Il DE GRUYTER
= OPEN

Assessments of Modal Split in Long-distance
Passenger Transport

Jakub Chmelik?

Abstract: The goal of this paper is to present basic atira assessments of the divi-
sion of transport work (or also “modal split”) ofamn transport modes. For this, an
example of selected long-distance connections letwentres in Czechia, including an
identification of major underlying factors, shak lexploited. The paper examines the
competitiveness of rail transport in its relatiom bus and individual automobile
transport, and relations with a potential of rednisport are primarily selected. A logit
model is applied within the selected set of refaidt is entered in particular by indica-
tors of time (time of a ride, frequency of publiansport lines) and finances (actual
transport costs) through a financial expressiogesferalised costs. The purpose of the
paper is to verify the selected procedure on theioms transport modes of which are
similar, and to highlight the alternatives of a @rehensive assessment of the modal
split of main transport modes in Czechia. In thaotesion, the gained results are used
to outline further alternative prospects of theidcamder observation.
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Introduction

The topic of identifying the division of transpaxbrk (or also “modal split”) and the

factors underlying the choice of the actual meahtansport have been a major re-
search theme of the scientific disciplines exangntiihe questions of transport in the
long run. The demand for a study of the topic nmrdd above is primarily caused by
generally low consciousness of the share of indizidransport modes in the modal
split in a given relation that is mostly influenceg the usual ignorance of direction
orientation of individual automobile transport &® tmain bearer of transport interac-
tions. The absence of the necessary data has agpsaerable impact on solution to
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practical tasks, especially in the sphere of sgratef the planning of offer of public

transport as well as the planning of the influenéenew transport infrastructure on
modal split. In the conditions valid in Czechiag targent problem of identifying the

real share of individual transport modes or indinbcarriers operating within the same
relation or section in the modal split is assodaigth the questions of competition on
the market in passenger transport within the ecamocompetition policy. This involves

specific tasks such as finding a suitable methaglod mechanism for delineation of a
relevant market (Kvizda 2011; Kvizda, Rederer 2012)

Competitiveness of individual transport modes wittiie modal split is influenced by a
number of factors that are associated to a greahewith real spatial links of the cen-
tres arising from the geographic and transporttjppsiof a centre in the networks of
individual transport modes (Marada 2006). They@osely connected to the character
of settlement and the size of centres on the sidtemand for transport, and with the
level of public transport and transport infrastuweton the side of offer. In general, the
factors influencing the choice of the mode withimpact on modal split can be divided
into three groups (Orttzar, Willumsen 2001; a saamifivision also e.g. Strandling,
Anable 2008). The first group is constituted byead characteristics of the actor (pas-
senger) that mainly include access to a car, dyilicense, marital status (for example,
it can be presumed that the use of a car is infleerby the number of members of a
household), income and type of employment (sucth@gpossibility to use a company
car) and, last but not least, the characteristidbe actor’s place of residence (popula-
tion density, urban versus rural area, transpasttion, etc.). The second group includes
factors that influence the journey itself, when theice of the mode is influenced by its
purpose (such as the difference in the use of thans of transport for commuting to
work or for a weekend trip journey, more e.g. Steedpl995) and the time when it
occurs (such as a low offer of public transportight hours, etc.). The third group of
the underlying factors contains the characterigtfcsansport offer or transport oppor-
tunities for the population that can be dividedoittvo categories: Quantitative and
gualitative factors. The main quantitative facttirat can be assessed rather well are as
follows: The travel time (the time spent in a meahgansport including walking, wait-
ing at the stop, change, etc.), the price of trarigffare, fuel price, fixed operating costs,
etc.) and, possibly, also the accessibility (aridg)rof parking. On the other hand, it is
difficult to quantify qualitative factors that acéten the most important circumstances
influencing the choice of a means of transport.yTéen be in discrepancy with an eco-
nomically rational choice. These “soft” factorsrparily include comfort, conveniences,
reliability, safety, etc. (for more see Ortlizar |Mfsen 2001).

The topic of assessment of regional differencethéndistribution of modal split has
only been examined marginally in Czech and Slovakeys, primarily within a routine
assessment of changes in the relation of spatgdnisation of society and transport
links. In the past decade, the attention has mdieln paid to studies evaluating the
transport importance of centres on the basis @frdff/ public transport (e.g. Marada et
al. 2010; Marada, K&ton 2010) or of road traffic volume (e.g. Kraft, \Gama 2009a),
the competitiveness of individual modes on the das$itime accessibility (e.g. Kraft,
Vancura 2009b; Seidenglanz 2009; dskowski, Michniak et al. 2012; Hdék et al.
2013; Marada et al. 2014) or a combination of theva indicators along with theoreti-
cal intensities of interaction of centres (Chmedikal. 2010; Hatak, PSenka 2013).
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Specific case of change of modal split was focusedhe study by Kvizda and Sei-
denglanz (2014). They analysed short-term interrnskié& from air to railway transport
after Iceland’s volcano eruption in April 2010. Tdhescribed studies are mainly based
on traditional research approaches in transpostnarifrom quantitative and predictive
methods. They are often criticized due to theirsiderable generalization of real social
processes and motivation of individuals whose bielavis considered absolutely ra-
tional in these approaches (such as the choideeashortest route). This focus is based
on the interdisciplinary nature of the study ofnsport. In it, an increasing role is
played by experts with a technical rather thanadzackground (Hanson 2006), which
is also influenced by a shortage of “soft” thear@tiapproaches in transport as well as
transport geography itself (Goetz et al. 2004: gdah Goetz et al. 2009). The existing
approaches in transport were challenged by a godupsearchers (primarily sociolo-
gists) associated within the “new mobilities pagadi (in particular Sheller, Urry 20086,
with further discussions by Shaw et al. 2008; Kegl2008). Their attention is paid to
the effort to clarify and understand the motivatafrjourneys and real human mobility
as well as the interest in emotional and symbatimpgonents of transport behaviour
(Brahova-Foltynova et al. 2008) with the use of qualiaresearch methods. This type
of research that is primarily of sociological natwidens the discussion regarding the
factors underlying transport behaviour and motosatdf the choice of a means of
transport (Strandling, Anable 2008). They often éhavspecific focus, examining the
sex, age, social status, subjective perceptiopalirfgs during a journey, etc. In Czechia,
the research of sociology of mobility, transporh&éour and the choice of the means
of transport was conducted by tiBova-Foltynova et al. (2008) and Braun-Kohlova
(2010), while the issues of daily mobility and dayday life were dealt with by Teme-
lova et al. (2011) and by Mukk et al. (2013).

