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SUMMARY

Reason, objectives and tasks thfe research andlevelopment project

Flexibility, dynamisnand adaptability represent the basic characteristics of the modern urban space
which constantly changes in time and space and adjusts itself to the intensive needs and demands of
modern society. Public transporsystem with its performances, technology, quality, costs and
environmental effects represents one of the major factors of how a city and its transport system
operate

The main activity in planning and designing a public transport system includes anlaoptatel split and
journey distribution among thosenodesthat provide a balanced optimunsoncerninginhabitants'
mobility. Successful and liveable citiedy on an efficient mass passenger transport system which, in
synergy with flexible transport systemgparatransit systems), provide users with combined
transportation services, i.e. combined mobility services.

Within combined mobility different subsystems are coordinated in such a way that enables users to
travel easily by combining multipleavel modes where each subsystem performs a most suitable
physical and operational role providing each user of the system with a free choice concerning mobility
realisation. The application and development of the combined mobility concept provide the users with
the utmost convenienceywhile technical and economic efficiency of the transport system is raised to an
optimal level.

The taxi transport is part of a flexible passenger transport subsystem that provides users with a whole
day (24/7) public service using vaties of appropriate capacity at shadistances concerningusers'

demands and based on predefined and known terms. An operator provides a transport service based on

a predefined transport requestr{p start time, route selection and transport length)rfevhich the user

pays a predefined price of a transport service that is defined based on a model which is usually part of
GKS OAlGeQa AYyGaSNyrt FOdaed LG A& dzadzfte GKS O2Y
price and a model for fiting taxi services) and its implementati@oncerningspecific taxi service
characteristics in the transport market.

The taxi transport subsystem (hereafter taxi system), as part ofithan transport system in théity of
Belgrade, representsnaimpottant factor in the development of the combined mobility concept with
extremely significant benefits and influence on an efficient and quality life of its inhabitants. Using this
subsystem, in synergy with the other existing subsystems of public passeagspart (bus, trolleybus,
tram, and urbamsuburban rail transport) has multiple advantages opeivate passenger transport
subsystems (primarily passenger cars). The most important of these advantages are:

U It saves public space because it decreases #eaf private cars;

1t It affects modal split of motorizettavelsbecause it increases the number of the public passenger
transport system users;

m Ld AYLINR@Sa (GKS LI aaSyasSNJ GNIyaLRNI agadsSyvyQa
1T It has an effect on the transport service to be proviaedre flexibly and comprehensivel
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Tt

Tt

It decreases the travel time as one of the main elements of all aspects of quality as viewed by the
users of the system;

It reduces travel costs compared to private car use (it does not require users' direct investment
costs concerning the infrastructure and vehicle ownership as well as users' direcfarodtiving
(fuel consumption costs, parking cost, vehicle maintenance cost; etc.)

It provides a high level of accessibility in space and time (a possibility of iamduadly tailored
journey from door to door athe desired time- 24/7);

It increaseghe ecological suitability of the urban transport system, etc.

However, even though the taxi system in Belgrade plays an important role in meeting the inhabitants'
needs, it exhibitamanysystemic and functional issues. The most important of these issues are:

Tt

4 3 34 3 3

Insufficiently defined and accurate regulatory frameworks and responsibititiesdl management

levels (inconsistenciesn how the industry is viewed, i.e. whethéne taxi system represents a
business industry in the free market or public service. Frequent changes of regulatory acts with no
systemic risk analysis, etc.)

Inadequate structure of the system (offered capacities, primarily the number of operational
vehicles in the market of transport services, are not aligned with actual transport needs and
demands for this type of service);

A relatively low level of service qualitysatisfactory operating level in terms of accessibility in
space and time, but with lowuality of service level in terms of basic aspects of comfort;

The etremely heterogeneous structure of the vehicle fleet (the system includes mainly vehicles
with outdated technology in terms of safety, comfort, aesthetics, environmental protectior), etc.

Regulation at the local level does not entirely meet modern demands for managing this system;
Inadequately defined authorities concerning the system organization and management;

The lack of monitoring and control at the strategic and tactical level ofagement;

The lack of uniform technology of trip requests using modern applications;

Existenceof irregular taxi vehicles and drivers, etc.

Bearing in mind the foregoing issues, the Secretariat of Public Transport Gityhef Belgrade, as the
owner d the taxi servicesnarket hasdecidedto perform a comprehensive analysis of the existing taxi
system toensurelongterm and quality solutions concerning the improvement of the system and service
quality, efficacy and efficiency as well as organizadiod management that need to be delegated to the
experts of local authorities.

The main objectives of this research and development project are aimed at creating a scientific and
professional basis for changes in the structure, operation, organization arhgement of the taxi
systemfollowing a defined transprt policy at the level of thedty of Belgrade and actual transport
needs and demands of the system's users, and creating conditions for the system to become an efficient
subsystem of th&dty of Belgade's public transport.

The tasks of this research and development project are a result of the abem&oned objective. The
most important of these tasks are:
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1t Duediligence analysis ofhe existing taxisystem regarding all elements of the structure,
operation, organization and management;

11 Determining the current strengths and weaknesses, opportunities for and threats to the system
(SWOT analysis of the existing system)

11 Defining a reliable information basis from the existing taxi systemugh systemicresearchof
the characteristics of the system's users as well as the characteristics of the demands and trips in
the system, as the mainput for all activities in the process of reengineering and designing;

1t Designing a new structure and main elementglref taxi system operation in Belgrade based on
real data from the system and actual needs of @ity of Belgrade's inhabitants;

1 Reengineering of the existing network of taxi stands in the urban part of Belgrade;

1t Defining a proposal of the new organizati@md management model for the taxi system in
Belgrade;

1t Defining the technological process of monitoring and control of the system operation;

. Definingthe proposal of theamendments to regulatory acts for the implementation of a new
system.

While designinghe taxi system in Belgrade, typical experiences of the taxi system operation in selected
cities in the world were taken into consideration, by analyzing typical case studies.

The research and development project was made and presented in four mutulyg lbooks, each of
which represents a separate whole, i.e.:

Book 1¢ Methodology of making the research and development project
Book 2¢ Duediligence analysis dhe existing taxsystem in Belgrade
Book 3¢ The elements of the taxi system's infrastru@urtaxi stands

Book 4¢ Reengineering of the existing taxi system in Belgrade
Book 1- Methodology of making the research and development project

As the project's main goal is to plan and design a taxi system in Belgrade for the period from 2020 to
2024 by creating new conditions for lostgrm and quality solutions for improving the quality of the
system and service, a specific and original methodology was defined which applies the postulates of the
system engineering and takes a bottarp approach (sstem demandsorigin directly from the

a0l 1 S KreédR) SidNEed as modelling based on methods, techniques and tools from the field of
transport engineering.

