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APPROACH OF EVALUATION THE EFFECTS
FROM IMPLEMENTATION THE PROJECTS OF CONSTRUCTION
NEW PASSENGER MAGLEYV LINES

Background: the aim of public passenger transportation service systems is
improvement of the services quality while the competition between different modes of
transport for transportation volumes and routes. Complex and objective evaluation of effects
caused by construction of a passenger maglev line require the research of approach, which
focused on detecting the changes in quality of public transportation services and
anthropologic impact on environment.

Aim: research of the approach, which allow to do comparative evaluation of complex
of effects, which appear while implementation the maglev transport into the public passenger
transportation service system.

Methods: mathematical statistics, sociological researches, comparative analysis,
modelling.

Results: for evaluation of effectiveness of different modes of transport for public
passenger transportation services researches the approach to calculation the integrated index
of consumer appeal of a mode of transport; for evaluation of practical benefits of maglev
transport implementation researched the approach to calculation direct and indirect effects,
which are the basis of a cumulative effect calculation. In addition, researched the approach for
calculation the additional effects, which allow to evaluate the improvement of transportation
accessibility, operational effects and ecological effects.

Conclusion: The approach allows to do objective evaluation of benefits of
implementation new transportation mode into the system of public passenger transportation
service at particular routes, which is the basis of its implementation into the practice.

Keywords: passenger maglev transport, urban passenger transportation, public
passenger transportation services.

Received: 10.03.2020 Revised: 13.03.2020 Accepted: 30.03.2020
Moctynua: 10.03.2020 Opo6pena: 13.03.2020 Hpunsra: 30.03.2020



162 TPAHCHIOPTHBIE CUCTEMbI U TEXHOJIOT'MUA OPUTI'MHAJIBHBIE CTATbU
TRANSPORTATION SYSTEMS AND TECHNOLOGY ORIGINAL STUDIES

Py6puka 4. SOKOHOMUKA TPAHCIIOPTA
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METOJAUKA OHEHKH 2®PEKTOB OT PEAJIMZAIIUU ITPOEKTOB
CTPOUTEJIbCTBA HOBBIX JIMHUM MMACCAKHUPCKOI'O
MATHUTOJIEBUTAHIMOHHOI'O TPAHCIIOPTA

O0ocHoBanme: Llenbio GYyHKIMOHMPOBAHUS CUCTEM TPAHCIOPTHOIO OOCIIYKUBAaHUS
HACEJICHHUs SBJICTCS TOBBIIMIEHHWE KadecTBA OKA3bIBAEMBIX YCIYr TMPH TOCTOSHHOU
KOHKYPEHLIUH DPA3JIMYHbIX BUJOB TpaHCIOpPTa 3a O00BbEMbl M MapIIPyThl NepeBo3ok. s
KOMIUIEKCHOH W OOBEKTHBHOH OLEHKH J(PQPEKTOB, BO3ZHUKAIOMIMX MPH BO3MOKHOM
CTPOUTENBCTBE JIMHUM MACCAKUPCKOI0 MArHUTOJIEBUTALIMOHHOIO TpaHCIOpTa, HEoOXoauma
pa3paboTka METOIWKH, KOTOpas C(OKYCHpOBaHAa Ha BBISIBJICHUM W3MEHEHHH B KayecTBE
TPAHCHOPTHOT'O OOCIIYy’KUBAaHMs HACEIECHUS U B aHTPOIOI'€HHOM Harpys3Kke Ha OKpYKaloIlyro
cpeny.

Heanb: DopmupoBaHHE METOIMKH, MO3BOJISIONIEH OCYIIECTBUTh CPaBHUTEIbHYIO
OLICHKY KOMIUIeKca 3(QQEKTOB, BO3HHMKAIOIIMX NP BHEIPEHUH B CXEMY OpraHH3aIHU{
TPAaHCHOPTHOTO  OOCIYKMBAHUS HACEJECHUs JIONOJHUTEIBHOTO BUAA TpaHCIOpTa —
MarHUTOJIEBUTAIMOHHOTO.

Metoabl: MaremaTnueckass  CTaTUCTHKA,  COLIMOJIOTHYECKUE  HCCIEOBaHMUA,
CpaBHUTENBHBIN aHAJIN3, MOJICIIUPOBAHUE.