The presented contribution loosely follows up girevious study (Chmelik et al. 2010)
that assessed the intensities of relations betWzechia’'s regional towns (i.e. a set of
78 relations) and the use of passenger rail trahspealuated by means of three indica-
tors: Offer of connections, the real demand, andletied/theoretical interactions. The
results revealed some interdependencies of theealmewntioned indicators for the indi-
vidual relations, on the basis of which it was [dassto identify a theoretical potential
of railway transport towards other modes. The ntbig was true when looked at from
the viewpoint of the relation of real demand (usthg offer of rail lines) and model
interactions that characterised the intensity ebthtical links of the centréAll of this
was established without any deeper analysis ofnbdal split in a given relation or
without inclusion of rival modes, bearing in miritetfact that the gained results are
influenced by the initial set of relations with citterably differentiated structures.

The goal of the presented paper is to present b#tsimative assessments of the modal
split of main transport modes. One of the chieflrods will be applied on the example
of selected long-distance connections of centreSzechia. At first, the basic alterna-

% The basic form of a gravitation model was appiredhich the distance between centres was
characterised by time accessibility on railway #relmass of centres by simple population num-
ber.
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tives to evaluate the modal split will be examinespecially in the sphere of the data-
base available in Czechia, and a comparison tatstuin Western-European countries
will be made. On the basis of a discussion, a tecienwill be chosen to evaluate the
share of main transport modes (individual auton®lriansport and public transport:
Passenger railway transport and regular bus trat)sfiy each specific relation. In
accordance with a previous study (Chmelik et al02Gand the latest development on
the transport market, the choice will be conceattain relations with the presumption
of a change in the potential of passenger railsppart. There will be a partial objective
of identifying specific factors underlying the médalit. On account of the availability
of the real data on modal split (see later textg division of transport work will be
observed in 2001, 2006, and 2011. In the concluglenvalues predicted by the model
for 2011 (calibrated by the data from 2001, CSO3208ill be compared to the real
results of intensity of commuting by the mode frtéme 2011 Population and Housing
Census (CSO 2013). This enables us to carry ognargl assessment of whether the
model can be used for the pursued objective. Imection with general trends in
transport, one can presume in this interval areiasing share of individual automobile
transport in the total modal split, with a slowecp in the relations with a quality pub-
lic transport system. One can also presume thdigptransport will have the highest
share in the relations situated along rail corisdand possibly also along motorways
that provide an appropriate offer of lines. On toatrary, the lowest share can be ex-
pected in the relations with a lower offer of pohbifansport (frequency, necessity to
change), also determined by the quality of transpdrastructure. There is a similar
situation in the case of identifying the share afdal split of railway and bus transport
within the framework of public transport. In thiphere, one can presume a growing
role of the railway in the relations linked by dgtinfrastructure in connection with a
gradual modernisation of main lines and an exteneiathe offer of long-distance pas-
senger railway transport in Czechia roughly frond2®nwards. On the other hand,
growing proportion of bus lines within the modalispf public transport can be pre-
sumed in relations with insufficient connectiorthe rail network. When it comes to the
factors influencing the choice of the means of ¢pamt, in general it can be assumed
that unlike the lower order levels, the role of #iee of a centre that influences the level
of transport opportunities for the population wilbt be an underlying factor in the
sphere of long-distance rail links between Czeshiadst important agglomerations. On
the contrary, a major influence of transport lomatin the networks can be expected.
The results themselves are followed up by the emich of the paper. Along with a
summary of the main results and confirmation/refataof research assumptions, the
conclusion will include a critical assessment af thethod used, including identifica-
tion of the main problems and a proposal of thiééraative solutions in possible subse-
guent research.

