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EXPEDIENCY OF MODIFICATION

OF CITY TRANSPORT SYSTEM BY
IMPLEMENTATION OF PASSENGER
WATER TRANSPORT

O6’cxmom docridacenis € inmezpayis Micte6020 NACAACUPCHKO20 600HO20 MPAHCROPMY Y MPAHCHOPMHY CU-
cmemy micma. Ceped HU3KU NPOOIEMHUX NUMAND MONICHA BUOLAUMU HeNni020MOBAEHICIb MICLKOT MPancnopmmuoi
ingppacmpyxmypu 0o enposadcenis 600H020 MPAHCNOPMY 0Ll NEPEBE3CHHsL NACANCUPIB, X0UA Uel U0 MPaH-
CNOPMY € 6a20MOI0 CKIA0060I0 GHYMPIUHLOMICOKUX T NPUMICOKUX Nepese3et NACANICUDIE Y CBIMOBUX Me2anoicax,
WO PO3MAUOBANT HA BO0OHUX APMEPIsX.

Haoano xapaxmepucmuxy 6001020 mpancnopmy i npoanaiisosano nacaicupcvii 600ui nepesesenis 6 Yxpai-
ui. locnionceno depiniyilo «<mpancnopmua cucmemas 6 uilomy i OKpemo — 6 Uacmuni MiCoKUX NACANCUPCOKUX
nepeesesenv. Busnaueno cxiadosi mpancnopmmoi cucmemu micma.

Hocnionceno cmpyxmypy micokoi mpancnopmnoi cucmemu m. Kuesa (Yepaina) i donosueno i no6oio niocuc-
MEMOI 6 eAeMEHMI <MICOKUL NACAACUPCOKULL MPAHCTLOPM> — MICUCBUM NACANCUPCOKUM 00HUM MPAHCLOPMOM.
Taxa cmpyxmypua 3mina 0036015€ AKICHO NOKPAUUMU HAABHE MPAHCNOPMHE 3A0e3NeUeHis MICM, W0 MAanmo
600HI aKeamopii, 3anPONOHYEaAmiU MiCUCCUM MEUKAHUSIM ALbMepHaAmusHuil 6ud mpancnopmy. Bnposaodcenis
108020 UMY MICLKO20 NACANCUPCHKOZO MPAHCNOPMY 8 MPAHCNOPMHY CUCTEMY Micma nompedye 11020 demaiv-
1020 docaiowcenns. Tomy yeil 6ud mpancnopmy cmpyxmyposano, Hadano 1ozo KiAcUuPikayit, chopmyibo6ano
NOHAMMS <MICUEBUT NACANCUPCORULL 800HULL mpancnopms i tiozo eudie: Water Bus ma Water Taxi, uo do3eouse
sanpononysamu ix 00 nOOAILUOZ0 BUKOPUCTIAHHSL 8 HAYKOBOMY CePedO8ULlT, CTNOCOBHO MICUEBUX NACANCUPCOKUX
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600HUX nepeesesenn.

B mexcax docnidacenst 3anponoHo8ano GUOLIUMU eAeMeHmU MICUe6020 NACANCUPCHKOZ0 800H020 MPAHCIOPMY,
a came: nacaxcupu, mparncnopm, niOnpuemMcmea Micueozo nacaicupcoKoz0 mpancnopmy, cyo eKmu HOpMamueHozo
3abesneuenns, micyesi opzanu eradu. Kojcen 3 enemenmis 3anpononosano cmpykmypyeamu 3a u0amu.

