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APPROACH TO DETERMINATION OF THE PASSENGER-HOUR COST
IN URBAN PASSENGER TRANSPORTATIONS

Kopytkov D.M.
Kharkiv National Automobile and Highway University

The functioning of urban passenger transport is always accompanied by a significant social effect. In this
connection, in the conditions of a market economy, the problem arises to quantitatively measure the effect.
If we consider only the economic performance of urban passenger transport, for example, income, then this
assessment of operation will take into account only the partial transportation results, neglecting social ones,
the most important thing of which is a free human time. The passenger being an employee of the social,
production or scientific spheres spends some time on the manufacture of products or services. In this regard,
the proper evaluation of the time that would be used on production needs is the most important. In time of
public transport operation, a cost of passenger-hour should be used to compare the social results of passenger

transportation and the costs to achieve these results.
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roblem statement. As noted earlier, travel

time costs can be estimated in value terms.
For this purpose, a criterion is used, such as the
time saved during the trip, reflected in the cost
of one passenger-hour. The calculation of the
passenger-hour cost is conditional, since it includes
a number of factors, the actual value of which is
either not known or difficult to determine as the
significance of the time loss for each member of
society is individual [1].

During the economic assessment of the passen-
ger-hour cost, we proceed from the assumption
that it is possible to assess the economic or so-
cial benefits that would be achieved by improving
the operation of public passenger transport; then
it saves the time spent by passengers on their trip
from place of residence to working places. This ap-
proach to make a price of working time is also
used in other sectors, when the volumes of pro-
duction of various goods are taken into account for
a time window. We believe that it is also accept-
able for the urban transport, since the passengers
are, mostly, the employees of any of the branches
of the economy, science or education.

The passenger willing to change the place of his
stay should not only pay for it, but, in addition, he
should spend some time on the trip. While the cost
of transportation is the category measured in mon-
etary terms, the trip duration is measured in units
of time. Therefore, in order to summarize the trans-
portation costs and the time consuming they should
be brought to the general measurement scale.

Analysis of recent research and publications.
In the countries of the west from the 70s of the
20th century, a descriptive approach to determine
the cost of passenger-hour based on a compara-
tive analysis of alternatives differing in price and
speed was widely developed [2, 3]: individual car
trip, car pool, combined trips (car, high-speed ur-
ban passenger transport mode), various bus trips
(for example, with the calling or pre-ordering). In
the United States, a comprehensive time analysis
has been carrying out based on the «cost-benefit»
approach [4], i.e. in monetary terms, economic, cul-
tural, social, environmental and other losses and
gains of passengers and transportation industry
should be estimated.
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It is natural that the cost of a passenger’s time
may depend on the category of the population (for
example, workers, employees, pensioners and stu-
dents), the purpose of the trip (labor or social) and
the time at which the trip takes place (peak, day
or night hours). A detailed description of the dif-
ferent types of time [4] spent by the passenger on
trips and the passenger viewpoint to this time are
given, but there is no specific calculation of a pas-
senger-hour cost.

There are several approaches to determine the
cost of passenger-hour, in which the indicators are
considered [5-8]: 1) the national income or the net
value of products or services manufactured for
1 hour of working time; 2) own time passenger’s
evaluation; 3) losses in the labor productivity due
to passenger’s fatigue; 4) passenger’s average sal-
ary; b) percentage of the salary or household in-
come, approximately up to 30%.

Consider briefly all the approaches. Approach
(1) does not take into account the job quality and
the employee skills. Approach (2) does not exclude
a significant degree of subjectivity in the time
valuation by the passenger, although it assumes
some direct contact with the transportation service
consumer. Approach (3) requires a special medical
equipment and researcher’s education to correct-
ly explain the survey results. Approach (4) con-
siders only the employee’s salary without taking
into account any other parameters (for example,
the transportation process parameters). Approach
(5) does not explain the value of 30% from an eco-
nomic or technologic point of view.

In general, many authors [9-12] only point out
the need to use a passenger-hour in evaluating
the effectiveness of design solutions or innovations
in passenger transport (changing the route, new
rolling stock operation, operating new routes, etc.),
however, do not provide a calculation technique.

At the same time the approach, in which an
attempt was made to take into account the op-
erational performance of passenger transportation
had been proposed in [12]. However, its main dis-
advantage is the fact of development in the condi-
tions of a plan-based economy and the use of the
«car-kilometer» cost as the main transportation
efficiency economic indicator, which currently is
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believed to be obsolete and inconvenient in calcu-
lation practice.