The methodology of planning and designing a taxi system is made of three mutually related phdse

is based on implementing modern and available solutions in accordance with available resources of the
system and demands of the key actors in the system, i.e., on the solutions that are devétopiagte
conditionsfor gradual changes in the systewithout sudden and abrupt changes within the system.

The methodologyncludesthree phases:

! With the aim of creating a quality and efficient project, the methodological approach ircladede range of methods such as the methods
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Phase 1Project preparation phase
Phase 2Duediligence analysi®f the existingtaxi system in Belgrade
Phase 3Reengineering and designing the taxi systemBealgrade

A detailed methodological procedure of planning and designing the taxi system in Belgrade is shown in
Figure 1 below.

PROJECT PREPARATION PHASE |I DUE-DILIGENCE ANALYSIS OF |I i REENGINEERING AND DESIGNING %
THE EXISTING TAXI SYSTEM IN BELGRADE : THE TAXI SYSTEM o

EM
eholders' demands for the system
sion and target function of the system;
g the acope ed feoks ansport demands;
ry capacities for the system operation;
ing the competencies and
nal control

ing the technical and technologicak

Research on the system operation;
Research on the seasonal, monthly and weekly variability of transport demands;
Research on the location, operation and capacity of the most important taxi stands;

structure, regulatory framework, market, opera
i personnel, call centres), the technology of
: tilization, transport work, productivity and

PROJECT
SUMMARY

Calibrating and adapting specialized software

The start and integration of activities PTD - Public Analysis Tools and PTV. Analyzing possible structure models \
and organizations of the system ‘
Analyzing the existing operators' databases Analyzing typical case studies FINAL
REPORT
Processing and analyzing research data
START
[ [ pay200 EEE DAY 300 DAY 400
REPORT 1 REPORT 2 REPORT 3 REPORT 4

Figure 1 The nethodological procedure of planning and designing the taxi system in Belgrade

Book 2¢ Duediligenceof the existing taxi system in Belgrade

According to the projecterms of reference (ToRjefined bythe Client the subject of analysis and
researchin this part of the project is the taxi systamthe urban area of th&lity of Belgrade (the area of
the Generaplan), which is also the area covered by this prdject

The main objective of this part of the project is to conduct amlépth technical and technological
analysis of thexistingtaxi system in Belgrade by also applying SWOT analysis.

Within this pat of the project a whole range of activities ag carried outto conducta thorough and
systemic analysis of thexistingtaxi system fromseveraldifferent aspects which are grouped into
severalsectionsthat represent inherently complex activities thate part of the planning and designing
of the taxi system in Belgrade.

*The market of the taxi system transport services includes the territory of 10 municipalities 6ityhef Belgrade, covering the area of 1,030
km? (31.85% of the city's administrative area) and h@pulation of 1,299,995 inhabitants (78.34% of the entire population ofGite of
Belgrade).
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In the first phaseseveralindependenttypes of researclwere conducted in the actual taxi system in
Belgradeaimed tocollect comprehensive information about the structure and funciig of the existing
taxi system.

Planning, preparing and organizing research is a very important part of a systemic approach to planning
which requires activities that include forming competent teams, assigning tasks, planning resources,
defining the stucture of input and output results, the choice of methods and research technology,
defining and stratifying samples, designing research forms, making operational plans of research,
training the researchers, as well as other activities necessary for gpatiparation of research in the
actual taxi system in Belgrade.

The key aspect of the research refers to the quantification and analysis of transport needs and demands,
and analysis of user characteristics and trips in the taxi system in Belgrade, wddaah conducting the
followingtypes of research

11 Research and analysis of user characteristics in the taxi system. This type of research was
conducted through a usefsurveyon arepresentative sampleSurvey érm AK1). Atotal sample
of 2,068 users wasollected.

1 Research and analysis of thgpectedand perceivedquality of service in the taxi system.tétal
sample of 2,068 users was collected.

Tt Research and analysis of the operators' characteristics in the taxi system. This type of research was
done usng the interview method; by surveyinghe driverson a representative sample of 415 taxi
drivers in the systemSurvey érm AK2).

1T Research orattitudes and opinions of experts (representatives of local authorities and existing
operators) on certain asgell & O2y OSNYyAy3I (KS a2aidisSyQa AYLNE
research was done through a survey of expersa representative sample of 15 experSufvey
form AK3).

11 Researcland analgis oflocations, operation and capacity of the most importéauti ands in the
urban area of thedty of Belgrade. This type of research was done using the method of recording
geographical locations of the existing stangsearch ortheir operation duringspecific periods of
the day Gurvey 6rms SO3 and S&t). A total of 154 stands were recorded.

Figure 2 showsumbers data and facts related to the research process in the existing taxi system in
Belgrade.

While conducting the abovmentioned research 37 researchers and 10 members of the operational
team were tred. Theyinvested a total of2,500 working hours. Apart from the above number of
researchers, the planning process of the research included seven experts from the field of passenger
transport, as well as five members of the teamthe researctpreparaton phaseA total ofabout 4,000
working hourswvas invested in these activities

FTTE
December2020
Pages of 30

Project Number Terder No8/19 | FTTE Nd06
Planning ad design of the taxi system Belgrade for the period from 2020 to 2024



- UNIVERSITY OF BELGRADE
‘>_ gggR%?EElﬁRFAODREPUBUC TRANSPORT @ FACULTY OF TRANSPORT/
A~ 4 TRAFFIC ENGINEERING

surveyed taxi
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6 MONTHS
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' qﬂests from
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the field of
public

passenger

transport

Figure 2 Research in the actual tasystem¢ numbers, data and facts

Apart from the abovementioned research in the actual taxi system in Belgrade, research that included
the analysis of the available databases of the existing operators in the taxi transport market in Belgrade
was also conducted (it included a representative sample of the operators that account for over 60% of
active taxi vehicles in the system):

T Researchand analysis of the characteristics of transport demands. This type of research was
carried out using the methods of transport engineering andiépth analysis of thdéransport
demand characteristicsand the taxi system operatiobased onthe databases fothe existing
operators.

1t Research and analysis of the taxi system operation (during 24 hours)

Tt Researctof seasonal, monthly and weekbhariationsof transport demands. This type oésearch
was carried out by using the methods of statistical analg&ismes of registeredrip requests
from the databases of existing operators.

The results of the abovmentioned researchrepresent the highest priority in the process of the
systemic and targebriented procedure of planning and designing the taxi systerBelgrade. These
results are directly incorporated in the process of the system design.

