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Abstract Quality of transport service is a crucial factor to provide transport services
inline with the users expectations. In this research, we start from previous knowledge of
the concept Level of Service (LOS) in the transport sector to evaluate whether tools and
scalesdefinedin previous studies are also applicablein defining the level of service in the
ferry port. We decided to focus on the tool for measuring service quality in Ro-Ro ferry
ports because they are the most important and often the only connection between the
island and the mainland. Therefore, they are an essential factor in ensuring the sustain-
able development of the islands.
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1 Introduction

The quality of transport services is a crucial factor for providing
adequate transport services that meet the needs and desires of us-
ers. In this research, the previous knowledge on the concept of lev-
el of service (LOS) in the transport sector was analysed to find out
whether the LOS scales defined in previous research and used as
tools for determining service quality in road and air transport plan-
ning manuals are also suitable for determining service quality in
the ferry port. The LOS guidelines and technological processes de-
scribed in the HCM (Highway Capacity Manual), ADRM (Airport De-
velopment Reference Manual), and TCQSM (Transit Capacity and
Quality of Service Manual) manuals were analysed to answer this
research question.

In these manuals, each scale is explicitly defined for each subsys-
tem of the transport system. For this research, the Ro-Ro ferry port
area has been divided into three main subsystems based on the tech-
nological processes of transport within the port area: quay apron ar-
ea, marshalling area or vehicle staging area and area for passenger,
and luggage accommodation.

Based on the results of desktop analysis of existing maritime port
service quality concepts and formulas for calculating sustainable
capacity of Ro-Ro ferry ports, a methodology for assessing capacity
and service levels in Ro-Ro ferry ports was proposed using the ex-
isting LOS scales.

2 The Concept of Level of Service in the Transport Sector

In traffic engineering, the quality of service of a particular traffic ob-
ject is often determined with the concept of ‘level of service’ (here-
after: LOS), which uses a six-level scale from A to F, where A means
an excellent quality of service, while F is an unacceptable quality of
service (often also defined as a system breakdown). This concept pre-
sents and rates the quality of service of each traffic object in a sim-
ple way. The simplicity of this concept makes it easier to present the
current and future performance of the traffic object to the decision-
makers and the general (non-technical) public.

The concept of LOS for traffic objects was first defined in the sec-
ond edition of the HCM in 1965 after the concept of traffic capaci-
ty had been defined in the previous first edition in 1950. Since then,
LOS has been used as an elementary benchmark for the planning,
design, and organisation of road facilities. The HCM guidelines have
become a standard reference code when defining capacity and LOS
procedures in road transport, especially after the third edition in
1985 and other editions since then.
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For walkways, including stairways, LOS is further defined in 1970
in the doctoral thesis of John J. Fruin (1970) and in his book (1971),
published as a result of the author’s dissertation.*

Based on the HCM and the Fruin guideline for LOS, Transport Can-
ada (TC)? defined the concept of LOS for airports in the mid to late
1970s. This concept was adopted in 1981 by the Airport Associations
Coordinating Council (IATA 1981), now Airports Council Internation-
al (ACI) and International Air Transport Association (IATA), which
incorporated it in the ADRM with some modifications.* As the pub-
lisher of the ADRM-a is IATA, these guidelines are often referred to
in practice as ‘IATA guidelines’.

The methods for analysing the capacity and quality of public trans-
port from the perspective of passengers and transport operators are,
in addition to the HCM, also defined in the TCQSM. The first TCQSM
was published in 1999 (Kittelson & Associates 1999) and summarised
the methods for determining public transport capacity and LOS for
bus and rail transport objects.* Although the determination of capac-
ity for ferry transport is not defined in the first edition,”® it has been
included in the second and last third editions (TCRP 2003; 2013)

All previously listed authors/manuals define LOS using a six-lev-
el scale from A to F. Still, the parameters and the way of determin-
ing these levels differ from author to author, i.e., manual to manual.
Moreover, the parameters for traffic objects also change regarding
the perception of space in different cultures (Simunovi¢ 2006, 180).