3aedsxu yvomy pospobieno MoouUpiKosany cxemy CUCEMU MICLK020 NACAICUPCHKOZ0 MPAHCNOPMY, YUM
sabesneuyemvcs niorpynmst 0ls 2apMOHitiH020 6NPOBadNceHts 4b0o2o 6udy mpancnopmy. Peanizauis sanponono-
BAHUX 3MIH 0OTPYHMOBARA COUIATLHO -CKOHOMIUHOM SHAYUMICTIIO 6KA3AH020 6UOY MPAHCNOPMY Ma HeoOXiOHUMU
AKICHUMU CMPYKMYPHUMU 3MIHAMU 8 MICOKILL MPAHCROPMHIU CUCTEML.
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1. Introduction

The innovative processes observed today in the trans-
port sector of the world make it possible to carry out
qualitative and structural changes in the transport system
as a whole. The transport infrastructure in the cities of
Ukraine is in a state of significant moral and physical
deterioration, although vehicles are periodically updated
in some large cities, but this is not enough to meet the
mobility needs of residents and relieve urban transport
routes. The transport system of million-plus cities needs
to be updated by introducing new types of urban pas-
senger transport (trams, high-speed Bus rapid transit,
ultra-compact cars, a network of public cars, unmanned
public transport, bike racks over the entire city of Sky
Cycle etc.).

Copyright © 2019, Budnyk V., Lernichenko K., Korniiko Y., Valiavska N.
This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by,/4.0)

These innovative projects require significant invest-
ment and can’t immediately find supporters among users.
But for conglomerates with waterways, it is advisable
to offer the implementation of water transport as part
of the urban transport system (UTS). Passenger water
transport will organically complement UTS, which will
allow to qualitatively expand and unload the transport
infrastructure of any locality that needs passenger water
transportation. There will be an impetus for the further
development of transport services for residents of cities and
suburbs and tourists, which will contribute to increasing
tourist attractiveness and improving the image of the city.

The relevance of the chosen direction of the study is
justified by the need to modernize and optimize urban
passenger traffic, it is impossible without structural changes
in the transport system of the city.
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2. The ohject of research
and its technological audit

The object of research is the integration of local pas-
senger water transport (LPWT) into the transport system
of the city.

The use of water transport for passenger transportation
at the local level (within the city, suburban area) is widely
used throughout the world (USA, Canada, Scandinavian
countries, the Netherlands, France, Italy, Japan, China,
etc.). In cities with lakes, river or sea routes, passengers
are transported by water on specific routes or on order.
Such transport is on schedule or without it, but always in
contact with related modes of transport, which are public
and private urban transport. To optimize the activities of
the entire UTS, it is necessary to optimize the work of
each of its components. When using several adjacent modes
of transport, the movement of passengers should be carried
out without unnecessary downtime in the transport hubs.
Therefore, the main bottleneck in the proposed study is
the inclusion of LPWT in the transport system of the
city. Overcoming this problem is possible by modifying
the UTS and its structural transformation.

The study of water transport as integral UTS is not
fully implemented, therefore, it needs concentrated atten-
tion from scientists.

3. The aim and ohjectives of research

The aim of research is development of theoretical provi-
sions for the modification of the urban transport system
due to its structural transformation by introducing a new
component of the UTS: passenger water transport.

To achieve this aim, the following objectives are defined:

1. To carry out a study of the theoretical aspects of
the transport system of the city.

2. To clarify the conceptual apparatus of local pas-
senger water transport.

4. Research of existing solutions
of the prohlem

An increase in the number of vehicles changes the
transport system of the city and worsens its transportation
capacity. Many scientists consider water transport as an
alternative to land transport and suggest its use at the
city and local levels.

Thus, the authors of [1] investigate the time series of
demand for vehicles (the ferry system between Salvador
metro station and Itaparica island (Brazil)) using the non-
linear Fokker-Planck equation. Application of the proposed
methodology allows to obtain high-quality behavior of demand
for a vehicle with the corresponding statistical significance
and ensure the logistics of shipping and improve the adapta-
tion of the transport system to local and regional needs. In
general, the study points to the need to strengthen efforts
to organize the local transport system through coordination
between authorities, transport companies and customers.

The study [2] proposes the creation of an urban transport
system involving water transport (in the respective settle-
ments). According to the author, such structural changes are
necessary to meet the interests of the city, local residents
and tourists. These transformations will contribute to the
sustainable development of the local economy, because today

there are already effective forms of equivalent networks
of the urban transport system.