Legal and regulatory framework of the taxi system operation

This chapter gives an overview of all laws and bylaws that definedhéitions formarketaccess and a
way in which the taxi system in Belgrade operates.
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The environment in which the taxi system in Belgrade operates

The chapter entitled Thenvironment in which the taxi system in Belgrade operates provides an analysis
of the traffic and transportsystemof the Gty of Belgrade and an analysis of the transport services
market.

The taxi system organization and management in Belgrade

Having in mind the great complexity of the structure of the existing system of public passenger transport
in Belgrade, in thiphase of the project, an analysis of organization and management at the macro level
of the public passenger transport system as a whole, gm@dmicro level of the organizational and
management structure of the Secretariat for public transpidepartmentsthat are directly in charge of

the taxi system were carried out.

An analysis of existing operators according to the type of organizaéntrefpreneurs,companies,
associations) and an analysis of the access to the taxi system market in Belgrade weik @atri
bearing in mind that at the operational level, that is, the level at which the production technology of
transport service is defined and targeted function ensured, all work is mainly done by taxi operators
undertheir own internal organizational @management model.

The taxi system operation in Belgrade

The taxi system in Belgrade is analyzed from the aspect of time and a manner in which it operates. The
taxi system in Belgrade operates nstop, i.e. 24 hours seven days a week (24/7). Taxi driiave
flexible shifts (thestart and endime of the shift is not defined).

It has been shown that taxi vehicles with or without passengers follow certain rules, which are defined
by the technology of the public passenger transport, on the one hand,centhe other hand, the
technology of the taxi systenthe technology of service bookinthe technologyof driving andfare
collectionaccording to the transport work done, etc.).

Resources in the taxi system in Belgrade

Resources in the taxi system irelBrade are analyzed from two perspectives: the characteristi¢heof
vehicle fleetand human resources in the system (drivers).

Concerninghe vehicle fleet characteristics, the age and model of vehicles were analyzed, the type of
propulsion energy, maitenance technology, unavailability of vehicles due to repairs and regular
servicing of vehicles, and the share of repair costs and maintenance in the total of costs of vehicle
operation.

The following features of the taxi drivers in the system were andlyage, the type of activity, number
of years spent working in the taxi system, average daily working hours, work done per shift during the
day and the number of days of absence.

A degree of digitalization of the system of booking and requesting trips

There areseveralways for taxi drivers to accept requests in the taxi system in Belgrade: being hailed by
a user in the street, accepting a request at a taxi stand or accepting a request and booked trips made
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through call centres and/or applications. This ptes analyzes the level of technical and technological
development of the existing systems for requesting and booking trips.

Operational management of the majority of taxi associations/companies in Belgrade is based on the
principle of the joint use of a adern application which enables quality and fast communication
between the dispatch centre and the driver in the process of assigning a trip.

The integrated system for booking and requesting a trip at the level of association/company, apart from
the basicfunction of receiving transport demands, enables vehicle monitoring and managetment
increasethe system's efficiency and effectiveness, reliability and stability, informing the passengers
better, efficiently measuring the system's performances, the ofmg benchmarking, etc. However,

the potentials of the second function in the existing systems are largely poorly used or not used at all.

Followingthe existing hierarchical model of the system for booking trips, monitoring and control, an
overview of the software part of the system is given through applications for the operators' dispatch
centres, applications for taxi drivers, applications for users, and monitoring and management of
providing taxi services at locations of special interest.

The analysi®f taxi stands in the taxi system in Belgrade

This chapter gives the main characteristics of the operation of taxi stands in space as well as specifics
spotted whileresearchingthe actual taxi system. Book 3 of this research and development project
(Elements of the taxi system's infrastructukgtaxi stands) reveals idepth characteristics of the stands

in addition to the results of the research on the characteristics of operation and gives an overview of the
traffic and technologicalesignof taxi stand.

Performanceand efficiency of the taxi system

The analysis of theystem performance resultand exploitation of taxi vehicles in the taxi system in
Belgrade was based on the data from the official databases of the existing operators (including over 60%
of active taxi vehicles in the system). The databases contained the total number of 15,443,914 demands
accepted in the period from January 1st, 2019 to December 31st, 2019. The detailed analysis used
9,279,372 demands with complete characteristics anddligh data, which represents an exceptionally
representative and stratified sample of the taxi system operation in Belgrade.

These were the outputs of the data procession and analysis: decomposition of the total time spent for
fulfilling transport demandsdistribution of the number of trips according to the trip duration,
distribution of the number of trips according to the time spent for realizing trips (from making the
request to trip end), distribution of the daily trip number per vehicle, distributiof trip length,
distribution of the methods ofequesting a ridedistribution of demands per hours in a day, distribution

2F GKS adzyNBI £t AT SRa& RSYI y R &aatidd bfahédskitutitai df Rayfspat ¥ ¢ 2 |
demands per days in a weakd months in a year.

Tariff system and service price in the taxi system in Belgrade

This chapter includes the analysis of the applied tariff system in the taxi system in Belgrade. The current
pricelist envisages several tariffs which differ depending twa time of service provision (day, night,
holiday, etc.) but also depending on the distances of passeinige(outside the marked points of the
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urban area).Besides the chapter analyzes the price of the taxi service for the location of particular
interes ¢! ANLI2 NI aGbAl2fl ¢Satlaod

Estimated costs of the taxi system operation in Belgrade

This chapter describes the basic cost structure of the taxi system in Belgrade. Apart from the detailed
description of costs, the chapter providés estimated values tathis point. The description of cost
structure and their estimation was conducted at the level of one taxi entrepreneur, i.e. one vehicle and
one driver, for one year.

SWOT analysis of the current state of the taxi system in Belgrade

SWOT analysis is basen determining Strengths and Weaknesses, Opportunities and Threats in the
existing taxi system in Belgrade taking into account the sensitivity and risks that the application of this
system might have regarding the environment. The primary aim of SWQysi&na to obtain a clear and
2028S0GA0S AYI3AS 2F G(KS GFEA &aeadasSvyoa adlrasS IyR
reengineering of the existing and designing the future state of the taxi system in Belgrade.

Analysis of characteri&c experiences related to the taxi system operation in the selected cities

This analysis represents an analytic method for studying specific real situations in similar systems of taxi
passenger transport. T activity ains to analyze the challenges, eterand solutions to threats and
problems the cities, competent institutions and operators were facing in the phase of planning and
designing the taxi system in their local environments.

BOOK & The elements of the taxi system's infrastructuretaxi stands

The third book of this research and development project presents detailed characteristics of 31 taxi
stands, out of the total of 154 stands in the Belgrade taxi system included in the research of the actual
system. The following characteristics areegi: volume, circulation, average time spent by a taxi vehicle

at the stand in the period from 6 a.m. to 10 p.m. Accumulation of taxi vehicles at equal time sections
was provided for other stands which were spatially identified.