1 Fruin (1970, 1971) has produced guidelines for the design of walkways and stair-
ways based on his research at bus and rail terminals managed by the Port Authority
of New York and New Jersey.

2 The results of the research and definition of LOS TC were published in the Interim
Level of Service Standards and Airport Services and Security. During the research, a
methodology for measuring LOS was developed known as CASE (Canadian Airport Sys-
tem Evaluation). The TC has defined standards for a total of five main passenger stop-
over areas, namely: counter, waiting/circulation area, holding area, baggage claim ar-
ea and police, customs, or immigration control. These standards and methodology are
shown in TRB 2010a, 146-50.

3 The 1981 ADRM has been regularly updated and is now known as the manual that
provides guidelines for designing airport facilities with user needs in mind.

4 The concept of LOS for rail transport is defined in the TCQSM, which defines this
concept LOS according to the guidelines provided by Fruin. In addition to TCQSM, the
LOS concept according to Fruin has also been adopted by the British railway compa-
ny Network Rail (Network Rail 2011) to define guidelines for assessing the capacity of
a passenger railway station.

5 In the first edition, ferry transport is mentioned only as one of the modes of trans-
port offering regular public transport services.
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3 Shortcomings of Previous Research
on the Level of Service

Previous research on LOS has not considered the perception of pas-
sengers with reduced mobility and safety as indicators for service
level, nor has it recognised that they need to be considered in future
LOS research.

When planning transport facilities, persons with reduced mobility
should be considered so that they can board, access, move around,
stay and work without hindrance. At the EU level, the accessibili-
ty of buildings for all persons is considered one of the essential re-
quirements for buildings. It is laid down in Regulation No 305/2011
(EU 2011). The standards for transportation facilities in the United
States of America are laid down in the Americans with Disabilities
Act (ADA) (U.S. Department of Transportation s.d.). According to the
provisions of ADA, all new transport stations must be accessible to
persons with reduced mobility.

For maritime passenger transport, the guidelines are issued joint-
ly by the Irish Department of Transport and the National Disability
Authority (NDA s.d.). In contrast, in the UK, the DPTAC (Disabled Per-
sons Transport Advisory Committee) issues guidelines for the ship-
building industry with the support of the IMO. The latter guidelines
were evaluated for their uptake and effectiveness between 2004 and
2005 as part of the UK national project, whose final report was pub-
lished in 2006 (Keith et al. 2006).

The needs of persons with reduced mobility must be considered in
the design of the object. It is also important to consider the condition
of emergency evacuations in individual facilities (safety).

4 Main Ferry Port Land Areas

The maritime port area comprises the sea and land areas of the port
and is used for the conduct of port activities. The port’s land area
includes all port infrastructure and port superstructures, from the
coastline to the final land boundary of the port area.

Different authors have classified the maritime port areas differ-
ently in analysing the port area, so there is no universally accept-
ed classification. From the perspective of the functional elements of
the port, previous works have divided the maritime port area into:

* quayside, yard, landside, and hinterland (Bose 2011, 13-21;

Bichou 2009, 136-44);
* marshalling yards, passenger facilities, berth facilities (Ager-
schou et al. 2004, 291-7);
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+ terminal forecourt (landside),® terminal (wetside),” buildings
(PIANC 1995, 33-8);

* landside facilities, dockside facilities, en-route (vessel route)
(TCRP 2013, 9-28).

Considering the technological processes of traffic in the ferry port
and the functionality and connectivity of the individual port facili-
ties, the land area of the ferry port is divided into three areas (Stu-
palo 2015, 30):

1. quay apron area;

2. marshalling area or vehicle staging area;

3. area for passenger accommodation.

5 Proposal of Methodology

The analysis of the LOS scales identified in the available literature
and described in the previous chapters has shown that specific scales
can be used in ferry ports to assess capacity and service levels. The
applicability of these scales to evaluate individual parts of public
transport passenger terminals, including the maritime passenger
terminal, has already been identified in the TCQSM manual.