In [3], a factor analysis of passenger transportation by
city water transport in the city of Stockholm (Sweden)
is carried out and a model of the structural equation to
study the influence of the characteristics of water transport
services on the general pleasure of passengers is proposed.
The result of the study is the assertion that the <hidden
comfort» factor (ship cleanliness, environmental friendliness,
picturesque scenery) is more significant in explaining the
overall satisfaction of passengers than service problems,
such as size and frequency of traffic. So, the widespread
use of such non-traditional attributes of services can give
a better picture of passenger behavior when choosing
a mode of using urban water transport and will help in
further planning of the service.

The authors of [4] investigate the operation of micro-
ferries for local transportation, focusing on the dependence
of the amount of energy consumed on the change in the
speed of the ship. The research problem is the planning of
boarding, disembarking and delivering passengers, taking
into account the amount of energy consumed, depending
on the speed of the micro-ferry. As a result, a modeling
method is proposed for solving the planning tasks of such a
transport, which takes into account the energy consumption.

Most of the scientific works in the field of develop-
ing the passenger water transport market pay attention
to cruise and entertaining passenger transport by water,
bypassing transport. Transportation should be understood
as transportation provided in the system of public city or
local transport to meet the daily needs of users of these
services in movement. In particular, research requires the
LPWT operation and the organizational basis for its func-
tioning as a UTS component.

The issues of the functioning of the transport system
are constantly investigated and improved by scientists.

Thus, the authors of [5] develop a method for deter-
mining municipal expenditures and revenues in the urban
transport sector and their distribution into urban transport
systems: pedestrian, bicycle, automobile, freight and local
public transport. In [6], the concept of a simulation model
for assessing the sustainable development of urban transport
in the social, economic and environmental dimensions is
presented. The authors of the study [7] consider urban
transport as a complex system and are exposed to politics.
They investigate this effect on the urban transport system
with a focus on environmental, economic, and transport
indicators.

The theoretical aspects and conceptual apparatus of the
transport system are disclosed in many works. So, in [8] it is
indicated that the transport system is a territorial combina-
tion of interconnected modes of transport, which, interacting,
most fully satisfy the needs of the national economy and the
population in the transportation of goods and passengers.

The author of the publication [9] believes that a single
transport system is a set of internally coordinated, inter-
connected, socially homogeneous vehicles, with the help of
which an organizing and stabilizing effect on the imple-
mentation of the main tasks in transportation, reflecting
their structure, is provided.

In [10], it is noted that the transport system is a combi-
nation of means of transportation, means of communication,
means of control and communication, technical facilities
that ensure their operation.
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And the author of [11] calls the transport system
a complex consisting of certain types: railway, sea, river,
automobile, pipeline and air. They interact with each other
and make up the transport system, developing under the
influence of the economy as a whole and its individual
industries.

So, based on the research, let’s note that the city’s
transport system, in terms of passenger traffic, is formed
by urban passenger transport, consisting of road transport,
trolley buses, trams, subway, funicular and local water
transport. As it is possible to see, the activity of urban
passenger transport is widely studied, but attention is
generally paid only to its land-based types, which are
divided into passenger, cargo and special purposes. Studies
of water transport for urban passenger transport remain
outside the field of view of scientists and require theo-
retical and methodological justification.

5. Methods of research

During the execution of the work, general scientific
and special research methods were applied:
— abstract-logical and grouping — with theoretical ge-
neralizations, disclosing the essence of concepts and
forming conclusions;
— analysis and synthesis — for a preliminary analysis
of the problem, the definition of goals and objectives;
UTS structuring; development of the LPWT classifica-
tion and definition of its elements; research of features
and analysis of the current state of UTS and LPWT;
— analogies and comparative comparisons — to deter-
mine the feasibility of introducing LPWT into the
UTS scheme as its component; comparing LPWT with
other types of urban passenger transport; systematiza-
tion of research results;
— decomposition method — for the UTS investigation as
a complex system consisting of separate interconnected
subsystems that have certain constituent elements.

6. Research results

Transport is a complex system that is divided into
subsystems. This branching is due to the need to provide
a wide range of transport services. The unified transport
system of Ukraine consists of:

— public transport (rail, sea, river, road and aviation, as

well as urban electric transport, including the subway);

— industrial railway transport;

— departmental transport;

— pipeline transport;

— public communication lines.