Traffic and technical drawgjs of taxi stands were given for the stands under the authority of the
Secretariat for Public Transport which were spatially identifiaged orthe existing traffic signalization.

The results provided in this part of the research project represent ahlelinformation basis regarding
the key elements of the system's infrastructure and the foundation for the creation of future planning
documents. The data on taxi stands warsarted into the VISUM software

BOOK 4 Reengineering of the existing taxi system in Belgrade

This part of the project represents a set of activities directed at the reengineering the existing state and
designing the future state of the taxi $gm in Belgrade. It also includes the activities related to
providing conditions fothe continuous process of future development and positioning of the complete
taxi system in terms of its sustainability, having in mind the real needs of users and ljiiessitii the
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Aty of Belgrade, i.ecreatinga sustainable taxi system tailored for Belgrade and its users. There are
several complex processes included in this part of the projectlaskbare divided into four chapters:

- Structure and basic elementd the taxi system operation in Belgrade

- Organization and management model of the taxi system in Belgrade

- System for monitoring and control of the taxi system operation in Belgrade

- Proposed amendments to the regulatory acts for the implementatiothenew system.

Structure and basic elements of the taxi system operation in Belgrade

The basic aims for designing the new structure and main elements of the future operation of the taxi
system were defined in accordance with the established objectifekeoreengineering of the existing
aGrasS 2F GKS GFEA adeadSys SELISNI FyR aOASIghgATAO
experience gained in numerous similar projects, experience in organizing and managing large and
complex transportsystems, as well as the available information on the taxi system in Belgrade, the
project ToRdefined bythe Clientand demands of the kestakeholdersn the system.

Creation of a sustainable taxi system tailored for ity of Belgrade represents onef the basic
AYLISNI 6A@Sa 2F (KS aeadsSyQa RS@GSt2LIVSylid ¢KS AyA
meticulous definition of the vision, missiaiargetsand target function of the taxi system.

The future vision of the taxi system idated to the vision of the complete passenger transport system

in Belgrade and should contain strategic choices and values defining the purpose and existence of the
taxi system. The taxi system mission should determine the reasons or purpose of the systetence.

In other words, the mission should express the present and future activity and business operation of the
taxi system.

The target function of the taxi system in Belgrade should quantify and specify the postulates and
attitudes defined by the& 2 1 SYQa @A &A2Y YR YAdaaA2yd® 5STFAYAY
procedure of designing frequently conflicting demands of stekeholdergroups within the system and

out of it which should be realized in the futute preserveli K S & & &disfefc¥ @ndl pegrianent
development. On the one hand, the target function of the taxi system is defined by the size and
characteristics of the transport service market and demands ofskalyeholdersn the system, and on

the other hand, by the characteri§ida 2 F (G(KS O2YLX SGS adae2adsSyQa aid Nz
(the input data obtained in the conducted complex and comprehensive research in the actual system).

The basic preequisite for reaching the target function of the taxi system in the oityBelgrade is a
systematic change of elements relating to the structure, organization and management of the complete
system. In the future, the target function could be fulfilled by conducting systematic activities primarily
directed at the precisely defed method of market access, markatocationand consequentlyptimal

use of the capacitiedlo calculatetransport capacities, it is necessary to define representative transport
demands in the taxi system. These demands represent the basic input valcadulating the required
capacities, particularly the number of vehicles which can be reached from therojéct year (2020)
throughout the following fiveyear planned period (2024) without abrupt changes and unpredictable
circumstances in the system

FTTE
December2020
Pagesl2of 30

Project Number Terder No8/19 | FTTE Nd06
Planning ad design of the taxi system Belgrade for the period from 2020 to 2024



- UNIVERSITY OF BELGRADE
‘>_ gggR%?EElﬁRFAODREPUBUC TRANSPORT @ FACULTY OF TRANSPORT/
A~ 4 TRAFFIC ENGINEERING

Apart from the representative transport demands, the stiiapter Defining transport demands for the
taxi system also defines the methodology for determining the optimal number of operating vehicles
based on the queuing theory. The methodological procediar calculating the required number of
vehicles in the taxi system is represented in the picture below.

The representative transport demands are base values used for defining the input elements for
determining the required number of operating vehicles the transport system. In addition to the
representative value of the intensity of the transport demand arrival rate for the taxi service per specific
periods in a day, the representative values of service time were adopted, as well as the values of the
intensity of the serviced user rate.

The following parameters were selected to be the basic parameters of the system quality related to the
optimization of vehicle number in the taxi system in Belgrade:

11 Probability of service (probability of access to thgi system) expressed as the possibility for a
user to have at least one vacant taxi vehicle at any time of the day (24/7 concept);

T Maximum user waiting time for a vacant vehicle, i.e. the user patience interval;

1t Degree of vehicle usage in the system wWhioust enable the taxi system sustainability, i.e.
sustainable business operation while producing the demanded level and quality of transport
service.

- P > : N
it : DEFINING THE VOLUME i ANALYZING THE VARIATIONS OF DEMANDS IN TIME
S S RS R OF TRANSPORT DEMANDS - : (ANALYZING THE DATA TIME SERIES FROM OPERATORS' :
; 4 i DATABASES FROM CALL CENTERS/APPLICATIONS) |
RESULTS OF THERESEARCHONTAXI | PURINGTHE DRE 32 N ssstenrsncnorstecsssnssonhaseaaniia s ss sossanyraransd

DRIVERS' OPERATION

Y

EXPANDING THE TRANSPORT DEMAND
VALUES FOR THE COMPLETE SYSTEM

4

DETERMINING THE AVERAGE SERVICE
DURATION TIME - t

DETERMINING THE INTENSITY OF
THE SERVICED USER ARRIVAL RATE - 1

l

CALCULATING THE VIRTUAL VEHICLE NUMBER - N
AND PROBABILITY OF SERVICE - P,

Ve

: CALCULATING THE BASIC EFFICIENCY
- CHARACTERISTICS AND OPERATIONAL :
: PARAMETERS OF THE QUEUING THEORY SYSTEM :

DETERMINING THE AVERAGE RIDE TIME
WITH PASSENGERS - H,

DETERMINING THE AVERAGE OPERATING
TIME FOR ONE VEHICLE - H,

A

CALCULATING THE REQUIRED NUMBER
OF OPERATING VEHICLES IN THE
ACTUAL TAXI SYSTEM - N

Figure 3.Methodology for calculating the required number of vehicles in the taxi sy?stem

% Methodology represents the original scientific work and regulated by the Law on Copyright and Related Rights and shabig fmethe
needs of the city bBelgrade
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Based orprevious findings on the taxi system operation andla@pth analysis of the characteristics of
the taxi system in Belgrade, we applied thass service system with queuing, infinite number of places
in a queue, limited user time spent in a queue and unlindteser time spent in service channels.

