technological revolution comes as s social revolution. The late 90’s and early 2000’s saw the
appearance of low cost airlines. Their philosophy was to cut costs as to reduce fares to a minimum.
With the development of the Airbus 380, intercontinental low cost concept seem to have reached
feasibility but only extremely few intercontinental low cost exist, and none of them have the A380. Is
this model possible at all? What would be the future of intercontinental aircraft tendencies? The author
will analyzes and compare the “mammoth” vs smaller and more numerous aircraft fleet concepts in
this globalized world where the situation changes rapidly if not daily.

Keywords: Intercontinental flights, long-range, wide body, low cost concept.

1 INTRODUCTION: INTERCONTINENTAL FLIGHTS THROUGH HISTORY

Throughout the history of aviation, flying has always symbolized modernized fast and
luxurious transportation. The goals were always set to fly farther and faster. From a small
jump to an 18h around the world flight technology has evolved.

As to define intercontinental flights the author shall first define this concept. In modern
aviation transoceanic or long-range transcontinental flights, as a Europe-Asia flight would be,
are considered as intercontinental. A South Europe to North Africa flight would not be taken
into account as an intercontinental flight in this study, even though it would connect two
separate continents. Usually a separation is made past the 4h to 6h benchmark.

First transatlantic scheduled passenger flights were performed with airships for the simple
reason they did not require any or very little engine power in order to stay in the air and could
therefore float in case of mechanical failure or lack of fuel, carried by the winds. Followed the
routes opened and operated by Pan Am with aircraft of type Boeing 314 and named
“Clipper”. These flights would take over 12h to cross the Atlantic. After the Second World
War the first land based aircrafts like the DC-4 and Super Constellations, started to replace
flying boats for transatlantic flights. The journey would be shortened and would last no more
than 6h to 9h.
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Figure 1: picture of a Boeing 314, Pan Am operated “Clipper”
Source: http://rbogash.com/B314.html

The first jet to operate a transatlantic flight was the DH-106 Comet. It would reduce the
flight from New York to Paris to some 7h20.

Figure 2: picture of a Comet, SAS operated

Source: http://cdn-www.airliners.net/aviation-photos/photos/3/1/1/1332113.jpg

Finally, in the end of the 60’s, two aircrafts revolutionized intercontinental flights: the
Boeing 747 became the first aircraft to offer the possibility of a huge economy of scale. On
the other hand the Concorde allowed extremely fast connections, though at a quite high price.
The Boeing 747 turned out to be a commercial success, whereas the Concorde was more a
prestigious object that France and Great Britain maintained well beyond it’s supposed
lifespan. The Concorde by itself was a technological success and even a moneymaker for the
Airlines, but as a development program, turned out to be too much fuel consuming for a wider
use. After several oil crises and the world globalization with the changes that it included, the
path most airlines chose was a cost reduction and mass transportation system.
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2 TODAY: THE LOW COST CONCEPT WITH THE AIRBUS A380 AGE?

Today, as we know it, the organization used by those airlines called “no frill”, “low
budget” or “low cost”, is based on a point-to-point system. Several attempt were made to try
to introduce a low cost hub-and-spoke system. Unless subsided by region or states, these
airlines failed or were unable to compete with such low fares than their competition.

2.1 Point-to-point concept

The success of low cost airlines lays in several cost cutting factors:
e Single fleet:
- Ground and air personnel optimization
- Maintenance system cost reduction
- Spare parts cost reduction
- Acquisition of aircraft and price negotiation power
- “Negative depreciation” as in Ryanair’s case where used airplanes are sold
without depreciation or sometimes at a higher price than bought new
e Labor cost reduced:
- Crew training cost paid by the crews themselves
- Crew efficiency nearing the legal limits (900h block time for pilots yearly
compared to 700-800h for legacy carrier)
- Multiple tasks for labor crew (check-in and cleaning duties for cabin
Crew...)
- Lowering the salaries in the branch
e Aircraft efficiency (nearly 80% higher than legacy carrier)
e Catering, additional services on board, priority boarding etc. at additional costs
e Flying routes from and to low cost airports or even benefiting of subsidies from
region and airports (no landing fees etc.)
e Aircraft choice — economy of scale
e Online booking system saving on agencies fees
e Limited advertising or advertising paying for itself

As we can see, no frill airlines use several cost cutting methods as to reduce their cost per
available seat. Furthermore their load factor is much higher then legacy carriers. These are
more bound to their schedule and routes for reasons other than economics, such as political
pressure (connecting to Europe’s capital Brussels for example), prestige or simply due to their
schedule of feeder connections.

2.2 Hub-and-spoke system

Most so-called legacy carriers, regional, national or international, work on the hub-and-
spoke concept. They have one or several main bases where they hold ground personal,
stations, maintenance, aircraft stations and management. These hubs are used as a gateway.
Passengers, unless flying to or from a hub, always have to use connecting flights through a
hub. The advantage of this system is a much higher connectivity than a point-to-point
connection. For example, all passengers flying out of a secondary airport are on the same
flight to the hub where they split to various destinations. On the same principle all passengers
flying to this secondary airport are grouped in the hub and therefore the load factor to this
destination is higher. Point-to-point concept would not permit this type of operation, as there
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would be not enough passengers for a bigger airplane. Smaller secondary airports often have
very few passengers and the lines connecting them to the hub are called “feeder” lines, as
their main aim is to “feed”, or to fill the bigger airplanes for the further flights.

Let us take the example of Lufthansa and Air France, two main legacy carriers on the
European scale. For Lufthansa the hubs are Frankfurt and Munich, for Air France it is Paris
CDG and Paris ORY. Both companies have similar sized regional jets and turboprop aircrafts
ranging 35-100 seats. They also have a continental fleet of jets between 120 and 210 seats
flying from secondary airports into the hubs. These lines “feed” each other on the European
scale. But if we further analyze the schedule of the lines we can recognize some typical
patterns: most frequent flights are early morning flights from secondary airports into the hub.
These flights coincide with arrivals and departures of intercontinental fleets of aircrafts. In
this case we can also consider the 120-210 seats fleets to be feeder lines, as they tend to bring
enough passengers to the same hub in order to fill the intercontinental flights.

2.3 Intercontinental flights — technology, organization and economics

2.3.1 Technology of intercontinental flights

Intercontinental aircrafts, as the author has previously described, are nowadays mostly
aircrafts with a capacity of several hundred passengers, ranging from 290 to 550. Even more
would be achievable with the A380. To achieve such a high number of passengers, the aircraft
has to be wide enough to accommodate a minimum of 6 or 7 seats per row. This would in turn
require a so-called “wide body” aircraft and 2 aisles. Due to a limited width because of the
drag it creates, as well as a limited length, the only way to further increase the number of
passengers is to create a double decker aircraft. Boeing achieved this in the 747 series and
Airbus recently with the A380. This one is a continuous double decker as opposed to the 747
that has only the front section in a two levels configuration.

ICAO and national regulations define the minimum number of emergency equipment and
flight attendants usually per block of 50 seats. The emergency equipment also includes the
number of doors for evacuation along with slide, inflatable life rafts etc. With this number of
emergency doors, there is also a practical reason to use several ones for normal operations.
For practical purposes of boarding and disembarking the aircraft, the use of a minimum of
two “fingers” on the terminal is essential in order to keep the turnaround time reasonable.

The Airbus A380 has a capacity of a maximum 853 seats although no aircraft in this
single class configuration has been ordered yet. Disembarking over 800 passengers, cleaning
the cabin and boarding another load of 800 passengers would, with two accesses (finger or
ground stairs) take a very long time, reducing the productivity. As the study “A Practical
Approach to Board/Deboard an A380” suggested, a 3 fingers access to the plane shall speed
up the process.

Furthermore, with flights lasting 8h to 13h and more, there is a strong need for catering
and sanitary water with waste as product. The aircraft has to be replenished before each flight.
Catering for 350 or 450 passengers already takes a huge impact on the payload and time to
load. Catering for 550 passengers or hypothetically 850 would take much longer.

On the other side passenger transportation, especially on intercontinental flights where
passengers usually spend longer periods of time at the destination, always implies
transportation of luggage. Depending on which regulation or system we look at, it is either
considered as part of passenger transportation or cargo transportation. The technology used is
in both cases the same. On intercontinental flights check-in luggage is packed into pallets or
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containers on the ground. These are specially designed, standardized to fit one or several
airliners. These containers are then loaded in the lower part of the aircraft and do not
necessitate a lot of time to load. The problem arises from connecting flights, where luggage
has to be unloaded from several feeder aircrafts, sorted out, and loaded on the appropriate
container for the appropriate destination. The time for these changes can dramatically affect
turnaround time.

2.3.2 Organization and economics of intercontinental flights

The longer the flight the lower has to be the cost per available seat kilometer or ASK.
The total cost of a flight is the sum of the fixed costs (use of terminal, landing fees, booking
fees etc.) and variable costs (fuel used, maintenance costs in hourly base, labor costs etc.) The
longer the flight the more expensive the total costs. It is hence critical to improve the cost per
ASK with economy of scale. As we can see in the figure 3, most legacy carriers have a rule of
third: 1/3 of passengers come from the neighboring area of the departure airport, 1/3 come
with their own means of transportation (this includes all ground transportation) and 1/3 come
with feeder aircrafts of the same carrier as the intercontinental flight or on a code sharing
flight.

1/3 - from FEEDER 1/3 - LOCAL area — =
1/3 - ground transp.

Figure 3: Schema of “the Rule of Third”

Source: author

Let us now take an example of an airline operating an Airbus A340 with a 3-class seating
totaling 380 seats available for passengers. Let us assume the operating costs of the A340 to
be 14,000 € per flight hour. These are approximate and average costs the author is using for
the purpose of this article. Specific airlines may have slightly higher or lower operating cost
depending on numerous other factors that are not the subject of this study.
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For a flight Paris-New York with a total flight distance of 5900 km this would represent
for the A340 about 6h30 and the cost would be:

14,000 x 6.5 = 91,000 € (1)

That would be 239 € per available seat. Let us assume a load factor of 0.80 or an 80% full
aircraft. With only 304 revenue passengers (paying customers) we have the cost per passenger
rising to:

91,000/ (380 x 0.80) =299 € 2

Considering the rule of third we have approximately 101 passengers coming from the
neighboring area (that would be Paris), 101 passengers coming from a closer area with ground
transportation (that would be the region around Paris, eventually up to a radius of several
hundreds of kilometers, therefore France and part of the Benelux) and 101 passengers coming
with feeder flights up to several hours (that would cover Western Europe).

Table 1: cost per seat at different load factors for a CDG-JFK flight, total cost 89,680 €, 380 seats
configuration and one way only with Airbus A340

Load factor Flight 100% 90% 80% 70% 60% 50%
91,000 €
Cost (per seat) (entire flight) 239 € 266 € 299 € 341 € 398 € 478 €

Source: author

From Table 1 it is clear that the cost per seat is lower with increasing number of
passengers and hence the higher the profit, provided the tickets are sold at a certain fixed
price. Let us analyze the same flight, flown with an A380, with a 3-class configuration and
550 seats.

Assuming an economy of scale and therefore similarly assuming the hourly cost of the
A380 to be around 17,500 € we calculate the following costs of the flight:

6.5% 17,500 = 113,750 € 3)

On the same basis we can calculate the cost at different load factors. If we calculate the
cost per available seat kilometer or ASK we see that the A340 costs 0.041 €/ASK and the
A380 costs 0.035 €/ASK to operate (see formula 4 and 5.)

91,000 /5,900 /380 =0.041 € 4)
113,750 /5,900 /550 =0.035 € (5)

Table 2: cost per seat at different load factors for a CDG-JFK flight, total cost 89,680 €, 550 seats
configuration and one way only with Airbus A380

Load factor Flight 100% 90% 80% 70% 60% 50%
113,750 €
Cost (per seat) (entire flight) 207 € 230 € 259 € 296 € 345 € 414 €

Source: author
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Many analyses do the mistake of comparing two aircrafts at the same load factor. If the
capacity of both planes, their age and operating environment are different, it is completely
impossible to compare that way. If there are 200 passengers to transport and there are two
aircrafts available, one with 201 seats and the other with 380 seats we have one aircraft at
99,5% full and the other barely over half full (52.6%). On charter flights an operator rarely
buys a certain percentage of whatever number of seats is available. It is usually agreed to buy
the entire aircraft, or a certain number of seats. If we compare now both planes at an equal
number of passengers we come to following conclusions:

e Bigger aircrafts have a higher cost for a certain flight but the global cost per ASK is
lower, therefore at equal load factor the cost per revenue passenger is lower hence a
higher margin and profit.

e At the same number of passengers, smaller aircrafts have a higher load factor, and
hence the highest margin.

So bigger airplanes are justified only when the demand for seats is high enough to
support more passengers per flight than a smaller aircraft would be able to transport. In this
case it is important either to have a high demand of passengers that are not willing to pay
more or a strong concurrence, otherwise it may be preferable to increase prices as to regulate
demand.

Table 3: comparison of costs per passenger at different total number of passengers for a CDG-JFK
flight, one way only with Airbus A340 and A380

Number of 200 250 300 350 380* 450 500 550
passengers

A340 0 . . ; .

Loadfactor 54% | 66% 79% 92% 100% N X "

455€ | 364 € 303 € 260 € 239 €
Cost per seat

A380
Loadfactor
Cost per seat

36% 45% 55% 64% 69% 82% 91% 100%
569€ | 455€ 379 € 325€ 299 € 253 € 228 € 207 €

* Comparison is done at 380 seats, which is the maximum capacity of the A340, instead of 400.
Source: author

To summarize, a bigger airplane costs less per available seat but represents a bigger risk
in case of deficiency of passengers. Smaller airplanes represent a smaller risk if there are
fewer passengers, as they operate at a higher load factor. But even if full, their operating costs
per seat are higher than those of bigger airplane at equal load factor.

The author would like to point out that technology today has reached such a high level
that the two main producers Boeing and Airbus offer aircrafts with very similar direct
operating costs. The main differences come in form of regional preferences (higher airbus
pilots and spare parts availability in Europe and similar situation for Boeing in the North
American area), political influences to rather buy a European or an American airplane etc.

The author will now try to apply those calculations to the low-cost model.

3 FEASIBILITY AND ECONOMICS OF POINT TO POINT
INTERCONTINENTAL SCHEDULED FLIGHTS

First we need to find out if point-to-point intercontinental flights are possible. Referring
to the rule of third described in the previous part of this article we have the following:
e 1/3 of the plane from local area
e 1/3 of the plane from ground transportation
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e 1/3 of the plan from feeder services

If we wish to operate a point-to-point service, we automatically renounce to the 33% of
passengers we have from a feeder service. If we compare the costs of both small and big
aircraft we can see that in this case, with a lower number of passengers, our interest is to have
the smaller one. This aircraft should still be large enough to be able to have an economy of
scale. But even then, a full A340 would cost 239 € one-way or 478 € for a return flight from
Paris to New York. Furthermore, a flight can never be operated at 100% load factor all the
time. Therefore the calculation would have to be done on a lower load factor. Some flights are
operated on such a point-to-point basis, but they are sold to charter operators for a global fee
or have 3 classes and cannot be considered as low cost. The charter or tour operator carries
the economical risk or burden of not filling the plane. Charters are sold in packages and very
rarely flown like a regular line. Tour operators have higher margins in their packages, and
therefore also higher flexibilities to give discounts and special offers to attract more clients
shall there be seats left vacant.

One cannot really consider an airplane ticket costing around 500 € to be in the low cost
category. This is especially so when legacy carriers like Lufthansa, Emirates and British
Airways sometimes offer even cheaper tickets. They practice such low fares to attract clients
that would otherwise not chose to fly, in order to fill the empty seats and compensate on the
other side with extremely high first class fares. They use a classic legacy price policy.

True low cost airlines based on a point-to-point system can hardly be operated, as there
are almost never enough passengers from a departure and to a destination to set up a
scheduled airline.

4 CONCLUSION: POSSIBLE FUTURE EVOLUTIONS FOR
INTERCONTINENTAL FLIGHTS

As the author tried to demonstrate, point-to-point intercontinental flights are possible
only on a charter basis, which cannot be considered as a true low cost operation. On a
scheduled basis, only hub-and-spoke system is economically viable. An airline, to be a true
low-cost, as we know it on a European or North American scale, cannot operate with hubs.
This raises costs and the operation concept moves toward the classical or legacy system. Most
legacy airlines practice discount flights, closing by their fares to low cost prices.

Future evolution could tend toward lower fares on intercontinental flights by cutting costs
by all means. An even higher seat density, more classes (introduction of a 4™ class) or fewer
classes (only a business and a low-cost 2™ class) could help achieve this lowering of costs.

Many airlines in the world have ordered the A380, in order to increase the seating
compared to a Boeing 747, hence reducing the cost per seat. None has ordered an A380 with
higher seating configuration that 550 even though the airplane has a capacity of 850. Those
airlines carry the risk of operating a very expensive airplane at a low load factor in case of
economical downturn. On the other side, there are airlines that only operate two-engine
intercontinental aircrafts with seating 300 to 400. They deliberately operate smaller aircrafts
with the ability change the frequency if the demand drops, which is not possible with a bigger
aircraft.

The region in the world that is the closest to have an intercontinental low-cost airline
would be Asia. With a high population density and high economical growth, several airlines,
such as Air Asia, Tiger Airways or Kingfisher Airlines have made attempts to offer a low-
costs service and are evolving towards this model.
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ABSTRACT

In this paper, the development of the ro-ro Short Sea Shipping (SSS) services offered at Italian ports in
the last five years is analyzed. In particular, a detailed research on all the ro-ro SSS routes departing
from and arriving to Italian ports, in the years 2008, 2010 and 2012, is performed. All routes regarding
these three years are extensively reported. The study highlights two main aspects. The first aspect is
that domestic ro-ro routes cannot constitute, by now, an alternative to domestic road freight transport:
as no routes connect together two ports in the mainland, but they only connect the Italian mainland
with the Italian islands. The second aspect is a general modification of the routes in recent years,
particularly between 2010 and 2012: they tend to increase in number, decrease their frequency but
increase their length, in particular with reference to the number of ports involved. This fact is a result
of the economic crisis: on one hand the transport demand is decreased, and therefore the routes’
frequencies; on the other hand, the shipping companies look for new markets in order to face the
reduction in traffic.

Keywords: Motorways of the Sea routes; comparison years 2008 2010 2012; alternative to “all road”
transport

1 INTRODUCTION

Motorways Of the Sea can be defined, according to the European Commission [2], as
follows: The trans-European network of Motorways Of the Sea is intended to concentrate
flows of freight on sea-based logistical routes in such a way as to improve existing maritime
links or to establish new viable, regular and frequent maritime links for the transport of goods
between Member States so as to reduce road congestion and/or improve access to peripheral
and island regions and States. Motorways Of the Sea should not exclude the combined
transport of persons and goods, provided that freight is predominant.

According to the definition proposed by the European Commission [1], Short Sea
Shipping (SSS) is the movement of cargo and passengers by sea between ports situated in
geographical Europe or between those ports and ports situated in non-European countries
having a coastline on the enclosed seas bordering Europe. Short Sea Shipping includes
domestic and international maritime transport, including feeder services, along the coast and
to and from the islands, rivers and lakes. The concept of Short Sea Shipping also extends to
maritime transport between the Member States of the Union and Norway and Iceland and
other States on the Baltic Sea, the Black Sea and the Mediterranean.

Five categories of ships have been identified to operate within the SSS network [5]:
container feeder vessels; ferries; bulk cargo carriers and tankers; general cargo and
multipurpose ships; sea-river ships. Ferries are almost an extension of road and in some cases
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of rail transport too. These ships are capable of carrying both passengers and a whole range of
cargoes that embraces: trucks, trailer, semi-trailers, accompanied and unaccompanied, swap-
bodies, railway wagons, palletised cargo and machinery. Motorways of the Sea services are
operated by this kind of ships.

The EU has a coastline of 67,000 km and has between 60% and 70% of its industrial and
production centres located within 150-200 km of the coast [5]. These conditions provide MOS
with a geographic advantage in order to be competitive with “all-road” transport.

On the other hand, MOS still have to overcome several shortcomings. Due to their nature,
this mode can hardly offer a door-to-door transport service. This disadvantage arises from ro-
ro Short Sea Shipping services being part of a broken chain. As a result, to complete a door-
to-door service, MOS require the collaboration of rail or road modes for collection and
delivery, and a network of well-located inland terminals. The approach adopted by the
European Commission in developing the policy of Trans-European Networks (TEN-T) is an
important step towards the integration of MOS in intermodal transport systems. But other
three aspects are fundamental: firstly, proper rail links and road accessibility; secondly, the
implementation of an organisational culture by shipping companies and port authorities, in
order to reduce the overall transit time of cargoes, especially regarding port operations;
thirdly, the performances of MOS in terms of punctuality, flexibility, availability and
frequency of services.

In this article, firstly the Italian MOS routes, both domestic and international, in year
2012 are shown. Data collected refer to November 2012. The performed survey shows that
existing domestic routes mainly connect the Italian mainland with the Italian islands, while
routes connecting together ports of the Italian mainland are just a few and parts of
international routes. After, a comparison of MOS routes, in 2008 (February 2008), 2010
(March 2010) and 2012, is carried out. This comparison shows the effects of the economic
crisis: from 2010 to 2012 a strong decrease in ship departures per week can be observed, as
well as an increase in the routes’ length. Conclusions follow.

2 THE MOTORWAYS OF SEA ROUTES IN YEAR 2012

The MOS routes, to/from Italian ports, in November 2012 are reported in tables 1 and 2,
concerning respectively domestic and international routes. For each route, the following is
reported: operator, weekly frequency, average travel time in hours and length of the route in
kilometres.

35 domestic routes are operated by 14 shipping companies. The longest domestic route is
Catania—Ravenna, 1179 km long, while the shortest is Civitavecchia — Olbia, 223 km long.

Considering the number of connections per week between each couple of Italian ports,
the most frequent is the one between Civitavecchia and Olbia, with 15 weekly connections.
Other important domestic connections are: Napoli — Palermo with 14 connections per week,
Livorno — Olbia and Messina — Salerno with both 13 weekly connections.

We can compare these results with those reported in Danesi et al. [4]. In 2010 the most
frequent connection resulted Livorno — Olbia, with 19 weekly services; other important
connections were: Civitavecchia — Olbia, Napoli — Palermo and Civitavecchia — Palermo,
with 14, 14 and 12 connections by week respectively.

Regarding international routes, in year 2012, 56 routes are operated by 37 shipping
companies.

The longest international routes are: Trieste — Mersin (2545.9 km), Livorno — Barcelona —
Tangier (2384.6 km), Trieste — Pendik (2214.9 km), Trieste — Ambarli (2192.6 km). The
shortest international routes are: Pozzallo — Malta (95.7 km), Livorno — Bastia (113.6 km).
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The most important international routes are those which connect the western and eastern
coast of the Adriatic Sea. In particular we should mention: Bari — Durres, with 31 departures
per week; Ancona — Igoumenitsa — Patras, with 19 departures per week; Brindisi — Vlore, with

17 departures per week.

The number of domestic routes registered in 2012 is equal to 35, with 166 ship departures
per week from/to the 26 Italian ports considered. The number of international routes is 56,

with 241 ship departures from the 26 Italian ports considered towards

24 non ltalian

destinations. The total number of routes registered in November 2012 is 91, with 407
departures per week and 50 destinations.

Table 1: Domestic routes to/from Italian ports. Data refer to November 2012

Weekly | Average travel | Distance
Route Operator frequency time (h) (km)
Arbatax-Cagliari-Civitavecchia Tirrenia navigazione 2 11.5 597
Arbatax-Genova Tirrenia navigazione 2 19 516
Arbatax-Olbia-Genova Tirrenia navigazione 3 18 535
Cagliari-Civitavecchia Tirrenia navigazione 5 13 445
Cagliari-Livorno Tirrenia, Armamento Sardo 7 18.5 572.6
Cagliari-Napoli Tirrenia navigazione 2 16 502.9
Cagliari-Palermo Tirrenia navigazione 1 14 416.2
Cagliari-Salerno Grimaldi Lines 1 18 328.5
Cagliari-Trapani Tirrenia navigazione 1 10 327
Cagliari-Vado Ligure Gruppo Grendi 3 24 685.9
Catania-Civitavecchia Grimaldi Lines 2 19 644.8
Catania-Genova Grimaldi Lines 4 29 997.4
Catania-Livorno Grimaldi Lines, Italtrag 3 25 882.2
Catania-Napoli TTT Lines 7 10.5 440.2
Catania-Ravenna Tirrenia Divisione Adriatica 3 125 1179.3
Catania-Salerno Grimaldi Lines 3 14 393.2
Civitavecchia-Olbia Tirrenia navigazione, SNAV 15 15 222.8
Civitavecchia-Palermo Grandi Navi Veloci, SNAV 6 14.5 472
Civitavecchia-Porto Torres Grimaldi Lines 2 7 318.5
Civitavecchia-Trapani Grimaldi Lines 1 145 458.7
Genova-Olbia Tirrenia Navigazione 3 11.5 418.7
Genova-Palermo GNV, Grimaldi 8 20 796
Genova-Porto Torres Tirrenia Navigazione 7 115 399.5
Golfo Aranci Livorno Sardinia Ferries 4 10 391.6
Livorno-Olbia Armamento Sardo, Moby L. 13 8.5 313.5
Livorno-Palermo Grimaldi Lines, Italtrag 5 19 696.9
Livorno-Termini Imerese Grandi Navi Veloci 3 18.5 721
Livorno-Trapani Italtrag 3 22 686.9
Marina di Carrara-Olbia Armamento Sardo 6 12 359.7
Messina-Salerno Caronte & Tourist 13 8 296.5
Milazzo-Napoli Siremar 2 23 325.1
Napoli-Palermo SNAV, Tirrenia navigazione 14 10.5 320.5
Palermo-Salerno Grimaldi Lines 2 9.5 316
Salerno-Termini Imerese Caronte & Tourist 6 9 311.7
T.ni Imerese -Vado Ligure Strade Blu 4 24 846

Source: Italian Motorways of the Sea website [6],shipping companies websites [7].

Only a few routes exist which connect ports in the mainland, and these connections are
always part of a long international route. These connections are:
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e Genova — Livorno and Salerno — Genova (both one way), which are part of the route
Genova-Livorno—Catania—Patras—Bar—Catania—Salerno—Genova (1 connection per

week);

e Genova — Napoli (two ways), which is part of the route Genova — Napoli — Tunis (1

connection per week);

e Livorno — Savona (two ways), part of the routes Livorno — Savona — Barcelona and
Livorno — Savona — Barcelona — Valencia (5 connections per week);
e Trieste — Ancona (two ways), part of the route Trieste — Ancona — Igoumenitsa —
Patras and return (3 connections per week).