Alternative Assessments of Modal Split

In conditions of the Czech Republic, the basic ss®ent of modal split is rather lim-
ited by the available database. In general, tha ftat transport yearbooks (Transport
Yearbook of the Czech Republic; Ministry of Trang@2013a; Transport Yearbook of
Prague; TSK 2013, etc.) are primarily availablehegear. Based on the mandatory
statistical enquiry ordered by the Transport Miyisand on the surveys it conducts, the
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yearbooks present values of transport output d¥iddal modes in passenger transport.
However, neither there are any detailed data oectioms, nor any additional infor-
mation (the purpose of a journey, etc.). Besideis not sufficiently evident in which
way the values were collected, especially in theesdn which it is said that this is an
expert estimate (such as output of individual awtbite transport in the Transport
Yearbook of the Czech Republic). Due to this, rssaf the Population and Housing
Census (CSO 2003 and 2013) are the only comprefessirce of information on the
share of individual modes in the modal split in €#a. Among others, the Census
records the data on the means of transport usedofmmuting to work and schools
down to the level of Czechia’s individual municipials, which is an undeniable ad-
vantage. However, the use of the data is also bedlavith a number of problems.
Above all, there is an absence of a continual thees arising from a ten-year period
of observation and of additional time needed tocess the results. Particularly in the
intercensal period it is necessary to be cauticusnwdealing with the information. This
is caused by a considerable dynamics of changdayifto-day mobility of persons, in
the offer of public transport and transport infrasture as well as changes in the
transport market in some relations. Moreover, therene significant defect: Limited
time differentiation of the frequency of commuting.the routinely available results, it
is only presented as daily and non-daily (totaBsies that, it can be presumed that a
part of the results was affected by a wrong or imgiete or deliberately false filling of
census sheets. The issue of the incomplete datatiseable mainly in the results of
commuting flows from the 2011 census (CSO 2013kr@hhe number of the captured
data states just 1.5 million commuters against mbas 2.3 million in 2001 (CSO
2003). From the viewpoint of the study of the mosfalit, there is the associated prob-
lem of the publication of the results by the Czé&thtistical Office, as commuting is
presented differently in the commonly accessiblgpuats of the two latest censuses. The
2001 census (CSO, 2003) only published commutingrdrnysport modes in connection
to movement of manpower. The results from the 2€drisus (CSO 2013) also include
modal distribution by commuting to schools. Thisame that the differences eventually
reduce the data set that can be used for a compasisboth censuses. Obviously, the
data that also contain commuting to schools willediin a number of relations, given
the assumption of a much higher share of the ugaillic transport in the case of this
target group. The use of the data from the cendose®mparison of the intervals men-
tioned above is also affected by the fact that catimg was recorded from the place of
usual residence in 2011, but from the place of peent residence in 2001. This change
in the census method has resulted in an apparergat in recorded direction of com-
muting flows between centres in Czechia, which th@sbiggest impact just on long-
distance relations typical of non-daily (weekly)namuting. In connection with com-
muting flows, also necessary is a discussion omdlevance of these data that inherent-
ly only record regular movements within the joureiég work or school. However, a
number of other movements with a different motimatas far as the journey is con-
cerned is not recorded (shopping trips, visitsrienls, outdoor and holiday trips). For-

53



eign surveydhave revealed that the share of the journeys td\aod to school ac-
counts for roughly 30% of the total mobility expsed by passenger-kilometres. On the
other hand, regular journeys (commuting and busiegs) are usually the main pur-
pose in long-distance mobility. Travel behaviourcmmmuting journeys is also more
stable and homogenous than in case of others psgosainly leisure purposes jour-
neys and visits to relatives and friends) (Hubdtier 2003). The surveys of transport
behaviour which are conducted mainly in Westernelgean countries can serve to
some degree to widening of the database about tlglnsplit because one of the main
spheres of interest is constituted by the questaditat the destination (direction) of a
journey, the means of transport used, and reastreqburney. The surveys are usually
held under the auspices of the civil service, whacisures continual and guaranteed
results. Although such surveys would be certaimbfifable for the decisive actors (the
Ministry of Transport, regions, and carriers) arahsport researchers in Czechia, due to
the universal character of the survey, the resaltgot cover all the specific needs. This
is the reason why, in the case of long-distancegrager transportspecific surveys are
often carried out by the carriers themselves, whes ttry to identify the potential of
individual relations cutting across transport modi@stheir own business activities.
However, results of such surveys are eventuallymade public. The issue of transport
surveys in long-distance transport and associgibdres is examined in a great detalil
by a study of the research team Axhausen et a03(20

If the real data are not accessible, the sharaedifidual types of transport in the rela-
tion under observation is examined by the meanbegdretical models arising from an
aggregate of individual patterns of transport bahav(in the case of a representative
sample) and presumed reactions of a system to¢hairges. This process is represent-
ed by a group of “discrete choices” made by indiald before a journey and in its
course. Specifically, a discrete choice includes selection between two (possibly
more) discontinuous alternatives. In the case efttdpic under consideration, it is a
choice between various means of transportitiBva-Foltynova et al. 2008). In the
modelling of modal split, the most frequently usaéthods include logit and probit
models and in the case of a choice from more thvanalternatives, these are their mul-
tinomial/multiple forms (Pas 1995; Pipkin 1995; @mr, Willumsen 2001). In the
sphere of transport, the “nested logit model” @ichical model) is often used for the
basic modelling of the main modes of transporpréésumes a “nested” structure of the
decision-making process. This means that first,ctigce is limited to the relation of
individual and public transport (a “bimodal distition”), and in the second step, an

“ Such as the transport survey “Swiss Microcensuravel Behaviour” in which transport
behaviour of the Swiss is observed in a roughlg-frear period (e.g. Simma 2003). Similar
information is provided by the “National Travel S8ay,” an annual survey of persons’ mobility in
Britain (DFT 2013). An overview of transport behawi is provided for example by Marconi et
al. (2004).