Basedoi KS | OlGdzt f RIGF 2y GKS SEAalGAy3d aeaidasSyQa 2L
determining the required operating vehicle number include the calculation of basic input parameters for

the seleted queuing system, i.e. the mean service duration timégminutes] and the intensity of user
(demand) arrival rate | [demands/minute]. All values are expanded for the complete system. The next

step determinestf 20 KSNJ OKI N} OGSNrRaatAdOa 2F GKS aeadsSyQa
the taxi system in Belgrade necessary for calculating the required nuofibehicle:

Tt Absolute (A) and relative (@apacityof the system, i.e. thaveragenumber of &mands serviced
in a unit of time and the mean number of the serviced passengers out of the total number of
passengers who demanded the service;

TheyGSyaArde 2F GKS FINNAGIE NIGS 2F aSNBAOSR Odz
User patience interval dt

The ntensity of thek NNA @1 f NI 0SS 2F HAYLI GASyYyda Odzad2YSNEH
Probability of the access to the systerprobability of service (By);

Cancellation probabilitg the user was not serviced 4B;

The averag@eumber of occupied taxi vehiclesusage probability (f);

Probabiity for an arbitrary vehicle to be occupied,{P

Probability for the complete system to be occupiegh)XP

4 3 32 3 3 3 3 3 3

Reducedintensity of demands or theveragenumber of demands entering the system for the
YSIY RdzNI GA2Yy GAYS 2F aSNBAOS o 0T

T The averagevalue oftime which starts with the passenger entering the taxi vehicle and ending
with the user leaving the vehicle, or leaving the vehicle vacat (t

T The averag@umber of queuing customers,jk
T The averagéime a customer spends in a queue);(t
T The averagtime between serviced customers,J).

Based orthe stated input parameters, we calculated the®d £ f SR ydzYoSNJ 2 F da @A NI
given arrival rate intensity andveragetime of service duration in the actual system,)Mhich equals

the averagenumber of demands entering the system for theeragetime of service duration. The
probability of service £s and the probability of taxi vehicle usageRare calculated for the obtained
GOANIdzZE £ & ydzYo SN 2T @S KA Otsvehicle asdgizis aR SrilsSIagenthars R LI
actually possible values because of the characteristics of the taxi system operation technology.

Having in mind the above mentioned, the last step determines the specific values of the operational
parametes ¢ the averageoperating time for one vehicle (Hand theaveragetime of driving with
passengers (i as the characteristics of the observed system in Belgrade. Thus, the efficiency of the

 OhGdzr & &aeaidsSyQa 2LISNI GA2Y A& saindzcoyiditiang Irefakdd@ thé RS
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intensity of the demand arrival rate and mean service time. The difference between the efficiency of the
actual and virtual systems is expressed through a larger number of required operating vehicles.

Finally, the last stepf the methodological procedure for calculating the required vehicle number in the
taxi system determines the required number of operating vehicles for the duration of one shift (N), as a
function of: the virtual vehicle numbeg N,, the probability of ®rviceq Py, the averageoperating time

for one vehicle H, the averagdime of driving with passengers in the actual systeil, the coefficient

of utilization of the vehicle fleeta.

The complete procedure is repeated for each of the characteristic periods in a day. It should be
underlined that when calculating the required numbef vehicles, the transport demands in the
20aSNWSR LISNA2Ra 2F G(GKS aearking dapshoul fifl sk doirdRiohis af K A O |
stationarity. In other words, each of the observed periods of stationarity (k) has the unique
ONBLINBaASY (Gl GAGSO @t dzS 27F (K @hichif sefavateljdefned2 T G KS F

The output of themethodological procedure of the required number of operating vehicles in the taxi
system is the total number of vehicles in the taxi system (N) which equals the sum of the required
number of operating vehicles for each of the characteristic stationaripgslin a day.

Alsq the model sensitivity was analyzed. In other words, the project presented several scenarios
depending on the desired probability of service, and consequently the required number of operating
vehicles in the taxi system in Belgradee(following table and figure).

Table 1.Change of the required vehicle number in the taxi system depending on the probability of service

N Probability of service Pyps Vehicle numbercN
0. .
() (vehicles)

1 P=0.85 6,617

2 P=0.87 6,773

3 P=0.90 7,006

4 P=0.93 7,240

5 P=0.95 7,396

6 P=0.98 7,640

8,000

7,800
7,600 //
7,400
/ 7,396
7,200
/ 7,240

7,000
/ 7,006
6,800

/6,(773
6,600

6,617

7,640

The required number of operating vehicle

6,400

P=0.85 P=0.87 P=0.90 P=0.93 P=0.95 P=0.98

Theprobability of service

Figure 4.Change of the required number of operating vehicle depending on the probability of service
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Based onthe elasticity analysis of the change of the required number of operating vehicles, and
dependingon the change of the level of the probability of service, the selection of the optimal
probability of service anthe | LILINR LINA F §S G20GFf ydzYoSNJ 2F 2 LISNI (A
wasrecommendedPops=0.90 and N=7,006 vehicles. It should betimeed that the suggested number

of operating vehicles involves the number of vehicles operating 8 hours in a day, i.e. the vehicles
operated by one driver (according to the princiglene vehicle, one driver).

The chapter namedalculationof the basiccosts andrevenuesinvolves the definition of the minimum

a0l yRINRa F2NJ GKS o6laArAo0 StSySyida 2F (KS aeadsSvyQ:
the basic costs in the system (costs of the vehicle and driver operation, other costgosts and

a @ a (réveérmaietc.).

To conduct a higlguality standardization of basic costs and income, this part of the project first presents
the estimated operational costs divided into fixed and variable costs. Then, the chapter presents the
adopted indicators which reflect the intensity of vehicle exploitatiddased onthe unit costs and
indicators of exploitation, the calculation of the total costs and income in the taxi system in Belgrade was
done.

Fixed costs are not dependent on vehicle explidin and havea constant value in the observed period.

The fixed costs include the vehicle depreciation lifespan, MOT test tax, communal and administrative
taxes, road tax, mandatory insurance, Casco insurance, meal allowances, revenue and contributions
(selfemployment flatrate tax, health care, retirement and disability insurance, etc.), charge for using
radio broadcasting services, applications, association membership, etc.

Variable costs depend on the intensity of vehicle exploitation. The analgtisl@s the costs which are
parts of total costs, such as the costs of driving energy, maintenance, tyres and other variable costs
(washing of vehicles and alike).