Passenger traffic is provided by all means of transport
(except for pipelines). At the same time, there is an in-
complete use of the potential of water transport, and in
recent years its gradual decline, although transportation
is carried out by sea and river routes.

The classification of water passenger transportation is
quite wide and is reflected in many works [12, 13]. Both
sea and river passenger transportation can be carried out
at the local level, that is, within a certain territorial unit
(village, country, city, region). Especially such transporta-
tions are inherent in river transport (long-distance transit
traffic, local, suburban and intracity traffic), however, sea
transport also provides bus routes within the port or region.

Passenger transportation by any means of transport is
provided by UTS, which is quite complex and is formed
from certain subsystems. For example, in [14], three sub-
systems of urban public passenger transport are identified:

1) transport (a business sector of the city that provides
transportation services);

2) population (potential carriers of need for movement);

3) city government (mandatory strategic unit for the
development of the city).

Let’s believe that these are probably not separate sub-
systems, but elements of the general system of urban pas-
senger transport, which, interacting, contribute to meeting
the demand for transportation.

UTS should be structured using the example of a city
with a population of more than 1 million people, in which
most types of urban passenger transport are represented
and there is an opportunity for the LPWT implementa-
tion. For this purpose, let’s suggest choosing Kyiv metro
station and rely on this in the course of further research.

So, urban passenger transport as a system having an
appropriate structure, that is, contains subsystems, which
is represented by the following modes of transport: auto-
mobile, trolleybus, tram, metro. Let’s propose to supple-
ment this list with another subsystem — LPWT, which
consists of the following elements:

— passengers (form the demand for transportation and

are represented by local residents and tourists);

— transport (LPWT and a set of related types of ground

transport integrated into LPWT);

— LPWT enterprises (carrier operators, coastal service

base operators, escort entities);

— subjects of regulatory support (organizations and

institutions that provide registration and navigation

support for the LPWT activities);

— local authorities (carry out normative regulation of

activities and management function).

Each of the LPWT elements, in turn, is divided into
the following types:

1. Passengers are divided into local residents and tourists.
Locals are represented by residents of the city, suburbs and
satellite towns; use this type of transportation to meet the daily
needs of being moved between place of residence and work
and special needs. Tourists use LPWT to move around the
city and in the suburban area and for special needs. It should
be noted that «special needs» refers to the provision of not
only transportation services, but also entertainment and related
ones, for example: celebration, relaxation, sightseeing, walking,
entertainment, training, corporate events, trainings and the like.

2. Transport is represented by local passenger water and
related types of urban land transport, which carry out passenger
traffic through the interaction of land and water transport.
The LPWT division into types is determined by the exist-
ing demand for transport services and can be represented
by route and custom-made transportation. Classification of
types of urban passenger transport is shown in Fig. 1.

3. The coastal service base provides:

— fleet operation (dispatch service, so far, moorings,

marinas, parking lots (night, inter-navigation, at moor-

ings), repair and maintenance bases, service and technical
buildings, other facilities providing LPWT operation);

— meeting the needs of passengers (stations, stops,

shopping and entertainment centers, cultural and edu-

cational centers, hotels, parking lots and other facilities
that meet the needs of passengers).

;28
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Ground transport

——> buses

shuttle buses
taxi

[> wheeled

[> rail —> ftram
funicular
[> electric ——> trolleybus

Underground Local passenger
transport water transport
I:> subway

‘ Water Bus

‘ Water Taxi

Fig. 1. Classification of types of urban passenger transport [15]

4. LPWT enterprises are represented by shipping com-
panies and operators of the coastal service base, which can
be both individuals and legal entities. Carrier operators
transport passengers by water at the local level. The opera-
tors of the coastal service base provide water transporta-
tion services for passengers at the local level and hold the
coastal service base, modernizing and/or building it with
the aim of ensuring the operation of the LPWT. LPWT
enterprises consist of escort entities, which, in turn, are
divided into two groups, depending on the functions that
are performed, financial and credit and coastal base service
entities. Finance and credit are represented by private
investors, leasing companies, banks, etc. Coastal base ser-
vicing entities provide coastal fleet maintenance (coastal
technical service bases, repair and gas stations, etc.) and,
separately, passengers (restaurants, shopping centers, shops
museums, parks, parking lots, medical support, etc.).