Unsolved aspects of the problem. Resulting
from the analysis of approaches to determining the
cost of a passenger hour, it should be concluded
that authors suggest very different content ways
to solving this problem that, however, do not allow
calculating the value of this indicator unambigu-
ously. Moreover, some of them are difficult to use
in practice.

The above approaches have a common disad-
vantage — mostly, they do not consider the per-
formance of urban passenger transportation (for
example, trip parameters) and its influence on the
passenger, which, in most cases, can reduce or
increase his labor productivity, change the psy-
cho-emotional state and, eventually, change the
cost of time spent in urban transportation.

In addition, in the economic literature, the is-
sues of quantitative measurement of the social ef-
fect have not sufficiently developed yet, while in
the current conditions of management the expres-
sion of the activity results is most appropriate in
terms of money.

Purpose of the article. The purpose of the ar-
ticle is to propose a technique for determining the
cost of a passenger-hour taking into account the
transportation process parameters and to demon-
strate its practical application.

Main study statement. The lack of a well-devel-
oped and universally applied economic evaluation
of free time in practice leads to the fact that the
limits of socially expedient investments into the
service sector are often established unreasonably.
In the proposed approach, it should be used three
categories as initial indicators — economic (route
vehicle operation costs per hour), technological
(vehicle capacity, capacity rate, operating speed
and traffic headway) and social (waiting time, av-
erage trip distance) ones that represent the trip
parameters.

Waiting time
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where | — average trip distance, km.
The influence of each of the trip parameters on
the cost of an hour is shown in Figure 1.
As can be seen from the graphical representa-
tion of the dependence, this indicator is highly
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sensitive to changes in the passenger capacity, ca-
pacity rate, bus hour operation costs and passen-
ger’s trip distance.
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Fig. 1. The influence of the trip parameters
on the passenger-hour cost

Source: developed by the author

Consider the practical application of the de-
pendence obtained on the example of a bus route.
Thus, the passenger-hour cost with the follow-
ing average parameters: bus operation cost —
300 UAH /hour, passenger travel distance — 6 km,
vehicle nominal capacity — 40 passengers, capac-
ity rate — 0.7, operating speed — 18 km/hour and
headway — 0.1 hour will make an average value of
102 UAH/pass.-hour.

It should be emphasized that the approach with
the presentation of the time of passengers in value
terms makes it possible to compare, for example,
only the economic indicator, like the income of a
passenger carrying enterprise with the social in-
dicator — the total time spent by passengers and
expressed in money terms.

Comparison of these two indicators can be used
to assess the quality of urban passenger transport
and ways to improve it. Here the following rela-
tions can be presented

TC>1,

TC <1,

TC=1.
where TC and I — total cost of passenger-hours

and transport income for the i-th period, UAH,
respectively.

()
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Wherein TC>I testifies to the availability of
significant reserves in improving the efficiency
of transport services for urban passengers, then
TC<I and TC=I indicates an almost perfect state
of the urban passenger system functioning, which
is not provided in practice.

Conclusions and recommendations. The pro-
posed approach makes it possible to compare the
social and economic results from the public trans-
port functioning with the costs of achieving them,
arising from the social standard — the passen-
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ger-hour cost. The basis for calculations can be the
transportation process parameters.

The above technique cannot be considered as
an exceptional one, but the indicator can also be
reflected in the total national income of the state,
since the so-called «non-transportation» effect
of urban mass transit expressed by the passen-
ger-hour cost is not currently taken into account
when planning the urban passenger transportation
development and other facilities that are signifi-
cant from social and economic point of view.
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RKomurkos JI.M.
XapKiBcbKMII HalliOHAJBHMII aBTOMOOIJIBHO-IOPOsKHIN yHIBEpCUTeT