The calculation of unit and total costs included the consideration of the average dailyenaintrips of

one vehicle in the taxi system in Belgraée &, 10, 11, 12, 14, 16, 18 and 2€ifferent purchase values

of vehicles(EUR 4,000, EUR 8,000, EUR 12,000, EUR 16,000 and EUR 20,000) and the structure of
utilization of different types opropulsionenergyunderthe existing state of the taxi vehicle fleet in the

city of Belgrade (data obtained by analyzing the databases dtlieatof the project).

¢KS ARSYUGATFTAOFGAZ2Y YR ljdzk YOAFAOF GA2Y nredpeiodS Ay
were conducted for cost calculation. The methodological procedure envisages the selection of the
F2ft26Ay3 AYRAOFIG2NR a4 (GKS AYRAOFIG2NR 2F (KS &acé

Total number of days inventory days;

Total number of holiday or sick leave days

Total number of days when the vehicles have technical failures;
Available number of days;

The aerage number of Saturdays;

The aerage number of Sundays;

Number of norbusiness Saturdays and Sundays;

4 343 33 3 3

*The mentioned costs are estimated to account for 90% of the total operational costs.
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Non-business days in the period Mondayiday;

Totalnumber of business days;

Duration of a shift expressed in hours;

The averageluration of trips with passengers;

The averagevaiting time during trips with passengers (minutes).

4 343 3 A3

On the other hand, the selected indicators of the exploitation intensity usedalculating costs and
income (values of the trip number and parameters of the travelled distance) are: number of trips per day
- Nvg, the annual number of trips Ny, the total number of realized kilometres with passengeisp,

the total number d realized kilometres during a dayK,q, total annual number of realized kilometres
with passengersKp,,qandthe annualmileage (thenumber of realized kilometreskmyqg).

The following table provides the results of calculating the estimated costsraome for an average
vehicle for different usage intensities amdhiclepurchase pricefor the existing tariff system.

Table 2 Estimated costs and income in the taxi system in Belgrade for the existing service cost (RSD)

Number el Total annual Total annual Total annual Total annual Total annual
. annual Total annual
of trips . costs (RS costs (RSDy costs (RSDY costs (RSD) costs (RSD)
travelled income per . . . . .

per day distance vehicle (RSD) Vehicle Vehicle Vehicle Vehicle Vehicle
Nvy KMy EUR 4,000 EUR 8,000 EUR 12,000 ELR 16,000 EUR 20,000
6 21,400| 1,149,002.10| 1,762,831.33| 1,865,254.85| 1,948,798.36| 2,013,461.88| 2,059,245.40
8 28,533 | 1,532,002.80| 1,877,241.77| 1,996,499.79| 2,096,877.82| 2,178,375.84| 2,240,993.87
10 35,666 | 1,915,003.9 1,991,652.21| 2,127,744.74| 2,244,957.27| 2,343,289.80| 2,422,742.33
11 39,233 | 2,106,503.85| 2,048,857.43| 2,193,367.22| 2,318,997.00| 2,425,746.78| 2,513,616.57
12 42,800| 2,298,004.20f 2,106,062.65 2,258,989.69| 2,393,036.73] 2,508,203.76| 2,604,490.80
14 49,933 | 2,681,004.90| 2,195,221.34| 2,339,731.12| 2,465,360.90| 2,572,110.69| 2,659,980.47
16 57,066 | 3,064,005.60| 2,292,797.27| 2,437,307.06| 2,562,936.84| 2,669,686.62 2,757,556.41
18 64,199 | 3,447,006.30 2,390,373.21| 2,534,882.99| 2,660,512.78 2,767,262.56| 2,855,132.34
20 71,333| 3,830,007.00| 2,487,949.14| 2,651,338.93| 2,814,728.71 2,978,118.50| 3,141,508.28

The presented data indicate that according to the currexi fares the vehicle with the purchase value

of EUR 4,000, with the usage intensity of 11 trips a dénch represents one trip above the average,
and the annual travelled kilometres of 39,233 km (which corresponds to the average value in the
system), makes the profit of 57,646.42 RSD/year.

If the eighthour workdaywas adopted and applied, operating veliés would realize the average
number of 12 trips in a day, which is sufficient for making the profit for the first two vehicle categories
according to the presented calculation of total costs and income. The ates@ibed analysis leads to
the conclusio that a significant number of taxi vehicles in the system are not active for eight hours but
that their working hours are mostly shorter.
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All vehicles included in the calculation (with the purchase value @R 4,000 to EUR 20,000) would
make a specifi profit if they managed to realize 14 or more trips in a day at an annual level (currently
this is done by 23.14% of vehicles).

After the definition of indicators, the calculation of the minimum and maximum pricthefransport

service was conductedh& calculation of the transport service price was carried out using the model
GKAOK O2NNBflIGSa GKS NIGAZ2 2F (GKS aeaiaSyQa 02ai.
the system.

The analysis showed that there are three charactesstaues ofthe average number of tripper day
for calculating the estimated annual income and costs:

- 10 trips/day ¢ the average number of trips in the system which does not ensure the cost
efficiency at the current point of time anevhich ismainly caused bya considerable number of
drivers whose average working hours are shorter than 8 hparslay (approximately 30%);

- 12 trips/day¢ the average number of trips in the system which ensures the cost efficiency for
the first two categories of vehicles (accorgito the purchase price) at the current point of time.
This number of trips was obtained by an additional analysis of the average number of trips
realized by operating vehicles in one hour (1.5) and the adopted-bigint workday.

- 14 trips/day ¢ the averag number of trips in the system which ensures the complete cost
efficiency for all vehicle categories (according to the purchase price) at the current point of time.

The following table shows the values of the uisites per kilometrefor different tariff categories(the
starting price was kept as fixed and was not included in the calculation).

Table 3.Maximum and minimunfiaresaccording to the average number of trips per vehicle

Average daily number Minimum price Maximum price
of trips per vehicle Tariff 1 Tariff 2 Tariff 1 T arif 2
10 70 90 95 115
12 56 76 80 100
14 46 66 65 85

In the chapter Reengineering of the existing network of taxi statits possibility of expanding the
capacity at the existing standsassesed on adetailed analysisnd conductedesearch. Moreover, this
chapter provides thanalysis ofthe need for introducing new taxi stands and calcigiatof the required
capacities of new taxi stands in the urban area of Belgrade.

The analysis of operational characteristicsh existing 154 taxi stands determined that it was possible

to expand the existing capacities at 5 taxi stands. The potential number of additional places was
provided.Besidespreliminary designs for the stated locatiom® done The total costs of expaing the
capacities at the existing stands amounted to RSD 88,850.00

A detailedlist of characteristics of the suggested locations was provided along with the description of
the existing location state for 16 potential taxi stand locations. For all stggdocations, the data
needed for suitability assessment were recorded, the number of places for taxi vehiclealaasted

and the possibility of using the suggested location for a taxi stand was evaluated.