Table 2: International routes to/from Italian ports. Data refer to November 2012

weekly |av. travel | Distance
Route Operator freq.y time () (km)
Ancona-Durres Adria Ferries 3 19 575
Ancona-lgoumenitsa-Patras Adria Ferries, Anek Lines, Minoan 19 22 953
Ancona-Split Blu Line, Jadrolinija 9 10 260
Ancona-Zadar Jadrolinija 3 6 180.9
Bari-Bar Montenegro Lines 2 9 215
Bari-Corfu-lgoumenitsa Nel Lines, Ventouris 9 11 363
Bari-Corfu-lgoumenitsa-Patras Superfast 7 9.5 574
Bari-Dubrovnik Jadrolinija 6 9 201
. Adria, Albanian, European Seaways,
Bari-Durres Adriatica Traghetti, Ventouris 31 8 2218
Brindisi-Corfu-lgoumenitsa Agoudimos, Grimaldi Lines 9 9 259
Brindisi-Corfu-lgoumenitsa-Patras Grimaldi Lines, Endeavor 12 16 499
Brindisi-Vlore Agoudimos, European Ferries, Star 17 75 1338
Ferries
Cagliari-Valencia Grimaldi Lines 3 23 867.9
Catania-Civitavecchia-Barcelona- . -
Civitavecchia-Catania-Malta Grimaldi Lines 2 40 1699.7
Catania-Corinth Grimaldi Lines 1 25 710.1
Catania-Malta Grimaldi Lines 3 7 208
Civitavecchia-Barcelona Grimaldi Lines 6 19 826.9
Civitavecchia-Palermo-Tunis SNAV,Grandi Navi Veloci 2 24 779.2
Civitavecchia-Trapani-Tunis Grimaldi Lines 1 22.5 699.9
Genova-Alger Messina 1 240 965
Genova-Barcelona Grandi Navi Veloci 1 18 666.5
Genova-Barcelona-Tangier Grimaldi Lines 2 49 1706.6
Genova-Catania-Malta Grimaldi Lines 3 38 1205.4
Genova-Catania-Malta-Tripoli Grimaldi Lines 1 68 1565.5
Genova-leprno-Catan|a-Patras-Bar- Grimaldi Lines 1 39 3305.1
Catania-Salerno-Genova
Genova-Malta Messina 1 39 1067.2
Genova-Napoli-Tunis Messina 1 24 1212.5
Genova-Palermo-Tunis Grimaldi Lines 2 35 1150.7
Genova-Tunis CTN, Grandi Navi Veloci 5 24 867.3
Livorno-Barcelona Flota suardiaz 4 27 712.2
Livorno-Bastia Corsica ferries 10 4 113.6
Livorno-Barcelona-Tangier Grimaldi Lines 1 62 2384.6
Livorno-Catania-Malta Grimaldi Lines 3 28 1094.2
Livorno-Catania-Patras Grimaldi Lines 1 52 1477.6
Livorno-Palermo-Tunis Grimaldi Lines 2 36 1044.9
Livorno-Savona-Barcelona Grimaldi Lines 1 23 800.8
Livorno-Savona-Barcelona-Valencia Grimaldi Lines 4 47 1107.7
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Livorno-Tripoli Grimaldi Lines 1 120 1214
Palermo-Salerno-Cagliari-Valencia Grimaldi Lines 2 60 1502.8
Porto Torres-Marseille SNCM 3 17 407.3

Porto Torres-Propriano SNMC 2 3.5 169
Pozzallo-Malta Virtu Ferries 8 15 95.7
Salerno-Malta Grimaldi Lines 1 25 571.9
Salerno-Tripoli Grimaldi Lines 1 57 925.3
Salerno-Tunis Grimaldi Lines 2 24 581.5
Salerno-Valencia Grimaldi Lines 1 42 1319.7
Savona-Bastia Corsica ferries 5 10.5 200.6
Trapani-Civitavecchia-Barcelona Grimaldi 1 42 1285.6
Trieste-Ambarli UN Ro.Ro 1 48 2192.6
Trieste-Ancona-lgoumenitsa-Patras Grimaldi Lines 3 72 1234
Trieste-Cesme Ulusoy Gemi Isletmeleri 3 58 1931.1
Trieste-Durres Agemar 2 24 735.2
Trieste-Mersin UN Ro.Ro 2 60 2545.9
Trieste-Pendik UN Ro.Ro 7 60 2214.9
Venezia-lgoumenitsa-Corfu-Patras Minoan Lines 2 36 1205.9
Venezia-lgoumenitsa-Patras Anek Lines 5 35 1150.5

Source: Italian Motorways of the Sea website [6],shipping companies websites [7]

However, we have no information whether cargo is accepted also for the domestic part of
the route, e.g. in the last route, cargo having origin Trieste and destination Ancona.

In Table 3, the 26 Italian ports which offer a Motorways of the Sea service are listed.
Regarding the number of destinations served, the most important port is Livorno, which is
connected with 10 other Italian ports and 9 non Italian ports. The second port for number of
destinations served is Genova, with 16 total destinations.

Table 3: Number of destinations and weekly departures from Italian ports (November 2012)

Number of | Number of | Total number | n° domestic | n°international Total n°

Ports national | international of departures | departures per | of weekly

destinations | destinations | destinations per week week departures
Ancona 0 5 5 0 34 34
Arbatax 3 0 3 7 0 7
Bari 0 6 6 0 55 55
Brindisi 0 4 4 0 38 38
Cagliari 8 1 9 24 5 29
Catania 6 6 12 22 15 37
Civitavecchia 7 3 10 33 12 45
Genova 8 8 16 27 18 45
Golfo Aranci 1 0 1 4 0 4
Livorno 10 9 19 38 28 66
Marina di Carrara 1 0 1 6 0 6
Messina 1 0 1 13 0 13
Milazzo 1 0 1 2 0 2
Napoli 5 8 13 25 5 30
Olbia 5 0 5 40 0 40
Palermo 6 2 8 36 8 44
Porto Torres 2 2 4 9 5 14
Pozzallo 0 1 1 0 8 8
Ravenna 1 1 1 3 0 3
Salerno 7 6 13 25 8 33
Savona 1 3 4 0 10 10
Termini Imerese 3 0 3 13 0 13
Trapani 3 2 5 5 2 7
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Trieste 1 7 8 0 18 18
Vado Ligure 2 0 2 7 0 7
Venezia 0 3 3 0 7 7

Regarding the total (national + international) ship departures per week, Livorno results
the most important port, with 66 departures, followed by Bari, with 55 departures, and by
Civitavecchia and Genova, with 45 weekly departures. Palermo and Olbia are also important,
and they register 44 and 40 departures per week respectively. Olbia is also the first Italian port
for domestic departures per week, with 40 departures (it has only domestic routes).

In November 2012 the MOS routes were operated by 37 shipping companies. The most
important operator is Grimaldi Lines, which offers 37 routes, considering both domestic and
international ones. The second operator is Tirrenia and the third Grandi Navi Veloci, with
respectively 13 and 6 routes. All other operators offer less than 5 routes: in particular, 20
operators offer only 1 route and 12 operators offer 2 or 3 routes; moreover 4 operators offer
only 2 departures per week. Regarding the weekly ship departures, again Grimaldi is by far
the greatest Italian operator, with more than 80 departures per week, followed by Tirrenia,
with 48 departures per week. SNAV, Sardinia and Corsica Ferries, and Caronte & Tourist
register respectively a weekly frequency of 20, 19 and 19 departures.

3 THE TREND IN ITALIAN MOS TRAFFIC. COMPARISON OF ITALIAN RO-
RO SHORT SEA SHIPPING ROUTES IN THE YEARS 2008, 2010 AND 2012

As shown in figure 1, in the last four years, i.e. from 2008 to 2012, a general reduction in
maritime traffic to/from Italian ports can be observed. The general trend is: decrease of
maritime traffic from 2008 to 2009, increase from 2009 to 2010, and decrease again from
2010 to 2012. As far as the the traffic between Italy and Mediterranean countries is
concerned, the values of year 2012 are even lower than those in 2009. Ro-Ro short sea
shipping routes change according to this trend, and, as will be shown below, they have
become less frequent and longer, in order to adapt to the decrease of the demand on one hand,
and to search for new markets on the other.

Maritime trade between Italy and Mediterranean Maritime trade between Italy and the rest of
countries the world
36.00
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Figure 1: The development of maritime trade to/from Italian ports with Mediterranean area (left) and
with the rest of world (right) (comprised Mediterranean) in the years 2008-2012

Source: ISTAT

In tables 4 and 5 a comparison of respectively domestic and international ro-ro SSS
routes in 2008, 2010 and 2012 is reported. Data refer to February 2008, March 2010 and
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November 2012. If a space for a given route, in a given year, is left empty, it means that the
route does not exist in that year.

New domestic routes have been settled between 2010 and 2012: Arbatax — Cagliari —
Civitavecchia, operated by Tirrenia; Arbatax — Olbia — Genova (Tirrenia), Cagliari — Salerno
(Grimaldi), Cagliari — Vado Ligure (Grendi), Catania — Salerno (Grimaldi), Livorno —
Termini Imerese (Grandi Navi Veloci). Instead, in 2012, some routes previously existing, are
no longer operated: Arbatax — Civitavecchia (Tirrenia), Cagliari — Genova (Grendi), Olbia —
Piombino (Moby Lines). Some routes were operated only in 2010: Cagliari — Olbia — Livorno
— Cagliari (Strade Blu) and Catania — Corigliano Calabro (Ustica Lines).

Regarding international routes, 23 new routes have become operational in 2012, with
respect to 2010, among which 19 are operated by Grimaldi Lines. Moreover, 9 of these 23
new routes cross more than 3 ports (for example, Malta - Catania — Civitavecchia — Barcelona
and return), 10 cross three ports (for example Civitavecchia — Trapani — Tunis), and only 4
cross two ports (for example Cagliari — Valencia). Moreover, 15 routes were present until
2010 and are no longer operated. They are usually point-to-point routes, such as Ancona -
Cesme, operated by Marmara Lines, and only 4 of them passed through 3 ports.

Comparing the MOS routes operated in 2008, 2010 and 2012 (see table 6), we can see
that the number of routes has grown, from 77 in 2008 and 2010 to 91 in 2012. Regarding
domestic routes, the total number of routes has increased from 27 in 2008 to 35 in 2012, while
the total number of international routes has decreased from 50 in 2008 to 45 in 2010 and after
has increased again to 56 in 2012,

Table 4: The development of domestic MOS routes in 2008, 2010 and 2012 (February 2008, March
2010 and November 2012)

Route Weekly frequency | Average travel time (h) | Distance (km)
2008|2010(2012| 2008 | 2010 | 2012 |2008|2010|2012
Arbatax-Cagliari-Civitavecchia 2 115 597
Arbatax-Civitavecchia 2 2 10.5 | 105 299 | 299
Arbatax-Genova 2 2 2 20 19 19 | 516 | 516 | 516
Arbatax-Olbia-Genova 3 18 535
Cagliari-Civitavecchia 7 7 5 15 16 13 | 445 | 445 | 445
Cagliari - Genova 3 5 32 31 663 | 663
Cagliari-Livorno 7 7 185 | 185 572 | 572
Cagliari-Napoli 3 2 2 17 16 16 | 502 | 502 | 502
Cagliari-Olbia-Livorno-Cagliari 1 14.5 575
Cagliari-Palermo 1 1 1 145 | 145 14 | 416 | 416 | 416
Cagliari-Salerno 1 18 328
Cagliari-Trapani 1 1 1 11 10 10 | 327 | 327 | 327
Cagliari-Vado Ligure 3 24 685
Catania-Civitavecchia 2 3 2 21 19 19 | 644 | 644 | 644
Catania-Corigliano Calabro 3 13 447
Catania-Genova 2 2 4 25 25 25 | 997 | 997 | 997
Catania-Livorno 2 3 30 25 | 882 882
Catania-Napoli 7 7 7 10.5 | 10.5 | 10.5 | 440 | 440 | 440
Catania-Ravenna 4 3 3 36 36.5 36 [1179]1179|1179
Catania-Salerno 3 14 393
Civitavecchia-Olbia 25 | 14 | 15 7.5 8 8 222 | 222 | 222
Civitavecchia-Palermo 3 10 6 12 12 14 | 472 | 472 | 472
Civitavecchia-Porto Torres 2 2 7 7 317 | 317
Civitavecchia-Trapani 1 1 145 | 145 458 | 458
Genova-Olbia 10 3 3 105 | 135 | 115 | 418 | 418 | 418
Genova-Palermo 6 6 8 20 20 20 | 798 | 789 | 798
Genova-Porto Torres 14 | 10 7 10 115 | 11.5 | 399 | 399 | 399
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Genova-Termini Imerese 4 30 819
Golfo Aranci-Livorno 7 10 4 8 6.5 6.5 | 291|291 | 291
Livorno-Olbia 7 18 | 13 9 8.5 8.5 | 313 | 313 | 313
Livorno-Palermo 5 3 5 20.5 19 19 696 | 696 | 696
Livorno-Termini Imerese 3 18.5 721
Livorno-Trapani 3 4 3 22 23.5 22 | 686 | 686 | 686
Marina di Carrara-Olbia 6 6 12 12 359 | 359
Messina-Salerno 16 | 12 | 13 7.5 8 8 296 | 296 | 296
Milazzo-Napoli 2 2 2 19.5 23 23 | 325|325 | 325

Napoli-Olbia 1 14.5 415
Napoli-Palermo 14 | 14 | 14 | 105 | 105 | 10.5 | 320 | 320 | 320

Olbia-Piombino 14 7 6.5 45 248 | 248

Palermo-Salerno 2 2 2 10 9.5 9.5 | 316 | 316 | 316
Salerno-Termini Imerese 6 9 311
Termini Imerese-Vado ligure 4 4 30 24 846 | 846

Source: Danesi et al. [3, 4], Italian MOS website [6],shipping companies websites [7]

Table 5: The development of international MOS routes in 2008, 2010 and 2012 (February 2008,
March 2010 and November 2012)

Weekly frequency | Average travel time (h) Distance (km)
Route 2008|2010 | 2012 | 2008 | 2010 | 2012 | 2008 | 2010 | 2012
Ancona-Cesme 1 1 56 56 1582 | 1582
Ancona-Durres 3 3 3 18 19 19 575 575 575
Ancona-lgoumenitsa-Patras 23 20 19 21 22 22 953 953 953
Ancona-Split 13 10 9 7 10 10 260 260 260
Ancona-Zadar 3 3 6 6 180 180
Bari-Bar 6 4 2 9 8 9 215 215 215
Bari-Corfu-lgoumenitsa 9 9 12.5 11 363 363
Bari-Corfu-lgoumenitsa-Patras 7 9.5 574
Bari-Dubrovnik 2 6 9 9 201 201
Bari-Durres 21 | 25 31 9 9 8 221 221 221
Bari-lgoumenitsa 13 9 10 10 363 363
Bari-lgoumenitsa-Patras 7 16 560
Bari-Patras 10 17 560
Bari-Rijeka 2 32 520
Bari-Split 2 26 287
Brindisi-Cesme 3 35 1085
Brindisi-Corfu-lgoumenitsa 15 9 9 9 259 259
Brindisi-Corfu-lgoumenitsa-Patras 12 16 499
Brindisi — lgoumenitsa — Patras 14 7 259
Brindisi - Patras 14 16 16 455 455
Brindisi-Vlore 13 13 17 7 7 75 133 133 133
Cagliari-Valencia 3 23 867
Catania-Civitavecchia-Barcelona-
Civitavecchia-Catania-Malta 2 40 1699
Catania-Corinth 1 25 710
Catania-Malta 4 3 3 8 7 7 208 208 208
Catania-Toulon 2 75 1105.8
Catania-Tripoli 1 80 585
Civitavecchia-Alicante 1 48 1179
Civitavecchia-Barcelona 6 6 6 20 20 19 826 826 826
Civitavecchia-Catania-Malta 1 20 776
Civitavecchia-Malta 2 31 776
Civitavecchia-Palermo-Tunis 2 2 24 24 779 779
Civitavecchia-Porto Vecchio 1 8 220
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Civitavecchia-Tarragona 1 30 908
Civitavecchia-Toulon 3 15 536
Civitavecchia-Trapani-Tunis 1 22.5 699
Civitavecchia-Tripoli 1 114 1033
Civitavecchia-Tunis 2 25 616
Genova- Algier 1 24 965
Genova-Barcelona 6 4 1 18 18 18 666 666 666
Genova-Barcelona-Tangier 2 49 1706
Genova-Bastia 7 7 5 5 206 206
Genova-Catania-Malta 3 38 1205
Genova-La Spezia-Algier 1 24 1112
Genova-Malta 3 2 1 39 39 39 1067 | 1067 1067
Genova-Malta-Tripoli 1 22 1500
Genova-Livorno-Catania-Patras-
Bar-Catania-Salerno-Genova 1 39 3305
Genova-Napoli-Tunis 1 24 1212
Genova-Palermo-Tunis 2 35 1150
Genova-Catania-Malta-Tripoli 1 68 1565
Genova-Tangier 1 7 49 49 1620 | 1620
Genova-Tripoli 1 1 100 100 1333 | 1333
Genova-Tunis 5 7 5 23 24 24 867 867 867
Livorno-Barcelona 3 3 4 20 21.5 27 712 712 712
Livorno-Savona-Barcelona 1 23 800
Livorno-Savona-Barcelona-Valencia 4 47 1107
Livorno-Bastia 11 16 10 4 4 4 113 113 113
Livorno-Catania-Malta 3 28 1094
Livorno-Catania-Patras 1 52 1477
Livorno-Barcelona-Tangier 1 62 2384
Livorno-Palermo-Malta 1 56 1131
Livorno-Tarragona 5 30 806
Livorno-Tripoli 1 120 1214
Livorno-Palermo-Tunis 2 36 1044
Livorno-Toulon 2 16 376
Livorno-Tunis 2 25 775
Palermo-Salerno-Cagliari-Valencia 2 60 1502
Palermo-Tripoli 1 131 706
Palermo-Tunis 3 3 11 10 374 374
Palermo-Valencia 2 92 1229
Porto Torres-Barcelona 7 12 569
Porto Torres-Marseille 3 3 17 17 407 407
Porto Torres-Propiano 2 2 3.5 3.5 169 169
Pozzallo-Malta 8 8 1.5 15 95 95
Salerno-Malta 1 1 1 24 24 25 571 571 571
Salerno-Tarragona 1 32 1161
Salerno-Tripoli 1 1 1 57 57 57 925 925 925
Salerno-Tunis 2 2 2 25 22 24 581 581 581
Salerno-Valencia 3 1 1 47 47 42 1319 | 1319 1319
Savona-Bastia 2 5 8 10.5 200 200
Trapani-Civitavecchia-Barcelona 1 42 1285
Trapani-Tunis 2 1 9 7.5 262 262
Trieste-Ambarli 2 1 48 48 2192 2192
Trieste-Ancona-lgoumenitsa-Patras 3 72 1234
Trieste-Cesme 3 3 58 58 1931 1931
Trieste-Durres 3 1 2 24 24 24 735 735 735
Trieste-Istanbul 7 48 2223
Trieste-Mersin 2 2 60 60 2524 2545
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Trieste-Pendik 7 7 54 60 2214 2214

Venezia-lgoumenitsa-Corfu-Patras 2 36 1205

Venezia-lgoumenitsa-Patras 7 8 5 23 35 35 1150 | 1150 1150
Venezia-Patras 3 35 1149

Source: Danesi et al. [3, 4], Italian MOS website [6],shipping companies websites [7]

The number of lines crossing more than two ports has increased relevantly. The number
of routes crossing 3 ports increased from 4 in 2008 (all international) to 10 in 2010 (9
international) and to 19 in 2012 (17 international). The number of routes crossing more than
3 ports were absent until 2010 and increased to 9 (all international) in 2012.
The average length of the routes has varied:
e regarding domestic routes, from 489 km in 2008 to 478 in 2010 and to 518 in 2012;
e regarding international routes, from 706.4 km in 2008 to 795.4 km in 2010 and to
967 km in 2012;
e regarding both domestic and international routes, from 618 km in 2008 to 646 km in
2010 and to 794.4 km in 2012.

Table 6: Number of routes crossing a different number of ports in years 2008, 2010, 2012. Data refer
to both domestic and international routes (February 2008, March 2010, November 2012)

Typology of routes 2008 2010 2012
Routes point to point 73 67 63
Routes crossing 3 ports 4 10 19
Routes crossing more than 3 ports 0 0 9

Table 7: Number of destinations and of departures per week from Italian ports. Comparison among
the years 2008, 2010 and 2012. (February 2008, March 2010 and November 2012)

Ports Number of destinations | Number of departures by week
2008 | 2010 | 2012 2008 2010 2012

Ancona 6 5 5 43 34 34
Arbatax 2 2 3 4 4 7
Bari 7 5 6 53 57 55
Brindisi 4 4 4 30 42 38
Cagliari 5 7 9 15 24 29
Catania 8 6 12 24 21 37
Civitavecchia 12 11 10 55 49 45
Corigliano Calabro 0 1 0 0 3 0
Genova 13 17 16 64 63 45
Livorno 9 17 19 45 68 66
Marina di Carrara 0 1 1 0 6 6
Messina 1 1 1 16 12 13
Milazzo 10 1 1 2 2 2
Napoli 5 7 13 25 26 30
Olbia + Golfo Aranci 6 6 6 64 59 44
Palermo 9 8 8 37 43 44
Piombino 1 1 0 14 7 0
Porto Torres 1 5 4 14 24 14
Pozzallo 0 1 1 0 8 8
Salerno 7 6 13 26 19 33
Savona + Vado Ligure 1 1 6 2 4 17
Termini Imerese 1 1 3 4 4 13
Trapani 3 4 5 6 7 7
Trieste 2 5 8 10 15 18
Venezia 2 3 3 10 8 7

Source: Danesi et al. [3, 4], Italian MOS website [6],shipping companies websites [7]
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The average travel time regarding domestic routes has kept quite constant in the years
2008 — 2012 and equal to 15.5 — 16.5 hours. Regarding international routes, it variates from
25.2 hours in 2008 to 22.8 hours in 2010 and to 29.1 hours in 2012. Regarding both domestic
and international routes, the average travel time has varied from 22.12 hours in 2008 to 19.8
hours in 2010 and to 24.0 hours in 2012,

The average speed is important to evaluate the efficiency of maritime routes. Regarding
domestic routes, the average speed has kept almost constant, as it ranges from 31.15 km/h in
2008 to 31.9 km/h in 2010 and to 32.9 km/h in 2012. Regarding international routes, it ranges
from 36.0 km/h in 2008 to 35.5 in 2010 and to 33.2 in 2012. Considering both domestic and
international routes, the average speed variates from 34.3 km/h in 2008 to 34.0 in 2010 and to
33.1 in 2012. The general decrease of the average speed is due to the greater number of port
calls per route, as the average speed is calculated by taking into account also the time in
which the ship is stopped at the port for the loading / unloading operations.

In table 7, the total number of destinations served and the total number of departures per
week, for each Italian port, regarding MOS routes, is reported. The ports with highest number
of destinations are Livorno, Genova and Civitavecchia. In particular, Livorno is the first port
concerning the number of destinations (19 destinations) in 2012, and it shows a constant
increase in these years. Livorno and Genova were the first two ports in 2010 with 17
destinations. In 2008 the first port was Genova, with 13 destinations, and Civitavecchia
followed, with 12 destinations (Civitavecchia reduces the number of destinations from 12 in
2008 to 10 in 2012), while Livorno registered in 2008 only 9 destinations.

Regarding the number of departures per week, the most important ports are: Livorno,
Genova, Bari, Olbia and Civitavecchia. In 2012, the most important port is Livorno, with 66
departures per week, which has increased its traffic from 45 departures per week in 2008 to 68
in 2010. Livorno was also the first port in 2010 concerning the number of weekly departures.
Genova and Olbia were the most important ports regarding departures per week in 2008, but
their traffic of ro-ro ships reduces from 2008 to 2012: Olbia reduces heavily its traffic of ro-ro
ships from 64 weekly departures in 2008 to 59 in 2010 and to 44 in 2012, while Genova
decreases from 64 departures per week in 2008 to 63 in 2010 and to 45 in 2012.
Civitavecchia, which was the third Italian port in 2008, also decreases its traffic from 55
departures by week in 2008 to 49 in 2010 and to 45 in 2012. Bari, which is the second Italian
port for MOS departures per week in 2012, registers 53 weekly departures in 2008, 57 in 2010
and 55 in 2012.

In table 8, some synthetic remarks, for all Italian ports, have been reported. The total
number of destinations has slightly increased from 46 (in 2008) to 50 (in 2010 and 2012). The
number of weekly departures registers a slight increase, from 417 in year 2008 to 427 in year
2010: the number of departures in 2012 instead is lower than in 2008, and equal to 407
departures per week. The number of routes instead kept constant and equal to 77 from 2008 to
2010, and increased to 91 in 2012.

Table 8: Synthesis of the comparison among 2008, 2010 and 2012: number of destinations,
number of departures, number of routes (February 2008, March 2010 and November 2012)

Number of destinations | Number of departures per week Number of routes

2008 | 2010 | 2012 2008 2010 2012 2008 | 2010 | 2012
Domestic 24 27 26 169 174 166 28 32 35
International 22 23 24 245 250 241 50 45 56
Total 46 50 50 414 424 407 77 77 91
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4 CONCLUSIONS

In this article, a study on the Motorways of the Sea routes, to and from Italian ports, and a
comparison among 2008, 2010 and 2012 routes has been performed. Italian economy is
currently in strong crisis, and maritime traffic follows this trend. A strong decrease in the
maritime Italian trade actually has been registered from 2010 to 2012.

This trend is clearly visible in ro-ro short sea shipping routes. Actually, weekly
frequencies decreased (from 424 to 407) and routes increased relevantly their length. Indeed,
in 2008, 74 point to point routes were registered, while in 2012 they decreased to 63. On the
other hand, the number of routes crossing three ports increased constantly, from 3 in 2008 to
10 in 2010 and to 19 in 2012. Furthermore, in 2012, 9 routes crossing more than 3 ports are
operational, this kind of route were not operated until 2010. This choice, to operate longer
routes, is made by shipping companies in order to limit the trips performed with a low loading
factor of the ship; this however decreases the speed of the service and therefore the
competitiveness with “all-road” services decreases.

The number of routes registered a slight increase, from 77 in 2008 and 2010 to 91 in
2012, and the frequencies decreased from 424 in 2010 to 404 in 2012 (in 2008 the frequencies
was 414). The increase in the number of routes is an attempt by shipping companies to enter
new markets, which are under development, and therefore frequencies are kept low. Actually,
the greatest majority of new routes are operated by Grimaldi Lines. This shows that greatest
operators try to face the economic crisis by searching for new markets, while the smallest
operators, whose resources are not enough to face the crisis, decrease their traffic.

With regard to the capability of MOS routes of being alternative to “all-road” transport,
this study shows that the only existing connections between Italian mainland ports are
actually part of international routes. Some of these connections are only one-way, such as
Salerno — Genova, while others are two-way, like Trieste — Ancona. However, some of these
routes have a frequency of only 1 connection per week; moreover, we have no information
whether cargo having domestic both origin and destination is accepted.
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ABSTRACT

New European rights of passengers travelling by sea and inland waterways constitute a significant step
forward in achieving targeted consistent legal framework that is in the interest of passengers travelling
in all modes. The paper focuses on the accomplishments of the Regulation (EU) No 1177/2010 of the
European Parliament and of the Council of 24 November 2010 concerning the rights of passengers
when travelling by sea and inland waterways and amending the Regulation (EC) No 2006/2004
applicable as from 18 December 2012. Among other things it provides for a guarantee of
reimbursement or rerouting in situations of cancellation or of delay at departure of more than 90
minutes, adequate assistance, compensation in situation of delay in arrival or cancellation of journeys,
non-discriminatory treatment and assistance for disabled persons or persons with reduced mobility,
minimum rules of information, establishment of complaint handling mechanism and establishment of
independent national bodies for the enforcement of regulation. The author is highlighting the need for
adequate training of seafarers and employees to ensure a thorough understanding of the Regulation as
a key element for its effective implementation.