5. The subjects of regulatory support:

— registration (registration of a ship in the Register of

Shipping of Ukraine, obtaining a license to carry out

economic activities for the transport of passengers by river,

issuing a certificate for the right to control a ship, etc.);

— navigation (communication, monitoring compliance

with the rules of shipping and passenger traffic, the provi-

sion of navigation services, meteorological support, etc.).

6. Local authorities carry out normative and administ-
rative regulation, therefore, it is appropriate to carry out
such a separation: the Department of Transport and Pas-
senger Transportation of the City State Administration
and the Management Company.

The Department of Transport and Passenger Trans-
portation ensures the organization of the implementation
of a certain program, carries out regulatory regulation
of the implementation of the partnership conditions. For
example, in the city of Kyiv (Ukraine), such functions
are performed by the Department for the Organization
of Traffic, Parking and Passenger Transport, which is part
of the Department of Transport Infrastructure (DTI) of
the Kyiv City State Administration.

To establish communication between private business
and the city, let’s propose creating a Management Company
that will provide such mediation. It should include repre-
sentatives of the LPWT operators and the city government.
The management company will carry out the functions
of managing the activities of the LPWT, dispatching and
information (website) transportation support, infrastructure
support and the like.

The functions of the subjects involved in the LPWT
implementation program are described in detail in [16].

Studies show that there is no conceptual apparatus of
local passenger water transport. Each operator interprets
these definitions in their own way. For example, «recreational

vehicles» can be understood as «water taxis», and ships
that play the role of public transport and carry passengers
along established routes and schedules are called either
«river tramss, or water buses, or «Water Bus». Therefore,
let’s consider it necessary to clarify these formulations
and offer them for further use in the field of passenger
water transport at the local level:

1. Local passenger water transport is a type of trans-
port that provides for:

— provision of services by relevant enterprises for the

provision of passenger transport in the water area of

the city, suburban and interurban areas (lake, river, sea);

— meeting the needs of the fleet and users within the

appropriate coastal service base.

2. Water Bus (WB) is a LPWT type that is operated
according to the established schedule and route; stops
only at equipped berths.

3. Water Taxi (WT) is a LPWT type that is opera-
ted on a custom basis and does not have an established
schedule and route of movement; can make stops at un-
equipped berths.

So, the study allows to modify the system of urban
passenger transport: it will include not only land and under-
ground modes of transport that are currently in operation,
but also water passenger transport. The place of LPWT
in the UTS in terms of passenger traffic, the composition
and classification of its elements is shown in Fig. 2.

Taking into account the research results, let’s pro-
pose to classify LPWT according to a number of certain
signs — Fig. 3.

Organization of transportation by WT LPWT type
is carried out through the dispatch service, website and
using a mobile application. A ship performing such trans-
portation should have a slight draft and the ability to
approach close to the coastline, thereby not requiring the
availability of equipped stops.

WB LPWT type to carry out route transportation on
different route systems, for example: «round» and <stop-
stop». The «round» route connects several stops located
on the line of movement of the ship in a single water
complex; the movement of the ship is carried out first
along one bank of the river (in the forward direction),
and then along the other (in the opposite direction).

Usually, two or more ships operate on such a route,
depending on the length of the route and passenger traffic.
Transportation is carried out according to clear (approved
schedule) or flexible (west to intermediate points in the
presence of passengers there) schedules. The stop-to-stop
route connects two or more stops located on one or opposite
shores of the water area. On such a route it can operate
from one ship. Transportation is carried out according to
the same schedule as on the «circulars route.
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Transport Regulatory entities
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Classification of the LPWT elements

Fig. 2. Modified scheme of the urban transport system in terms of passenger traffic [17]

By the type of ships

» amphibia » motor yacht

By the
ownership

B communal B boat

B private

B mixed »

» catamaran

motor boat

By the pa:

ssenger capacity

» from 11 passengers (WB)

» up to 10 passengers (WT)

According to the principle of transportation by a private operator

» route transportation

» call transportation

—

round
stop — stop

Fig. 3. Classification of local passenger water transport (formed by the authors of [15])

The effective functioning of the LPWT entities will allow
for the transportation of passengers at the local level and
qualitatively change the UTS structure, but this requires
a study of the competitive environment of the LPWT.

