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Abstract: The aim of the paper is to analyze transport pdsgs of Trnava Self-Governing Region (TTSK)
municipalities residents to its center (regionalitad) by public transport. The authors of the grapave reviewed the
current trends of public transport and discussedoftimization of their capacity and timetable sthimg in terms of
continuity and parallelism of bus and train tramsp®he research methods included GIS tools, comabeessibility
calculations based on the journeys published orakhail.sk and www.cp.sk on a Tuesday, Februa®0@&8 at four key
times (4:00, 7:30, 14:00, 24:00), which were coregday four aspects: distance traveled, travel tmamber of transfers,
comprehensive route accessibility by three typesrasfsport: train, bus and combined transport. fdseilts of the
research have showed that there is a certain thicegalue for travel distance, time and numberarfisfers, which affects
the commuters to either not visit the regional Edpr choose to travel by a car. It was confirnthdt every type of
public transport in the territory of TTSK has aredeere it is currently the main way for commutioghe regional city.
The authors of the paper have provided a comprelepiture of selected aspects of spatially fuorai accessibility
by public transport and the characteristics ofviutlial types of transport in terms of following teeheduled route
timetables in the TTSK region during the selecteg times.

1 Introduction passengers) transportation system in the munitigmlbf

Different types of transport are key acceleratorgtie the Slovak Republic was caused by several facidre.
development of population mobility. According toeth most important [3] are considered to be: i) questide
European Commission White Paper "Roadmap to aé;ingjemarcatlon of higher territorial units, driven pglitical
European Transport Area - Towards a competitive artot geographical) criteria; ii) the growing sidoénce of
resource efficient transport system", transporg ikey individual car transport in both the commercial pnidate
element of the economy and society [1,2]. The Eemop Spheres; i) structurally spatial changes in tiador
transport policy emphasizes on an increased useooé market, which have caused considerable numberagipe
environmentally friendly types of transport, in fieular  to work from home or commute home on weekends only,

rail transport. as well people not working during typical work shif
During the first decade of the political transfotina  (06:00-14:00, 14:00-22:00, 22:00-06:00, or 08:000%
in Slovakia (after 1989), the reverse developméptiblic Since 17 November 2014, public rail transport s@wi

transport services (road and rail) was observedewhe in Slovakia have become a specific phenomenonzeith
role of individual transport (cars) in society hasreased tariffs for selected groups of passengers, whictrimted
significantly. Until 2014, the share of public tsport for t0 the growing share of railways in passenger
passenger transportation in the Slovak Republic wé@nsportation. While bus transport is in the cotepee of
decreasing. This decadent state is more noticéableal 8 self-governing regions, railways are still the
areas, where transport routes have been reduced regponsibility of the state [1].

canceled. The cancelation of bus and rail routesthe The aim of the paper is to analyze transport pdisisb
creation of a “more efficient” (inconvenient for of Trnava Self-Governing Region (TTSK) municipaigi
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residents by public transport, review the curresmdsina 3  Research methodology, data and research
qualitative dominance of various types of publansport area

and discuss the optimization of their capacity titmétable
scheduling in terms of continuity and parallelisinbas
and train transport.

While [13] calculates the accessibility of public
transport in terms of frequency (the sum of 3x long

distance trains per standard Wednesday, whichistap

Dealing with these action poses a new queStiOBiven municipali : :
. L pality + 1x regional trains per starar
Which of these types of transport should be arfyidor Wednesday, which stop in a given municipality +tB

ensuring transport to the regional capital of TTSK? long haul buses per standard Wednesday, whichiistap

On the basis of new methodology pre;gnted_ by trb‘?ven municipality + 1x regional coaches per stadda
authors of the paper the complex availability eipmat Wednesday, which stop in a given municipality), the

based on the comprehensive route accessibilityosemp ;o propose a calculation based on speed katuil iy
by the authors of the paper, the most conveniegt vas of passenger transport (the ratio of traveled distaand

been suggested for transporting each municipality, o murtioli
. X . plied by the number of routes). The pregd
residents belonging to TTSK towards the regiongiteh .5\ jation procedure was named complex accesgibili

Trnava at four key times has been suggested. (kd) calculation and was applied in [11] and [12].