Keywords: passenger right, traveling by water, training of seafarers, European Union

1 INTRODUCTION

In relation to the carrier, the passenger is the weak party because the carrier is often an
actual monopolist in the sense that the passenger has no or very few alternatives. Thus, all
passengers in maritime and inland waterway transport should be granted a minimum level of
protection similar to those that air and rail passengers already have under European Union
law. From just being somebody that should be transported from A to B the passenger is
nowadays viewed as a customer.

The Regulation (EU) No 1177/2010 of the European Parliament and of the Council of 24
November 2010 concerning the rights of passengers when travelling by sea and inland
waterways and amending the Regulation (EC) No 2006/2004 (hereinafter called: the
Regulation)® establishes rules for sea and inland waterway transport as regards non-
discrimination between passengers with regard to transport conditions offered by carriers,
non-discrimination and assistance for disabled persons and persons with reduced mobility, the
rights of passengers in cases of cancellation or delay, minimum information to be provided to
passengers, the handling of complaints and general rules on enforcement. The regulation
constitutes a significant improvement in enhancing passengers’ rights on the basis of
achievements of the majority of rules of the Athens Protocol incorporated into European law

! Regulation (EU) No 1177/2010 of the European Parliament and of the Council of 24 November 2010
concerning the rights of passengers when travelling by sea and inland waterways and amending the Regulation
(EC) No 2006/2004, OJ L 334, 17.12.2010; Regulation (EC) No 2006/2004 of the European Parliament and of
the Council of 27 October 2004 on cooperation between national authorities responsible for the enforcement of
consumer protection law, OJ L 364, 9.12.2004
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by Regulation (EU) No 392/2009 of the European Parliament and of the Council of 23 April
2009 on liability of carriers of passengers by the sea in the event of the accidents.?

2 APPLICATION OF THE REGULATION

The Regulation shall apply in respect of passengers travelling on passenger services
where the port of embarkation is situated in the territory of a Member State and on passenger
services where the port of embarkation is situated outside the territory of a Member State and
the port of disembarkation is situated in the territory of a Member State, and on a cruise where
the port of embarkation is situated in the territory of a Member State®.

However, this Regulation shall not apply in respect of passengers travelling on board the
ships certified to carry up to 12 passengers, on board the ships which have a crew responsible
for the operation of the ship composed of not more than three persons or where the distance of
the overall passenger service is less than 500 metres, one way, on excursion and sightseeing
tours other than cruises, or on ships not propelled by mechanical means as well as original,
and individual replicas of, historical passenger ships designed before 1965, built
predominantly with the original materials, certified to carry up to 36 passengers.

Member States may, for a period of 2 years from 18 December 2012, exempt from the
application of this Regulation seagoing ship of less than 300 gross tons operated in domestic
transport, provided that the rights of passengers under this Regulation are adequately ensured
under national law. Moreover, Member States may exempt from the application of this
Regulation passenger services covered by public service obligations, public service contracts
or integrated services provided that the rights of passengers under this Regulation are
comparably guaranteed under national law.

3 PASSANGERS RIGHTS IN THE EVENT OF INTERRUPTED TRAVEL

In the case of a cancellation or a delay in departure of a passenger service or a cruise,
passengers departing from port terminals or, if possible, passengers departing from ports shall
be informed by the carrier or, where appropriate, by the terminal operator, of the situation as
soon as possible and in any event no later than 30 minutes after the scheduled time of
departure, and of the estimated departure time and estimated arrival time as soon as that
information is available. If passengers miss a connecting transport service due to a
cancellation or delay, the carrier and, where appropriate, the terminal operator shall make
reasonable efforts to inform the passengers concerned of alternative connections.”

Right of assistance in the event of cancelled or delayed departures is of utmost
importance. Therefore, where a carrier reasonably expects the departure of a passenger
service or a cruise to be cancelled or delayed for more than 90 minutes beyond its scheduled
time of departure, passengers departing from port terminals shall be offered free of charge
snacks, meals or refreshments in reasonable relation to the waiting time, provided they are
available or can reasonably be supplied. In the case of a cancellation or a delay in departure

% Council decision of 12 December 2011 concerning the accession of the European Union to the Protocol of
2002 to the Athens Convention relating to the Carriage of Passengers and their Luggage by Sea, 1974, with the
exception of Articles 10 and 11 thereof (2012/22/EU and 2012/2/23), OJ L 8, 12.1.2012

% Bulum, Bozena, Prava putnika u pomorskom prijevozu prema Uredbi Europske unije br. 1177/2010, Zbornik
Pravnog fakulteta u Zagrebu, 62, 4 (2012)

* Marin, Jasenko, Protection of the rights of passengers travelling by sea, 4th International Maritime Science
Conference 2012, Book of Proceedings, Faculty of Maritime Studies Split, Hydrographic Institute if the
Republic of Croatia, 2012, 327-341

221



16" International Conference on Transport Science - ICTS 2013

~ Conference proceedings ~

where a stay of one or more nights or a stay additional to that intended by the passenger
becomes necessary, where and when physically possible, the carrier shall offer passengers
departing from port terminals, free of charge, adequate accommodation on board, or ashore,
and transport to and from the port terminal and place of accommodation in addition to the
snacks, meals or refreshments. For each passenger, the carrier may limit the total cost of
accommodation ashore, not including transport to and from the port terminal and place of
accommodation, to EUR 80 per night, for a maximum of three nights.

According to the obligations on re-routing and reimbursement in the event of cancelled
or delayed departures where a carrier reasonably expects a passenger service to be cancelled
or delayed in departure from a port terminal for more than 90 minutes, the passenger shall
immediately be offered the choice between: re-routing to the final destination, under
comparable conditions, as set out in the transport contract, at the earliest opportunity and at no
additional cost, and reimbursement of the ticket price and, where relevant, a return service
free of charge to the first point of departure, as set out in the transport contract, at the earliest
opportunity.

Where a passenger service is cancelled or delayed in departure from a port for more than
90 minutes, passengers shall have the right to such re-routing or reimbursement of the ticket
price from the carrier. The payment of the reimbursement provided shall be made within 7
days, in cash, by electronic bank transfer, bank order or bank cheque, of the full cost of the
ticket at the price at which it was purchased, for the part or parts of the journey not made, and
for the part or parts already made where the journey no longer serves any purpose in relation
to the passenger's original travel plan. Where the passenger agrees, the full reimbursement
may also be paid in the form of vouchers and/or other services in an amount equivalent to the
price for which the ticket was purchased, provided that the conditions are flexible, particularly
regarding the period of validity and the destination.

Compensation of the ticket price in the event of delay in arrival is strictly regulated. The
minimum level of compensation shall be 25 % of the ticket price for a delay of at least 1 hour
in the case of a scheduled journey of up to 4 hours, 2 hours in the case of a scheduled journey
of more than 4 hours, but not exceeding 8 hours, 3 hours in the case of a scheduled journey of
more than 8 hours, but not exceeding 24 hours, or 6 hours in the case of a scheduled journey
of more than 24 hours. If the delay exceeds double the time the compensation shall be 50 % of
the ticket price.

Passengers who hold a travel pass or a season ticket and who encounter recurrent delays
in arrival during its period of validity may request adequate compensation in accordance with
the carrier's compensation arrangements. These arrangements shall state the criteria for
determining delay in arrival and for calculation of compensation. Compensation shall be
calculated in relation to the price which the passenger actually paid for the delayed passenger
service. Where the transport is for a return journey, compensation for delay in arrival on either
the outward or the return leg shall be calculated in relation to half of the price paid for the
transport by that passenger service.

The compensation shall be paid within 1 month after the submission of the request for
compensation. The compensation may be paid in vouchers and/or other services, provided
that the conditions are flexible, particularly regarding the period of validity and the
destination. The compensation shall be paid in money at the request of the passenger. The
compensation of the ticket price shall not be reduced by financial transaction costs such as
fees, telephone costs or stamps. Carriers may introduce a minimum threshold under which
payments for compensation will not be paid. This threshold shall not exceed EUR 6.
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4 PASSANGERS RIGHTS ON INFORMATION AND COMPLAINTS

Carriers and terminal operators shall, within their respective areas of competence, provide
passengers with adequate information throughout their travel in formats which are accessible
to everybody and in the same languages as those in which information is generally made
available to all passengers.® Particular attention shall be paid to the needs of disabled persons
and persons with reduced mobility.

Information on passenger rights needs to be publicly available on board ships, in ports, if
possible, and in port terminals®. The information shall be provided as far as possible in
accessible formats and in the same languages as those in which information is generally made
available to all passengers. When that information is provided particular attention shall be
paid to the needs of disabled persons and persons with reduced mobility.

Carriers and terminal operators shall set up or have in place an accessible complaint-
handling mechanism for rights and obligations. ~ Where a passenger wants to make a
complaint to the carrier or terminal operator, he shall submit it within 2 months from the date
on which the service was performed or when a service should have been performed. Within 1
month of receiving the complaint, the carrier or terminal operator shall give notice to the
passenger that his complaint has been substantiated, rejected or is still being considered. The
time taken to provide the final reply shall not be longer than 2 months from the receipt of a
complaint.

5 RIGHTS TO MOBILITY OF DISABLED PERSONS AND PERSONS WITH
REDUCED MOBILITY

People with disabilities and those with reduced mobility have the right to make a
reservation and to obtain a ticket in the same way as other passengers and at no extra cost.
Reservations and tickets may, however, be refused in order to meet safety requirements and
where the design of the passenger ship or port infrastructure and equipment makes the safe
embarkation, disembarkation or carriage of a person with a disability impossible. In the case
of such a refusal, all reasonable efforts must be made to find an alternative means of transport
for the person concerned.

If the carrier, travel agent or tour operator requires that you be accompanied by a person
capable of providing assistance to you, the accompanying person must be carried free of
charge. Where you are being refused a reservation or a ticket, or you are required to bring an
accompanying person, you should be immediately informed of the reasons why. On request,
those reasons must be notified to you in writing, within 5 working days of your request.
Where you hold a reservation or a ticket and you have complied with the notification
requirements about your specific needs, but you are nonetheless denied embarkation under the
Regulation, you should be offered the choice between reimbursement and re-routing.

Carriers and port operators must provide passengers with information on their rights and
the accessibility of their facilities. The information is to be available in accessible formats.

Subject to the access conditions of their facilities, carriers and terminal operators must
provide assistance free of charge to people with disabilities and people with reduced mobility
in ports and on board ships, including embarkation and disembarkation. Carriers, travel agents
and tour operators may refuse to accept a reservation from, to issue or otherwise provide a

® Communication from the Commission to the European Parliament and the Council, A European vision for
Passengers: Communication on Passenger Rights in all transport modes, COM(2001)898, 19.12.2011
6 Strengthening passengers rights within the European Union, COM (20005) 46 final of 16 February 2005

223



16" International Conference on Transport Science - ICTS 2013

~ Conference proceedings ~

ticket to or to embark a disabled person or person with reduced mobility: in order to meet
applicable safety requirements established by international, Union or national law or in order
to meet safety requirements established by the competent authorities, or where the design of
the passenger ship or port infrastructure and equipment, including port terminals, makes it
impossible to carry out the embarkation, disembarkation or carriage of the said person in a
safe or operationally feasible manner.

6 LEGAL FRAMEWORK FOR IMPLEMENTATION

Community legislation relating to passenger transport services is a part of the Common
Transport Policy instituted by Avrticles 70 to 80 of the EC Treaty’. The adequate protection of
passengers when travelling by water is a key concern of the European Union transport policy.
New passengers’ right have been established and carriers’ obligation imposed®.

The aim is to help carriers towards a more coherent and effective application of European
law, national authorities towards a harmonised enforcement of passenger protection and
passenger towards a better understanding of what they can legitimately expect as minimum
quality services when travelling.

Carriers and terminal operators shall establish disability-related training procedures,
including instructions, and ensure that their personnel, including those employed by any other
performing party, providing direct assistance to disabled persons and persons with reduced
mobility are trained or instructed and their personnel who are otherwise responsible for the
reservation and selling of tickets or embarkation and disembarkation, including those
employed by any other performing party, are trained or instructed.

On the other hand, passengers need to know and understand their rights. Passengers need
to be confident that they will be applied and that authorities will effectively protect them if
necessary. In author’s opinion, we need even more public awareness of rights and how to
claim them through easily accessible complaint handling procedures and effective means of
redress.

Enforcing the rules is crucial and if this is not done effectively, transport operators have
no economic incentive to comply. Not only do national differences in applying the rules
confuse both passengers and transport operators alike, they also create damaging distortions in
the market. Therefore, according to Regulation each Member State shall designate a new or
existing body or bodies responsible for the enforcement of this Regulation as regards
passenger services and cruises from ports situated on its territory and passenger services from
a third country to such ports. A Member State may decide that the passenger as a first step
shall submit the complaint covered by this Regulation to the carrier or terminal operator
and/or that the national enforcement body or any other competent body designated by the
Member State shall act as an appeal body for complaints not resolved.

By 1 June 2015 and every 2 years thereafter, the enforcement bodies shall publish a
report on their activity in the previous two calendar years, containing in particular a
description of actions taken in order to implement the provisions of this Regulation, details of
sanctions applied and statistics on complaints and sanctions applied.

" Consolidated versions of the Treaty on European Union and the Treaty on the Functioning of the European
Union, OJ C 83, 30 March 2010

® Karsten, Jens, Passengers, consumers and travellers: The rise of passengers’ rights in EC transport law and its
repercussion for Community consumer law and policy, J Consum Policy (2007) 30:117-136
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7 CONCLUSIONS

Since 18 December 2012 passengers travelling by sea or inland waterway within the
European Union have rights similar to those available to airline and rail passengers if their
service is cancelled or delayed. The Regulation is designed to protect passengers using
waterborne transport by establishing certain rights and a guaranteed level of service, including
passengers with disabilities which cannot be discriminated against and should be provided
with assistance.

The Regulation gives passengers rights which are in addition to their existing statutory
rights®. In most cases, it covers aspects of passenger travel that are outside the scope of other
compensation regimes, but there are some points of overlap between regimes. Without
prejudice to social tariffs, the contract conditions and tariffs applied by carriers or ticket
vendors shall be offered to the general public without any direct or indirect discrimination
based on the nationality of the final customer or on the place of establishment of carriers or
ticket vendors within the Union.

In author’s opinion, passenger law is addicting to the edifice of consumer law. Passenger
rights are based on non-discrimination, accurate, timely and accessible information and
immediate and proportionate assistance. The trend of passenger transport law adopting the
concepts of European Communities consumer law mirrors the general trend for the transport
sector to move away from special regimes for this industry.

Moreover, the author is emphasizing the need for adequate training of seafarers and
employees to ensure a thorough understanding of the Regulation particularly in information
and assistance providing procedures in port, including embarkation and disembarkation, as a
key element for its effective Regulation enforcement.

In setting quality standards, full account shall be taken of internationally recognised
policies and codes of conduct concerning facilitation of the transport of disabled persons or
persons with reduced mobility, notably the International Maritime Organization's
Recommendation on the design and operation of passenger ships to respond to elderly and
disabled persons’ needs.

o Regulation (EU) No 392/2009 of the European Parliament and of the Council of 23 April 2009 on liability of
carriers of passengers by the sea in the event of the accident, OJ L 131/24, 28.05.2009; Regulation (EC) No
261/2004 of the European Parliament and of the Council of 11 February 2004 establishing common rules on
compensation and assistance to passengers in the vent of denied boarding and of cancellation of long delays and
flights, and repealing Regulation (EEC) 295/91, OJ L 46, 17.2.2004; Council Regulation (EEC) No 4055/86 of
22 December 1986 applying the principle of freedom to provide services to maritime transport between Member
States and between Member States and third countries, OJ L 378, 31.12.1986; Council Directive 90/314/EEC of
June 1990 on package travel, package holidays and package tours, OJ L 158, 23.6.1990
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ABSTRACT

There are several prohibited maneuvers in real transportation networks e. g. prohibited left turn,
prohibited right turn, direct to be followed etc. A transportation network can be modeled as an arc
weighted digraph. A prohibited maneuver can be modeled as a prohibited sequence of adjacent arcs.
A feasible route in transportation network is modeled as a path or a walk in corresponding digraph
such that this path or walk does not contain any prohibited sequence of arcs. The paper presents
several attitudes to just formulated problem suitable for huge transportation networks (e.g. road
network for Europe used in GPS navigators) and compares them from several points of view.

Keywords: Route planning, prohibited maneuver, digraph, shortest path

1 INTRODUCTION

The part of graph theory concerning shortest path problem seemed to be closed. Many
types of shortest path algorithms were published, implemented and successfully applied in
practice. However, GPS street navigation carries with its new challenges. European street
network contains approximately 20 million vertices and 50 million arcs. These numbers have
been rising since the street models contain more and more details — e. g. not only streets but
also street lines, not only street crossings but also important points of street crossings, etc.
Usable route planner should propose such instructions which obey traffic rules. Most of them
are one way streets and prohibited left turn, prohibited right turn and prohibited U-turn.

On one hand, the users require results in real time, and on the other hand, available
computational devices have to be cheap, mobile, and small and energy saving what implies
limited CPU speed and limited RAM size. Effective implementation of all requirements and
additional constraints expects development of new exact or suboptimal mathematical
methods.

2 FUNDAMENTAL GRAPH THEORY DEFINITIONS

Graph theory terminology is considerably not uniform. That is why we introduce here
several fundamental graph definitions.

Nowadays road and street network contains a lot of one way segments. If more detailed
model is used where street segments are street lines then almost all of them are unidirectional.
Therefore a directed graph will be the fundamental structure for our research.
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Definition 1

A digraph (a directed graph) is an ordered pair ¢ = (V, A), where V is a nonempty finite
set and A is a set of ordered pairs of the type (u,v) suchthat €V , v € V and u # v. The
elements of V are called vertices and the elements of A are called arcs of the digraph G.

Definition 2

A (vy,v)-walk in digraph G = (V, 4) is an alternating sequence of vertices and arcs of
the form (vll vk) = (vll (vll vZ)J Vay- vy V-1, (vk—ll U;{), Vi )

A (vq,v)-trail in G is a (v, v )-walk in G with no repeated arcs.

A (v, v )-path in Gis a (v, v )-walk in G with no repeated vertices.

Definition 3

Let u be a walk. A subwalk of u is arbitrary subsequence of u starting and finishing with
avertex, i.e. (v, (v, Vis1), Vg1, --» Vj—1, (Vj—1,75),v;), Where 1 < i < j < k.

Definition 4

A prohibited maneuver is a walk declared as prohibited. A walk u is feasible with respect
to prohibited maneuvers (or only feasible), if no prohibited maneuver is a subwalk of .

Definition 5

A simple prohibited maneuver is a walk declared as prohibited containing only two arcs,
ie.w=C(, (7)) U k) k).

A simple prohibited left or right turn can be modeled as a prohibited pair of arcs as shown
in Figure 1. Prohibited maneuver is (u, (u,v), v, (v, w), w) or simply tuple [(w, v), (v, w)].

Feasible w—w trail with respect to this prohibited maneuver is
(u, (w,v), v, (v,x),x,(x,v),y, v,v),v,(v,w),w).

In more detailed models prohibited left turn, prohibited right turn and prohibited U-turn

can be formulated as a prohibited sequence of vertices and arcs which will be called a
prohibited maneuver. Prohibited maneuver is a traffic engineering notion — it cannot be
derived from graph theory properties of road network. Prohibited maneuvers belong to input
data of shortest route problem. Some of the prohibited U-turns in Figure 2 from point a to
point b are:

e (a,(ad)d, (di),i/ (ie)e, (e b)b)

e (a,(ad),d, (dh)h,(he)e (eb)b)

e (a,(ad),d,(dh)h,(hi),i (ie)e, (eb)b)

Some of the real prohibited maneuvers in the road network are shown in Figure 3.
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\

Figure 1: Prohibited left turn
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®

Source: Paliich, S., Pesko, S.: Kvantitativne metody v logistike. Zilinskd univerzita v Ziline, EDIS Zilina, 2006.

Figure 2: Model of junction

Definition 6

An arc weighted digraph G = (V, 4, ¢) is an ordered triple where ¢ = (V, 4) is a digraph
and c: A — R is a real function defined on the arc set A, the value c(a) for a € A is called the
weight of the arc a (or sometimes the arc-weight, the length or the cost of the arc a). In this
paper we will assume that c¢(a) = 0. This condition is fulfilled in many practical applications.

Definition 7

The length of the « — v walk g in a digraph G = (V, 4, ¢) is the total sum of arc-weights
of its arcs, whereas the arc weight is added to the total sum as many times as many times it
appears in the walk.

Definition 8

Denote V*(v) = {w|(v, w) € 4}, denote A*(v) = {(v, w)|(v,w) € A}. The forward star
F...(v) of vertex v is a subgraph of G = (V,A4) with vertex set V*(v) U {v} and arc set
AT (v), i Fer(0) = (VT () U (v}, 47 (v)).
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Figure 3: Real prohibited maneuvers in the road network

3 ANALGORITHM TO SEARCH FEASIBLE SHORTEST TRAIL

3.1 An algorithm to search feasible shortest trail with respect to simple prohibited
maneuvers

Paltch and Pesko in [4] present a solution how to find shortest trail with respect to simple
prohibited maneuvers (prohibited turns) in digraph ¢ = (V, A. ¢).
Let Z be a set of prohibited turns,
Z ={[(u,v), (v,w)]|[(u,v), (v,w)] is tuple of arcs of prohibited maneuver}.
Let I}, be a set of loops I, = {(v, v)|v € V}.
Then they construct a special arc-based digraph G, = (Vy4, Ag, c4), Where
o VA =AU Iv,
o Ay ={[(x,y),»,D]l(x,3), v, 2z) € AU {[(y, ), 0, 2)]I (¥, 2) € A}
0 i U {[(I, .}T)J (}’: .}T)]l(xl .}T) € A} —Z.
: . _ iTx = }J‘
o Gl @D ={ ) itrs
Then the problem to find feasible shortest trail with respect to prohibited turns Z in
digraph G is equivalent to find shortest path in arc-based digraph G,.

3.2 A modified k—shortest path algorithm to search feasible shortest trail

Palich in [5] presents a multi label algorithm for k shortest paths problem. Multiple
labels for any vertex allow that this algorithm can be modified to find a trail, too. We find
several shortest trails first and then we choose the shortest feasible trail among them.

For every vertex i € V we remember a set of definitive labels L;. Every label is in the
form (k, t, x, x; ), where
k is the sequence number u — i trail,

t is the length of u — i trail,
x is the last but one vertex on uw — i trail,
x IS the sequence number of the trail into last but one vertex x.

An element of heap E is in the form (w, t, x, x;,), where
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e w is the candidate to become pivot vertex,

e tisthe length of u-w trail, the priority of element of heap,
e x is the last but one vertex on u-w trail,

e x, is the sequence number of trail into last but one vertex x.

Then the algorithm to search feasible shortest u — v trail in digraph ¢ = (V, 4, ¢) with
respect to prohibited maneuvers can be described as follows:

Step 1

Initialization
Let L, = {(1,0,0,0)}. Foreveryi € V,i #uletL; = @.
Let E =@.Foreveryi € Vi(u)letE = E U {(i, c(u,i),u,1)}.

Step 2

Get an element (w, t, x, x; ) from heap E with minimal component t.

Letk =L, |+ 1.

LetL, =L, U{(k, t x,x;}

For every i € V*(w): If arc (w,i) is not in u—w trail and expanded u-i trail does not
contain prohibited maneuver then let E = E U {(i, t + c(w, i), w, k)}.

Step 3
If L, = @and E + 0 then go to Step 2.

Step 4

Finish

The shortest u — v trail with respect to prohibited maneuvers can be constructed from
labels L;:

Let L;[j] be a label of vertex i with k =j, so if (k,t,x,x;)€ L; then
L:[k] = (k,t, x,x;). Let L;[k]9 be a component part of label, i.e. L;[k]®® = ¢, L;[k]®) = x
and so on.

Then

W, =1, k., =1,

Weg_1 = st [k,s](x}1 ks 1= st [ks](k}i
We_z = st_l [ks—l](x}v ks, = ng_l [ks—l]ck}i
wy = Ly, [kzl(x}- k= Ly, [kzl(k}-

And finally feasible shortest « — v trail is
(w = wy, (W, wy), Wy, o, Wy, (We_g, W), W),

Described algorithm was implemented using programming language C# in Microsoft
Visual Studio 2010 using target framework .NET 4.0. The most time consuming routine is
determining if arc (w, i) is or is not in u—w trail. This routine can be optimized using minimal
length of u-w trail in label L,,[1]®.

Number of 100 feasible shortest trails with randomly chosen vertices u, v is computed on
digraph of road network of Slovakia. This digraph contains 237,417 vertices, 516,463 arcs
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length is in average 196.5 km.

The average running time and number of created and analyzed labels of basic and
optimized algorithm is shown in Table 1. Program was run on HP ProBook 6550 with AMD

Phenom(tm) Il N830 Tripple-Core 2.1 GHz Procesor and 4 GB of main RAM.

Table 1: Comparison of running time of basic and optimized algorithm

Algorithm Running time [s] Created labels Analyzed labels
Basic 65.80 517,413 238,968,199
Optimized 2.27 517,413 522,149

4 CONCLUSION

Feasible shortest trail is a common problem in navigation systems. A shortest feasible
trail algorithm has to be suitable for application in mobile devices with limited computation
power and limited memory space.

The open problem is how many labels are needed for a vertex to find a feasible shortest
trail. It is possible that this number is different for vertices in prohibited maneuvers and
vertices not contained in any of the prohibited maneuver. Reduction of the number of labels
for a vertex decreases the total number of created labels and makes our algorithm faster.

Hart, Nilsson, Raphael, Goldberg, Harrelson, Gutman in their works [1], [2], [3] show
that some information about transportation network (e.g. GPS or pre-computed shortest paths)
can be used to speed up solving the shortest path problem. We intend to make use of this
information to speed up our algorithm to find feasible shortest trail in our next work.
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ABSTRACT

In the movement of freight across the container transport chain, container terminals play a key role.
They represent points of transfer between different modes, and the transit time of container through
them represents one of the most relevant bottlenecks in transport chain. Inland container terminals are
smaller one, but very important in feeding port container terminals with freight. Also, they act as base
container terminals in landlocked countries. Establishing inland container terminals as efficient
transfer points requires appropriate capacity planning and operations optimisation. For this purpose,
the use of models has been very often. Simulation models, as one kind of models are particularly well
applicable due to stochastic and dynamic nature of container terminal processes. In order to reproduce
the activities carried out inside an inland container terminal and to calculate the total container transit
time as one of two major bottlenecks of the intermodal transport chain, this paper approach discrete
event simulation modeling. For modeling the academic version of software Arena was used. For the
application of the model an inland container terminal in Serbia was chosen: the road-rail container
terminal ZIT. Different scenarios were simulated with various number of handling equipment and
terminal working days.