The scales identified have separately assessed the area for pas-
sengers and the area for road vehicles. These areas within the ferry
terminal can be further divided into three subsystems: 1) process-
ing area, 2) holding areas, and 3) links or corridors. The appropriate-
ness of this subdivision in the analysis of traffic objects has already
been recognised in studies by the National Academies of Sciences,
Engineering, and Medicine (TRB 2010a, 147) and IATA (1981, 8). Al-
though these areas have been recognised, the LOS scale for the pro-
cessing area has not been identified in previous research, but the
LOS scales for the other two subsystems have.

In line with the mainland areas of the ferry port defined in the pre-
vious chapter, the following sub-chapters pay particular attention to
the level of service in each of these areas.

6 Port connections to the public road network.
7 Area from the forecourt to the final land boundary of the port area.
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5.1 Evaluation of the Capacity and Level of Service
of the Quay Apron Area

The Quay apron area can be divided into two elementary subsystems:
* area for the movement and stay of passengers/pedestrians (if
boarding is not via a bridge)
* area for the movement and stay of road vehicles.

The level of service of an area designated for passenger/pedestrian
movement can be further divided into three subsystems:

* traffic processing points - need not be part of the quay apron
area subsystems. It takes place when the passenger (with or
without a vehicle) buys the ticket or hands it over to the tick-
et officer in this area, e.g., when boarding the vessel. As men-
tioned above, the LOS scale for this subsystem has not been
identified in the literature;

* holding area - if more passengers/vehicles arrive at the vessel
than can be handled via the loading ramp/bridge, a queue forms
next to the ship. A queue may also form when a passenger buys
a ticket or hands it over to a staff member at that location. Giv-
en the characteristics of this subsystem, it can be evaluated:
- for passengers - using the LOS scale for queuing, defined by

Fruin (1987, 84-7)

- for vehicles - no LOS scale has been identified in the liter-
ature that could apply to this subsystem. Considering the
characteristics of this subsystem, it was concluded that the
application of the LOS scale within the HCM for the inter-
section system is not appropriate. Intersections are evalu-
ated in the manual by the indicator ‘regulated waiting’, i.e.,
the difference between the time of free passage of the vehi-
cle and the time of passage, which includes the time of stop-
ping and restarting the vehicle,

- forvehicles - no LOS scale applicable to this subsystem was
found in the literature. Considering the characteristics of
this subsystem, it was concluded that the application of the
LOS scale within the HCM for the signalised and unsignal-
ised intersections is not appropriate. Indicator control de-
lay® is the main service measure in the HCM for evaluating
LOS at the intersection.

8 “Control delay includes delay associated with vehicle slowing in advance of an in-
tersection, the time spent stopped on an intersection approach, the time spent as ve-
hicles move up in the queue, and the time needed for vehicles to accelerate to their de-
sired speed” (TRB 2010Db, 4-15).

Studiericerche29 | 70
Priorities for the Sustainability of Maritime and Coastal Passenger Transport in Europe, 65-76



Vlatka Stupalo, Natalija Kavran, Marko Sostari¢, Andrej David
Evaluating the Level of Service of Ferry Ports

* links or corridors - the primary purpose of links or corridors

5.2

in the quay apron area is to connect the area intended for pas-
senger accommodation (if embarking/disembarking of passen-
gers is not done across the bridge) and the marshalling area
with the vessel (when embarking), and connecting the vessel
with port exit points when disembarking). Given the character-
istics of this subsystem, it can be evaluated:

- for passengers - depending on the design of the links or cor-

ridor, different LOS scales have been identified in the liter-
ature. In the ferry port, the links or corridors of the quay
apron area are located primarily near the vehicle movement
area. Therefore, the LOS scales defined within the HCM
for pedestrian mode (TRB 2010b), for urban street and seg-
ment measures, were identified as applicable for the eval-
uation of pedestrian/passenger links/corridors. In addition
to these scales, walkway sections can also be valued using
Fruin’s LOS scales for walkways (Fruin 1987, 74-8) and stair-
ways (Fruin 1987, 79-83). The analysis of Fruin’s indicators
showed that the values are approximate but not identical to
the HCM indicators (TRB 2010b, ch. 23, 3-4) used to eval-
uate off-street pedestrian facilities. It was concluded that
there is no satisfactory way to determine the most appropri-
ate scale. The selection of the scale should be on the traffic
planner who evaluates the facility.