MIAXIA 10 BUSHAYEHHA BAPTOCTI TIACARUNPO-TOAVHU
PN MICBRUX ITACASRVNPCbRUX IIEPEBESEHHAX

Anoranisa

DyHKIIOHYBaHHA MICBKOTO I1aCa’KMPCHbKOI0 TPAHCIOPTY 3aBiKIM CYIPOBOIKYETHCA 3HAYHMM COLAJBHUM
epekToM. ¥ 3B'A3KY 3 IIMM B yMOBaxX PIMHKOBOI €KOHOMIKM IIOCTa€ INNUTAHHA KIJIbKICHOTO BUMIpY TaKOro
edperTy. K0 po3ryiAgaT TiIIbKY €KOHOMIuHI okas3Huky pobdory MIIT, HanpurIam, ZOXOOM, TO TaKa OLiHKA
pobotn Oyne BpaxoByBaTM JMILIE ONVH 3 YACTKOBUX Pe3yJbTAaTiB AiAJNBHOCTI IACasKMPCBKOTO TPaHCIIOPTY,
3asmmaiouy 6e3 yBaryu CoLiaJibHI pe3yJbTaTy, HalBasKJIMBIIINM 3 AKUX € dac JIOAVHY, YacCTKY 3 fKOTO BOHA
BUTPAaYa€ Ha BUPOOHUIITBO IPOAYKILii, a 4acTKy — y ocobmucTux ninax. TakuM 4MHOM, BiJIIOBiHA OIliHKA dacy,
10 Mir 6u OyTM BUKOpPUCTAHMUII JJIA IOTped BUPOOHUIITBA, € MysKe BasKJMBOK. J[JIA MOPIBHAHHA COI[iaJIbHUX
Pe3yJIbTaTiB NacakKMPCBKMX IlepeBe3eHb Ta BUTPAT HA JOCATHEHHA IMX pPe3yJbTaTiB BUKOPMCTOBYETLCS
BapTiCHA OIliHKa Iaca’kMpO-TOAVIHII.

Karo4oBi cioBa: mmacasxkup, BapTiCTh [IacasKMPO-TOIMHY, Yac II0i3KM, TapaMeTpy TPAHCIIOPTHOTO IIPOLECY.
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Konbirros JI.M.
XapBKOBCKMI HALVIOHAJIBHBIN aBTOMOOMIIBHO-IOPOKHbBI YHUBEPCUTET

NoAXO0X Kk OIIPEJEJEHIIO CTOMIMOCTHU ITACCASRNPO-9YACA
TPV TOPOJACRUX IMACCAKRNPCRUX IIEPEBO3RAX

AnHOTaUA

DyHKIMOHMPOBaHME TOPOJCKOIO MaCCaKMPCKOr0 TPAHCIIOPTA BCErZa COIPOBOMKAAETCS 3HAUUTEJbHBIM COIVI-
aJIbHBIM dpperToM. B cBA3M ¢ 5TMM, B yCJIOBUAX PHIHOYHOM 3KOHOMMKM BO3HMKAET BOIIPOC KOJMYECTBEHHOTO
usMepeHusa Takoro sdpdperra. Ecam paccMaTpuBaTh TOJBKO BKOHOMMUYeCKMe MokazaTesy paborsr MIIT, Ha-
IIpUIMeEDP, JOXOAbI, TO TaKad OLleHKa pabdoThl OyZeT y4YMTBIBATBH TOJBKO OAVIH M3 YaCTHBIX Pe3yJIbTaTOB Jied-
TEeJIbBHOCTY IIaCCaYKMPCKOT0 TPaHCIIOPTa, OCTaBJAA Oe3 BHUMAHNA COLVAJIbHBIE PE3YJIbTAThl, BAYKHENIINM 13
KOTOPBIX ABJIFAETCSA BPEMs UeJIOBEKa, YaCTh KOTOPOTO OH TPATUT HA IIPOM3BOACTBO IPOAYKIVM, & YacTb — B
JVYHBIX Iesax. TakuMm oOpasoM, COOTBETCTBYIOIAA OIleHKAa BPEeMEeHM, KOTOPOe MOIJIO OBITH MCIIOJIb30BAHO
JUIA HYKJ, IIPOM3BOJICTBA, ABJIAETCA BasKHOV COCTaBJIAIOLIEN IIpolecca IIepeBo30k. A cpaBHEHMA COLMAIIb-
HBIX Pe3yJIbTATOB IACCAKMUPCKNUX IIEPEBO30K ¥ PACXOJ0B HA HOCTVIKEHNE DTUX Pe3yJbTaTOB MCIIOJIb3yeTCsd
CTOMMOCTHAA OLIeHKa IacCasKUpo-daca.

KaroueBble cioBa: maccaskyup, CTOMMOCTB ITaCCaKMpO-daca, BpeMsd II0e3IKM, IlapaMeTpPbl TPAaHCIOPTHOTO
IIpoIiecca.