Keywords: Container terminal, Simulation, Arena

1 INTRODUCTION

The development of international merchandise trade progressed at an exceedingly
dynamic rate during the postwar period. Between 1950 and 2000, trade volume increased an
average of 6% annually. This development has been driven by progressive globalisation and
the intensification of the international division of labor [3]. On the other hand, one of the key
globalisation drivers was the onset of containerization. Use of container as "hardware" have
revolutionized global trade, but in allowing for a box to be transferred from one mode of
transport to another, containerization also became the "software" allowing for true
intermodalism - the coordinated flow of goods over long distances using different modes [7].
In the movement of freight across the container transport chain, container terminals play a key
role. They represent points of transfer between different modes, and the transit time of
container through them represents one of the most relevant bottlenecks in transport chain. The
major challenge for container terminals is how to successfully handle the escalation in
container traffic demand? Hence, container terminals are in constant searching for solutions to
manage additional demand, otherways, they risk losing business to their competitors.

Inland container terminals are smaller one, but very important in feeding port container
terminals with freight. Also, they act as base container terminals in landlocked countries.
Establishing inland container terminals as efficient transfer points requires appropriate
capacity planning and operational optimisation. When we talk about capacity problem, the
main question is 'does the terminal have the capacity to manage the additional containers'?
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Common solution assumes adding extra capacity through physical expansion: new storage
yards, new handling equipment, etc. On other hand, the issues of operational considerations
are connected with efficiency checking of different types of operational changes such as
technologies of container storage, moving and handling. For this purpose, the use of models
has been very often. Simulation models, as one kind of models are particularly well applicable
due to stochastic and dynamic nature of container terminal processes. In the last several years
discrete event simulation models in the object oriented approach have been proposed as
decision support systems, with reference to container terminals. The object oriented approach
has been particularly useful to describe logistic operation of the main system terminal
modules [1]. In this paper discrete event simulation modeling is used in order to reproduce the
activities carried out inside an inland container terminal and to calculate the total container
transit times as one of two major bottlenecks of the container transport chain. The remainder
of the paper is organized as follows. The next section provides the basics of container
terminals and containerization. The third section reports the description of inland container
terminal modelling. Section four illustrates the case study and simulation model design
process. The model is described in terms of required inputs, algorithms used and outputs
provided. In the final section, conclusions are drawn and research limitations are identified.

2 CONTAINER TERMINALS

2.1 Intermodal transport and containerization

Intermodal transport represents transportation technology in which goods movement is
performed by means of intermodal loading units (e.g. containers, swap bodies, trailers) that
are not subject to deconsolidation during the entire transport chain. Intermodal transport may
be viewed as an alternative to unimodal transport in the case of long travel distances and high
volumes. Intermodal transport efficiency and competitiveness with respect to full-road
transportation lie essentially in the lower transport costs that can be achieved in the central
part of the trip (i.e. by rail or sea), but also highly depend on the efficiency and effectiveness
of the activities performed within the network 'nodes’ (i.e. ports or intermodal terminals) [6].

Containerization can be considered as the industrial revolution of the general cargo
transportation and handling methods and as an activator of full intermodalism. The main
rationale behind the setting of container transportation chain was to improve the efficiency of
transhipments from a cost, time and reliability standpoint. Container transportation is
nowadays the major component of the freight intermodality. Containerization and
intermodality revolutionized and redefined the modern shipping, ports and, at a later stage,
inland transportation. From the initial spreading of the containerization up to no now, modern
ports and container terminals have been built to efficiently and efficaciously accommodate
modern liner vessels and perform container transfer operations through the employment of
specialized equipments. New nodes on hinterland routes of seaports have also been built to
function as regional inland satellite terminals with frequent connections to the main container
terminals [5]. On that way containerization's impact has been significant not only on global
trade and the maritime transport chain, but also with major impact to inland transport chain.

2.2 Port and inland container terminals

The principle of the modern container transport chains is a network of container terminals
that are interlinked by high capacity transport routes and that serve as a points of transfer
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between different transport modes. There are two major types of container terminals: port and
inland container terminals.

Port container terminals are key hubs of global supply chain networks and they role, as a
seamless intermodal interface between marine and overland transportation, is to stevedore and
store containers [4]. The port container terminals is generally found in one or both of two
types of ports - a transhipment hub designed to optimize the transfer of containers between
network long-haul trunk lines and/or between trunk and feeder lines; or a gateway port
designed to serve the needs of local, regional, and sometimes large inland populations [2].
These concepts are illustrated in Figure 1.

Transhipment

¥ Transload
Gateway 2l Inland container terminal
Hinterland
Major origin or destination
market
Captive market
Feeder [@ O
Corridor

Figure 1: Basic port container concepts

Source: adapted from [2]

The productivity of the modern port container terminal is highly dependent on its
equipment, yard configuration, processes organization and strength of hinterland connectivity.
Even more, connection with hinterland could be one of the major bottleneck, because of
congestion and reliability problems. Hence, there is a necessity for searching a new container
chain organization and solutions through the development of modern inland container
terminal facilities to relieve arising congestion in port areas, rationalize the pattern of inland
freight movement, enlarge the port hinterland and attract additional traffic [5]. The service
portfolio of inland container terminals can be ranged from providing only intermodal and
cargo handling service to broad range of value added services. That means, that inland
container terminals may be functioning as simple nodal point for bimodal or trimodal
container flows, but also as an logistic centres.

The concept of inland container terminals come under different forms in international
bibliography, such as "plataformes logistiques”, “interport”, "transport centres”, "freight
villages", "dry port", "logistic centre", etc. Although there are a many different names used to
indicate inland container terminals, the basic concept is very similar. Inland container
terminals represents a facility located in the hinterland of one or more seaports, where
different services are available to carriers and shippers, such as: container stuffing and
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unstuffing, rail-road transhipping, temporary storage of import/export full and empty
containers, customs clearance and inspection, container tagging and sorting, container repair,
manipulation and processing of the containers' content for later marketing efforts at ultimate
destinations [5]. These typical processes in inland container terminals are summarized in
Figure 2.

Importing container ports
(function: destination of inbound
overseas container flows)

Rail Truck
A 4 \4
Rail Inland container terminal Truck
Rail Truck
v v

Importing container destination
(function: destination of inbound
inland container flows)

A4

Figure 2: The concept of inland container terminals

Source: adapted from [5]

In existing port terminals there are often problems of space and traffic constraints because
it is not possible to expand to the surrounding areas. Hence, a new logistic network systems
which assumes dedicated rail connection between port yard and inland terminals are needed.
Because of that, inland container terminals are gaining increasing importance in the global
logistics networks, and therefore particular attention in terms of their planning, organization
and processes optimization must be given to them.

3 INLAND CONTAINER MODELLING

Generally, modelling represents one of the basic human brain processes. There is a very
strong connection between human way of thinking and problem solving. By modelling we
express ability of thoughts and imaginings, use of symbols and language, communication, and
performing generalizations based on experience, and dealing with unexpected. Modelling is a
cost-effective use of something (model) instead of something else (real system) with the aim
of reaching a particular knowledge. Result of modelling is model. In this section, the major
components and operations of inland container terminals relevant to simulation model is
presented.

An inland container terminal constitutes a connection in the container transport chain. In
the terminal two essential operations are carried out:

¢ transfer of container from different modes of inland transport;
e temporary and intermediary deposit of containers between different transport phases
(truck, train).

To perform these operations the inland container terminal must processes different
components:
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e arail operation area, where the trains wait for further processing;

e transhipment areas for transfer container;

e yards, where containers are temporarily deposited while waiting to continue their
trip;

e gates, through which containers enter or exit from the terminal by track or train.

The inland container terminal can be divided into entry, buffer and loading/unloading
areas. The functional scheme of the inland container terminal is represented in Figure 3.

ENTRY/EXIT TERMINAL RAIL

Road | _iTrucks o]  Entry

network | buffer
A

Trucks
Storage

areas
3

Containers

Y Cgntainers.

Transhipment || Rail operation
areas areas i

Train

h
A 4

Figure 3: Functional scheme of the inland container terminal

Source: adapted from [4]

The basic equipments used for handling containers are gantry cranes, external trucks and
yard transporters (forklifts, reach stackers, shuttle carriers). The typical container handling
operations assumes [4]:

e discharging operation: unloading inbound containers and placing them in a storage
yard;

e loading operation: moving outbound containers from storage yard to transhipment
tracks and loading the container into a container train;

e delivery operation: transporting inbound containers from a storage yard to customers
through gates in container terminals;

e receiving operation: picking up outbound containers from trucks and placing them in
a storage yard; and

e re-marshalling operation: arranging containers in a storage yard to minimize
rehandling in loading and delivery operations.

The description of fundamental container terminal processes, which will be modeled are
as follows. When a container train arrives at a terminal, gantry crane is put in charge of
stevedoring containers. While discharging, portal crane pick up containers from train and load
them directly onto external trucks (direct transhipment) or transfer them to storage yard with
container forklifts. The containers in storage yard are placed temporarily before they are
moved to external trucks (indirect transhipment). Outbound containers arrive at a container
terminal by external trucks are taken directly to transhipment trucks (they are picked up and
loaded onto a relevant train) or taken to storage yard (picked up with forklifts and stored in
relevant container blocks). Within storage areas there is a place for container repairing. Based
on this descriptions, modelling of case study inland container terminal has been done.
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4 SIMULATION MODEL

For modeling and building an simulation model, the academic version of software Arena
was used. Arena is a discrete events simulator based on SIMAN language. Discrete-event
modelling is a proven technology for the analysis of large and complex industrial and
business systems. A computer model is developed that mimics the dynamic behavior of the
simulated system over time. Simulation modelling allows container terminal to experiment
and validate operational, infrastructure, or technology changes before spending money on
construction, providing inexpensive insurance for project success [7].

In this paper, for the application of the model an inland container terminal in Serbia was
chosen: the road-rail container terminal ZIT. The developed simulation model could be
structured into three parts: the input section, the computation section and the output section,
as already have been done in [6]. The input section assumes several data required by the
model such as: the volumes handled by the terminal (average number of road vehicles and
trains, number of daily containers, and handling equipment capacity, operational and
organizational inputs (average times for performing particular operations). Input computation
and application of the algorithms are performed only for the purpose of operational analysis in
the mean of time analysis. This simulation model didn't perform cost analysis because of
problems with collection of necessary data. As an output, the model provides a tables and
graphs including operational information such as defined terminal performance for several
different operational scenarios. The developed model is represented in Figure 4.

Figure 4: The developed simulation model for case study inland container terminal

First, two operational scenarios was modelled (with five days working week (named as
S1) and six days working week (named as S2)). After that, for six days working week (S2)
two additional operational scenarios was modelled regards with handling equipment capacity
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(the first scenario is current state (named as S21) and the second scenario assumes adding
handling equipment capacity (S22)). The inland container terminal model assumes four
different container flows: containers without repairing, empty containers for repairing, full
containers for repairing and containers for transhipment. Figure 5 shows delay time (in
minutes) for these four container flows for first two scenarios in one simulated year.

2403,26

1827,98

906,67
834,99 3 )
501,46 199 Szbjf,bg M Scenario 51

:‘:- T T 1 M Scenario 52

Containers Empty containers Full containerfor  Containers for
without reparing  for repairing repairing transhipment

Figure 5: Delay time for different containers flows

Critical points or operational bottlenecks in viewed inland terminal could be identified on
the basis of queuing time (or delays). One way to eliminate or at least mitigate these delays is
to increase the capacity of resources and changes in working times. Figure 6 represents delay
times (in minute) for scenario S2 for two cases: current handling capacity state (S21) and
situation with expanding handling capacity (S22).

1827,98
30,65

996,67
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S21

501,4649511 537,62558,97

— T T

Containers Empty Full container for Containers for
without reparing containers for repairing transhipment
repairing
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S22

T

Figure 6: Delay time for different containers flows for two situations within scenarios S2

Results from Figures 5 and 6 reveal that decreasing in delay times could be achieved
through operational changes due to working times and due adding extra capacity. They shows
how big these improvement are. However, it have to be noticed that these model didn't
include cost dimension. Hence, to evaluate the feasibility of each proposed scenario, a further
analysis have to be performed taking into account costs of additional working times and extra
handling capacity.

5 CONCLUSIONS

In this paper, we present inland container terminal simulation model based on Arena
software. Our models represents basic processes with inbound and outbound container flows
as well as the basic features of inland container terminals. With the model, we demonstrate
what kind of results could be achieved with this simulation models. The time performance of
viewed container terminal is assessed from several different simulation scenarios with various
handling equipment capacity and terminal working days. The results show that the time
operational performance of inland container terminal depends on the capacities of particular
terminal facilities.
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There are two future research directions regards to this paper. The first is to eliminate too
many assumptions in simulation model. We expect that further work will allow us to
eliminate the those assumptions. The second priority is to make correlation between the
operational performances and operational and investment costs. The results are expected to be
effectively employable in determining optimal level of investment costs with regard to the
various constraints, including budgets and spaces.
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ABSTRACT

For future planning purposes, every industry must have a flow of information concerning the expected
demand for its product. In the case of railways, both the capacities to be used and the expected total
revenue depend on the level of future rail passenger traffic, so that the railways have a crucial need for
forecasts of their passenger traffic. This paper presents a forecasting approach for railway passenger
traffic using the popular Autoregressive Integrated Moving Average (ARIMA) models in state space
form. It was found that the recurring pattern of the monthly rail passenger flows is well described by
Seasonal ARIMA, that is SARIMA (0,1,1)(0,1,1);, model. The identified model was incorporated in
the state space framework where classical Kalman recursion is applied for calculation of forecasting
values. The Kalman procedure is presented as an elegant approach for prediction of SARIMA
processes in state space form. Forecasting results are compared to the results of classic ARIMA
approach and they demonstrate the capability and effectiveness of the proposed model, which can
assist managers to better predict rail passenger demand.

Keywords: forecasting, railway, passenger service, SARIMA, State Space Models, Kalman filtering

1 INTRODUCTION

Passenger flow forecasting is a vital component of transportation systems which can be
used to fine-tune travel behaviors, reduce passenger congestion, and enhance service quality
of transportation systems. The forecasting results of passenger flow can be applied to support
transportation system management such as operation planning, and station passenger crowd
regulation planning. In some cases, it is used for establishing the daily train timetables which
have direct impact on resource allocation and utilization. The success of strategic and detailed
planning of public transportation highly depends on accurate demand in formation data. Also,
passenger flow forecast represent a basic work for urban rail transport project investment
decision analysis. It is a measure of the economic costs of construction projects. Therefore,
scientific and reasonable passenger flow forecast helps the fundamental guarantee for
investment decision.

The transportation forecasting approaches can be generally divided into two categories:
parametric and non-parametric techniques (Smith et al., 2002). Parametric techniques and
non-parametric techniques refer to the functional dependency assumed between independent
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variables and the dependent variable. In the traditional parametric techniques, historical
average, smoothing techniques and autoregressive integrated moving average (ARIMA) have
been applied to forecast transportation demand. For the non-parametric techniques, several
methods have been used to forecast the transportation demand such as neural networks
(Dougherty, 1995; Vlahogianni et al., 2004), non-parametric regression (Smith et al., 2002;
Clark, 2003), Kalman filtering models (Wang and Papageorgiou, 2007) and Gaussian
maximum likelihood (Tang et al., 2003).

In this paper, we studied the railway passenger demand in Serbia. On the base of
available historical data we proposed a seasonal autoregressive integrated moving average
(SARIMA) processes for modeling the rail passenger flow. For the purpose of forecasting the
estimated SARIMA model was incorporated into the state space framework and classical
Kalman recursion were applied. Results for multi-step ahead prediction were compared with
the classic SARIMA model.

The remainder of this paper is organized as follows. The main characteristics of
SARIMA models are given in Section 2. The state space representation of SARIMA models
is presented in Section 3. In Section 4., Kalman filtering method for prediction and estimation
of processes given by state space representations is described. The efficiency of proposed
method is demonstrated by modeling the rail passenger demand in Section 5. Section 6
concludes the results of this work.

2 SARIMA MODELS

ARIMA is the method first introduced by Box and Jenkins (1976) and until now become
the most popular for forecasting univariate time series data. This model has been originated
from the Autoregressive model (AR), the Moving Average model (MA) and the combination
of the AR and MA, the ARMA models (Suhartono, 2011). Seasonal autoregressive integrated
moving average processes have been introduced in the literature to model time series with
trends, seasonal pattern and short time correlations. The generalized form of
SARIMA(p,d,q)x(P,D,Q), model for a series Y, can be written as (Box et al., 2008; Cryer

and Chan, 2008):
#,(B)®, (B*)(1-B)" (1-B*)°Y, =6,(B)O, (B)¢, (1)
where s is the length of the periodicity (seasonality) and e, is a white noise sequence.

¢p(B):1_¢lB_¢ZBZ__¢po (2)

®,(Bs)=1-® B -~®,B* —-..— DB A3)

are the non-seasonal and seasonal autoregressive (AR) polynomial term of order p and
P, respectively.

¢,(B)=1-6B-6,B°—---—0,B" (4)

0,(B*)=1-0,B°-0,B* —--.—-0,B% (5)
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are the non-seasonal and seasonal moving average part (MA) of order g and Q,
respectively. (1—B)“is the non-seasonal differencing operator of order d used to eliminate
polynomial trends and the seasonal differencing operator (1—B°®)°of order D used to
eliminate seasonal patterns. B is the backshift operator, whose effect on a time series Y, can
be summarized as B°Y, =Y, ,.

For the identifying an appropriate order of the polynomials and differencing operators the
sample autocorrelation (ACF) and partial autocorrelation functions (PACF) can be compared
with the theoretical ones (Online short term, Grosswindhager, ). Competing SARIMA models
can also be evaluated by considering information criteria, such as AIC (Akaike Information
Criterion) and BIC (Bayesian Information Criterion).

3 STATE SPACE FORM OF SARIMA MODELS

The state space form provides a unified representation of a wide range of linear Gaussian
time series models including ARMA and UC models (Hidrayanto, 2010). The Gaussian state
space form consists of a transition equation for the mx1 state vector ¢, and a measurement

equation for the N x1 observation vector y, for t =1,...,n. The model can be formulated as in
Durbin and Koopman (2001):

o, =T +Rm, 17, ~N(0,Q), t=1...n (6)

Y, =Zo +¢&, &~N(@OH), o ~N(a,R) )

where 7, and &, represent the error terms assumed to be serially independent and
independent of each other at all time points. The matrices T,,R,,Z,,Q, and H, are referred to
as the state space system matrices. The initial state vector is ¢, with mean vector a, and
variance matrix P,. Model (1)-(2) is linear and driven by Gaussian disturbances. Therefore,
the state space model can be treated by standard time series methods based on the Kalman
filter (Anderson and Moore, 1979; Durbin and Koopman, 2001).

The variance matrix P of the initial state vector ¢, may contain diffuse elements when
non-stationary components are included in ¢, . In this case, diffuse initialization methods for

the Kalman filter exist to evaluate the exact or diffuse likelihood function (de Jong (1991),
Koopman (1997).

State space representations of ARMA/ARIMA models are presented in (Brockwell,
Davis, 2002; Box, Jenkins and Reinsel, 2008). SARIMA models can be dealt with by

constructing ARMA models for the stationary differenced series y, = (1-B)"(1—B*®)"y, and
placing the non-stationary variables such as y,;, and (1-B)“y,_, in the state vector. y; is a
seasonal ARMA(p",q")prosess with p =p+SP and ¢ =q+SQ. Appropriately constructed

state vector of this ARMA process for d =D =0 can be defined as «, , so that y; =y,. In this
case there is
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05: =Y, Yo, + ;zﬁPCI)Pytfp*+1 +6¢ +- -9q®Qgt

7q*+]_1

(8)
5Py @pY,, +6,04¢,)

¢3y'[*71 +et ¢p(DP ytfp*Jrz + ezgt +-- .0q®Qg'[—

q*+21""

With the dimension of «, equal to m=max(p= q=*+1). The complete state vector ¢,
has dimension SD+d +m, and for the case of d =1 and D =1 can be written as

a, :(ytfli(l_ B)ytfl’""(l_ B)ytfsvat*)-r (9)

Where the term y; in the state vector «, changes according to the orders of d and D, but

the structure of «, stays the same (Hindrayanto, 2010). The MA parameters are included in
the disturbance vector, which is given by

H.& = (le(SD+d)’gt+1’018t+11""0 —1‘9t+1)T (10)

m

The transition matrix T, has dimension (SD+d +m)x(SD+d+m)and Z, is a row vector

of dimension 1x(SD +d +m) . For seasonal models with d =D =1, the T,and Z, matrices can
be defined as follows:

1 Oy 1 00 ..0
0 Oy 1 00 ..0
0 I, O 00 ..0
0 Oy O ¢ 1 0 .. O

- 0 Oy O ¢, 0 1 .. 0O ”

0 Oy O foy 0 0 .. 1
o

o
o

1x(S-1)

Z,=10,,,,110,0,..,0) (12)
The rxridentity matrix is denoted by |, and an rxcmatrix of zeros is denoted by O, . .

4 FORECASTING WITH KALMAN RECURSIONS

The Kalman filter represents a set of mathematical equations that provides an efficient
computational (recursive) means to estimate the state of a process, in a way that minimizes
the mean squared error. The filter supports estimations of past, present and future states
(Welch and Bishop, 1995).

The Kalman filtering allows a unified approach to prediction and estimation for all
processes that can be given by state space representation. The classical Kalman recursions
were introduced by Rudolph E. Kalman in 1960 (Kalman, 1960). The objective is to obtain
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the conditional distribution of ¢, based on the observations Y, ={y,,¥,,....¥,}. Since all

distributions are normal, conditional distributions of subsets of variables given other subsets
of variables are also normal. The required distribution is therefore determined by a knowledge
of a,, =E(a,,|Y,)and R, =Var(e,,|Y,). It is assumed that «, given Y., is N(a,R).

Recursive procedure for determining a,,,and P, from a and P,_, is as follows:
Since ¢,,, =T,o, + R, , there is

I E(Ttat"'Rtnt |Yt):TtE(at |Yt) (13)

R, =Var(Ta, + R, |Y,) =TVar(e [Y)T, +RQR (14)
for t=1--N | gt

Vi =Y —EW YY) =Y —E(Za +5 [YL) =Y —Za (15)
Where v, represents the one-step forecast error of y, givenY, ;

E(at IYt) = E(at |Yt—l’vt)
=E(e, |Y,,)+Cov(a,,V,)[Var(v)] v, (16)

— —1,
- at+MtFt Vt

Where M. =Cov(a,v,) = F{Zt'1 F =Var(v)=2ZRZ, , 4 E(|Y) =3

Substituting in (13) and (16) gives:

a,, =Ta +TMFE™", =Ta +KV, (17)
Where

K =TMR"=TRZF" (18)

It is clear that a,,, has been obtained as a linear function of the previous value a, and v,,
the forecast error of y, given Y, ;
Since

Var(e, 1Y) =R -RZFZR (19)
Substituting it in (14) gives

R :TtPtLI[ + RtQth (20)

with b =T ~KZ
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The recursions (17)-(20) constitute the Kalman filter for model (6)-(7). They enable to
update the knowledge of the system each time a new observation comes in (Durbin and
Koopman, 2001)

Due to partially diffuse initial state vector of considered SARIMA model, minor
extensions to the classical Kalman filter equations are necessary (Durbin and Koopman, 2001,
Peng and Aston, 2006). In general, h-step ahead forecasts of future state values are recursively

obtained as A :Tt+h—lat+h—l with covariance matrix F:+1 =Tt+h—1Pt+h-1Tt+h—1 + Rt+h—th+h—1R[+h—1'

5 EMPRIRICAL CASE STUDY - SERBIAN RAILWAYS

5.1 SARIMA Modeling Process

In this section the applicability of proposed Kalman filtering approach is demonstrated by
modeling the rail passenger demand for the case of national railway company of Serbia —
Serbian Railways. Today, Serbian Railways perform rail passenger traffic on the network of
length 3.809 km on which there is an approximate number of 600 stations open for passenger
operations. Dataset is compossed from the 78 consecutive observations representing the
monthly number of passengers travelled on Serbian rail network within the period from
January 2006. to June 2012. (Source: Statistical Office of the Republic of Serbia). The dataset
is depicted in Figure 1.
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Figure 1: Time Series Plot: Monthly Passenger Flow

The time series plot illustrate that the data have seasonal pattern which indicates that the
data are nonstationary. It is obvious that there are typical yearly cycles with high values
occurring in summer months and low values in winter months. The ACF plot (Figure 2.) has
the shape typical for seasonal time series — it has a recurrent pattern: there are significant
peaks at the seasonal frequencies (lag 12, 24, 36, etc) which decay slowly.
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Figure 2: Autocorelation function of original time series

Therefore, the differencing process is necessary to obtain the stationary data. By taking
difference d=1 for non-seasonal and D=1 with S=12 for seasonal the data become stationary
series (Figure 3.).
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Figure 3: Seasonally differenced time series

The model selection procedure was performed in SPSS based on the Normalized
Bayesian Information Criterion. The SARIMA(0,1,1)(0,1,1),, model achieved the lowest

score for this specific dataset. After the chosen model has been fitted to the data, it is
important to perform diagnostic checks to test the adequacy of the model. One way to
accomplish this is through the analysis of residuals. The autocorrelation function of residuals
and partial autocorrelation function of residuals show that all the spikes are now within the
significance limits, and so the residuals appear to be white noise (Figure 4.).
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Figure 4: Residual diagnostic plots.

The model statistics and all coefficient estimates are summarized in Table 1. and Table
2., respectively.

Table 1: Model Statistics

Model Fit statistics Ljung-Box Q(18)
Model Stationary Normalized . .
R-squared BIC Statistics DF Sig.
SARIMA 463 7.539 11.783 16 .759
Model
Table 2: SARIMA Model Parameters
Estimate SE t
Difference 1
SARIMA MA | Lagl | .504 110 4,586
Model Seasonal Difference 1
MA, Seasonal | Lag1 | .998 31.204 .032

5.2 Kalman Recursions

The identified SARIMA model was incorporated into the state space framework for the
purpose of forecasting. The forecasting process was performed in Matlab using the SSM
Toolbox (Peng and Aston, 2006), where appropriate diffuse initialization methods for the
state covariance matrix and Kalman filter recursions are already implemented. Table 3.
contain a one year ahead forecast of total rail passengers within the Serbian railways. Upper
Confidence Level (UCL) and Lower Confidence Level (LCL) of forecasts are also defined.
The outputs of Kalman filtering approach are also presented in Figure 5.

Table 3: Forecasting data by Kalman recursions (thousands)

SARIMA - {Jul Aug  [Sep Oct |Nov [Dec |an Feb Mar  |Apr  [May un
Kalman 2012 2012 2012 2012 (2012 (2012 (2013 2013 [2013 2013 [2013 [2013
Forecast 526.62 [535.33 473.33 479.80 [432.82 422.52 |408.25 [369.78 437.36 477.03 [515.10 (502.73
UCL 596.43 [612.39 557.02 [569.62 [528.38 |523.51 [514.27 1480.61 552.80 [596.91 |639.26 631.03
LCL 456.80 458.27 [389.65 [389.98 [337.25 |321.54 [302.24 [258.95 |321.91 [357.15 [390.94 [374.44
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Figure 5: One-year ahead forecast of railway passenger flows via Kalman recursions.