7. SWOT analysis of research results

Strengths. The strengths of the proposed UTS structuring
study are that passenger transportation services are chang-
ing qualitatively due to increased speed, convenience and
convenience, safety, environmental friendliness. LPWT ships
have various modifications and considerable maneuverability,

which allows to reduce the time for the de-
livery of passengers in comparison with the
corresponding land routes. The organization
of LPWT routes will also contribute to this,
for example, the integration of one-to-one ring
routes. The potential of these shipments is all
the more so as there is not always a need for
equipped coastal zone, for example, WT can
approach an unequipped coastal zone. This
feature allows to direct funds for the purchase
of new modern ships, they are comfortable,
safe and environmentally friendly not only
in comparison with land transport, but also
with the existing outdated fleet.
Weaknesses. The analysis of the modifica-
tion of the UTS scheme carried out in the
work indicates that the LPWT implementa-
tion requires significant financial injections
for the high cost of fixed assets and the
need to modernize the outdated or missing
necessary coastal service base. However,
financing of this type of transport will oc-
cur thanks to private business, therefore
UTS will not be weakened by this. The
weakness of the proposed implementation
is the limited LPWT in waterways, as well
as the seasonality of transportation.
Opportunities. A modification of the UTS
scheme is proposed that allows expanding
the transport infrastructure of any city
in Ukraine, which means that waterways,
thanks to the implementation of a new
mode of transport, reduce the load on land
modes of transport and restructure trans-
port. LPWT services to distinguish actual
transport products with high quality service
and ship comfort from other similar services
of other types of urban passenger trans-
port, will attract users and will allow to
quickly increase the LPWT passenger flow.
The aesthetics and comfort of the LPWT
rolling stock, as well as providing amenities
for people with special needs, expand the
range of possibilities of the city’s transport
system itself. LPWT implementation in UTS
will contribute to the emergence of new
transport hubs, the realization of the tourism
potential of the city, and the cooperation
of local authorities with private business.
Threats. The threats that accompany the
LPWT implementation and, consequently,
lead to action on the entire UTS, include:

— priority of expenditures specifically for ground public
urban transport in the structure of expenditures of
the population, taking into account its low solvency;
— lack of demand; political and economic instability
of the region;

— lack of funding;

— high level of corruption in the transport and utili-

ties sectors;

— natural or man-made threats of violation of the hy-

drological regime of a river or other waterway.

It is not always possible to identify potential threats
in advance and avoid them. However, an analysis of the

;30
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experience of such structural transformations in other cities
of the world will allow to develop important methods for
their identification and minimization.

1. The theoretical aspects of the transport system of
the city are investigated. Its subsystems, represented by
ground and underground types of urban passenger transport,
are highlighted, and additions to this system are proposed
by a new subsystem — LPWT. LPWT implementation
will relieve ground modes of transport, provide modern
and high-quality passenger transportation services and,
in general, optimize UTS. The types of urban passenger
transport are classified taking into account changes in
the UTS structure, namely, the extension of the existing
classification due to the LPWT and its types.

2. Clarification of the conceptual apparatus of local
passenger water transport by such author’s definitions:

— LPWT is a type of transport that provides for the
provision of services by appropriate enterprises for the
provision of passenger transportation in the water area
of the city, suburban and interurban areas (lake, river,
sea), meeting the needs of the fleet and users within
the corresponding coastal service base;

— WB is a LPWT type that is operated according

to the established schedule and route, stops only at

equipped berths;

— WT is a LPWT type that is operated on a custom

basis and does not have an established schedule and

route of movement can make stops on non-equipped
berths.
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