PesyabTatel: [l oneHku >(Q@EKTHUBHOCTH OTIENbHBIX BHJOB TpaHCIOpTa IS
TPAaHCIOPTHOTO  OOCITy’KUBaHMs HacelleHWs pa3paboTaH IOAXOA K  ONPEAEICHHIO
MHTETPaJIbHOTO MOKa3aTessl MOTPeOUTENbCKOM MPUBJIEKATEIbHOCTH BUAA TPaHCIOPTA; Ui
OLICHKMA TIPAKTHYECKUX BBITOJ] OT BHEAPEHHUS MarHUTOJEBHUTAIMOHHOTO TPAHCIOPTA
pa3paboTaH MOJAXOJ K OIEHKE MPSIMbIX U KOCBEHHBIX 3(P(PEKTOB, KOTOPbIE 3aKJIa/IbIBAIOTCS B
OCHOBY pacyera KyMmynaTtuBHoro s¢gdexra. Kpome toro, chopmupoBan mojaxon K pacuery
JIOTIOJTHUTENBHBIX 3()()EKTOB, MO3BOJIAIONMX OLIEHUTh YIYYIIEHHE YCIOBUM TpaHCIIOPTHON
JOCTYITHOCTH, IPOU3BOICTBEHHBIE () (PEKTHI U IKOJTOTHYeCKUE 3PPEKTHI.

3akuouenue: B pesynbTare pazpaOoTKH U MOCIEAYIOIIEro NMPUMEHEHUS] METOIUKU
otieHKH 3((PeKToB OT peanu3anuy MPOEKTOB CTPOUTEIHCTBA HOBBIX JIMHHUU ITACCaXKUPCKOTO
MarHUTOJEBUTAIMOHHOTO TPAHCIOPTAa CTAHOBUTCS BO3MOXKHBIM OOBEKTHBHO OLIEHHUTH
BBITOJIBI OT BHEPEHUS HOBOTO BHJA TPAHCIIOPTA B CHCTEMY TPAHCIIOPTHOTO OOCTY)KMBaHUS
HaceJeHUs Ha OTAECTbHOM MapuIpyTe, YTO CO3JaeT NPEANOCBUIKH IS HCHOJIb30BAHUS
METOJMKH B MTPAKTUIECKOMN IEATEILHOCTH.

Knrouegvie cnosa: naccaxupckuii MarHUTOJIEBUTALIMOHHBIN TPAHCIIOPT, IPUTOPOAHO-
TOPOJICKHE MACCAKUPCKUE MEPEBO3KHU, TPAHCIIOPTHOE 00CTYKMBAHNE HACEICHUS.
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INTRODUCTION

Public passenger transportation service systems are formed at large cities
and city agglomerations. Their specifics and individuality determined by a
complex of factors, and their elements are different means of transport. The
purpose of passenger transportation service systems operation is services
improvement at the conditions of constant competition for volumes and routes.
It causes changes in systems: changes in relationships between the elements and
changes in structure. And, despite market entering barriers, systems can expand
because of new modes of transport [1, 2].

The newest mode of passenger transportation is the transportation system
based on magnetic levitation technology. The development of maglev
transportation systems is actively progressing during last decades. Maglev
transport implemented in different countries of the world and positively
evaluated because its timeliness, economics practicality, social and other
important effects [3, 4, 5].

Evaluation of effects from implementation of new passenger maglev lines
should focus on detection of changes in quality of public passenger
transportation service and anthropogenic impact on the environment [6, 7].

For the purpose of complex and objective evaluation of effects, caused by
a construction of passenger maglev line, we researched the methodic, which
focused on detection of changes in quality of public passenger transportation
service and anthropogenic impact on the environment.

ANALYSIS

One of the key criteria for selection the transportation mode is its usability
for passengers, which the methodic of evaluation of effects from the
implementation of new passenger maglev lines measures using the integral
indicator of customer appeal (IICA). 1ICA evaluates the place of a transportation
mode at particular passenger route. It considers:

- Annual volume of passenger traffic;

- Frequency of time-table;

- Travelling time;

- Number of connections;

- Tariffs.

IICA calculated, counting for value of its parameters, for all the route
options of a traffic direction, including direct routes, indirect routes, including
connections of different modes of transport.