When comparing the forecasting results of the SARIMA-Kalman model with that of the
SARIMA model, they are very close to each other which can also be seen from the results of
SARIMA model (Table 4.).

Table 4: Forecasting data by SARIMA (thousands)

Pure Jul Aug  [Sep Oct |Nov [Dec an Feb Mar |Apr [May {un
SARIMA 2012 2012 [2012 2012 (2012 (2012 2013 (2013 [2013 (2013 [2013 |2013
Forecast 527.38 [536.37 |474.04 1480.38 433.21 422.88 1408.67 (370.82 {437.96 477.67 515.96 [503.25
UCL 599.75 617.18 [562.48 [575.83 [535.20 [531.01 [522.52 1490.09 [562.42 [607.11 [650.20 [642.11
LCL 455.00 |455.57 |385.61 [384.92 [331.22 [314.74 [294.83 [251.55 [313.50 [348.23 [381.72 [364.38

However, when comparing the performances, the SARIMA-Kalman model has better
tracking performances then the SARIMA model. The results of Mean Average Error (MAE),
Mean Absolute Percentage Error (MAPE) and Root Mean Square Error (RMSE) prove that
this difference in performances exists.

Table 5: Estimated results of one-year ahead forecasts

Indexes SARIMA-Kalman SARIMA
MAE(Passengers) 23.589 29.588
MAPE (%) 5.795 6.388
RMSE(Passenger) 37.469 40.655

6 CONCLUSION

Rail passenger flow forecasting can provide useful information for decision makers of rail
passenger systems. An accurate forecasting model can be applied to support transportation
system management such as operation planning, revenue planning, and facility improvement.
In this paper it was shown that the SARIMA(0,1,1)(0,1,1),, known as “airline” model is the

most appropriate for modeling the rail passenger demand on Serbian railways. The identified
model is embedded into the state space framework for the sake of applying the Kalman
recursions for forecasting the future rail passenger flow. Structural models explicitly
addressing trend, seasonal and cycle variations in the state space form with time varying
coefficients can be considered in the future for modeling or rail passenger flows.
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ABSTRACT

The Airbus Industry recognizes customer efforts for revenue gain and dedicate own development to
customers goals. This airplane customization in the Airbus Industry started with engine installation
variation two decade ago. This mutual battle for profit, both airplane manufacturer and airlines,
recently results in new airplane A320 series called A320New Engine Options or A320NEO. The paper
shows effects of different aircraft engine installation on same aerodynamic setup on flight
performance in case of airplane Airbus A320. The results presented in paper offers answer which
combination of airplane engine and standard aerodynamic fusion has the best application depending
on market where airline operating. In standard ISA and non ISA condition authors test different A320
engine—airframe compilations on different operative scenarios and obtain different range of optimal
airplane flight performances. The paper objective was to calculate flight performance, which mean
take off distances, the trip fuel and trip time taken to complete a mission with a given standard
European range and standard European traffic load. Each mission is split into three main parts — the
take off - initial climb phase, the en-route and the approach-landing phase. Each flight phase
performance analysis (take off, climb, cruise, descent and landing) was operated in a certain way and
by relevant parameters, such as climb rates and cruise altitudes, which are usually stipulated by
European air company policy. Using the data available in the EASA type certification sheet and
authors developed performance charts, flight performance for each phase of the flight was
calculated. The trip fuel, trip time and take-off and landing distance required for each flight stage are
calculated as in a systematic manner-starting with the ramp aircraft mass and proceeding through the
total flight mission profile. The paper results emphasize aircraft flight performance versatility
importance, as product of optimal aircraft engine and aerodynamic match, which secure the first place
for medium range jet air transport for A320.

Keywords: Airbus, Airplane Flight Performance, Airplane Engine Installation, Airplane Aerodynamic

1 INTRODUCTION

The latest Airbus newsletter indicates introduction of new A320NEO as reaction on other
aircraft manufacturer fuel and emission reduction strategies. This article reviews the flight
performance parameters and flight cost parameters, which would allow the setting of more
stringent comparison standard between classic A320 aircraft and A320NEO aircraft. It also
stresses the fact that application new engine design, for A320NEO in 2015 will further
increase aircraft efficiency and lower operating costs. This sometimes necessitates making
choices about which costs is more significant from an operational viewpoint, so that a design
of A320NEO may be finalized. In this sense, engine designers need the advice of aircraft
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operations scientists concerning which costs they should seek to minimize, at the possible
neglecting of others.

The main strategies to achieve ICAO Oxides of Nitrogen (NOx) Emission Standards,
comparing to fuel consumption, is to find out which combination of airframe improvement
and developed engines, for which aircraft must be certified from EASA and FAA, will
produce lowest emission with lower fuel consumption increase. Increase of fuel consumption
deliver increase of CO, emission. Development of new engine especially for new type of
A320 aircraft frame is time consuming and expensive process.

The main pollutant produced during high troposphere flight is CO2. These high
temperatures, which are desirable from the viewpoint of minimizing fuel consumption and
also minimizing carbon dioxide, CO and HC production, unfortunately create the conditions
in which high quantity of oxides of nitrogen (NOx) are formed. The problem for the new
engine designer for A320NEO will also be high fuel efficiency, with lower fuel consumption
and production of high thrust, while at the same time preventing the formation of NOx. The
designer faces further challenges relating to the safety and economic operation of the aircraft.
The engine must operate smoothly and reliably at settings ranging from idle to maximum
take-off thrust and it must be possible to restart the engine over a wide range of operative
speeds and altitudes.

The first part of paper is deal with defining aircraft flight model. The second part is
methodology for direct operating cost determination, in enroute flight phase. The third part is
methodology to compare airframe modification by introduction of sharkelet on A320NEO,
with accounted effects of drag, fuel consumption and change. In this part of paper we
investigate future benefits form new engine on A320NEO which is expected in 2015. The
forth part of paper summarize results and future innovative changes.

2 THE OPERATING FLIGHT MODULE

Among firs parameters which must be set is the operating flight module. We develop
complex module which cover all operative aspects of transport aircraft flight. This module
requires basic setting:

e Maximum take off mass murom(kg), which is our case for A320 is equal to
67000kg,
Total flight distance D (Nm), which vary from 500Nm to 6000Nm,
Alternate distance D,(Nm), which is in our case 200Nm,
Number of seats ng, which in our case 180 passenger seats, single economy class,
Passenger Load factor (If)passengers, Which in our case 0.654,
Mass of passengers with baggage mpass(kg), which is in our case 91kg,
Actual passenger payload APPL(Kkg), which is in our case calculated by equation (1),

APPL =ns - If -my,., (1)

e Cargo capacity CC(kg), which is in our case 2876kg,
e Cargo load factor c.l.f., which is in our case 0,
e Actual cargo payload ACPL(kg), which is in our case calculated by equation (2),

ACPL = (€CC) - (c.1.f.) )
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e Actual payload APL(kg), which is in our case calculated by equation (3),

APL = APPL + ACPL ©)

Operating Empty Weight mogm(kg), which is in our case 41244kg,

Ground time tgy (hr), which is in our case 0.167hr,

Coefficient for block time a (Bhrs), which is in our case 0.271Bhrs,

Coefficient for block time b(Bhrs/Nm), which is in our case 0.0023Bhrs/Nm,
Reference block of time tgro(Bhrs), which is in our case calculated by equation (4),

tsro = tgr + @+ b-D,wheret, (hrs),a(hrs), b(hrs/Nm) (4)

Ground fuel mg(kg), which is in our case 135kg,

Coefficient for block fuel c(kg), which is in our case 649.51kg,

Coefficient for block fuel d(kg/Nm), which is in our case 5.535kg/Nm,
Reference block of fuel mggo(kg), which is in our case calculated by equation (5),

Mgpg = Mg,r + ¢ +d - D,where my,¢(kg), c(kg),d(kg/Nm) (5)

e Holding time thoig(min), which is in our case 45min,

e Fuel flow into a holding ff(kg/min), which is in our case 35 kg/min,

e Fuel required for holding regime mnog(Kg), which is in our case calculate by
equation (6),

My hota = thota - (Ff).Where ty g q(min), ff (kg/min) (6)

e Fuel required for alternate flight, which is in our case mf,alt.(kg) , ), which is in our
case calculate by equation (7),

mf,alt.= ¢ +d = Da,where c(kg),d(kg/Nm) (7

e Reserve fuel, which is in our case mrss(kg), which is in our case calculate by
equation (8),

mres. f.= 0,05 * Mpgy + Mg po1g + Mf, alt. (8)

o Actual Takeoff Mass marom(kg), which is in our case calculate by equation (9),
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Available Engine data for A320 classic and expected engine data for A320 NEO are:
e Number of engines nn, ,which is in our case have value of 2,
e By-pass ratio BPR, which is in our case have value of 6.2,
o coefficient for available thrust m , which is in our case calculate by equation (10),

m = 0.7291 — 0.0253 - BPR (10)

o coefficient for available thrust n, which is in our case calculate by equation (11),

n = 0.7324 + 0.0033 = BPR. (11)
e The equivalent available thrust T,y (N), which is in our case calculate by equation
(12)

T,, =nmm =T sm=xag" (12)
e coefficient for required thrust A, which is in our case calculate by equation (13),
A=05p S Cpig (13)
o coefficient for required thrust B, which is in our case calculate by equation (14),
B=(2%K=(Maprcr*9)2)/(p*S5) (14)

e Min cruise speed at FL Vpintas(m/s), which is in our case calculate by equation (15),
Vmiﬂ.T.‘lS = [:[:[:[:[:Tav - (Tazv —4x A~ 8)0'51”(2 * A]))))Oajx”ll (15)
e Min cruise speed at FL Vpintas(knot), which is in our case calculate by equation (16),
Vinin.ras(kt) = 1.9434335 = V.3, ras(m/5) (16)
e Min Mach number at FL Mnin.r, Which is in our case calculate by equation (17),
Myin rr = Vinin.ras (%) /a (%) 17)
e Max cruise speed at FL Vi 1as(m/s), which is in our case calculate by equation (18),
Vimax.ras(kt) = (((Tay + (T3, — 4+ A+ B)™3/(2+ 4))))**)/1.1 (18)
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e Max cruise speed at FL Vnax1as(knot), which is in our case calculate by equation (19)
and

Vinae ras (=) = 1.9434335 * Vi s (=) (19)

5

e Maximal Mach number at FL is Myaxr, Which is in our case calculate by equation
(20) .

Mmax.FL = Vmax.l?".‘ls (?) fﬂ', (?) (20)

Climb part of calculation comprises following flight parameters:
e Auverage rate of climb, R/C(fpm), which is in our case 2000fpm,
e Time taken to climb tc g(min), which is in our case calculate by equation (21),

tes = (FL)/(R/C), FL(ft),R/C(ftpm) (21)

e Time taken to climb tc g(hr), which is in our case calculate by equation (22),

ters (A1) = tepp(min) /60 (22)

e Equivalent air speed at climb Veas cis(knot), which is in our case 250kt,
e Average relative air density into climb a5, which is in our case calculate by equation

(24),
® Oyyv— {)5 - (1 +O-F|_) (24‘)
e True air speed at climb Vrascis(knot), which is in our case calculate by equation
(25),
V rasces = (Veas.cis)/ O (25)

e Climb angle 6cg(deg), which is in our case calculate by equation (26),

R
SL'TIBCLB - (%) — ECLB(TQCI) = arc SL'TIBCLB — BCLB(ng) = 57325 - BCLB(Tad)

V Tas.cLB

(26)
e The distance covered climb D¢ g(Nm), which is in our case calculate by equation
(27),

Derp = €080¢15 -V rascrs * tees,  Where  O¢pg(rad),V pascipknot), tes(Hrs) (27)
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e The fuel consumed in the climb m¢cis(kg), which is in our case calculate by equation
(28).

Mg cp = Marop " (L —E,) (28)

Cruise part of calculation comprises following parameters:

e Distance for cruise segment Dcr(Nm), which is in our case calculate by equation
(29),

Der =D = Deip — Dpse (29)

e Mass fraction for initial cruise mass &_. , which is in our case have value of 0.9751

¢ Aircraft mass at end climb to cruise FL mam,icr(k@), which is in our case calculate by
equation (30).

Maprcr = Maron * (E,,) (30)

e Cruise Flight Level FL(ft), which is in our case have value from 25000 ft to 35000ft

e Relative Air Density for Cruise Flight Level op Which is in ISA case depends on
cruise FL,

e Air Density for Cruise Flight Level p(kg/m?), which is in ISA case depends on
cruise FL,

e Relative Air Temperature for Cruise Flight Level 6=(T/T,),which is in ISA case
depends on cruise FL,

e Speed of sound for Cruise Flight Level a(m/s), which is in ISA case depends on
cruise FL,

e Speed of sound for Cruise Flight Level a(Nm/h), which is in ISA case depends on

cruise FL,

Aspect Ratio AR which is in our case have value 9.39,

Wing span b(m), which is in our case have value 33.91 m,

Wing area S(m?), which is in our case have value 122.44 m?,

Aerodynamic zero- lift drag coefficient cpz or ¢z, which is in our case have value

0.023 for A320 classic and 0.022 for A320 NEO due sharklets,

Take off thrust T(N), which is in our case have value 111200 N,

e Specific Fuel Consumption SFC(kg/Nhr), which is in our case have value of 0.0554
kg/Nhr,

e Lift depend drag factor x, which is in our case calculate by equation (31),

k=1/(m=AR *e) (31)
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e Lift coefficient for minimum drag c.mg, Which is in our case calculate by equation
(32),

1

Cima = (2222 )? (32)

e Minimum drag speed Vg (M/s), which is in our case calculate by equation (33),

1

o= (o) ()

Cp.Z=0

e Minimum drag speed Vg (Nm/hr), which is in our case calculate by equation (34),

V., (kt) = 1.9434335 + 1, @) (34)

e The lift-drag ratio L/D Enax, Which is in our case calculate by equation (35),

Emax = 1/((2- (k - cz0)"%)) (35)

e Cruise Mach number M, which is in our case have value from 0.6 to 0.92

e True air speed-TAS at M Vras(Nm/hr), which is in our case calculate by equation
(36),

VTAS(Nm/hr) = Mach + a(NTm) (36)

¢ Relative aircraft speed u, which is in our case calculate by equation (37),

U = Vras(Nm/hr) [V, (Kt) (37)

e Range Factor RF, which is in our case calculate by equation (38),

RF = (Vo o/ (SFC) - 6%%- ) - (1/(2 -V - ¢p,_ ) (38)

e Mach number at minimum drag Mng Which is in our case calculate by equation (39),

Ving (&)
Mmd = r:(ﬂjs (39)
=
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e Cruise -Constant altitude constant Mach number parameter w, which is in our case
calculate by equation (40),

w=1/(TAN(((2-u-RF - ArcTAN((1/u*)) — D_.)/(2-u- RF))) = (u?)) (40)
e Aircraft mass at end of cruise mam ecr(kg), which is in our case calculate by equation

(41),
Mapeck = Mamicr * (1/0) (41)

e The fuel consumed for the cruise m¢cr(kg), which is in our case calculate by equation
(42),

Mecr = Map rcr — Mam Ecr (42)

e The time required for the cruise tcr(Fhrs), which is in our case calculate by equation
(43),

ter = Doy /Vras(Nm/h) (43)

Descent part of calculation comprises following parameters:
e Auverage rate of descent ROD(fpm), which is in our case 2000fpm
e Time taken to descent tpsc(min), which is in our case calculate by equation (44),

FL

r =
CLE RGD

where FL(ft),ROD(ftpm) (44)

e Time taken to climb tpes(hr), which is in our case calculate by equation (45),

tpes () = tpgs(min) /60 (45)

e Equivalent air speed at descent Veas psc(knot), which is in our case 270,
e Average relative air density into descent o,,, which is in our case calculate by
equation (46),

Uav = 0.5 " [:1 + UFL—) (46)
e True air speed at descent Vraspsc(knot), which is in our case calculate by equation

(47),
V raspsc = (Veaspsc)/ P (47)
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e Descent angle Opsc(deg), which is in our case calculate by equation (48),

_ 0.00987473 - ROD _
Sinfpsc = — Opgc (rad) = arc sinfpg —
|4 TAS.DSC
e The distance covered descent Dpsc(Nm),which is in our case calculate by equation
(49),
Dpsc = €080psc * V ruspsc * tpse,  Where Opsc(rad),V pys pscknot), tpse (Hrs) (49)

o

e Mass fraction at end of descent mass &, ,
0.98208

e The fuel consumed in the descent m¢psc (kg) which is in our case calculate by
equation (50),

which is in our case have value of

Mecrp = Maypcr " (L—L,,) (50)
We obtained following results from given flight data relation ship:

e Block time tgr(Bhrs) which is in our case calculate by equation (51),

lgr = fgr +icp T ler Tipsc (51)

e Block fuel mgr(kg) which is in our case calculate by equation (52) and

Mpp = Mgrp + Mg crp + Mpcr + My psc (52)

e Block fuel per passengers and Nm, mgrpassam(@/Nm) which is in our case calculate
by equation (53).

Mpg/passvm = 1000 - (mgg/(ns - (L.f.)-D)) (53)

AIRCRAFT OPERATING COSTS MODULE

The next chapter of this paper is deducted to description of complex operative cost
determination model. The A320 classic and A320NEO operating cost parameters are:
e Average distance on the network Da,(Nm), which is in our case 484Nm,
e Time for holding ty(min), which is in our case have value 30min,
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Fuel flow into a holding ff(kg/min), which is in our case have value 35kg/min,

Route reserve RR or contingency fuel with value of 5% form trip fuel. This
parameter which is in our case have a value of 0.05,

Extra fuel mgg(kg), which is in our case have value have value 0kg,

Operating empty mass moem(t) which is in our case have value 41.244t,

Maximum Mass of payload mp,(t) which is in our case have value 19.256t,
Maximum Mass of cargo meargo(t) Which is in our case have value 2.876t,

Ground manoeuvre time ty(Hr) which is in our case have value 0.167 hr,

Ground manoeuvre fuel mg#(kg) which is in our case have value 135kg,

Correction for block fuel cge which is in our case have value 1.721,

Time transport demand in one day TTD(Hrs), which is in our case have value 12hrs,
Time of aircraft ground handling tyn(min), which is in our case have value 30min,
Number of days a week when the a/c operational ngos, Which is in our case have
value 5,

Average delay of 100 flights naq, which is in our case have value 20,

Average time delay taq(min), which is in our case have value 30min,

Number of weeks in the year when the a/c operational nyea, Which is in our case have
value 48,

Monthly crew utilization U m(Bhrs), which is in our case have value 60Bhrs,
Number of attendants Naix= N¢r,

Monthly salary of crew MSC(USD), which is in our case have value 25885 USD,
Monthly salary of attendants MSA(USD), which is in our case have value 800 USD,
Cost of crew and attendants training Ccr atyran.(USD/Bhr), which is in our case have
value 0 USD/Bhr,

Fuel price FP(USD/t), which is in our case have value 1150 USD/t,

Unit rate for navigation fees UR(USD/km), which is in our case have value 70
USD/km,

Unit rate for landing fees UR;((USD/km) which is in our case have value 5,

Cost of handling fees Cs(USD) which is in our case have value 150USD,

Unit cost of catering UC(USD) which is in our case have value 5 USD,

Booking fees per passengers BFass(USD/pass) which is in our case have value 5
USD/pass,

Unit rate passengers tax URpasst(USD/pass) which is in our case have value 12
USD/pass,

Emission index Elco (tcoz /t fuel) which is in our case have value 20 tco, /t fuel,
"Value" of CO, VCO,(USD/tco,) which is in our case have value 30 USD/tcoy,

Mass of engine meng(t) which is in our case have value 2.27t,

Manufacturers empty mass myem(t) which is in our case have value 35.8t,

Number of hours between engine overhaul Heng(Hrs) which is in our case have value
6000HTrs,

Number of aircraft, NA which is in our case have value 5,

Spares levels for airframe SLA which is in our case have value 0.85,

Number of years in service aircraft nysyc(yrs) which is in our case have value 1 yrs,
Residual value for airframe and its spares RV 4 which is in our case have value
0.15,
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e Deprecation period for airframe and its spares DPgss(yrs), which is in our case have
value 15,

e Residual value for engines and its spares RV eng s Which is in our case have value 0

o Deprecation period for engines and its spares DPengs (yrs) which is in our case have
value 7yrs,

¢ Interest rate IR which is in our case have value 0.05,

e The loan payment period LPP(yrs) which is in our case have value 10yrs,

e Value of loans VL which is in our case have value 0.8,

e Insurance rate IR which is in our case have value 0.005,

e Value of man-hors to maintain the airframeVMAF(USD),which is in our case have
value 25USD,

e The applied maintenance burden AMB which is in our case have value 0.5,

e Cost of heavy maintenance Cpn(USD/yrs) which is in our case have value
0(USDl/yrs),

e Cost of heavy maintenance per flight Cnnp(USD/flight)  which is in our case have
value 0(USD/flight),

e Cost of maintenance training Cp(USD/yrs) which is in our case have value
0(USD/yrs) and

e Cost of maintenance training per flight Cm«yn (USD/flight) which is in our case have
value O(USD/flight).

On base of system of direct costs input we obtain some preliminary operative cost results:

e Flight time t:(Fh) which is in our case calculate by equation (54),

lf = lgr —lgr (54)

o Trip fuel myipei(kg) Which is in our case calculate by equation (55),

Merip.fuel = Mpr — Mgrf (55)

o Fuel for alternate flight maern.(Kg) Which is in our case calculate by equation (56),

mf.altern.= ¢+ d = Dal (56)

e Reference block of time tgro(Bhrs) which is in our case calculate by equation (57),

taro = tf + 1y, (57)

e Reference block of fuel mgro(kg) which is in our case calculate by equation (58),
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Mpro = mt‘n"p,fue! + mgrf (58)

o Reserve fuel mge(kg) which is in our case calculate by equation (59),

Mgr = RR -Mpry + mf.alter. +t,,5-f.f- (59)

e Correction for block time cgr which is in our case calculate by equation (60),

Cgr = @ * (1000 - mOEM + lfyq5s - Mygss * NS + (If) cargo * Mcargo + mEF + mpg)f (60)

e Average block time on the network tagr(Bhrs) which is in our case calculate by
equation (61),

fAET= fgr+ﬂ+b'Dav (61)

e Daily aircraft utilization Ugy(Bhrs) which is in our case calculate by equation (62),

U, = TTD/((1 + ((tgh + tad)/60) = (nd/100) /tABT)) (62)

e Annual aircraft utilization U(Bhrs) which is in our case calculate by equation (63),

U = ndea «nwoa = Ud (63)

e Cost of ownership aircraft C,own(USD/flight) which is in our case calculate by
equation (64),

Ca,own = IET * a,own.py/U (64)

e Number of crew N¢r which is in our case calculate by equation (65),

Ner = (NA=U) /(10 Ucr.mon.) (65)

e Cost of crew and attendants Ce a(USD/flight) which is in our case calculate by
equation (66),

Corare = (((1/(NA-U) - (12 Ner - MSC + 12 Natt: MSA + Corate oy aminy))) * tor) (66)
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e Cost of fuel Cs,e(USD/flight), which is in our case calculate by equation (67),

Cfuel = (mBF /1000) = FP (67)
e Cost of navigation fees C,(USD/flight) which is in our case calculate by equation

(68),
cnf.= ((1,853 « Urnf = D)/100) * (Myrop /50)%° (68)

e Cost of landing fees C;{(USD) which is in our case calculate by equation (69),

CLf.= Urlf +mMTOM (69)

e Cost of catering Cc(USD) which is in our case calculate by equation (70),

Cetr.=ns * (If) pass * UCctr (70)

e Cost of booking fees Cyypass(USD) which is in our case calculate by equation (71),

Cbf,pass = ns * (If ) yass * (BF)pass (72)

e Cost of passenger tax Cpasst(USD) which is in our case calculate by equation (72),

Cpass,t =ns = (If) 45 * URpasst (72)
e Cost of general administrative expenses Cqae(USD) which is in our case calculate by

equation (73),

Cgae = (CEF,413/CEF,40,)* (0,175 * Dav + 0,00068 * Dav + mMTOM + 0,00223 * ns *
(If)pass + 0,01938 = m 4,5, * Dav

(73)

e Total cost per flight TC(USD/flight) which is in our case calculate by equation (74),

e = Ca,own + Cc'r,att +TMC + Cfus[ + Cnf + CIJF + Chf + l‘-r"c!t“r + be,'pass + Cpass,t + Cgﬂe

e Total cost per flight with "value™ of carbon emission TCyi,o(USD/flight) which is in
our case calculate by equation (75),
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uUsD
TCrinal (m) = TC + EICO2 (teos / truer) - Veoz (USD/CO2) (75)

e Average fare AF(USD) which is in our case calculate by equation (76),

AF =23,96-D - D703 (76)
e Airframe price AFP(USD) which is in our case have value 42802477USD in case of

A320NEO and 44404554.1USD(which calculated by equation (78)) in case of
A320classic,

AFP = (CEFQOISKCEFQOOQJI 1.187 - 10(3.3 191+0.2043-log(2.205-MTOM)

where MTOM (t) (78)

e Engine price EP(USD) which is in our case calculate by equation (79),

EP =1414- (CEF2013!CEF2002) . 10{{2.3044+{J.8858*Iog{lﬂﬂﬂ*Z.ZUS*Tto}}

where Tto(t) (79)

e Value of spares parts for airframe VSA(USD) which is in our case calculate by
equation (80),

VSA = 0.117 - AFP - (SLA)®80%4. (N4)~0-28¢ (80)
e Value of spares parts for engine VSE(USD)which is in our case calculate by equation

(81),
VSE = 0.39 = (EP) » (NA)~%222 (81)

e Aircraft operational price AOP(USD) which is in our case calculate by equation (82),

AOP = AFP + n,,, * (EP) + VSA + VSE (82)
e Aircraft market price AMP(USD) which is in our case calculate by equation

(83),
AMP = AFM + neng = EP (83)

e Cost of airframe and its spares deprecation CDgss (USD/yrs) which is in our case
calculate by equation (84),
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CDggs = ((AFP + VSA) * (1— RV,z.)/DPys, (84)
e Cost of engines and its spares deprecation CD g, (USD/yrs) which is in our
case calculate by equation (85),
CDung = ((Neng * (EP+VSE) = (1— RV ,,,)) = DP engs (85)
e Cost of airframe, engines and its spares deprecation CDaop (USD/yrs)  which is in
our case calculate by equation (86),
CD 4op = CDggs + CD oy (86)

e Cost of financing Csi,(USD/yrs) which is in our case calculate by equation (89),

AQPIRVL-(1+IR) LPP)

Crn = ( ((1+1R)LPP 1) (89)

e Cost of the aircraft insurance Ci,s(USD/yrs) which is in our case calculate by
equation (90),

Cins = IR -AMP (90)

e Cost of ownership aircraft Cgownpy(USD/yrs) which is in our case calculate by
equation (91),

Ca,own.py = CDAOP + Cpipg, + Cinsurance (91)

e Direct labour cost of airframe DC, 4 2((USD/flight) which is in our case calculate by
equation (92),

DC lab,af = VMAF » (tgr —tgr) + (1,425 + 0,152 - Mygeyy ) - 1,925 * 150~ 2150 (92)

e Direct airframe maintenance material cost DCnat of(USD/flight) which is in our case
calculate by equation (93),

DCmat,af = (tgr —tgr)=(40,498 + 0,79 + AFP » 10 — 6 ) = 0,685 = Ny fco,a'}'gu (93)

e Value of man-hours to maintain the engines VME(USD) which is in our case have
value 50
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¢ Direct labour cost of engines DCjapeng (USD/flight) which is in our case calculate by
equation (94),

DCiapeng. =M eng *VME = (t BT —tgr) 1,2 (0,962 + 0,937 » T t0) = (0,1 + 1100/
Heng)
(94)

e Direct engines main. material cost DCpateng (USD/flight) which is in our case
calculate by equation (95),

DCpateng =neng * (tgr —t 5.) - ((7,2762 + EP = 107° —0,63))/((0,769 + 0,021 -
Heng /100))

(95)
e Direct maintenance cost DMC(USD/flight) which is in our case calculate by equation
(96),
DMC = Dciab.af + DCmat.af + DCIab.mg + DCmat.s‘ng (96)
e Total maintenance cost TMC(USD/flight), which is in our case calculate by equation
(97),
TMC = DMC + DMC - AMB + Cpypyp +C (m.tr)/flight (97)

e Cost escalation factor CEF,q0, Which is in our case calculate by equation (98),

CEF2002 = ((4.1366 + 0.1049 - (2002 — 1997))) (98)

e Cost escalation factor CEFp13 Which is in our case calculate by equation (99),

CEF2013 = ((4.1366 + 0.1049 - (2013 — 1997))) (99)

Cost results can be sublime in following final results:
e Break even point beppass(number of passengers), which is in our case calculate by
equation (100),

TC
AF

beppass = (100)

e Break even point bep (%)which is in our case calculate by equation (101),
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bep(%) = (Z22°) « 100 (101)

e Unit cost UC(USD/Pass.Nm) which is in our case calculate by equation (102),

UC = ((TC/(ns - (If )pass - D)) (102)

e Operating cost per flight OC(USD/flight) which is in our case calculate by equation
(103) and

oc = chmai — Caown (103)

e Unit operating cost per flight UOC(USD/Pass.Nm) which is in our case calculate by
equation (104).