®In foreign literature, long-distance transponissially defined as transport of persons over 80—
100 kms, or a trip with an overnight stay (Marcenal. 2004; Frei et al. 2010; Hubert, Potier
2003).
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evaluation of the main modes of public mass trarigjp@in, bus) is made. The princi-
ple of modelling is based on the assumptions ofr#tenal choice theory in which
based on their sources (income) and limitationgm@rily time and transport costs),
passengers make a decision between at least t@roatives, following a certain rule in
their decisions (Brhova-Foltynova et al. 2008). The multinomial forrh tbe logit
model arises from the following relation (e.g. R895; Ortizar, Willumsen 2001):

e”Vni
[,
ane]e ™

whereP,; is probability of the choice of the observed meahsransport for a given
journey from the point A to the point B;is Euler's constant,,; are generalised costs
of a journey from the point A to the point Bjis the parameter of sensitivity expressing
the elasticity of the extent of change in the meanisansport on the basis of a change
in generalised costs between alternative modesangport; and is the set of all alter-
native modes of transport in the observed relafieB. There is a substantial methodo-
logical question associated with the applicatiomafdels: The construction of general-
ised travel costs whose value influences the pritityabf the use of individual modes
(see Chmelik, Marada 2010; Chmelik et al. 2012}héncase of individual automobile
transport, these are basically all financial cagisnt on a journey (i.e. the price and
average consumption of fuel, fixed costs of theageration — maintenance, insurance,
vignette, etc.); in public transport, this is tleef (including customer applications de-
termining the discounts). In all evaluated modbsré is also the time spent on a jour-
ney from point A to point B, including the walk tioe car, the search for a parking place
or the journey to a public transport stop. The gitavel time is subsequently convert-
ed into a financial value. The issues of valueimietare discussed by Jain and Lyons
(2008). In the construction of generalised trav@$ts, one can often see a constant
expressing the unrecorded qualitative aspectsdhatbe quantified with difficulties
only. These are comfort, what one feels duringurey, the use of time during the
journey, etc., and they considerably influencedbeision on the choice of a means of
transport especially in the relation “individualrses mass transport” (Riley et al., 2010).
The parameter of sensitivity to the change in tkeegalised travel costs is another
factor that enters the model. It is gained by catibn (most often by the maximum
likelihood method) of the real data obtained byaasport survey or by the use of avail-
able aggregated data on the modal split in theéioelander observation. This technique,
which is usually used in the classical four-stemsport model (e.g. Pas 1995; Ortlzar,
Willumsen 2001), naturally includes only one of @idternatives (but the most known)
of modelling describing the choice of the meansarisport or of the modal spfit.

Py =

® The method of transport resistors is another tecienused in transport planning (Hrabk

2010; Drdla 2010). In the transport and plannirecpice, the assessment of modal split is often
conducted in a specialised software environmertt ascVISUM from the company PTV AG that
has the advantage of possible link with GIS, progrees for the construction of timetables, etc.
In sociologic disciplines, “activity based approabhs been newly applied, where a journey is
considered to be only one of the attributes ofvégti This is quite unlike the presented approach
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Methodological Remarks on the Case Study

Sixteen long-distance relations in Czechia werecsetl for the case study evaluating
the modal split. Their travel source/destinatiors\wsduated in Prague or in Brno. The
evaluation focused on the share of individual awtoife transport and public transport.
The latter was further divided into the share of bad rail passenger transport. For the
study, the relations in which major changes in taweessibility occurred in one of the
modes were primarily selected, with an assumptibimpact on the modal split be-
tween 2001 and 2011. A choice was also made ofdlations in which changes oc-
curred on the transport market that influence thiemqtial of the use of rail transport by
passengers. As a rule, the modal split is assdsst®eben the cores of agglomerations
themselves. In some justified cases, further aggtated centres in which the same
transport behaviour of the population as in theederexpected were added to the core
of agglomeration. The selection of the relationgrissented in Table 1 and Figure 1.
The size criterion for the selection was constidubg the value of 100 commuters ac-
cording to the means of transport in the summainyoth directions, as recorded within
the 2001 Population and Housing Census (CSO 208}.the figures on work com-
muting by modes in 2001 (school commuting is natilable for the 2001 Population
and Housing Census) are also used as calibratianfdathe modelling of the modal
split as of the observed years 2001, 2006 and 2@ilthis respect, it is necessary to
again point out the fact that the data used forctiraparison with the figures from 2001
only include the movements for work that capturegtdy 20-50% of all commuting
movements identified. The latter only account fdraction of total mobility (an esti-
mate of less than 10%). The case study is basebdeoassumption that the modal split
in the sphere of commuting flows will display siarildistribution in all purposes of
journeys.

Table 1 Selection of Relations for the AssessmerftModal Split

Origin Destination

,Ceské Budéjovice, Tabor, Plzer, Cheb (Cheb, FrantiSkovy Lazné), Usti Region
(Usti nad Labem, Teplice, DéCin), Hradec Kralové, Pardubice, Brno, ZlintUherské

Prague Hradisté (Zlin, Otrokovice, Uherské Hradisté, Staré Mésto, Kunovice), Olomouc,
Ostrava Region (Ostrava, Opava, Havifov, Karvina), Vsetin+Valasské Mezifi¢i
Bmo Ostrava Region (Ostrava, Opava, Havifov, Karvina), Olomouc, Zlin (Zlin, Otrokov-

ice), Uherské Hradisté (Uherské Hradisté, Staré Mésto, Kunovice)

in which all the processes (and choices) are cdadewith the journey (“trip based approach”)
(Brihova-Foltynova et al. 2008).
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Figure 1 Determination of selected relations and njar transport network (in 2011)
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For the sake of an estimation of the modal spliggit model described above, specifi-
cally the “nested logit model,” was used. At firggneralised travel costs for individual
automobile and public mass transport were congtduftir the observed intervals. In the
case of the assessed set of relations, the valgengfralised costs relating to a journey
by individual automobile transport was calculatgdte following formula (adjusted by
Riley et al. 2010):