It is important for IICA calculation to detect the borders of traffic
direction, which limit the calculation. In case the methodic of evaluation of
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effects from the implementation of new passenger maglev lines suggested to
consider new maglev lines, the borders are attraction zone of a new maglev line
route. In addition, the methodic considers the line’s end stations and traffic
attraction stations [8, 9].

For the purpose of further analysis we build the matrix of passenger traffic
volumes and transportation services parameters for all alternative modes of
passenger transportation, which implemented at considered direction (Table 1)
[10].

Table 1. Example of passenger traffic volumes and transportation services parameters matrix
by modes of transport used at a direction

Modes of passenger transport
Ne Parameter — :
Metro Municipal bus | Commercial bus
1 Annyal volume of passenger 1000 200 400
traffic, K pass
2 | Frequency of time-table, min 1-3 20 10
3 | Travelling time, min 20 45 35
4 | Number of connections 0 1 0
5 | Tariffs, RUR 45 40+40 50

An example of IICA calculation for all alternative modes of passenger
transportation, which implemented at the considered direction, represented at
Table 2. An example of comparison of annual passenger traffic volume and
I[ICA, represented at Table 2, by modes of passenger transportation, which
implemented at considered direction, shown at Fig. The picture illustrates the
dependency of passenger traffic volume from IICA.
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Table 2. Example of 1ICA calculation for all alternative modes of passenger transportation used at a direction

Mode of passenger transport

Metro Municipal bus Commercial bus
Ne Parameter
parameter | parameter | customer parameter | parameter customer parameter | parameter customer
volume value satisfaction volume value satisfaction volume value satisfaction
Annual
p | volume of 1000 200 400
passenger
traffic, K pass
, | Frequency of 1-3 1 96.4 20 05 63.3 10 1 75.1
time-table, min
3 | Travelling 20 1 96.3 45 0.44 68.5 35 05714 75.7
time, min
4 | Number of 0 1 100 1 05 100 0 1 100
connections
5 | Tariffs, RUR 45 1 74.7 80 0.56 67.9 50 0.9 67.6
IICA 367 150 279
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Fig. Example of comparison of annual passenger traffic volume and I1CA for all
alternative modes of passenger transportation used at a direction

Considering the fact that demand for a particular transportation mode
tightly correlates with IICA volume in comparison with alternative travelling
options, we can make some conclusions:

1. 1ICA of a new transportation mode at the considering direction should
be not lower than IICA of alternative transportation modes if the implementation
goal is not the attraction of considerable passenger traffic only but and
operations profitability;

2. Maximization of IICA reached by optimization of key parameters for
each of designing route and based on complex analysis of social researches and
competitive advantages of existing modes of transportation.

If 1ICA of maglev transport reflects the objective advantages of its
operation in comparison with alternative modes of transportation, then the
practical advantages from its implementation could be evaluated with a use of
direct and indirect (additive) effects.

The basis of direct effects calculation is quantitative evaluation of
passenger migration to maglev transport. This requires, first of all, the defining
of parameters of the line attraction zone: volume of passenger traffic at other
modes of transport, volume of private car users, which can switch to a public
transport in case of fulfillment of the requirements — changes in travelling time,
number of connections, tariffs. The evaluation of passenger migration volume
based on the results of social researches.
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The size of geographical area of a line attraction zone for public transport
passengers influenced by parameters of IICA — mainly costs and time. For a
shaped attraction zone IICA calculated for all actual modes of transport,
including maglev transport. The switch of passenger traffic to maglev transport
comes proportionally to its [ICA.

While considering private car users detection of the attraction zone
depends on time parameter and comparative cost of travelling. Number of
private car users, switching to maglev transport, calculated on the basis of
number of passengers, who are prepared to switch to a public transport in case
of improvement of travelling quality by time and cost parameters and car
average load.

General effect for public transport passengers is improvement of the
travelling comfort level. The effect appears as a result of transportation services
supply growing, and it leads to decreasing the load of vehicles.

The effect evaluation accomplished on the basis of data on peak load of
vehicles at existing public transportations services lines and calculation of
passenger traffic migration between different modes of transportation.

For other modes of public transport the positive effect from passenger
traffic migration is peak cut, which results in decreasing the demand in
additional vehicles, which operates successfully at rush hours only.