Uoc = oc

Dns-(If) passengers

(104)

4 COPARISON MODULE

The developed complex flight and direct operating cost model in previous chapters allow
development of comparison between A320Classic and A320NEO. This comparison
investigation can be start from comparison of block fuel per passengers and Nm,
Mgrpassnm(9/NmM) shown in equation (53) for various operative Mach numbers(Figure 1.), for
distance D (Nm) of 1000Nm and FL=31000ft. In this examination we also introduce increase
of engine thrust by 10% (and aircraft mass) and lower SFC of new engine for 10% which is
expected values for A320NEO engines. For same operative conditions we explore parameters
of costs in Figure 2, Figure 3 and Figure 4. From illustrated comparisons it is obvious
advantage of A320NEO in flight operative parameters and in direct operating cost parameters.

5 CONCLUSIONS

A new approach to defining conditions for minimum aircraft total operative costs
technique determination was introduced in this paper, but with application in process of
comparison between A320classic and A320NEO. We also defined an improvement which
brings new aerodynamic feather and possible further improvement with new engines. In the
process of defining optimal direct operating costs, the influence of choice of optimal FL on en
route total costs was shown. Recalling assumptions of flight profile, the existence of further
development of cost optimization in climb, cruise and decent flight phase becomes obvious.
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Figure 2: The comparison of A320Classic and
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operative Mach numbers

The presented operating cost determination technique is especially applicable on short-haul
flights, where climb and descent range can have a length of about 50% of total range. The practical
benefit from proposed flight and direct operating costs method is to air operator, which can be
synthesized in conclusion that old airframe with small changes and total new engine design can
achieve minimum operating cost and contribute to aircraft efficiency in total.
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ABSTRACT

The Law on protection of the sea from pollution by vessels which was passed by the Parliament of
Montenegro on 31 March 2011 was published in the "Official Gazette of Montenegro”, nos. 20/11 and
26/11. There was the need for enactment of such a law since the Government realized the danger that
threatens the marine environment from pollution by vessels, either directly by discharging various
substances, or indirectly through the atmosphere. The main aim of its adoption was to prevent, reduce
and eliminate, as far as possible, the pollution of the marine environment. The subject matter of the
Law is to protect the sea from pollution by vessels which sail or are located in internal waters and
territorial sea of Montenegro, waste collection and disposal practices at ports, as well as liability and
compensation for damage in the case of pollution.

The Law comprises 69 articles and XVI chapters that include: measures and notification procedures
when entering and leaving ports of Montenegro, substances prohibited to discharge from vessels at
sea, construction, equipment and conditions to be met by vessels carrying oil as cargo or using it as
fuel when entering the waters of Montenegro, equipment and conditions for ships carrying noxious
liquid substances in bulk, conditions and manners of packaging harmful and polluting substances,
conditions and method of packaging harmful and polluting substances, conditions and manner of
discharge of sewage from ships, throwing waste from ships, air pollution from ships, ballast water
(measures and procedures for their replacement, replacement control ) manner of disposal into the sea
and burying the waste, waste acceptance and waste management, liability, compensation for damages,
and the like. Comment of the content of this Law represents the subject matter of this paper.

Keywords: the law, sea pollution, protection of the sea, vessels, ship.

1 INTRODUCTION

Montenegro adopted the Law on Protection of the Sea from Pollution by Vessels. The
legal basis for its decision is contained in the provisions of Article 16, paragraph 1, item 5 of
the Constitution of Montenegro®, which provides that the Law in accordance with the
Constitution shall define the issues of interest for Montenegro.

Work on the legislation began in 2004, and its passing was anticipated in 2008/09,
however due to complexity of the matter addressed therein, and the process of harmonization
with the EU, the law was not passed on time. The law governs the protection of the sea
against pollution from vessels that sail or are located in internal waters and territorial sea of
Montenegro, waste collection and handling at ports, as well as liability and compensation for
damage in case of contamination®. Upon the entry into force of the related law, the Law on
Maritime and Inland Navigation shall not be valid anymore, in the specific provisions relating

! Official Gazette of Montenegro® No. 01/07
% Article 1 of the Law
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to marine pollution by hazardous and noxious substances®. Related by-laws shall be passed
for the purpose of law enforcement within 12 months of its entry into force. The
implementation of this Law shall be supervised by the Ministry of Transport, Maritime
Affairs and Telecommunications of Montenegro®. The law provides penalties for non-
compliance with its provisions, the amount of which varies from € 500 to 20 000. Given the
complexity of the law, it is impossible to show all provisions in detail, so, we will present
some provisions thereof.

2 STRUCTURE, OBJECT AND PURPOSE OF THE LAW

The law is designed in XVI Chapters. These are: | General Provisions, 1l Ship-generated
pollution, 111 Ship for transport of oil or fuel as cargos, IV Ship for transport of hazardous
liquids in bulk, V Ship for the transport of hazardous substances in packaged form, VI
Sewage waste, VII Municipal waste, VIII The emission of harmful substances into the air, 1X
Ballast water, X Hull anti-fouling systems XI Deliberate dumping of waste, XII Reception
and waste management, waste oil, cargo residues and sediment from ballast tanks in ports,
X111 Responsibility and compensation in case of sea pollution by vessels, XIV Monitoring,
XV Penalties, XVI Transitional and Final Provisions.

The content of the chapters is distributed in 69 Articles which govern the following: the
substances banned to be discharged from vessels to the sea, measures and notification
procedures during sail in and out the ports of Montenegro, construction, equipment and
conditions to be met by vessels, terms and conditions of the package for polluting substances,
conditions and manner of discharge of sewage waste from ships, throwing waste from ships,
air pollution from ships, ballast water (measures and procedures for their replacement,
replacement control), the disposal at the sea and bury of the waste, collection and waste
management, accountability and compensation, etc.

The purpose of the Law is to protect the sea against pollution from vessels that sail or
located in internal waters and territorial sea of Montenegro®, waste collection and handling at
ports, as well as liability and compensation for damage in case of contamination. The aim of
its adoption is to prevent, reduce and eliminate pollution of the marine environment as far as
possible.

3 LAW COMPLIANCE WITH EUROPEAN LEGISLATION AND
INTERNATIONAL CONVENTIONS

The most important European directives and international conventions that deal with this
matter were the starting point for making the Law. The Law incorporates the best solutions
and practices from the developed world, and recommendations of the EU and many
Conventions. Particular emphasize is given to the Law’s compliance with:

% The provisions of the Articles 56, 102, 112, 113, 156, 157, and 161 of the Law on Maritime and Inland
Navigation shall not be valid anymore, ,,Official Gazettes of the Federal Republic of Yugoslavia®“ No. 12/98,
44/99, 74/99 and 73/00

* Hereinafter referred to as “the Ministry”.

® Pursuant to the Law on Sea of the Republic of Montenegro (,,Official Gazette of the Republic of Montenegro
“No. 17/07) inland sea waters include ports, bays and islands, river estuaries and the parts of the sea between the
coastline and the base line of the territorial sea. Inland sea waters include the waters of the Skadar Lake,
Crnojevi¢a River and the River Bojana up to the line of their seaworthiness. Pursuant to the Article 13 of the
related Law, territorial sea of Montenegro is 12 nautical miles wide sea area, counting form the sea baseline in
the direction of the sea.
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1. The European Union Directive, establishing a Community vessel traffic monitoring
and information system, Directive 2002/59/EC,

2. EU Directive on port reception facilities for ship-generated waste and cargo
residues, Directive 2000/59/EC,

3. Resolution MEPC 2 (VI) - containing recommendations on international standards
for treated sewage wastewater and guidelines for the testing of the system for the
treatment of the same,

4. Resolution MEPC 159 (55) - contains the revised guidelines for the enforcement of
standards for treated sewage wastewater, as well as standards for the testing of the
system for the treatment of the same,

5. Resolution MEPC 83 (44) - provides guidelines for ensuring the adequacy of port
reception facilities,

6. International Convention on the Control of Harmful Anti fouling Systems on Ships,
AFS Convention 2001,

7. International Convention for the Control and Management of Ships Ballast Water
and Sediments, BALLAST WATER 2004,

8. International Convention on Civil Liability for Bunker Oil Pollution Damage,
BUNKERS 2001,

9. International Convention on Civil Liability for Oil Pollution Damage (CLC)1969,. -
Protocol 1992,

10. International Convention on the Establishment of an International Fund for
Compensation for Oil Pollution Damage , FUND 1971. - Protocol 1992,

11. International Convention on Liability and Compensation for Damage in Connection
with the Carriage of Hazardous and Noxious Substances by Sea (HNS), 1996,

12. Convention on the Prevention of Marine Pollution by Dumping of Wastes and
Other Matter (LC), 1972 (and the 1996 London Protocol),

13. International Convention for the Prevention of Pollution from Ships, MARPOL
73/78,

14. International Convention on Oil Pollution Preparedness, Response and Co-
operation, OPRC, 1990,

15. Protocol on Preparedness, Response and Co-operation to pollution Incidents by
Hazardous and Noxious Substances, 2000 (OPRC-HNS Protocol)

16. International Convention for the Safety of Life at Sea, SOLAS 1974,

17. Convention for the Protection of the Mediterranean Sea Against Pollution,
BARCELONA CONVENTION 1995.

3 DEFINITION OF CERTAIN TERMS

The Article 3 of the Law defines and determines the meaning of certain terms
(expressions) that are used therein, in order to provide a complete explanation and application
of certain statutory provisions. They are: address, ballast water, vessel calibration, boat, clean
ballast, separate ballast, emission, sewage waste, municipal waste, waste, waste oil, bilge
water, soaking, vessel, port user, shipper, operator etc.

e "Address" is the name, or the name and the communication link through which it is
possible to get in touch with the owner of the vessel, the agent, the authorized body
who has information relating to the vessel,
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e "Ballast water" means water taken from the sea, river or lake in order to redress the
longitudinal and transverse slope, draft, stability and pressure of the vessel, which is
not transported as cargo.

e “Vessel calibration” is determination of the vessel tonnage.

e "Vessel" is a passenger, cargo, fishing, public or scientific research vessel designed
to sail at sea which is longer than 12 meters and a minimum capacity of 15 tons or is
designed to carry more than 12 passengers.

e "Clean ballast" in the ballast water in the tank, which is, after the last transport of oil,
cleaned and which after discharge in the clean and peaceful seawater on a nice day
does not produce visible traces of oil on the surface of the water or on nearby land or
causing deposition of heavy oil or emulsion residue beneath the surface of the water
or on nearby land, not exceeding 15 ppm.

e "Separate ballast” the ballast water that enters the tank and is intended solely for the
transport of ballast, which is separated from the liquid cargo and fuel system.

e "Emission” is the release of harmful gases into the atmosphere or the sea, generated
by combustion of waste in the ship's incinerators, combustion of fuel and gas from
the ship's systems and equipment.

e "Sewage waste" means waste that is discharged from the ship's toilets, medical
facilities (pharmacies, hospitals etc.), through the sink, bathtub, sink holes located in
such premises, from the space with live animals and other waste water mixed with
emissions.

e "Municipal waste" means all types of animal waste, waste from the galley and works
on the board, excluding fresh fish and its parts, which were created by regular work,
and can be removed.

e "Waste" means unnecessary, undesirable or superfluous material left over after the
completion of a process on the vessel.

e "Waste oil" means oil, unfit for use, produced or created on the vessel.

e "Bilge water" means oily water collected in machinery spaces, and water from the
ship's bilges warehouses, formed from the remnants of cargo and precipitation.

e "Dumping" means any deliberate disposal of wastes or other substance from the ship
into the sea.

e "Vessel" is a ship, floating plant, boat and other property which is located in the
marine environment and includes hydrofoil boats, hovercrafts, submarines, floating
crafts and fixed or floating platforms.

e "Port user" is the administrative authority or legal entity that manages the port or the
part thereof or a legal or natural person who is assigned the right to use the port or
the part thereof (concessions).

e "Shipper" means a person who delivers cargo to the operator for transport, pursuant
to the contract.

"Operator” means a person who has signed a contract with the shipper, and it can be
a vessel owner, lessee, manager or the vessel’s agent.

4 SOME PROVISIONS OF THE LAW
The main provisions of the Law define seaworthiness. Article 2 states that in the waters

of Montenegro it is permitted sailing of the vessel with the flag of Montenegro and the vessel
with a foreign flag in accordance with the provisions of the Law and the law governing the
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safety of navigation®, if their construction and navigable properties, machinery, appliances
and equipment that serves to maintain the safety of sailing ships, the technical characteristics,
quantity, type and arrangement of the ship, meet the technical requirements of the IMO.

In the further text of the Law, there is, inter alia, an obligation to submit the information
by the shipper and operator of the ship carrying harmful substances, then the substances
prohibited to be discharged into the sea are specified, and the technical requirements to be met
by ships that are in the waters of Montenegro, in terms of protection of the sea from pollution.

Pursuant to Article 3, item 38 of the Law, harmful substances are all hazardous and
noxious substances other than oil, which discharged into the marine environment, may cause
pollution of the marine environment and endanger human health. If the harmful substances or
radioactive cargo are embarked on the vessel, the shipper shall, before their embarkation,
supply the master or owner of a vessel with a statement of technical data, names, UN
numbers, classes’ of hazardous goods, the quantities of these substances, address, and
identification marks of portable tanks and containers®. If radioactive cargo is embarked, data
on the type of ship and the amount of radioactive cargo must be delivered to. There is
obligation on the side of the ship operator to deliver data, but difference is made between the
operators of ships carrying harmful substances, and comes from a port that is a member state
of the EU and non-EU country. According to the provisions of Article 6 prior to departure
from the port, the ship operator is required to provide to the nearest available port authorities:
name, reference number, IMO number or Maritime Mobile Service Identity number, details of
the port of destination, estimated time of departure and arrival at the port of destination, the
data from previous article provided by the shipper; statement that on the board there is a list or
manifest, stowage plan, as well as the place of storage of hazardous substances on board. Ship
operator may be released from the obligation to provide information by the Ministry®.

If a ship comes from a port of non EU Member States and entering the port or anchorage
in Montenegro, after departure from the previous port of embarkation the operator shall
immediately submit to the port authorities all the above information. However, if the ship
comes from a port of any EU member-state of, in this case the ship operator is required to
provide the name, reference number, IMO number or MMSI number, then the information on
the port of destination, estimated time of departure and arrival at the port of destination, as
well as data on the total number of persons on board. The submission of other information is
not required. The law foresees the time when the data must be delivered, it is a period of 24
hours before departure of the ship or at the latest at the time of departure of the ship from the
previous port of embarkation, if vessel sailing lasts less than 24 hours.°

Acrticle 4 regulates which substances are prohibited to be discharge by vessels into waters
of Montenegro. “Discharge” means "any discharge from the vessel, including: outflow,
removal, spilling, leaking, pumping, eject or emptying" So the law regulates that the
following is forbidden:

e Discharge of oil, oily mixtures, oily bilge water and waste;
e Discharge of hazardous substances that are temporarily designated as such, the
washing water tanks or other mixtures containing such substances;

6 Montenegro has not yet adopted the Law governing the safety of navigation, but the Law on Maritime and

Internal Navigation of the Federal Republic of Yugoslavia is still applied.

" Article 5, paragraph 2 provides that hazard class is the class of hazardous substances in accordance with the

International Maritime Dangerous Goods Code (IMDG Code) defined by IMO according to the properties of
oods.

gArticle 5 of the Law.

° Article 6, paragraph 3 of the Law.

1% Article 7 of the Law.
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e Discharge and disposal in the seabed of harmful substances in packaged form:;™

e Discharge of municipal waste;

e Discharge of pollutants into the air;

e Discharge of ballast water and sediment from ballast tanks if they contain harmful
substances, pathogenic organisms and invasive species;

e The application of anti-vegetative systems, i.e. hull antifouling system if they contain
biocidal organic compounds of tin;

e Deliberate dumping, burning and burying waste on the seabed, or other substances.

The same Article in the paragraph 4 emphasizes that this prohibition shall not apply to
actions done for the safety of the ship or rescue of human lives at sea, the activities that have
occurred as a result of damage to the vessel or its equipment and activities that have taken
place because of pollution prevention and elimination of consequences thereof.

Despite this prohibition principle, as set out in Article 4, in the following Articles, it is
still permitted upon the fulfillment of certain conditions, to discharge certain substances.
Thus, the provisions of Article 33 stipulate that the waste of food (which belongs to the
municipal waste) may be discharged from the ship into the sea at the distance of three nautical
miles from land, if it is shredded by the appropriate devices with openings smaller than 25
mm. Article 32 provides that "discharge of sewage waste from the ship into the sea is
prohibited, except in the following cases: 1) release of shredded and disinfected sewage waste
at the distance of three nautical miles from the nearest land, or discharge of sewage wastes
gradually, which is not shredded and disinfected, which is stored in storage tanks while the
ship sales at speed of at least four nodes, at a distance of more than 12 nautical miles from the
nearest land, and 2) if the ship has a system for the treatment of sewage waste'? 3) when the
discharge of sewage waste is made to rescue people's lives and ensure safety of the ship, and
4) when the discharge of sewage wastes is produced as a result of damage to the ship or its
equipment, or other reasons that could not have been avoided, and all measures were taken to
prevent the discharge of sewage waste. Article 35 stipulates that it is prohibited to discharge
pollutants from the vessel into the air, except in the case of research and exploitation of the
seabed and lying of submarine cable, as well as in the case of imminent danger to human
health and the environment,

In Article 46, paragraph 4 it is envisaged that the prohibition to discharge ballast water
and sediment from ballast tanks, if they contain harmful substances, pathogenic organisms
and invasive species, will not apply to the actions and activities that are made for the safety of
the ship or safety of life at sea, then the actions that occurred as a result of damage to the
vessel or its equipment and operations made in order to prevent pollution and eliminate the
effects of pollution. Also, in certain cases, discharges can be done, but on the basis of

™1t is emphasized in Article 29 of the Law that harmful substances being transported as a cargo must be packed
and labeled in a prescribed manner. Their package must contain technical names of the substances and label
saying that the packed substances are pollutants. This designation must be visibly displayed and manufactured of
waterproof material with the duration period of at least 3 months following the date of its installation.

12 Article 31 stipulates that the ship with carrying capacity of 400 tons carrying more than 15 passengers and
crew members and the ship with carrying capacity of at least 400 tons must have built-in a system of facilities
for sewage waste, which must be in good condition. The Law states 3 systems, such as: system to handle sewage
waste; system for shredding and disinfection of sewage wastes with appropriate storage space for temporary
storage of sewage waste, when the vessel is within three nautical miles from the nearest land; and the storage
tank, with a capacity sufficient for total sewage waste storage up to delivery to waste reception and handling
facilities at the port; the content of which must be drained via the standard discharge connector located on the
open deck.
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approval, at the request of the master or owner of the vessel, issued by the competent
government authority.

5 NOTIFICATION, TAKING AND ANALYZING SAMPLES

If the master observes pollution in the sailing route, he is obliged to inform thereof the
port authorities without delay, and to submit the report with a summary of the log, within 24
hours of arrival in the port™. If contamination occurred during navigation in international
waters, the master of the ship under the flag of Montenegro is obliged to report on pollution
with an extract from the log to the diplomatic or consular representative of Montenegro in the
country in the port of which first entering, within 24 hours of entering.

If pollution is actually occurred, taking and analysis of samples shall be carried out in
order to determine the types of pollution and to take measures to eliminate pollution and
identification of the perpetrator**. Jobs of sample taking and analysis may be performed by an
authorized legal entity that: is registered for carrying out activities in the field of
environmental protection, and have a professional staff, appropriate equipment and devices.
Authorized entity performs analysis and sample taking according to the order given by the
inspector of navigation safety™. Pursuant to Article 14 administrative authority shall take the
necessary measures to prevent, reduce and eliminate pollution consequences in accordance
with the emergency plan®. Prevention, reduction and elimination of consequences of marine
pollution from the vessel may be performed only by a legal person registered for this activity,
if it meets the requirements in respect of professional and technical expertise®’.

In the Article 46 of the chapter that regulates ballast water it is provided that the analysis
of samples and testing of discharged ballast waters will be carried out, if the inspector
suspects that ballast water contains micro-organisms, invasive species, or other harmful
substances. Also, in relation to the pollution of ballast water in the port area, Article 48
provides that the obligation of the user of the port will be to carry out analysis of the condition
of the sea every three months, to make a report thereof to the Ministry and Government body
in chalrsge of environmental protection within two days from the date of preparation of the
report™.

'3 pursuant to Article 9 of the Law, within 24 hours of observed pollution, the master must make a note and enter
it in the log

4 Article 12 of the Law

% Article 13, paragraph 1 of the Law

% In April 2011 the Government of Montenegro adopted the national plan for emergency response in case of
marine pollution from vessels. This plan establishes the principles of work, duties and responsibilities, measures
and procedures to prevent, reduce and eliminate consequences of marine pollution from vessels. The purpose of
the Plan is to ensure the timely and efficient response at national level to maritime accidents caused by pollution
from vessels. The plan shall be implemented in the event of maritime accidents that caused or could cause
pollution in coastal areas, the seabed or beneath the seabed of Montenegro, which include inland waters and
territorial sea. The overall objective of the Plan is to organize initial and effective response in the event of oil
spills and hazardous noxious substances (HNS) that adversely affects, or could have adverse affect on the marine
environment of Montenegro and its coastal area as well as providing national and international cooperation in the
Adriatic and Mediterranean seas.

7 Article 15 of the Law

'8 Article 48 of the Law
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6 RECEPTION AND HANDLING OF THE WASTE, WASTE OIL, CARGO
RESIDUES AND SEDIMENT FROM BALLAST TANKS

Articles 51 to 54 of the Law contain provisions on the acceptance and handling of waste,
waste oil, cargo residues and sediment from ballast tanks of vessels. In this sense, according
to the provisions of Articles 51 and 52 there are obligations of the user of the port to equip the
port with waste reception and handling facilities and to have the plan of acceptance and
handling of the waste, waste oil and cargo residues from the vessel, certified by the Ministry.

The shipmaster is obliged to submit a report on waste amount to the port authorities when
entering the port and to keep the report up to the entering in the next port. The law sets the
period within which the report must be submitted as follows: if the destination port is known,
at least 24 hours before entering the port, and if the destination port is not known,
immediately after learning of the destination port. If the travel time is less than 24 hours, then
the report must be submitted immediately after the departure from the previous port™®.

According to the provisions of Article 54 of the master is obliged, before departure of the
port to deliver the waste, waste oil and cargo residues to reception facilities unless there is on
board storage space for waste disposal, waste oil and cargo residues generated while staying
in port. Also, the provisions of Article 47 provides that the master of the ship shall collect
residue which remains after the discharge of ballast water, solely by using mechanical tools
and devices and dispose them in the ground facilities for the reception and handling.

7 REGULATION OF BALLAST WATER

In Articles 40 to 48 the Law treats ballast waters. The law prescribes measures and
procedures of ballast water replacement for ships going to the ports in Montenegro, as well as
the replacement control procedures of ships' ballast water and performance analysis.

Master shall, to the extent that it does not jeopardize the safety of navigation and
protection of the marine environment, avoid or limit the loading of ballast water in certain
areas. These are areas in which there are: harmful microorganisms, factory outlets,
particularly high differences between tide and low tide, the high turbidity of the water due to
operation of marine propulsion devices, or areas where underwater dredging is done, fish
spawning areas, or where there is a collision of sea currents. Before entering the waters of
Montenegro, the master who embarked the ballast water is required to perform certain actions.
He shall: replace ballast water or ballast water treatment or discharge ballast water into the
reception facilities for the handling or retention of ballast water on board. However, Article
42 provides that it is not mandatory for the master to perform these actions in cases where the
safety of the ship and the lives of people are endangered, and when there is a threat of
pollution with harmful substances. According to Article 41 replacement of ballast water is
allowed at a distance of 200 nautical miles from the nearest land and sea depth of 200 meters.
If the ship is not able to make replacement of ballast water, in order to meet the above criteria,
it is provided that the replacement shall be performed at a distance of at least 50 nautical miles
from the nearest land and in the sea depth of 200 meters. This replacement must cover at least
95% of existing ballast water on board. The vessel that embarks ballast water in the fuel tank
is permitted discharging exclusively in inland devices for receiving and handling or at sea or
through oil filtering equipment with alarm and automatic stopping®.

9 Article 53 of the Law
20 Article 43 of the Law
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According to the provisions of Article 44 the vessel designed for loading ballast water,
which arrives into the port of Montenegro must have a ballast water management plan. The
plan is kept in Montenegrin and English, and contains information on the procedures to be
implemented for the safety of the ship and the crew in relation to ballast water, actions and
activities to be undertaken in the management of ballast water, sludge disposal practices from
ballast tanks at sea and on the mainland, methods of coordination with the competent
authorities of the State in the waters of which the discharge of ballast water is conducted, the
manner of reporting, the person on the ship who is in charge of implementing the plan, as well
as other information relevant to the management of ballast water.