P

Viar = (ka * ﬁ) + (Dyartime * Weime) + (Drarace * Weime)
where the valud,,; represents generalised costs of individual autdiemdbansport.
The length of a journeyD(,,), given in kilometres, was recorded as of 2012thwy
means of a journey planner (Journey planner 201®)as estimated for the observed
intervals on the basis of the state of construatibthe motorway network. In a similar
way, the distance in timé{,r::me) between the cores of agglomerations was estimated
In the case of multiple-core agglomerations, thieivavas calculated as referenced to
their geographic centre, taking into account thégtteof population size. At the same
time, there was the inclusion of the indicator o€essibility 0;4r4cc) Or walk to an
automobile as well as search for the parking pktcethat also rectified the differences
between the time accessibility of centres. The drigtentres were ascribed a higher
value of accessibility due to the generally larggpdrsion of values (town centre versus
outskirts) in the time accessibility itsel(,r+;me)- The operating costs of an automo-
bile per 1 kilometre of a journey(,) are constructed as a sum of average consump-
tion of fuel of a usual car (the paper reckons ligh value of 7 litres per 100 kms) plus
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minimal average fixed costs (e.g. highway fee,inaurance, periodically repairs, etc.)
calculated in the compensation tariffs for the osautomobiles at business trips (prices
of fuel and reimbursement of travel, Ministry ohBhce 2012).For this reason, oper-
ating costs are considerably generalised and dtaketinto account any regional speci-
ficities. Due to the accessibility of the relevaata, the values for Czechia were used in
all cases. The average occupancy of an automabjje)(was set to two persons. The
value best corresponds to information from foregjndies in the sphere of long-
distance transport (e.g. Hubert, Potier 2003). Hawnetotal values for all transport
segments are usually lower as, for example, inatest survey of transport behaviour
conducted in Switzerland (FSO 2012), where theagesioccupancy of an automobile
was in the interval of 1.12 to 2.05 depending anghrpose of the journey (daily com-
muting to work versus leisure time activities). Thedel included another component:
The indicator of perceived hourly value of the tisgent on a journeyW;.), con-
struction of which was based on a methodologicatumhfor modelling created for the
Transport Ministry (Riley et al. 2010). The indicaincluded the average sum of hourly
wages in regions (average gross monthly salaryp0122006, 2011; CS02012) which
was multiplied by the coefficient 0.24 (adoptednfr®iley et al. 2010, p. 78) in which
the observed agglomerations for specific relatiwwase found.

Generalised costs for the connection by publicspart (by bus and train) were subse-
guently constructed for the same set of relatiding technique was the same for both
modes. When a comparison was made with automohitsport, there was a considera-
tion of the values for the mode that is more adsgebus from the viewpoint of a ra-
tional passenger, especially as far as time is exmecl. The calculation for public

transport was based on the following relation (aidid by Riley et al. 2010):

Vpr = [(DPTtime * Weime) + (Dprace * Weime) + F + 11/2] * Cpr_rar

where the value dfp; represents generalised costs of public transpaortile8ly to the
case of automobile, the time accessibility to ameat transport{pr,.. — @ journey to

a railway station, stop) was gained by an estimatd an indicator of perceived hourly
value of the time of a person on a journ#f(,.) was constructed. The distance in time
of centres Dprime) IS based on travel times of buses and trainkearost frequented
railway and bus stations given in specific time¢albfelectronic timetable 1DOS 2001,
2006, 2011). In the case of multiple-core centtles,travel time was adjusted by the
geographic centre of the agglomeration, similaolyite case of automobile connection.
Modal travel timé was used which most corresponds to the real sistefier and is
not affected by extra links. The extent of the offself (; ;) was quantified as one half
of the typical interval of a line (lines) in a rétm, which expressed the discontinuous
offer of public transport unlike that of individuatansport. When it comes to the non-
systemic offer with a minimum of lines per day, tredue of a four-hour interval was

" Fixed cost for the setting of the operating ca$tan automobile per 1 kilometre was calculated
for about CZK 1 per km in average. This value is/\aose of the value used in the methodologi-
cal study by Riley et al. (2010).

8 Average travel time was used for the relation wiffering transport offer.
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used. The usual March Wednestass the referential day for the calculations friwe
timetable. Direct financial costs borne by a pagsemre expressed by the price of the
fare (F). In the case of rail transport, the fare was reldtethe prices of passenger fare
(i.e. after a 25% discount from the basic farehuaitt the inclusion of relation discounts)
for 2011 as given by the tariff of the Czech Raie4 D TR 10 2010), the most im-
portant carrier in Czechia. Due the inaccessibditylder data, the prices of bus tickets
are related to the values valid in spring 2012.theye was a variety of carriers, the
figure depicted for the lines in the station findpOS 2012) was almost invariably
used as the most common price. Due to their diff@wailability, the data for 2001 and
2006 were estimated. In principle, the latest vatua time series was always adjusted
by a coefficient that roughly respected the develept of the railway tariff of the
Czech Rail. When it comes to the construction afegalised costs for public transport,
the calibration constant of the transport mode edi,;_;,7) that ensures a concur-
rence of the real and model modal splits was aisluded.