FTTE
December2020
Pagesl8of 30

Project Number Terder No8/19 | FTTE Nd06
Planning ad design of the taxi system Belgrade for the period from 2020 to 2024



- UNIVERSITY OF BELGRADE
‘>_ gggR%?EElﬁRFAODREPUBUC TRANSPORT @ FACULTY OF TRANSPORT/
A~ 4 TRAFFIC ENGINEERING

Fifteen suggested locations which were daténed to fulfil the conditions for designing new taxi stands
For these locationsye provide a preliminary calculation of constructicand investment costs for the
implementation, containing the description of works and necessary equipment. The estipatedof
constructing and marking the 15 stand locations (vatiotal of 69 places) amounts to RSD 1,342,458.00
excluding VATFinally,the distribution of investment costs for constructing new stands and their future
maintenance was proposed. This paftthe project includes the preliminary designs for new taxi stands.

Organization and management model of the taxi system in Belgrade

Organization and managementodel of the taxi system in Belgrade depends on the target function of
the system (which déctly affects the selection of the system organization model) on the one hand, and
on the other hand on specific conditions in the system itself and the environment, such as transport
policy of the city, level of technical and technological developmeristiag structure and organization

of the system, desired level of changes, demands of key actors, etc.

The process of designing the organization and management structure was based on the systemic
analysis and reengineering of the existing structure arghnization of the taxi system, general systems
theory and postulates of transport engineering. The design process is characterized by stochasticity,
dynamism, structural changes, adaptivity and multidisciplinarity.

The first phase included the structura@lecomposition and analysis of the existing taxi systéms,
definition of specific groups of tasks and activities to be realized in the system, definition of appropriate
organizational segments at all management level$-(8 with the aim of the optimalealization of the
adaidsSyQa GFNBSGO TFdzyOuAz2ys Ilyrfeara 2F GKS | LILX
implemented based on the conducted empirical research on the configuration and structseyerfal
systemsthe case studies of positiyractice examples), etc.

Secial attention was paid to the fact that the future model of organization and management structure
has to include elements representing objectives and the target function of the taxi system in Belgrade,
consistent and completadion plan forrealiation of i K S & &objactves @dponsibilitiesfor each
activity, distribution of authorities, rights, obligations and risks, method of connecting and coordinating
the activities andactors minimum changes in the existing systent. e

The main output of this stepis adequate organization and management structure of the taxi system,
defined competencies and relationship between the key actors in the system (the owner of the transport
service market, operators and othactorsin the system), defined competencies per management level
(ST-0), and definition and allocation of risk®bligations and responsibilities. All this was performed
following the stated principles and bearing in mind the possibility of the real implementation in
St IANIFRSQa ad2aiGSY 6AGK2dzi | 0NHzZLI: FyR dzy LINBRAOUG I 6

Bearing in mind the great complexity of the existing taxi system structure in Belgradeo&defined by

the Client for the needs of this research and development project we conductestailed designof the
organization and management structure of the part of the Secretariat for Public Transport which has the
direct authority over the taxi system, i.e. the organization and management structure and competencies
of the Sector for Taxi Traport, focusing on the new organizationalit ¢ the Monitoring and Control
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Department.The following figure shows the proposal of the future organizational model of the Sector
for Taxi Transport witthe allocationof activities and competencies.

DEPARTMENT FOR ADMINISTRATI
AND LEGAL MATTERS

SECTOR FOR TAXI TRANSITORT e - >
s AN
/ \
r > 2 N
DEPARTMENT FQRRATIONALECHNICAL
AND GENERAL MATTERS ﬂ MONITORING AND CONTROL DEPAR'FQ/IENT
1
— - | |
Administrative and legal, Ry Rosr
research and analys%s Research and analysis activities!in Actletjles relaltecfi tr? LeRenianyo
normative and supervisory the field of investigating the taxi 2 contrg gr;tignta)q SUEIE)
activities in the field of taxi Ve'"c:e Sl_in_tabti_"ty and \ P /
classification /
transport \ ”
\ Activities related to peratiorial
Research and analysis, N analytics
administrative and legal Professional operating, A 5 - -
activities in the field of taxi administrative and statistical SN~ _ -~
activities

transport

Administrative and filing
activites

Professional operating activities in
the field of investigating the

vehicle suitability and
classification

Figure 5. Proposafor the new organizational model of the Sector for Taxi Transport

The proposed organizationalequires the reengineering of activities and competencies pef
management level. The following figure provides a schematic presentation oftrihetise and key
activities per management lewaih the taxi system in Belgrade.

The consistent application of the proposed organizational and management process would eliminate the
main shortcomings of the existing model and provide conditions for linfithe basic postulates in
organizationally complex technological systems stating that the basipradesses were owned by
experts. This would ensure a higher level of specialization, a high degree of adaptation to technological
changes, greater flexiity and adaptability to technical and technological changes, etc.
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Since the city of Belgrade is the owner of the complete transport service market, irghadinservices,

GKS NBIdANBYSyi(ia F2NJ LISNF2NYAy3 GFEEA FOGAGAGASE
competent for the public passenger transport operation (the Secretariat for Public Transport) for all
interested operators whose maiactivity is the taxi passenger transport and who are registered for
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performing this activity under the Law governing the registration of economic subjects and industry of
taxi passenger transport.

Therefore, the chapter named Basic elements for accgsia taxi service market in Belgrade defines
the main principles defining access to the transport service market, based on:

11 Clear and simple procedure;
Equityfor all interested parties;
Providing conditions for the selection of the best operators fortdne transport operation;

I

I

1t Creating conditions for the development of a balanced system;

1T Improving the coseffectiveness and economic efficiency of the system, i.e. creating conditions for

0KS adeaitsSyQa adzailAylroAtAdeT

1 Introducing the competition for theesvice market access while eliminating unloyal competition in
the systemto provideequal conditions for all operators;

T Minimizing negative impacts on the environment by encouraging the use of environmentally
friendly vehicles.

This section of the projeéalefinesthe requirements to be fulfilled by an entrepreneur or a company (in
terms of drivers, vehicles, seats afmlisiness reputation and the method of proving the stated
requirements. It also offers the Methodology for updating the active status efgifanted permissions

for the taxi transport operatiorfollowing the changesn transport demands. This activity is significant
because of its direct impact on the sustainability and efficiency of the taxi system. The continuous
monitoring and stability irterms of using key resources (vehicle number, drivers, etc.) would finally
result in the improvement of the total quality level of the taxi system in Belgrade.