In addition to the Ballast Water Management Plan, the provisions of Article 45 of the
Law provide for the obligation of keeping the books for the tanker deadweight capacity of at
least 150 tons and a ship load of at least 300 tons. These vessels are obliged to report the
amount and origin of ballast water to the marine authorities, not later than 48 hours prior to
arrival at the port of Montenegro. In the book of ballast it should enter the following
information: name of tanker or ship, IMO number, the gross tonnage, the flag under which the
vessel or tanker sales, the capacity of ballast water tanks. Book of ballast water is kept in
Montenegrin and English.

8 LIABILITY AND COMPENSATION IN CASE OF MARINE POLLUTION
FROM VESSELS

Separate Articles govern the issue of responsibility for the damages caused by vessel
carrying oil as bulk cargo or vessel carrying hazardous materials in bulk, due to leakage or
expulsion of oil or hazardous substances into the sea. By the provision of Article 55, it is
provided for that responsibility for such damage shall be taken by the owner of the vessel.
However, the law provides in the same Article, paragraph 1 and 2, the possibility of its
complete or partial exemption from liability, if the owner of the vessel proves that related spill
or discharge was caused by war or force majeure, solely by an act or omission to act of a third
party with the intent to cause damage, solely by act or omission to act of the Port or related
authorities or if he proves that the damage in whole or in part was caused by the injured party.

The claim may be made against: a person employed by the ship owner or the owner's
agent or crew members, pilots or other persons who are not members of the crew, and who
perform services on the ship, cargo shipper of any kind, including charterer without crew or
persons who have taken preventive and operational measures, unless the damage is caused
due to their direct action or omission to act with the intent to cause damage, if such person
knew or should have known that such damage could occur®’. If damage occurred due to
marine pollution was a result of an accident with two or more vessels have participated in and
it is not possible to determine from which vessel and which part of the damage was caused,
the owners of these vessels shall be jointly liable?® for the whole damage.

9 CONCLUSION

In recent years Montenegro has made significant progress in protecting the sea from
pollution from vessels. In this sense, it passed the Law on Protection of the Sea from pollution
by Vessels which is the first and basic legal instrument regulating the issue of protection of
the marine environment from pollution from ships and other vessels. The route to the final

L Article 55, paragraph 3 of the Law
22 Article 56 of the Law
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version of this Law was long and complex. However, the Law fulfills all the obligations set
by various international organizations of global and regional character. The Law provides the
legal basis for the adoption of several by-laws in this area. Certainly the most important by-
law is a National Plan for Emergency Response in case of marine pollution from vessels,
which represents unique response of the country in terms of personnel and equipment in cases
of accidental spills of oil (crude oil) into the sea. Among the other by-laws, development of
these ones is in progress: Regulations on Technical Requirements to be Met by Fixed and
Floating Platforms for the Prevention of Pollution, Regulations on the Conditions of the
Professional and Technical Competence of the Legal Entity for Performing of the Prevention,
Reduction and Elimination of the Consequences of the Vessel Generated Sea Pollution and
Rules of Treatment of Ballast Water on Board.

What follows in the next period is certainly to create better conditions for the consistent
enforcement of legislation, not only by the public administration, ship-owners and
shipbuilders, but also by all other participants in the maritime industry, as well as the
provision of resources for enforcement of the law.
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ABSTRACT

The aim of the paper is to provide an overview of the current air transport supply on the Adriatic sea
basin and among the countries surrounding its shores. The last month of the IATA Summer Season
2012 and the first two months of the IATA Winter Season 2012-2013 have been analysed, taking into
account aircraft movements data collected in a target week at a sample of relevant airports. Moreover,
runway length, airplanes’ technical characteristics like the average range covered and the average
seating configuration on board have been investigated. Tables and graphs highlight the relationships
among airports, carriers and aircrafts employed to detect the total traffic share of each airport affecting
the Adriatic Sea basin and, finally, the O-D couples with actually operated routes.

Given the amount of data collected, a further analysis on the supply variation during time and between
working days and holidays has been carried out.

The analysis of main results shows that the cross-demand between the opposite shores is affected by
the scarce business dealings among the countries, while the basin is heavily crossed by air routes
linking the south-east with the north-west of the EU as long as the EU with the Middle East.

Keywords: Adriatic sea basin, air transport, supply variation, network, range.

1 THE AIR TRANSPORT NETWORK

Systems such as the internet, friendship phenomena in social networks, metabolic
networks and transportation systems are, as a whole, fields in which the network theory might
be used to investigate and illustrate the operating principles. Also cross-citations between
scientific papers and delivery routes are notable example of networks. A network system is
usually composed of nodes and connections (arcs) which link together two nodes. A
connection might be associated with a direction and other information such as, for example,
frequency or its desirability (cost). Scientific literature usually distinguishes between scale-
free, random graph and small-word networks. The degree distribution of a scale-free network
is the so-called power law, expressed by the (1)
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where v is called the degree exponent, while the degree distribution of a random graph is
of Poisson type (2), as it had been proven by Erdos & Renyi’s researches in the 1950s [1].

—<k>

p(k)==K>¢ " = 2)

Many scientific researchers, among those Bangler (2008) and many others, used network
theory to study air transportation system as well, the nodes being the airports and the
connections being the air routes. Therefore, airport network looks like a graph (network)
whose properties could be computed using graph theoretical formalism; for example, air
transport networks are directional (flights from/to an airport are usually grouped in “in-
coming” and “out-coming”) and it is possible to assign a “weight” to each route according —
say - to the frequency, the number of flights per day or the number of seats sold.

Similarly to each network system, air transport network systems have performance
parameters to describe or to assess the efficiency of the performance. The most known
parameters in the scientific literature have been Characteristic path length (L), Clustering
coefficient (C), Closeness (CL) and Betwenness (B), as reported in the following formulas (3)
(4) and definitions.

1 N
c=23 @

Characteristic path length (L) is an average measure of the shortest path lengths between
all possible pairs of nodes N, where the shortest path length between nodes | and j is I;;. The
smaller is L, the more compact and reachable the network is. A network has a good
performance when L is small and vice-versa. Network’s characteristics that must be kept in
mind when discussing about L parameter are the number of airports and the morphology of
the territory: narrow countries, hierarchically fragmented from the governmental authority
point of view, are likely to have low values of L (for example Japan, Italy and the states
situated in the north-east coast of the USA).

Clustering coefficient (C) represents the probability that two nodes in the network are
connected to each other given that they are already (independently) both connected to a third
common node. As it is easy to realize, when an air transport network’s C is close to 1, it
means that that network is easily accessible. C=1 would mean, indeed, that each pair of
airport in the network is directly connected.

Closeness (CL) is defined as the average of (N — 1) shortest paths between node ‘i’ and
the rest of the nodes. CL is a powerful parameter to measure the connectivity of ‘a node’ to
the rest of the network. Generally speaking, low values of CL show better connectivity.

Betweenness (B) of a node ‘k’ is defined as the ratio of number of shortest paths passing
through ‘k’ to the total number shortest paths in the network. It exemplifies the centrality of a
target node in the network and therefore is a typical parameter to describe the performance of
hub-airports [2].
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The shape and extension of the network may vary on a daily or a seasonal basis according
to the flight schedule developed by carriers and airport management on the occasion of IATA
seasonal conferences. Network shifts are also undeniable when we compare the target
airport’s flight schedules at working days and on national holidays. In particular, it has been
found by many researches that Monday is usually the busiest day while Saturday is at the
opposite end of the list. This is particularly true for airline with a high percentage of flight
carried out for business reasons.

Ding-Ding Han et al (2007) found interesting results for Austrian airline, which are
summarized in Table 1 and Figurel (each point in Figurel represents the data of a day in one
week). Figure la shows the correlation of total flight numbers (Msignt) and the power-law
exponents of the weight flight distributions (ysignt): the larger the total flight numbers, the
smaller the exponents, therefore the flatter the weight flight distribution. Figure 1c and le
display the positive correlation between ki, and Kou, and vin and you;, respectively, assessing
that there is similar behavior for both incoming flight network and outgoing flight network (it
couldn’t have been different, as for passenger airports one flight movement is the sum of an
in-bound and an out-bound flight). Figure 1f shows the positive correlation between o, and
Yrieht—out, A5S€SSING that there seems to be a positive correlation between the degree distribution
and weight flight distribution. Figure 1b and 1d shows the relationship between the ko, and
Yout (Or Yright-out F€Spectively), which indicates that the degree or weight flight distribution
which has larger mean value of the degree or weight flights has flatter distributions. From
these correlation plots, authors found that the flight network shows its evolving feature day by
day in a week, and therefore different exponent values of network distributions are traceable
in different week-days; this is apparently related to the total number of flights per day [3].
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Figure 1: Correlation between indicators for Austrian Airline in 2007
Source: ([3])
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Table 1: Comparison of relevant variables: number of the airports N; numbers of fights M;exponent y
of first segment of degree distribution; <k> the average degree; yign-ou: the exponents of weight flight
distribution; C the clustering coefficient of the system; r the assortment coefficient

Mon Tue Wed Thu @ Fri Sat Sun

Nairport 133 136 134 136 136 130 134
M right 1518 1421 1418 1296 1471 1158 1278
Yin 2.319 2476 2.3900 2507 2.312 2.622 2.443
Yout 2,319 2.509 2410 2.506 2.413 2.653 2.424
Yall 2.331 2.319 2478 2.519 2.495 2.649 2.457
(Kin) 1.587 1.248 1.256 1.221 1.221 1.206 1.212
{kout) 1.576 1.230 1.271 1.215 1.281 1.108 1.256
(kaul) 1.609 1.221 1.306 1.250 1.309 1.177 1.231
Yflight—out 1.120 1.234 1.218 1.224 1.258 1.724 1.543
C 0.202 0.204 0.195 0.206 0.242 0.180 0.210
T -0.529 -0.515 -0.519 -0.517 -0.517 -0.562 -0.543

Source: ([3])

2 AIR TRAFFIC TRENDS

The present situation of air transport is different among the continents according to all the
industry’s forecasts and reports: Middle East, Asia and South America have recently been the
leading market in terms of growth trends, while in North America and Australia the trend is
less evident; due to different reasons, Africa and European market are facing a phase of
stagnation and — in some cases — recession (Figure 2 and 3).

International apaci Intra Regional Seat Capacity
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Figure 2 - 3: Year on Year performance international and intra-regional seat capacity
Source: ([4])

After the strong crisis of 2009, the industry is still trying to recover: in 2010 revenues,
load factors and yields scored a fair improvement, but in 2011 levels went back to 2007’s
values with a marked decline. (Figure 4-6)

With regard to 2012 European market performances, not even European football
championship helped to counter the traffic falling trend. The overall passenger traffic grew of
just +1,8% with reference to 2011, but the situation is twofold: on the one hand air traffic at
EU countries is in stagnation or recession (less than +2% growth from 2008 onwards), on the
other hand non-EU countries — led by Turkey and Russia — are posting significant results
(more than +38% traffic from 2008). Freight and air traffic movements posted a decrease of -
2,8% and -2,1% respectively.
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Figure 4: Total passenger and air freight traffic, seasonally adjusted
Figure 5: Passenger and cargo load factors

Figure 6: Passenger and cargo yields
Source: [(5)]

Director General ACI EUROPE O. Jankovec is worried about the spiraling weak
confidence in EU due to record unemployment levels, economic recession and jobs cutting
policies introduced from airlines and airports as well as firms. More recent data on 2013 show
the persistence of declining trend in EU countries as far as traffic levels and movements are
concerned, while non-EU countries are still on the positive [6].

The traditional view of most airport as natural monopolies is increasingly being
questioned because of the improved forces of competition which have occurred after the
market deregulation and the consequent airline liberalisation and airport commercialisation.
The traditional prototype of the late 1990s with a single scheduled airline for each country
operating both domestic and inter-continental flights is still present only in partially un-grown
markets around the world, for example Africa, somewhere in Asia and in other countries with
a lack of mature international demand.

From 1990s on, Low-cost airlines brought in a new business model: they operate short-
haul services in a point-to-point network with a lower cost structure in order to pursue lower
fares. Their cost structure relies mostly on an increased aircraft and crew utilisation and on the
use of single type of aircraft with a single-class and an higher seat density, thus enhancing
efficiency and money savings.

Low cost carriers made flying accessible to new segments of population and opened to air
traffic new routes and destinations as Figure 7 shows with reference to Germany; a modal
shift from former flag carriers to low cost carriers has been observed as well.
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Figure 7: LCC market in Germany as of Autumn 2012
Source:[(7)]

LCCs came out of the 2009 meltdown generally with a stronger health if compared with
their network rivals, benefiting from a high rise in demand and a pronounced improvement in
their financial outlook. The biggest issues nowadays are how to cope with rising prices and
where to find new market segments to set upon. In both Europe and North America analysts
agree in saying that the market is almost mature and that no more double-digit growth rates
will be seen in the next future (Figure 8 and 9).

f +0.4 pts

—

North America Asia Pacific Europe, Middle East Latin America
and Africa

Sources: CWT Travel Management Institute
Based on data from CAPA — Centre for Aviation, OAG and UBM Aviation

Figure 8: LCC’s share of capacity in 2012 and year-on-year growth
Source: [(8)]

Nevertheless, there are still markets that are underserved and overpriced, for example
France and other countries with a strong presence of network carriers. Moreover, a shift is still
being observed from charter and second-tier network airlines to LCCs thanks to the former’s
recent bankruptcies. Finally, a new trend is being observed as LCCs are increasing their
average sector length: in North America JetBlue and Southwest are flying trans-continental
and in Europe both EasylJet and Ryanair are trespassing the former threshold of 3hrs flight
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time. Flying further brings extra-costs from the operational and security point of view and
brings with it a change in the LCCs’ revenue scheme [9].

Worldwide ‘A Worldwide Y
Low Cost as & % of Total Seat Capacity o G Low Cost as a % of Total Frequency OAG

20032012 2003-2012
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Figure 9: Worldwide LCCs’ incidence (2003-2012) from the seat capacity and total frequency point of
view

Source:[(10)]

As we had foreseen two years ago [11,12], the difference between LCCs and NCs is
blurring and some airlines that were born as low costs now are more and more similar to low-
fares-high-service carriers (Air Berlin and Virgin Blue just to name a few). Some LCCs are
now present on the GDS, offer fidelity programs and are diversifying themselves in order to
be attractive for business traffic as well (thus adding service and generating extra-revenues,
keeping a strict supervision on costs); on the other hand network carriers are restructuring
their structure cutting jobs, enhancing fleet usage, simplifying their fare design and offering
lower fares especially on short-haul services; the practice of alliances and merges is also
becoming ordinary as allied airlines would rather operate a single flight in code-share instead
of two with a relevant cost reduction.

Doing so, recently, the cost per available seat kilometre as well as the revenue has been
narrowing to its smallest. Moreover, LCCs like JetBlue, West Jet, Gol, Virgin Blue, Air
Berlin and Germanwings have stepped up co-operation programs with network carriers. LCCs
claim to be experiencing cost issues especially at airports: redundancy in the infrastructure,
check-in and security bottlenecks as well as little possibilities to self-handling in addition to
fuel and flying taxes.

High perspectives of development for LCCs remain high elsewhere, notably in Asia and
Latin America. The presence of mature markets is limited to Australia and Brazil; in other
countries the leading obstacle to development is the high regulation from the central
governments and the presence of entry barriers. Southeast Asia remains the region's engine
for low-cost travel, although Indonesia's Lion Air and the Philippines Cebu Pacific have
largely restricted themselves to their domestic market. That has left Kuala Lumpur-
headquartered AirAsia and Singapore-based Jetstar Asia and Tiger Airways to expand to
other countries in the region [9].

The last topic it seems worth discussing about in this introduction is the recent trend of
volatility in the market: in the last few years, the phenomena of launching and withdrawing
new routes has been exacerbated both by LCCs and NCs in response to the aforementioned
need to cut costs and to follow profitability. In addition to that, central government is no more
injecting large amounts of money in airport management and therefore the inflated and
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artificially created air traffic demand is vanishing. Routes unprofitable for NCs have been
taken over by LCCS in the past, but if LCCs as well consider a target route unprofitable the
result is a crescent market volatility.

3 THE ADRIATIC SEA BASIN

The Adriatic Sea is the northernmost arm of the Mediterranean Sea, extending from the
Strait of Otranto (where it connects to the lonian Sea) to the northwest. The countries with
coasts on the Adriatic are Italy, Albania, Montenegro, Bosnia-Herzegovina, Croatia, and
Slovenia. The Adriatic's shores are populated by more than 3.5 million people; the largest
cities are Bari, Venice, Trieste and Split. The earliest settlements on the Adriatic shores were
Etruscan, Illyrian, and Greek

Italy and former Yugoslavia (now split in 6 different countries plus the self-proclaimed
Republic of Kosovo) defined their Adriatic continental shelf delimitation in 1968 and again in
1975 with reference to the Gulf of Trieste boundary, following the Treaty of Osimo. All
successor states of former Yugoslavia kept the agreements in force. In the Adriatic's
southernmost areas the border was not determined in order to avoid prejudicing the location
of the tripoint with the Albanian continental shelf border, which remains undefined. Before
the breakup of Yugoslavia, Albania, Italy and Yugoslavia initially proclaimed 15-nautical-
mile (28 km; 17 mi) territorial waters, subsequently reduced to international-standard 12
nautical miles (22 km; 14 mi) and all sides adopted baseline systems (mostly in the 1970s).
Albania and Italy determined their sea border in 1992 according to the equidistance principle.
Following Croatian EU membership, the Adriatic is expected to become an internal sea of the
EU.

To promote trans-regional and trans-national cooperation in the Adriatic Sea area, the
Adriatic Euroregion was established in Pula in 2006. The Adriatic Euroregion consists of 23
members, mostly regions or municipalities whose territory overlooks the Sea. The Adriatic
Euroregion has been developed with specific reference to the transhipment traffic to/from the
coastal countries, which is the main typology of modal choice existent in the area. There are
28 major ports overlooking Adriatic Sea with the respective freight/passenger routes (Ancona
- Zadar, Bari - Dubrovnik, Bari - Durres just to name a few).

The other fast and feasible mean of transport across the Adriatic Sea would be the air. In
order to analyse the network and investigate the actual relations among the countries and their
importance, a sample of airports has been individuated in the vicinities of the Adriatic coasts.
The unique criterion of choice is the distance between the airport and the coast: all the civil
airports whose distance from the sea is around 100 kilometres have been included in the
sample; in this way also airports which are located in countries not directly overlooking
Adriatic Sea have been included: this is the case of KLU airport in Austria and PRN airport in
Serbia. Once that one airport from a target country is included in the sample, also this
country’s capital city airport has been included even if its distance from the Adriatic Sea was
above 100 kilometres. Table 2 and Figure 10 summarize the airport sample taken into account
for our analysis.
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Table 2: Sample of airport per country

COUNTRY
Albania|Austria |Bosnia |Croatia |[ltaly Montenegro |Serbia |Slovenia
Tirana Klangenfurt |Banja Luka [Dubrovinik |Ancona  |Podgorica Belgrade |Ljubljana
Wien Sarajevo  |Pula Bari Tivat Pristina [Portoroz
Rijeka Bologna
Split Brindisi
Zadar Foggia
Zagreb Forli
Perugia
Pescara
Rimini
Rome CIA
Rome FCO
Taranto
Treviso
Trieste
\enice
\Verona
e T — —
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Figure 10: Sample of airport

4 FEATURES OF THE SAMPLE OF AIRPORTS AND METHODOLOGY

The sample is composed of 34 airports. Data collection has been made during the period
October-December 2012 with the help of the search engine flightstats.com; for each airport
arriving and departing flights have been taken into account. For codeshare flights, only the
airline which actually operated the flight has been taken into consideration. For each ORIGIN
airport (DESTINATION), a spreadsheet has been prepared in order to arrange all the
information: airport DESTINATION (ORIGIN), flight number, carrier, aircraft, seats on
board, maximum distance covered (as declared by both the aircrafts’ manufacturer and the
airline), month, day of the week (from 1=Monday to 7=Sunday) and a flag for
Arriving/Departure. The construction of other two spreadsheets has been necessary: a
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database including fleet information, for each airline operating from/to one of the airport
sampled and a database with the airports’ technical features (n° of runways, orientation,
length, ICAO Airport Classification Code and runway Load Classification Number — where
made available from the airport operator) as well as ownership/management information.

Table 3: Example from the fleet information spreadsheet

Airline Tyrolean Airways |-T

Aircraft |~ SEATS ON BOARD  Range airline (km) Range manufacturer (km)

100 100 2000 2450
319 138 4500 6850
320 168 4300 6150
321 200 1900 5950
738 188 4680 5765
763 265 10000
767 230 9800 10200
772 280 11500 11900
DH4 76 1550 2500
F70 80 2740 2574
Total 1725 42970 64339

Data have been arranged and analysed with the help of Visual Basic Macro, Pivot Tables
and Graphs. For each airport, three tables have been derived. The first one organizes
destination and flight number on the rows and day of the week on the columns. Each cell
contains, therefore, the daily number of seats offered on the target flight to the target
destination. It is then possible to derive information on the scheduling of the target flight, for
example if it is a daily flights or it is operated only on target days; moreover, where the
number of seats offered is different, it is possible to understand that the airline decided to
allocate a different (bigger or smaller) aircraft for that specific flight in order to better cope
with the traffic demand derived from their GDS. Finally, it is possible to derive on a daily
basis the total number of seats (and flight frequencies as well) offered for a target destination
if there is more than one flight that links the O/D couple.

The second table has been drawn to define which aircraft is the most frequent user of the
airport (similar - but slightly simpler to define - to the concept of critical plane used to
structurally design the apron, runways and taxiways) and which percentage of the total
amount of seats offered is under its competence. As it is obvious to understand, frequently the
most frequent plane is not the most impacting plane.

The third table has been used to derive which airlines are the ones that offer passengers
more travel options in terms of flights, destinations and seats offered. Therefore, a distinction
has been made among airlines according to the kind of service offered; broadly speaking 4
categories have been identified: Low cost, Network Carrier, Charter, Regional Carrier (freight
flights have not been considered in this section, despite having been surveyed in the earlier
steps). Thus, it has been possible to derive the share of each category at each airport and its
variation during time.
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Table 4: Weekly flight scheduling at BNX Airport

APTORIG CITY ORIG N°FLIGHT CARRIER  AIRCRAFT SEATS O/B RANGE (carrier) RANGE (manufacturer) MONTH DAY ARR/DEP

Sl Sarajevo JA 306 BH Airlines AT7 66 2665 1350 oTT 3 ARR
ZRH Zurich JA 307 BH Airlines AT7 66 2665 1350 oTT 3 ARR
Sl Sarajevo JA 306 BH Airlines AT7 66 2665 1350 oTT 5 ARR
ZRH Zurich JA 307 BH Airlines AT7 66 2665 1350 oTT 5 ARR
Sl Sarajevo JA 306 BH Airlines AT7 66 2665 1350 oTT 6 ARR
ZRH Zurich JA 307 BH Airlines AT7 66 2665 1350 oTT 6 ARR
SJJ Sarajevo JA 306 BH Airlines AT7 66 2665 1350 oTT 7 ARR
ZRH Zurich JA 307 BH Airlines AT7 66 2665 1350 oTT 7 ARR

Table 5: Seat offered per Destination, Flight number and Day

DESTINATION SEATS OFFERED/DAY
N°FLIGHT 1 2 3 4 5 6 7 Total
SJJ

JA 306 0 0 66 0 66 66 66 264
ZRH

JA 307 0 0 66 0 66 66 66 264
Total 0 0 132 0 132 132 132 528

Table 6: Determination of the most frequent aircraft at a target airport

Aircraft N°FLIGHT %ontotal SEATS offered % on total

AT7 22 29,73% 1452 18,75%
DH4 13 17,57% 988 12,76%
738 9 12,16% 1564 20,20%
319 9 12,16% 1278 16,51%
100 7 9,46% 700 9,04%
320 5 6,76% 840 10,85%
CR2 3 4,05% 144 1,86%
739 2 2,70% 302 3,90%
E95 1 1,35% 120 1,55%
F70 1 1,35% 80 1,03%
CR9 1 1,35% 86 1,11%
73H 1 1,35% 189 2,44%
Total 74 100,00% 7743 100,00%

Table 7: Determination of the dominant carrier and service

" N°FLIGHT % ontotal SEATS offered % ontotal Service

BH Airlines 15 20,27% 990 12,79% NC
Tyrolean Airways 13 17,57% 1580 20,41% RC
Croatia Airlines 13 17,57% 988 12,76% NC
Turkish Airlines 10 13,51% 1678 21,67% NC
Jat Airways 7 9,46% 462 5,97% NC
Lufthansa 6 8,11% 918 11,86% NC
Germanwings 4 5,41% 588 7,59% LC
Adria Airways 4 5,41% 230 2,97% NC
Lufthansa Cityline 1 1,35% 120 1,55% RC
Norwegian Air Shuttle 1 1,35% 189 2,44% LC
Total 74 100,00% 7743 100,00%

As it is easy to imagine, Italian market is by far the most important in the Adriatic Sea
basin and for the number of airports taken into account in the sample and in absolute terms.
The second market in terms of importance is Austria, whose passenger output is 5 times
bigger than the third and fourth market (respectively Slovenia and Serbia with the former that
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is developing at the fastest pace in the Balkan area — together with Albania — and has recently
overtook the latter). Figure from 11 to 16 below show passenger and aircraft movements
output in the last years at the main airport from the Balkan area considered in the sample.
Figure 11-12 show that traffic at Belgrade airport is more or less constant but the average load
factor has improved. Figure 13 shows the decreasing trend at an Austrian secondary airport,
similar trend is being observed at the capital city’s airport as well. Another evident component
in the traffic area is the strong seasonality of the traffic (Figure 15-16): in the semester from
April to October is concentrated the majority of both aircraft movements and passenger
output.
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Figure 11-16: Air traffic figures in the Balkans
Sources: [(14)])

As for Italy, the 16 airports in the sample account for less than 50% of the total annual

traffic. Moreover, half of those airports counts for less than 1% to the total national traffic.
The declining trend is evident at principal airports of Rome FCO and Venice due to traffic
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contraction and also at secondary airports on the edge of bankruptcy or un-operating (Table
8).

Airports taken into account have at least one runway each; 5 airports have also a second
runway and another one has even a third runway (Rome FCO; at Vienna airport there are
rumours about the realization of a third runway, but the traffic trend is decreasing at the
moment). Left alone minor airports of Foggia and Portoroz, which have been found to be
fundamentally non-operative at the moment, runway length is considerable as those airport
have been mostly built with military purposes and then modified to suit commercial traffic.

As for airport management ownership, the most common form is the mixed participation
of public and private shareholding, with private equities being either banks or other large and
renowned airport management group (this is the case of Tirana and Pristina airports).