After the generalised travel costs were constrydtesllogit model was calibrated. This
required that the value of the paramaidoe found, i.e. parameter which, based on a
change in generalised costs among alternative mofdigansport within the set of ob-
served relations in which similar reactions to demare presumed, expresses the elas-
ticity of change in the means of transport. Theadat commuting by modes from the
2001 Population and Housing Census (CSO 2003) weed for the calibration. The
valuep was estimated by the maximum likelihood methodijrat for the relation be-
tween individual automobile transport and publicsmyransport. In the second step, it
was applied on the relation between the rail pagsenransport and regular bus
transport. In the case of the first step it was alscessary to estimatg,_,,r (the con-
stant of the transport mode choice) in such a vkay the value oft was as close as
possible to the interval appearing in foreign stgdi(for greater detail see Riley et al.
2010, p. 88). A weighing of the costs of publicnsport by the constaf;_; 4 Was
necessary because simple costs of public transmuet always considerably lower than
those of the automobile. In reality, this would mélaat individual automobile transport
has a negligible share in the modal split. Thigpdiportion is most affected by the
difficult quantification of soft, non-financial infences (quality, comfort, privacy, secu-
rity, etc.) on transport behaviour of populatioheTmost suitable parameter for the
relation between individual automobile and pubtansportt = —0.0031 was reached
with the constanf,;_;,r = 2.2. When it comes to the relation between rail pagsen
and regular bus transport, the parameter reacleedatiiey = —0.0123. The values of
the parameters were subsequently used for an estohséhe modal split model for the
intervals under observation.

® The usual March Wednesday was selected becapgsds no limitations (weekends, Easter
holiday were in April in 2001, 2006 and 2011) odiidnal measures (for example additional
trains in peaks on Fridays and Sundays) (see diswelk et al. 2010).

1% nterval between -0.1 and -0.01.

59



Results

A comparison of the share of individual automoltifi@ensport and public transport in
individual relations has yielded interesting resulh general, there is an obvious falling
share of public transport in the modal split in gegiod under observation, while higher
dynamics of changes is predicted for its secondl Adlis is apparent from Table 2,
where the value of the share of public transportha modal split is compared to the
average value of public transport for the whole dbz calculated from the statistics of
the Ministry of Transpott (Ministry of Transport 2013a). According to the aed, out

of the 16 monitored relations, 13 were above theraye in 2001 and 2006, but only 10
in 2011. A general growth in the use of automobil¢he model was enhanced, among
others, by a large number of motorways and furtbad projects having been put into
operation, which influenced the time accessibitifthe observed centres with an im-
pact on the lowering of generalised travel costerg was only the following exception
public transport increased slightly between 2008 2611, probably due to the high
level of the train connection in 2011. In the rielatPrague—Pardubice where, according
to the model, public transport accounted for thggbst share (mainly high share of
railways), for over 40% of the transport demandnreein 2001, 2006 and 2011. As far
as all other relations are concerned, there wasyava predominance of the use of
automobile in 2001, 2006 and in 2011, usually edoege 60%. However, it must be
noted in this respect that the decreases cannappmpriately assessed and they are
rather questionable in a number of cases. Givefatige variety of offer and travel time
on rail, for example, the 9% fall in the relatiormBue—Ostrava Region between 2006
and 2011 is unlikely. This is even more unlikelypatsent, when three carriers operate
in the relation Prague—Ostrava Region/Olomouc, enitdl representatives stated that the
market share of the railways has increased hereweMer, due to the time limit as of
2011, the latest change in offer was not includethe estimate. As a rule, the most
important values above the described national geecd the share of public transport
were reached among the relations with the locaiionail corridors or with an adequate
offer of the connections of both main modes of mutshnsport. The model ascribed the
lowest proportion of the use of public transporttie relations that are less frequented
from the viewpoint of intensity of transport (PragCheb, Vsetin/ValaSské M#zi) or
are described by a rather small set of the real éiatering the calibration, which affects
their informative value. Moreover, the real valaéshe share of observed modes corre-
spond to the model data just in these relationsimdilarly considerable difference be-
tween real and model data is obvious in the reld@imague—Pardubice, where the model
predicted a higher share of the use of individuabmnobile transport than that found in
the real data. In general, it is necessary to staggin in this connection that the real
data presented in the Table 2 and that were usetthdocalibration of the model only
include the journeys to work. In a number of rela$, this fact can strongly affect the

M The value of the share of public transport (339001, 31% in 2006, and 32% in 2011) arises
from the sum of transport outputs for railway, lansl urban mass transport.

60



share of public transport that is often the maiarbeof transport demand in commuting
to schools.

Table 2 Resulting Estimates of the Share (%) of Indidual Automobile Transport and
Public Transport in Modal Split (2001, 2006, 2011)