The methodology envisages periodical checking whether the requirements are fulfilled in ¢érms
meeting the prescribed conditions for performing the activity and minimum required operation, based
on which the permission for performing taxi transport remains active or is denied.

The realization of minimum requirements is expresasihgthe following defined coefficients:

Coefficient of realization of the minimum working hours at an annual Igvel is defined for each
vehicledriver as the ratio of the realized working hours and the minimum number of working hours at
an annual level, or:

Coefficient of realization of the minimum number of realized trips at an annuallevel is defined for
each vehicleriver as the ratio of the number of realizéps and the minimum number of realized trips
at an annual level, or:

The taxi system in the & of Belgrade has specific working conditions, primarily due to the traffic
situation in the transport network and stochastic transport demands. Therefore, it is suggested to
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introduce the coefficient othe fulfilment of the requirements for maintaining the active permission
which will include both mentioned coefficients.

Coefficient othe fulfilment of the minimum requirement®r maintaining the active permission fthe
taxi transport operation0 is calculated as the arithmetic mean of the two previously defined
coefficients:

The calculation of the coefficient is conductedce a yearTo keep the permission active, the following
requirements must be met:

- 0 o;
-0 Tiv;
-0 .

The prerequisite for monitoring and correction of the number of granted permissions is the existence of
an integratedmonitoring and control system at the level of the taxi system in Belgrade.

An important segment of every system, formalized in contractual relationships or in any other way, is
the prediction and accurate definition of situations which might occur due to vauislis, and measures
for overcomingor mitigating their effects.

Having in mind the specific conditions in the taxi system in Belgrade, the chaptallBgskionin the

taxi system in Belgrade shows the risks in the taxi systentt@idallocation on lhe actors, risk impact
assessment, risk occurrence probability, factors affecting the risk and measures for preventing or
minimizing the risk:

Inadequately regulated obligational relationships
Inadequate monitoring and control of the system
Planning risk
Inadequate procedure for granting permissions
Management risk
Revenueisk
Risk of operational costs
Unloyal and illegal competition risk
Risk of service cancellatigriTemporary disruption of performing the taxi transport activity at
the request of the oprator
. Risk of service cancellati@rDisruption of service provision by the operator without the request
for the temporary disruption of performing the transport activity
11. Environmental risk
12. Political and regulatory risk
13. State of emergency or force majeurisk

©©o N TN RE

=
o

The final activity in this project section refers to defining the elements of future obligational
relationships between the key actors in the system. One of the basic aims for defining clear and
comprehensive contracts/agreements in the taxi system is the distribution of competencies and
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responsibilities between the parties (local authorities and operators). The contract type in the system
between the market owner and operators primarily depends ondhé & 6 SYQa & i NHzO{ dzNB =
allocationof defined risks among the contractual parties, as well as on the method of regulating the
activities related to additional initiatives which might help realize the target function of the system.

Having ilfmind the specific characteristics of the transport service market in the taxi system in Belgrade,
the process of defining the elements of future obligational relationships between the key actors in the
taxi system in Belgrade should include previously raefi conditions for market access, specific
rights/obligations of the right grantor and beneficiary, primarily in terms of the system organization and
management, tariff policy, costs amdvenue monitoring and control of the fulfilment of contractual
obligations, contract duration, penal policy, etc.

The process of defining the elements of future contractual relationships between the key actors in the
taxi system in Belgrade explicitly includes the results of the conduetsshrchon the attitudes of loal
authorities and existing operators in the system.

System for monitoring and control of the taxi system operation in Belgrade

Monitoring and control represent the mandatory final phase of every management process, with the
basic aim of ensuring the éffent application of all designed processes in the system. This process
practically supervises, analyzes and evaluates whether the process of the complete taxi system
operation is conducted according to the planned and designed elements, i.e. whetheutihgs of the
processcomplywith the established target function of the system.

One of the preconditions forthe high-quality and efficient operation of the taxi system in Belgrade is
the implementation of a modern system for monitoring and controltted operation. The integrated
monitoring and control system should enable the unification of monitoring and managing the vehicles in
the complete system to improve the efficiency and effectiveness of the system's operation, reliability
and stability, bette passengeinformation system efficient measurement of the system's performance,
GKS 2LISNIG2NBRQ 0SYOKYIFIN]JAy3a: SiGoOo

This is a mandatory and extremely significant step in the management of the taxi system in Belgrade
since continuous changes happen bothithin and outside the system and require permanent
supervision, deviation measurement, adaptation and correction.

Since the taxi system represents a complex system, its monitoring and control is &penyant
process. Therefore, it was proposed for tim@nitoring and control process of the operation of the taxi
system in Belgrade to be basedtwo principles:

s® a2yAl2NRAYy3I 2F (KS -tide dhé &iv OfaappBindIms téchndlgfy id tfie NB |
AYLINRGBSYSYy(l 2F NBftAFOAtAGE YR adlFloAtAdGe 2F GK
technologies, increase of efficiency and effectivenes®riming the passengers better, efficient
YSIadaNBYSyld 2F GKS ae2aidisSvyQa LISNF2NXIFyOS:I GKS 2

The future monitoring and control system for the taxi system operation intresd should be designed,
developed and implemented along withe accompanying software. The databases and reports should
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enable the expedof the Secretariat for Public Transport to design and manage the most important sub
processes in the taxi transport in Belgrade. Operators should use this system as a tefiicfent
management of the transport process in their mi@ovironment,to produce and providdigh-quality

taxi service.

x @Al IAy2aiA0 GSaidAy3a TaisprodessiS relatéd aicarlyifghout 2hamitivitdsi & @
directed at comparing and measng the deviations from the planned (expectegi), values, as
well as taking up the activities for checking the need for introducing changes into the system to
bring the system into the designed state.

When conducting the diagnostic testing processp nalysis vectors are considered: on the one hand,
evaluation of the service quality by users and the other hand, evaluation of the system and service
quality by the Secretariat for Public Transport and taxi operators. Thus defined monitoring amol cont
method helps the decisiemakers to timely notice and recognize possible deviations, take up activities
and select possible alternatives to change undesired circumstances. The following figure shows the
methodology of the diagnostic testing of the neéar introducing changes into the taxi system in
Belgrade.

Figure 7.Monitoring and control methodology based on the diagnostic testing principle

This chapter also contains a detailed description of the monitoring and control system-imreall he

basic shortcoming of the existing hierarchical model is lack of adequate management at the highest
hierarchical level (tactical and strategic level) which should unify the data for the complete taxi system
and thus enable highuality and efficient managememf transport demands, as well as the monitoring
and control of the complete transport process.

To eliminate the shortcomings of the existing model, the activities at the highest management level
should be integrated o the Secretariat for Public Transp ¢ Sector for Taxi Transport. The following
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