Table 8: Air traffic figures in Italy

Rank |Airport Tot pax % on 2011 |% tot |% domestic |% non domestic |Flight type
1 [Rome FCO 36.742.475 -18 252 32,2 67,8 NC
5 |Venice 8.110.520 -47 56 222 778 NC
7 |Bologna 5.879.627 11 4 29,1 709 LC
10 [Rome CIA 4.490.699 -6 31 22,7 773 LC
12 |(Bari 3.763.124 15 2,6 72,7 27,3 LC
15 [Verona 3.152.081 -5,7 2,2 333 66,7 NC
16 |[Treviso 2.309.669 116,3 16 209 79,1 LC
18 |Brindisi 2.095.726 22 14 83,7 16,3 LC
24 |Trieste 878.690 26 06 59,8 40,2 LC
25 |Rimini 787.028 -14,1 05 20,7 79,3 NC
27 |Ancona 557.557 -76 04 328 67,2 LC
28 |Pescara 555.105 17 04 434 56,6 LC
29 |Forli 261.464 -24.1 0,2 0,6 994 LC
31 |Perugia 199.503 151 01 26,2 738 LC
40 |Foggia 6.730 -89 0 984 16
44 |Taranto 507 -238 0 52,1 479

Total 69.790.505 47,9

Source: [(15)]

Data have been collected — as previously mentioned — in the period ranging from October
to December 2012. In this report data of October and November are presented, as they appear
to be more representative not being influenced by traffic peaks for tourism purposes during
Christmas holidays.

For each country a recapitulatory table has been drawn with information on nation
destination and grand total of seat offered; partial sum have been calculated to derive the seat
offered from the departing airport to airports located in countries overlooking the Adriatic
Sea. Therefore it is possible to understand to which countries is allocated the seat offer and
the respective share. For example the route with highest seat offer departing from Italy is a
domestic route from BRI to VCE (11909 seats/week), while the international routes with
highest offer are FCO-TIA (2782 seats/week) and FCO-BEG (2058 seats/week). No routes
departing from Slovenia cross the Adriatic sea as the highest offer is to VIE, PRN and TGD.
As for Croatia, the routes which cross the Adriatic Sea are the linkages between SPU-FCO,
ZAG-BLQ and DBV-FCO. No routes departing from Bosnia cross the Adriatic sea as the
highest offer is to VIE and ZAG. From Montenegro, the highest seat offer is to BEG. Routes
from Albania to many Italian airports are operated every day; therefore the highest seat offers
are on the routes from TIA to Milan, Rome and VRN. The highest seats offer from Serbia to
Italy are the ones from BEG to Milan and Rome and from PRN to VCE. Finally, from Austria
the highest seat route to another Adriatic country is to TIA. From Table 9 it is possible to
understand that there are many other routes that actually fly over the Adriatic sea (for example
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those from Montenegro to France) but this is not considered as a cross-supply because only
one of the ends overlooks the Adriatic Sea.

Table 9: Seat on board offered from Montenegro to other countries, with O-D couples

RANK|NATION APTDEST CITY ORIG | SEATS OFFERED |GRAND TOTAL
1 |SERBIA TGD Belgrade 2706
Nis 714
TGD Totale 3420
TIV Belgrade 1656
TIV Totale 1656
SERBIA Totale 5.076
2 |russia 3.583
3 |AUSTRIA TGD Vienna 968
TGD Totale 968
AUSTRIA Totale 968
4 |turkey 695
5 |SLOVENIA TGD Ljubljana 556
TGD Totale 556
SLOVENIA Totale 556
6 |germany 524
7 |switzerland 510
8 |ITALY TGD Rome 320
TGD Totale 320
ITALY Totale 320
9 |france 320
10 |CROATIA TGD Zagreb 228
TGD Totale 228
CROATIA Totale 228
11 Juk 102
GRAND TOTAL OCTOBER 2012 12.882

The variation of Seat offered from October to November has been analysed for each
airport taken into account. Results are shown in Table 10, sorted according to the service
operated by the airlines (Low cost, Network, Regional, Charter). As it is possible to see, there
is a marked reduction of LCCs’ offer at Italian, Croatian and Austrian airports. Overall, the
reduction is of 110.000 seats. Reductions occur also for NC and RC (65.000 and 22.000 seats
respectively) in a similar way; as for CH, generally speaking a reduction is as well present but
not everywhere: there are airport from which the seat offer increased in November, likely to
exotic countries. There are two possible reasons to explain this dramatic loss of offer: the first
one is an expected schedule reduction operated by airlines on the shift from Summer to
Winter IATA season (this shift takes place in the middle of October); the second one is more
pertaining to the present economic situation and is somehow related to the concept of market
volatility mentioned before: both NC/RC and LCCs are deeply focused on their cost control;
therefore cutting unprofitable routes or reducing the capacity in order to guarantee higher load
factors and high employment rates for both fleet and crew is one of the best solutions. It is
worth noticing the fact that RC and LCCs as well usually offer flights to tourist destinations,
that become unprofitable in autumn and Winter. That could be the main reason why Croatian
destinations have been largely cut in November.

Finally, Table 11 is focused on the cross-supply between the Adriatic sea shores at a
macroscopic level. Larger operated routes are usually domestic or short to medium range.
Therefore we can assume that — according to the data gathered — the cross demand on the
Adriatic sea is very low (were it otherwise, there would be an higher seat offer), probably
because flight schedule is still affected by geo-political issues (the Balkan area is still freeing
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itself from the sway of Soviet bloc) and from the recent wars in the late 1990s. Germany and
Turkey appear to be the most desired destinations for people living in the Balkans. According
to Table 12, it is possible to distinguish feeder airports like PUY, ZAD, BNX, KLU where the
% of seat provided by the frequent aircraft is higher and dominated airport like CIA, TSF,
PSR and PEG where the frequent and the larger aircraft correspond. Those are the airports
where the stronger airline is Ryanair with its 738 with 189 seats on board.

Table 10: Variations in SEAT offer — sorted per service - at the airport sampled

COUNTRY | APT SEATS LC SEATS NC SEATS RC SEATS CH VARIATION
OCT12 | NOV12 | OCT12 | NOV12 | OCT12 | NOV12 | OCT 12 | NOV 12

VCE 31.497 22.830 59.842 46.528 19.297 16.679 885 378 |- 25.106

TSF 31.340 23.898 - - - - - - |- 7.442

TRS 5.164 2.268 3.767 3.224 4.580 4.318 - - |- 3.701

VRN 6.007 3.836 16.044 12.393 6.926 5.050 2.787 2.362 |- 8.123

BLQ 33.079 25.938 29.138 22.629 14.944 13.886 276 1.536 |- 13.448

FRL 2.160 1.800 136 - - - - - |- 496

ITALY RMI - - 1.844 804 1.210 1.090 268 - |- 1.428

FCO 74.462 56.324 | 344.442 | 323.153 27.898 24490 | 17.133 | 14.407 |- 45.561

CIA 57.339 42.606 - - - - - - |- 14.733

AOI 4.702 1.837 476 476 2.924 2.726 - - |- 3.063

PEG 3.024 1.323 272 424 - - - - |- 1.549

PSR 6.993 4.725 1.167 1.032 279 214 - - |- 2.468

BRI 26.501 22.577 13.290 10.505 4.942 4.153 745 894 |- 7.349

BDS 15.483 12.343 7.693 6.803 1.368 345 - - |- 5.053

SLOVENIA LU 1.392 1.824 13.740 11.376 - - - - - 1.932

POW - - - - - - - - -

DBV 4.545 - 7.880 3.831 1.792 90 655 - |- 10.951

PUY 2.037 - 912 532 - - - - |- 2417

CROATIA RIK 294 - - - - - - - |- 294

SPU 3412 588 4.964 3.716 955 - 174 - |- 5.201

ZAD 3.843 - 1.368 1.064 90 - - - |- 4.237

ZAG 2.775 1.800 26.964 21.142 2.748 2131 - - |- 7.414

BOSNIA SJJ 77 441 5.266 4.116 1.700 2.256 - - |- 930
BNX - - 528 528 - - - - -

MONTENEGRO TGD - - 7.241 7.126 532 380 - - |- 267

TIV - - 3.286 1.654 896 328 927 776 |- 2.351

ALBANIA |TIA 1.862 2.952 17.420 18.601 5.136 6.012 444 148 2.851

SERBIA BEG 6.467 5.880 25.893 23.770 6.402 6.817 677 300 |- 2.672

PRN 6.676 6.927 6.313 4.019 2.846 2.142 296 1.987 |- 1.056

AUSTRIA KLU 1.449 1.344 - - 2432 2.356 - - |- 181

VIE 47.322 25.308 91.730 96.084 | 151.584 | 143.569 1.701 1.200 |- 26.176

TOT | 380.602 | 269.369 | 691.616 | 625.530 | 261.481 | 239.032 | 26.968 | 23.988 |- 202.748

% -29,23% -9,56% -8,59% -11,05% -14,90%
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Table 11: Variations in SEAT cross-supply

Table 12: Use of airport capacity

NATION OCT |NOV NATION OCT |NOoV CAPACITY
SERBIA 5076 | 5544 ITALY 311967 | 279.360 A‘::To'g;A L;‘L'ZGNE: SEATS FR:&‘:::'T SEATs| %s | %t
AUSTRIA 968 | 686 ALBANIA 9621 | 10187
MONTENEGRO VCE 343 | 267 320 166 | 29,81(0,62
SLOVENIA 556 | 362 AUSTRIA 8492| 7980 ITALY TSF 738 | 189 738 189 [ 75.13|1.00
ITALY 320 306 SERBIA 2.950 2431 TRS 738 189 E75 88 |20,63(0,47
CROATIA 28| 228 CROATIA 1235 1014 VRN 767 | 276 AT7 64 |10,83(0,23
MONTENEGRO 320 206 BLQ 767 | 276 738 189 |36,81|0,68
NATION oot Tnov FRL 320 | 180 320 180 | 100 |1,00
RMI 321 | 198 520 50 | 39,6 |0,25
AUSTRIA 1182 998 NATION oCT [Nov Fco 388 | s03 320 165 | 36,38]0,33
SERBIA 766 680 SLOVENIA AUSTRIA 5.704 5.692 CIA 738 189 738 189 | 34,93|1,00|
MONTENEGRO| 556 362 MONTENEGRO| 4332 4714 Aol 738 | 189 F70 80 |31,75|0,42
ALBANIA 34| 33 ITALY a0z| 3707 o PEG 738 | 189 738 189 |75,7311,00
CROATIA 230| 240 SLOVENIA 766 680 PSR 738 | 189 738 189 179,131,00
BRI 321 | 200 738 189 | 48,08|0,95
BOSNIA 462 418 BDS 321 | 200 738 189 | 55,27|0,95
NATION ocT [Nov CROATIA 456 462 FOG . , . |-
AUSTRIA 1580 | 1416 ALBANIA 180 304 TAR - - - - - |-
CROATIA os|  s3s Uu 320 | 180 CR2 48 |35,27]0,27
BOSNIA 58| 528 BOSNIA NATION OCT |Nov POW - - - - - -
DBV 320 | 164 319 132 | 50,5 |0,80
SERBIA 62| 462 ITALY 15856 | 19.313 PUY bha | 76 DHA 76 | 100 |1.00
SLOVENIA 230 240 AUSTRIA 1.876 1.776 | ALBANIA RJK 738 189 738+319 168 | 82,45|0,89
SLOVENIA 374 336 SPU 320 164 DH4 76 |38,85/0,46
NATION ocT |nov SERBIA 364 624 iiz Z?;‘ 177‘57 g:i ;2 3;0;’6 (1)'2‘3)
ITALY 15016 14.110 su 738 | 172 AT7 66 |19,37(0,38
AUSTRIA 13.235 | 13.290 NATION ocT  |Nov BNX At | 66 AT7 66 | 100 |1.00
SERBIA 5716 | 5676 CROATIA 14296 | 10.816 TGD 737 | 136 E95 116 | 38,64(0,85
CROATIA 4414| 2508| AUSTRIA AUSTRIA a414| 2356 TIv 320 | 164 AT7 66 | 16,75|0,40
ALBANIA 1876 1776 ITALY 1235| 1014 | CROATIA PT"Q‘ :ii i;’g iig ﬁz ié;z 8'32
BOSNIA 1580 | 1416 BOSNIA 988 836 BEG 1 | 200 33 124 | 3008|062
SLOVENIA 1008| 998 SERBIA 456 304 KLU 238 | 189 DHa 76 | 63.68]0,40
MONTENEGRO| 968 686 MONTENEGRO 228 228 VIE 773 | 460 320 168 |27,73]0,37

5 CONCLUSIONS

The present paper analyses the present situation with reference to air traffic in the
Adriatic Sea basin. The area is located in the central-southern Europe, where the damages
caused by the recent economic downturn are far from being yet overcome. Although recent
data highlight some clues of recovery, the difficult scenario is proved by the strong air traffic
contraction as well as by the airlines’ choice to heavily cut some routes during the shift from
Summer to Winter 2012 IATA Seasons. The Adriatic Sea is an area with an higher degree of
overflowing flights from the North-western Europe to the South and to the Middle East rather
than a cross-supply network. Interchanges among the countries overlooking the sea are mostly
held by ship, with air traffic playing a minor role only on a few specific routes (for example
those which link Albania and Italy). However, the majority of the traffic in the area has at
least one end on a country’s capital city airport.
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ABSTRACT

Let us have a set of bus trips, a set of available buses and a set of drivers. The goal is to assign trips to
buses and drivers. There are several objectives of this assignment:  to minimize the number of
assigned vehicles, to minimize dead trips and to minimize the number of drivers.

There are several constraints imposed on bus scheduling. These constraints make the vehicle and crew
problem very complex.

This paper specifies Slovak conditions, requirements and constraints laid on vehicle and crew
scheduling and presents a survey of methods developed during 40-years period in Slovakia.

Keywords: vehicle and crew scheduling, personal bus transport, optimization

1 INTRODUCTION

The widespread use of computers in the second half of the last century has caused
fundamental changes in the attitude to many human activities performed till then manually
using only human experience and intuition. Vehicle and crew scheduling of public transport is
a good example of just mentioned changeover. In 1975, a workshop was held in Chicago on
Automated Techniques for Scheduling of Vehicle Operators for Urban Public Transportation
Services. By the time of second Workshop, in Leeds 1980, several systems were in regular
use in west Europe and in North America. Subsequent workshops were held in Montreal
(1983), Hamburg (1987), again in Montreal (1990), Lisbon (1993) and Cambridge (1997).

A lot of literature issued from that time. More and more practical mathematical methods were
designed with skyrocketing computer speed and memory accompanied by falling computer
cost.

In former Czechoslovakia several attempts to computer aided vehicle and crew
scheduling before 1980. The mentioned attempts were based on a simulation of dispatcher’s
work when creating a bus schedule. These experiments were condemned to crash before they
started since the mentioned attempts could not make use of human experience and intuition of
dispatchers.

A serious research in vehicle and crew scheduling in Czechoslovakia started in period
1980 — 1984 at Transport Research Institute in Zilina (Slovakia). This research was supported
by grant “Optimization of Personal Bus Transport of enterprises CSAD (Czechoslovak
Automobile Transport)” and fully financed by government and state-owned enterprises
CSAD. Since that time, the subject of vehicle and crew scheduling is continuously developed
at Transport Research Institute in Zilina and at Faculty of Managements Science and
Informatics, University of Zilina, after 1991, too.
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2 FUNDAMENTAL NOTIONS

The essential element of regional and/or municipal bus transport is a bus trip (sometimes
called a journey). Bus trip is one move of a bus from a starting bus stop to a finishing bus
stop. Several additional bus stops can occur during this travel however these stops are not
important for bus scheduling purposes. A trip is defined by four data:

dp(t) — departure place of the trip ¢ ap(t) — arrival place of the trip t
dt(t) — departure time of the trip t at(t) —arrival time of the trip t

Let’s have two trips t; t.
We will say that the trip t, is linkable after trip t,, or the trip t; precedes the trip ¢,,
and we will write t; < t,, if

dp(t,) — at(t,) = travel_time (a'p(tl), dp(tz)), D

i.e. if there exists enough time for a bus to transfer from arrival place ap(t,) of the trip ¢,
to the departure place dp(t,) of the trip ¢, so that it arrives to dp(t,) sufficiently early so
that it can make the trip t,.

A running board of a bus is a sequence of trips ty,t, .., tx such that
ty <ty < .. < tg.

A bus schedule is a set of running boards.
The linkage ¢; < t; is penalized by a cost c(t;,t;) which can express dead mileage expenses,

line change penalty, waiting time penalty etc.

3 FUNDAMENTAL VEHICLE SCHEDULING PROBLEM

Given a set of trips T = {ty,t5, ..., t,}, We can formulate the following fundamental
vehicle scheduling problem:

FVSP: To arrange all trips from T into minimum number of running boards with
minimum total cost of all linkages.

If no any additional requirements are laid FVSP is a polynomial problem and can be
solved as a assignment problem: Let x;; be a decision variable, x;; = 1 if and only if the trip
t; immediately follows the trip ¢; is in a running board of the same bus, otherwise x;; = 0.

Let ¢;; = c(ti,t;), if t; < t; and ¢;; = % otherwise. Then FVSP can be formulated as follows:
Minimize:

n

n

1

Subject to:
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qu- =1forj=12 ..n

i=1
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qu- =1fori=12..n
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xij' E {011}

If the buses return to one depot after end of their scheduled work pull-out and pull-in
expenses have to be added to the total objective function. Let pull_out(t;), pull_in(t;) are
pull-out and pull-in expenses of the trip ¢;. The complexity of FVSP problem with one depot
remains still polynomial and can be solved as a assignment problem with objective function

t=12;=1Cij, Where ¢ = c(ti,tj) —puﬂ_in(tl-)—puﬂ_out(tj-) if t;<t; and T;; =
otherwise.

4 GRAPH FORMULATION AND ALGORITHM FOR FVSP

Let T be a set of trips. Trip digraph of T is a digraph ¢ = (T, A) with the vertex set T
and with the arc set = {(i,j) |i,j €T, i < j} . The set A contains all ordered pairs of trips
such that trip j is linkable after trip i. Digraph G is a transitive acyclic digraph. Every path
in G is a feasible running board. Hence the problem FVSP — to arrange all trips from T into
minimum number of running boards with minimum total cost — can be solved
in corresponding trip digraph as to cover all vertices of G with minimum number of disjoint
paths with minimum total cost.

The following auxiliary edge weighted digraph G is useful for solving just formulated
graph problem: G = (V,E,d) ,where V = {(i,1) | i € TYU {(i,2) | i € T}U {s, f} and where
E =E;UE,UE; U E, with

E,={(GDG2)ieT} E={((DG2)|iLjeT,i<j}
Es={(s,(i,1) | i €T} E,= {(G,2,f) | jeT}

Let d: E — R be areal function defined on E as follows:

If e € E; thend(e) = —o0, if e € E, (in this case e = ((i,1)(j, 2)) where i,j € T and i < )
then d(e) = c(i,j) ,ife € E5 then d(e) = pull_out(i) and if e € E, then
d(e) = pull_in(i),

The auxiliary digraph is still acyclic. Every (s, f)-path in G uniquely defines a path in G
and vice verse. Every (s, f)-path in G represents a feasible running board and vice verse. To
solve FVSP means to cover digraph G with minimum number of disjoint (s, f)-paths with
minimum total cost. (Two paths in G are considered to be disjoint if they have no common
vertex but s and f.)

Let P be a set of disjoint paths in G. An edge e is called used, if there is a paths in P
containing the edge e, otherwise the edge e is called unused. A semipath in digraph G is an
alternating sequence of vertices and edges of the form (v, ey v,,es,...,ex_1vx) , Where
e; = (v;,v;31) or e = (v;3q,v;) and where every vertex occurs at most once. (Roughly
speaking — a semipath in a digraph is a path in which edges can be used in reverse direction.)
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A semipath is called improving semipath if all it’s edges used in right direction are
unused edges and all it’s edges used in reverse direction are used edges. The length of an
improving semipath is the sum of costs of edges used in right direction minus the sum of costs
of edges used in reverse direction.

Algorithm 1:

Stepl: Find a shortest (s, f)- path in G . Mark the edges of that path as used,
all other edges as unused.

Step2: While the set E; contains an unused edge do:

e Find a shortest improving (s, f)- semipath in G .
e Mark edges with right direction of that semipath as used.
e Mark edges with reverse direction of that semipath as unused.

Step3: Edges from E, define trip linkages from what corresponding bus running boards
can be constructed.

Used edges define k + 1 paths in G immediately after procedure in Step 2 has finished

for the k-th time. These paths contain as much as possible vertices of G with minimum total
cost of used edges from the set E,. By other words, these paths define k + 1 running boards
containing as much as possible trips and these trips are scheduled so that the total cost of
corresponding running boards is minimal.

Computer implementation uses a large number L instead of o — it suffices to set
L = max,;;{c(i,j)}.n where n = |T| is the number of tripsin T.

5 VEHICLE AND CREW SCHEDULING IN SLOVAKIA

In West European countries vehicle and crew scheduling are made as two consequential
steps. First an optimum bus schedule is computed. Running boards of vehicles are divided
into so called pieces of work by many ways in the second step. Then a huge number of
theoretical driver shifts is created as various combinations of pieces of work. The real set of
driver shifts is chosen from the set of theoretical shifts as a result of corresponding set
covering problem. This attitude supposes that any driver can drive any bus. Many references
to just mentioned approach can be found in proceedings [4], [5], [14], [15].

In former Czechoslovakia the ties between drivers and buses were — and till now are —
very stiff. There are only two possibilities: one bus — one driver or one bus two drivers. This
means for vehicle and crew scheduling: one bus running board — one driver shift or one bus
running board — two driver shifts (i.e. one morning shift and one evening shift). Labor Code
and several safety rules impose several very strict constraints to worker shifts. Therefore
every running board has to comply with all safety standards and all requirements of Labor
Code as safety break, meal break, duration of driver shift etc. Detailed specifications of Czech
and Slovak conditions and corresponding mathematical models can be found in [1], [8], [9],
[10].

The most complicated requirement is so called safety break constraint (SB) which is
defined by law. We will say that running board fulfills safety break condition (SB) or is
feasible if in every time interval 270 minutes long there exists at least 30 minutes of safety
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break. This safety break can be in one continuous piece or two or three time intervals, every
one of them is at least 10 minutes long.

Most of mentioned requirements can be modeled as vehicle scheduling problem with
a complicated nonlinear but separable objective function. Resulting mathematical problem is
NP—nhard and therefore a suboptimal heuristic optimization procedure can only be used.

6 VEHICLE SCHEDULING WITH A GENERAL OBJECTIVE FUNCTION

Regional bus transport has the property that passengers travel out in the morning from
villages to downtown and return after work back from the downtown to their villages.
Therefore the vehicles use to stay overnight at the same place where they have to start in the
morning. That is why return expenses from the last arrival place of every running board to it’s
starting departure place has to be added to the total objective function. The resulting return
vehicle scheduling problem — RVSP is no longer polynomial. We have developed a crossing
procedure which started with a solution of corresponding FVSP and tried to combine two
running boards in order to lower the total cost including return expenses.

There are a lot of additional constraints imposed on running boards. These constraints
depend on legislation of corresponding country, on the way of driver duties scheduling,
regional traditions and can even vary from bus provider to bus provider. This is the reason
why vehicle and crew scheduling attitudes cannot be carried among various countries without
any change.

Many special requirements can be modeled by nonlinear objective function. If the
objective function of whole bus schedule is the sum of objectives of all running boards the
following procedure can be applied:

Oo—0—=0 O o—0O0—0—0—0
O—0O0-0-0—0,0—0=-0—70 ©)
o0 O0—0-O0—"7T-0——0O0—-0—-0-0
Oo-0-0—+~0—+-040-0—+0~-0—+0—-0
O O—0O O o—0O0-0—0—720
OoO—0-0—-0 Oo—0O—=0—-0 O
o0 Oo—0 Oo—0O0—0-+0 O

All running boards are cut into heads and tails. Then we try to find an optimum
combination of heads and tails of various running boards what leads to an assignment
problem. If such assignment brings an improvement we accept it and try another cutting place
until no improvement can be found. A substantial enhancement of just mentioned attitude can
be obtained by dividing running boards into heads, mids and tails and by assigning mids to
various fixed heads and tails. Just described optimization procedure proved to be very
successful. Approximately 4 million assignment procedure calls occurred in computation for
1000 trips of a regional bus transport.

Just described procedure is treated in author’s work [8].
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7 SCHEDULING WITH FLEXIBLE TRIPS

Departure (resp. arrival) time of some trips cannot be changed. Such trips are trips
carrying employees to work or students to schools. However, departure (resp. arrival) of other
trips can be moved sooner or later without any negative consequences for passengers. Such
fixed trips are called flexible trips. Significant savings can be achieved if we allow a small
time shift for all or several trips. Scheduling with flexible trips means to find a feasible time
position for all trips and then to minimize number of buses and to minimize a general
objective function for shifted trips.

Several attitudes were developed for bus schedule optimization with flexible trips. Pesko
designed a heuristic procedure in [12] trying to make use of earliest trip time position and
another suboptimal procedure in [13] allowing time overlaps of trips and consequently
solving eliminating overlaps by shifting trips ins time. Engelthaller in his dissertation [6]
designed and implemented a man machine attitude based on stepwise identification and
manual elimination of bottlenecks in precomputed bus schedule.

The following procedure appeared most successful in practice.

We will consider trips t4, t; to be linkable — will write t; < t,, if

dp(t;) —at(ty) = travel_time(ap(t,), dp(t;)) — A, 2

i.e. we allow to link trip t, after trip t, even if their travel times overlay less or equal then
A,

Such overlay allows to diminish the number of vehicles. Subsequent minimization of
a general objective function can have a side effect of minimization of total overlay if a penalty
of overlay is incorporated into corresponding objective function. However, the resulting bus
schedule contains several overlaid trips. These infeasibilities have to be solved manually with
cooperation with dispatcher who can decide whether the overlays can be eliminated by trips
shifts or not.

8 TWO BUS TYPE PROBLEM

In many real cases available bus fleet consists of several bus types. This situation leads to
so called heterogeneous bus fleet scheduling problem. Several types of this problem are
treated in [2], [3], [7] and [11].

In the two bus type problem we have two types of trips and two types of buses. The trips
of the first type are crowded trips requiring service by high capacity buses of the first type
like hinged buses (we will call them maxibuses). The rest of trips are ordinary trips of the
second type requiring ordinary buses. Ordinary trip can be serviced by maxibus too, but this is
not a desirable instance and should occur only if necessary.

The simplest attitude to this problem is to decompose it into two independent scheduling
problem - one for crowded trips and maxibuses and one for ordinary trips and ordinary buses.
However, this attitude needn’t be optimal since maxibuses can service several ordinary trips
what can decrease the number of ordinary buses. Nevertheless just mentioned decomposition
gives us the exact number of necessary maxibuses and a upper bound of ordinary buses.

Let us partition the set of trip T into two subset - the first the set of must-trips and the set
of may-trip. Algorithm 1 can be modified in order to give a bus schedule with minimum
number of vehicles containing all must-trips and maximum possible number of may-trips.
Here is the following modification:
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Algorithm 2:
Let L = max; ;{c(i,)}.n where n = |T| is the number of trips in T.

Stepl: Forall e € Eysetc(e) = 1% | if e =((i,1),(i,2)) where i isamust-trip,
cle) =L* |if e=((i,1),(;,2)) whereiisamay-trip

Find a shortest (s, f)- path in G . Mark the edges of that path as used,
all other edges as unused.

Step2: While the set E; contains an unused edge e = ((i, 1), (i, 2)) where i is
a must-trip do:

e Find a shortest improving (s, f)- semipath in 