2001 R 2001 E 2006 E 2011E 2011R

Relation/Year

IAT PT | IAT PT | IAT PT | IAT PT | IAT PT
Prague — Ceské Budgjovice 67 33 60 40" | 64 36" | 70 30 67 33
Prague- Tabor 65 35 | 58 42" | 61 39" | 64 36" | 59 4
Prague - Plzef 63 37 | 59 41" | 62 38" | 63 37" | 64 36
Prague — Cheb Region 55 45 | 72 28 | 76 24 | 81 19 | 61 39
Prague — Usti Region 53 47 | 61 39" | 63 37" | 66 34" | 55 45
Prague — Hradec Kralové 70 30 57 43" | 60 40" | 63 37" | 61 39
Prague - Pardubice 50 50 | 54 46" | 55 45" | 59 41" | 40 60
Prague - Brno 72 28 | 64 3" | 67 33| 72 28 | 68 32
Prague - Zlin+Uh.Hradisté 67 33 | T1 29 | 77 23 |80 2 | 72 28
Prague — Olomouc 57 43 | 60 40" | 63 37" | 67 33" | 50 50
Prague — Ostrava Region 59 41 64 36" | 65 35 | 74 26 56 44
Prague - Vsetin+V.Mezifici 68 32 | 75 25 | 81 19 | 79 21 53 47
Brno — Ostrava Region 67 33 | 59 41" | 59 41" | 67 33 | 67 33
Brno — Olomouc 61 39 | 60 40" | 62 38" | 67 33 | 75 25
Brno - Zlin 70 30 | 61 39| 63 37|67 33|79 21
Brno — Uherské Hradisté 58 42 | 58 42" | 59 41" | 62 38 | 72 28

Note: 1) the value of the share of public transpstiigher than the average value of the share of
public transport for the whole Czech Republic, Real data, E = model estimate
Source: CSO 2003, 2013, author’s calculations

The results of the second model that estimatedhbees of railway and bus transport in
the modal split in public transport deserve a ca@hpnsive discussion. As generalised
costs are constructed in the same way in both casescan expect it to have higher
informative value. Besides, unlike the previous eipthe real values of the shares can
be more easily estimated thanks to the knowleddbenfeal offer of connections that is
supposed to better reflect the real demand arfsing the time competitiveness of both
observed modes. Based on the results presenteabie B, it can be stated that accord-
ing to the estimate of the model, there were ncomiagansformations of the prevailing
mode in the individual relations in the period unddservation. In 2001, railway
transport was more used in 7 out of 16 relations, ia 8 relations in 2006 and 2011.
From the viewpoint of the development of the shapee can delineate several groups
of relations with similar characteristics.

The first group is constituted by the relations meha higher share of railway transport
was estimated by the model in all observed intervdligher dynamics of changes was
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rather predicted for the second half of the exathiperiod. This fact is primarily influ-
enced by the extended variety of offer of rail gpart that was associated with the use
of modernised railway corridors. In fact, a higlshiare of railway transport was also
recorded in the case of real values from 2011. Wheomes to spatial distribution, this
group primarily included the relations heading frima east to Prague, which means the
lines from Pardubice, Olomouc, the Zlin Region #r@Ostrava Region. Despite a high
share of railways in these relations, the resulsgaestionable because due to the neg-
ligible offer of bus connections, even lower usdo$es can be expected in reality. This
is apparent for example in the relation Prague-titace, where the model for 2011
predicts a 13% share of bus, but the real datasoomuting say it only amounts to 6%.
In fact, the bus connection is roughly twice aglas far as time is concerned, and it is
also necessary to change in Hradec Kralové. Inrgspect, one can discuss the meth-
odological question of time disadvantage of intarae lines (at least of the bus lines
that are not common, unlike the railway networleoffor the highest possible interval
of offer (the study reckons with one half of theufdnour interval). Along with the
above, i.e. typical railway relations, the groum cso include the relations Brno—
Ostrava Region and Prague—Cheb in which a highemestf railway transport use was
recorded in all observed years, but in the fir$t disthe observed period it was decreas-

ing.

The second group is formed by the relations in tvhiigher proportion of bus transport
in the modal split of public transport was recordiecll observed intervals. Basically,
this referred to the selected radial link to Pratfuem Brno, Plzé, Ceské Budjovice,
Tabor and Hradec Kralové) and the connection toBrom central and eastern Mora-
via (Olomouc, Zlin and Uherské Hradist The result in these relations was mainly
determined by railway infrastructure which — whémrames to time accessibility — is
able to compete with road transport only to a kaditegree. In the case of Czech rela-
tions, apart from a lower model share (though gngwbetween 2001 and 2006) in the
connection Prague-Piz€ eské Budjovice, one could see a steep fall in real valdes o
the share between 2001 a 2011, which occurredy@iogoto the model, in the second
half of the observed period. This trend can be@ated with the ongoing construction
of the third and fourth transit rail corridors thetd a negative impact on travel comfort
(prolongation of travel times, instability of thienetable, or frequent closures). On the
other hand, the bus competition offers here aivelgtwide and systemic offer of links.
The most significant discrepancy between the madel the real shares was found in
the relation Prague—Plzewhere the model ascribed to the railway an alndasible
proportion compared with the data on commuting lmdenin 2011. In the case of Mo-
ravian “bus” relations, the model slightly undenmsttes the share of the rail in the
connections of Brno and Olomouc, as compared vaghréal shares, while it overesti-
mates it in the relations Brno—Uherské Hrad@&tn. Due to a longer travel time, the
systemic offer of railway connection for passengmabably does not offer any ade-
guate competition here.

The relation Prague—Usti nad Labem remained intting group. Partial changes in the
preferred mode occurred in it between the obseintedvals. In 2001, bus transport had
a slightly higher share, but it was railway tranmgpo the following intervals. A signifi-
cant increase was recorded between 2006 and 20&1reBult can be attributed to the
reconstruction of the line connecting Prague wittithad Labem, and the subsequent
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widening of the offer of connections after 2006 spige this, the resulting model share
of rail in 2011 is still much lower than the realwes by the mode used for commuting.