for vehicles - after analysing quay apron area; it was conclud-
ed that no LOS scale is applicable for evaluating the roads
of this area, since the level of service within this area, per-
ceived by the passenger, depends on various factors decid-
ed mainly by the (for example location of each vehicle on the
vessel, order (priority) of parking, method of disembarka-
tion/embarkation, etc.). Factors that port has influence relate
to ensuring appropriate marking of this area and its width.

Evaluation of the Capacity and Level of Service
of the Marshalling Area

Research conducted by Stupalo (2015) didn’t identify the LOS scale,
which could be applied to evaluate the capacity and level of ser-
vice of the marshalling area. Therefore, the need for additional re-
search focused on defining the LOS scale of the marshalling area
was recognised.

Possible indicators for the evaluation of this area are the capaci-
ty of the area and the width of the holding lanes. Based on these in-
dicators suitability of this area can be evaluated depending on the
traffic demand (whether the area is sufficient for the accommoda-
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tion of all vehicles in rest, and whether it is suitable for passenger
accommodation, the possibility of unobstructed entry/exit of passen-
gers to/from the vehicles).

According to Morales-Fusco and Sauri (2009) optimal size of mar-
shalling area in Ro-Ro terminals is the size that can accommodate
twice as many vehicles as capacity of the biggest vessel that reaches
the terminal. In this type of terminal vehicles usually do not leave the
port area immediately upon disembarkation but are stored within the
port area. However, this is not the case in the ferry port, where ve-
hicles, after disembarking, usually immediately leave the port area.
Therefore, the optimal capacity of the marshalling area in the ferry
port would be the one that enables simultaneously accommodation
of vehicles which corresponds to the capacity of the average vessel
or the biggest vessel that reaches the terminal.

While considering the level of service of the marshalling area, the
proposal for the boundary between LOS C and LOS D is when the
length of the holding lanes stops being enough, and there is an over-
flow of traffic to adjacent roads. This proposal is consistent with the
IATA definition for the boundary between LOS C and D (TRB 2010a,
150) for passenger queuing. If overflow causes dysfunction to the
port’s secondary processes, they could be used to further elaborate
scale to lower LOS levels.

The percentage of area utilisation, its design, and organisations, in-
cluding the entrance system for vehicles to the marshalling area (e.g.,
ticket booths, the possibility of reservation), could also be considered.
All these factors affect the time spent within the marshalling area.

5.3 Evaluation of the Capacity and Level of Service
of the Area for Passenger and Luggage Accommodation

The area for passenger and luggage accommodation is intended for
movement and retention of passengers/pedestrians.

Processors, which refers to the ticket, customs and police booths
and other similar facilities for monetary, regulatory or security pro-
cesses of traffic, are not defined by LOS scales in the before men-
tioned manuals. But the need for their definition has been recognised.
Further research should focus on defining adequate processing time
in these facilities based on the data obtained from passengers and
service providers. Maximum queuing time guidelines are defined in
ADRM but not using the LOS scale.’

9 The maximum waiting time has been defined for different areas (e.g., check-in econ-
omy, baggage claim, security), but only as a time that is “short to acceptable” and “ac-
ceptable to long” (IATA 2004, 189).
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The level of service of reservoirs can be determined based on

standards defined by IATA (2004) and Fruin (1987) for:

* ticket or check-in queue area - two LOS scales have been iden-
tified:

- [TATA’s LOS scale for check-in queue area (IATA 2004, 180-7)
is based on the size of the area for passenger/pedestrian
(sq. meter/occupant) regarding the width of the queue, num-
ber of bags and number of luggage carts;

- Fruin’s LOS scale for queuing (Fruin 1987, 84-7) is based on
average pedestrian area occupancy (sq. feet/person) and av-
erage inter-person spacing (feet).