The effect calculation accomplishes on the basis of defining the required
amount of vehicles, counting for peak requirements after passenger traffic
migration, and defined level of vehicles load at the level not higher than current
— before passenger traffic migration.

A direct effect for road network is decrease of vehicles amount influenced
by the reject of private transport passengers for maglev transport.

Effect evaluation accomplishes as a ratio of private cars passengers
migrating to public transport to average cars load in the region / city. The effect
calculates for main push-pull migration routes only.

Additive effects appearing causes by rebalancing of public passenger
transportation service system. The values of IICA components for other modes
of transportation change as a result of maglev line implementation [11, 12].

Effects, caused by maglev line construction, affect passengers, other
modes of transportation, traffic intensiveness at road network, which shown at
Table 3.
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Table 3. Content and characteristic of direct and indirect effects caused by maglev transport
lines construction

Ne Effect Effect type Calculation rule
Travelling comfort . Average vehicle load at rush hour after maglev
1 direct T .
level change line implementation to the rate before
Rolling stock Rolling stock at a route, including the reserve
2 | (vehicles) demand direct amount, after maglev line implementation to the
change rate before

Traffic at road .
3 direct
network change

Time to pass the narrowest place at a route after
maglev line implementation to the rate before

Push-pull migration Unit cost of a tariff after maglev line

4 cost change indirect implementation to the rate before
Non-productive Unit cost of a trip (calculated in a connection to
5 | national costs indirect average salary) after maglev line implementation

change to the rate before

The results of calculations for each mode of transport are the following
properties [13]:

— investments effectiveness indicators (NPV, IRR, payback period);
— integral indicator of customer appeal;
— cumulative effect.

The cumulative effect calculates as direct and indirect effect values
intersection. Positive impact of new line to increase of public passenger
transportation services reaches if the effect value is less than 1, negative — if
greater than 1. In case of alternative options comparison, the most attractive
option is the one, which has the lowest cumulative effect value.

The methodic integrity provides by calculation of the following additional
effects (Table 4).

Table 4. Additional effects caused by maglev transport lines construction

Ne | Effect | Entity | Calculation rule
Transportation accessibility parameters improvement

1 Number of citizens Improvement of Population of line attraction
provided with higher- agglomeration transportation | zone
speed urban public accessibility with higher-
transport speed urban public transport

2 Connection with city Reduction of time, needed for | Difference between travelling
agglomeration time a trip to city aglomeration time of existing transportation
decrease lines and maglev line

3 Capacity at the Public transport passenger- Difference between actual
connection with city seats supply increase, comfort | and potential (future) traffic
agglomeration change | level improvement capacity, changes in vehicle

load at rush hour
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Ne Effect Entity Calculation rule
Operation effects
1 Capacity Public transport passenger- Calculated parameter

seats supply

2 Dotation amount

Dotation amount on
compensation of losses from
tariffs regulation

Difference between
discounted (subsided) tariff
and base tariff, multiplied to
discounted passengers traffic
forecast

3 Incidents decrease

Incidents decrease cause by
traffic decline

Multiply of incidents on 1000
vehicles and decline of
vehicles

Ecological effect

1 CO, emission reduction

CO, emission reduction
caused by:

- decline of car run because
of passenger migration;

- decrease of rolling stock

Multiply of CO, emission
standard value for different
vehicles, length of car and
bus routes, volume of car and
bus use decline

2 Other pollution
reduction (dust, heavy
metals), acoustic
pollution reduction

Emission reduction caused
by:

- decline of car run because
of passenger migration;

- decrease of rolling stock

Multiply of emission standard
value for different vehicles,
length of car and bus routes,
volume of car and bus use
decline

The assembly of descried effects allows to evaluate the advantages of new
mode of transportation implementation to the system of public passenger
transportation services at particular route objectively, which creates conditions
for the use of the developed methodic in practice [14, 15].

CONCLUSION

The developed approach of evaluation the effects from implementation the

projects of construction new passenger maglev lines is a universal tool for the
evaluation of transportation projects implementation at particular routes (lines)
effectiveness. The values, described at methodic, focused on maglev transport,
therefore some aspects (like emission) ignored at calculations. The use of the
methodic for different modes of transport requires the adaptation of values
accordingly to the specifics of a transportation mode.

The methodic is recommended to use for the analysis of options of public
passenger transportation services organization at mainlines.
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