Table 3 Resulting Estimates of the Share (%) of Tiia and Bus in Public Transport Modal
Split (2001, 2006, 2011)

2001R 2001E 2006 E 2011E 2011R

Relation/Year

T B T B T B T B T B
Prague — Ceské Budgjovice 52 48 46 54 48 52 45 55 44 56
Prague- Tabor 51 49 | 44 56 | 46 54 | 45 55 | 52 48
Prague — Plzef 39 61 43 57 | 43 57 | 36 64 | 21 79
Prague — Cheb Region 66 34 | 54 46 | 53 47 | 65 35 | 49 51
Prague — Usti Region 58 42 49 51 51 49 68 32 81 19
Prague — Hradec Kralové 53 47 41 59 45 55 42 58 35 65
Prague — Pardubice 87 13 77 23 84 16 87 13 94 6
Prague - Brno 26 74 | 37 63 | 34 66 | 37 63 | 4 66
Prague - Zlin+Uh.Hradisté 4 56 | 59 41 62 38 | 73 27 | 58 42
Prague — Olomouc 85 15 82 18 82 18 93 7 89 1
Prague — Ostrava Region 65 35 76 24 71 29 89 11 85 15
Prague - Vsetin+V.Mezifi¢i 56 44 | 67 33 | T 29 | 82 18 | 719 21
Brno — Ostrava Region 327 63 37 53 471 66 34 8 22
Brno — Olomouc 55 45 | 49 51 47 53 | 49 51 51 49
Brno - Zlin 20 80 | 44 5 | 4 5 | 45 55 | 30 70
Brno — Uherské Hradisté 31 69 | 39 61 36 64 | 36 64 | 24 76

Note: T = train, B = bus R = real data, E = modedtenate
Source: CSO 2003, 2013, author’s calculations

In general, the results of both models mainly aomfthe changes in significance of
modal split of public transport caused by importarftastructure improvements of
railway corridors. In the field of long-distanceilraansport were in this context in-
creased number of trains which were able to comuetd transport in the travel time.
On the other hand, the real results could perhafselter because only selected railway
infrastructure projects had been finished in thet plecade. This situation is also influ-
enced by quite a low level of the infrastructurarpling in Czechia after 1989, when
many projects were conceived by the old transpwetegy and did not reflect the
change of transport demand and traffic behaviotwe fierarchy of priorities of new
infrastructure and also comprehensive study basethe transport model including
modelling of the changes of modal split was not enaddCzechia in the past. (Chmelik,
Marada 2014). Absence of complex view of transpafrastructure strategy is newly
dealt by the Ministry of Transport by the projettdnsport Sector Strategy, 2nd Phase".
This strategy is based on the new national multitahdransport model (Vachtl et al.
2013).
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Conclusion

The goal of this paper was to present basic altiewsgof the assessment of modal split
by the main transport modes. One of the chief nith@as subsequently applied on a
delineated set of long-distance relations in CzecBefore the case study was drafted,
the issue of accessibility of the real data onuke of individual transport modes had
been discussed. In this connection, the situatiothé European countries with ad-
vanced transport conditions (Switzerland, Germahg, United Kingdom, etc.) was
briefly outlined. In these countries, rather conmanmesive transport surveys have been
made that considerably expand the information létie the knowledge transport be-
haviour of the population. It is important to nobat transport surveys are usually con-
ducted by decision-making bodies as well as byrasgdions that report to them. In this
respect, it may be desirable to stage a relevacudsion on the issue in the Czech Re-
public and to define the need of the data and esedsu As the need of any surveys of
transport behaviour and consumer polls is not maeti even marginally in the basic
strategic document namé&dansport Policy of the Czech Republic for 2014-RUath

a Prospect Until 205@Ministry of Transport 2013b), the Ministry of Trsport cannot
be expected to take any major initiative in theddi In fact, some information, primari-
ly that gained by a survey, can have vital impactr@any spheres of transport planning.
In the case study, this can be exemplified by teduwneight of the perceived value of
the time spent on a journey (by the type of vehioclewhile waiting for a connection
that is usually adopted from foreign studies in ¢tbaditions of Czechia. The value is
further used for economic assessment, for exarbpleit is possible that due to differ-
ent transport behaviour of population and its ecaiocsituation, etc., the results of the
studies in Western Europe do not reflect the astiong expected in the case of
Czechia.

The core of the contribution was formed by a casdyswithin which the used method-
ology was tested. It involved the construction wiversal” generalised travel costs and
a subsequent application of the logit model. Ta&itted in a rather interesting compar-
ison of the shares of individual transport modeshmm relations under observation. In
general, the assumptions were confirmed. The mestéhate revealed that the share of
individual automobile transport was rising in tHeserved intervals and, in a number of
cases, even more than in the case of the develdpohdhe real data, although they
included one part of common mobility. As suggestelden it comes to the share of rail
and bus transport, higher growth was recordeddmnéhations along rail corridors, espe-
cially in the second half of the observed peridde Tevelopment was not so dynamic in
the relations with a prevailing proportion of buslaa in a number of cases it even stag-
nated. It is important to note that the model rssate influenced by the usage of a set
of calibration data as of 2001, and furthermorenificantly follow the definition of
travel costs. These are far from being able torjpoate all the relevant factors influ-
encing the decisions of actors of the transporcese in their transport behaviour.
However, in the case of long-distance relationss difficult to thoroughly verify the
informative value of the model due to the size la# transport market, especially in
individual journeys. This suggests verification &imilar survey on a lower regional
order that could then be confronted with a detdileld survey in the area. Nevertheless,
the results confirmed that the application of thsib logit model can give very valuable
outputs.
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