It was concluded that there is no satisfactory way to determine

the most appropriate scale. The selection of the scale should be

on the traffic planner who evaluates the facility.

* wait/circulation area - the LOS scale for this space is defined
by IATA and is based on the size of the area for passenger/pe-
destrian (IATA 2004, 297-8) and, only for LOS C (IATA 2004,
184), on location (before and after check-in), presence of lug-
gage carts and the passengers’ speed;

* holding area - the LOS scale for this space is defined by IATA based
on the percentage of occupied space (IATA 2004, 186, 297-8).

* border control area - two scales have been identified:

- TATA’s LOS scale for passport control (IATA 2004, 185-6);

- Fruin’s LOS scale for queuing (Fruin 1987, 84-7).

Both scales evaluate the object concerning the surface area per

passenger, and the values of the indicators are approximate, al-

though not identical. Therefore, there is no satisfactory way to
determine the most appropriate scale, and the selection of the
scale should be on the traffic planner who evaluates the facility.

The level of service of links/corridors within an area for passenger
and luggage accommodation can be determined based on Fruin’s
guidelines, which are also recommended in the TCQSM manual
(TCRP 2013, ch. 10, 39-62) for:

* doorway and walkways - the LOS is based on the pedestri-
an space (sq. feet/person), avg. speed (feet/min), flow per unit
width (persone/feet/min) and volume-to-capacity ratio (v/c);*°

* stairways - the level of service is based on average pedestrian
area occupancy and average flow volumes (Fruin 1987, 79-84;

10 Volume-to-capacity (v/c) or demand-to-capacity (d/c) ratio is a special case service
measure. This measure is used when defining a boundary between LOS E and LOS F,
but not to define other LOS thresholds. This measure cannot be measured directly in
the field, nor is it a measure of traveller perceptions. Until capacity is reached (i.e.,
when flow breaks down or ques build on) the d/c ration is not perceived by travellers
(TRB 2010b, ch. 5, 9).
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TCRP 2013, 10-48). LOS for stairs is also prescribed by HCM
(TRB 2010b, ch. 23, 3), but since TCQSM recommended using
Fruin’s LOS scale, its application should be considered when
measuring the level of service of the ferry port.

Links or corridors connecting the port building to the outer entranc-
es and exits of the port (with the exception of the bridge connecting
the terminal building to the ferry) can be assessed using indicators
defined in the HCM defined indicators for urban roads and sections
of urban roads, i.e., based on LOS scales defined for the evaluation
of facilities with interrupted traffic flow.**

The study period*? should be minimum during the peak hour. For
evaluation analysis, approach C (TRB 2010b, ch. 16, 2) should be
used, with a study period of one hour with consecutive analysis pe-
riods of 15 minutes. This approach considers systematic variations
in traffic flow between periods and queues that carry over to the
next analysis period and produces a more accurate representation
of delay.

From the manuals described earlier, it can be concluded that the
LOS at the ferry port, whose main purpose is to provide public trans-
port services, should be from LOS D (in shorter periods) to LOS C
or even higher. This means that the LOS should not be below LOS C
during the busiest 15 minutes of the peak hour. A higher level of ser-
vice can be adopted by ferry ports that want to attract shipowners
and passengers with quality service.

The proposed methodology analyses the level of service from the
perspective of passengers, i.e., users of transport services, and does
not include an analysis of the level of service from the shipowner’s
perspective (transport service provider). The methodology covers
the area from the entry into the port area to the boarding into the
ship (ship’s ramp).

As a result of the defined methodology answer to the research
question from the introduction is: The service level guidelines set
out in the road, and air transport manuals are applicable when eval-
uating the capacity and service level of a ferry port.

11 Guidelines are defined in TRB 2010b.

12 The study period is the time interval represented by the performance evaluation.
It consists of one or more consecutive analysis periods. An analysis period is the time
interval evaluated by a single application of the methodology.
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