Public passenger transport, understood as transpor txp .
operated with — pre-determined and publish transpmt  Kd - complex accessibility,
tariff conditions, is accessible to any interestatty- S - distance traveled,
transport participant, regardless of their gendeye, «-time traveled,
nationality, ethnicity, etc. It is especially impama as P - humber of transfers.
ecologically friendly alternative to individual cansport, o ]
for citizens who are unable to use a car [4,29e4sibility ~ FOr the purpose of complex accessibility calcufatio
is, according to [5], a measure of the strengtheaeint of thiS paper a standard Tuesday (February 6, 2018) wa
geographical relationships between citizens andr th&onsidered, thus eliminating the increasing trefniiedfic
socio-economic activities. [6] in his work defingse Pefore and after the holidays, but also the detrgarend
spatial accessibility of regions as “the ease athing a ©f traffic during them. _ _
region from other cities or regions. ~ Transport journeys at four key times were seleabed:
The accessibility of Slovak cities in terms ofiourneys leaving at 04:00 from municipalities withe
correlations between settlement, transport netwofi@!liest arrival in Trnava (important for tourisieng-
configuration and territorial division has beenegivmore  distance travelers and commuters to work for m@rnin
attention in the geographical community [7-10] thaa  Shift); ii) journeys with the latest departure from
availability of rural municipalities towards thefratural Municipalities arriving at 07:30 in Trnava (impartéor
centers [11] and [12]. Even in Czech geographylipub commuters to school, work, doctor office etc.)) iii
transport and its spatial connections are maingressed 10UMeYs with the earhest. arrival in municipaltieeaving
in regional cities [13-16], and not in its regida3]. from Trnava at 14:00 (_|mportant_for_ commuters from
The Polish literature [18] has been an inspirationgchool, work, doctor office etc.); iv) journeys ithe
publication for the aim of this study, where anrepie of latest departure from Trnava arriving in municipes by
canceled passenger rail routes in a transformirignglo 24:00 (important for tourists, long-distance trave]
highlighted the importance of public transport incommuters.from afternoo.n shift). In the case ofetim
connecting cities and settlements. The traffic estign in  €guality during the calculation, the number of sfans and
Poland and other developed countries [19] and [&0] a traveled distance was takemnto account (Iosv_beiter).
considered to be one of the most significant issues Data used for railway journeys calculations were
influencing living conditions of urban and regiona/@cquired only for municipalities with at least oteiff
residents. point — a railway station or a stop from the schedu
It is noted, that this situation was caused noy ofe timetable publi;hed on [24]. The difference between
to the increase in the population's wealth, bub adsthe rallway/bus station and stop has not been congiderghe
chaotically progressing suburbanization. The claotf@lculation purposes. _ .
suburbanization and the related deterioration in Dataused forbusand combined transport serviees w
accessibility by public transport is based on refe the  With attention to the number of lines, routes, dnd
Olcztyna region [21] and Krakow [22]. AnotherOP€rating companies acquired through a search eragin

inspirational  publication from a non-Europear[25]- The default filter setting of the search ewgiwas
environment has been [23]. used to generate search results, the only exceptam

filtering out inner city transport buses. Combirethsport
combines the usage of both bus and train transipwoitig
journeys.

2 Theoretical background kd = = (1)
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4 Research results

identified: Zahorie, north of the TT, PN and HCtds,

Trnava Self-Governing Region (TTSK) is located irfhe area around the town Sérend the west of the DS
the west part of the Slovak Republic and consiétg o district. Main reasons for the obtained resultshinitthe

districts: Dunajska Streda (DS), Galanta (GA), té\dc

area of Zahorie are: i) train transport is not kadé as only

(HC), Piegany (PN), Senica (SE), Skalica (SI) and Traview municipalities have train station/stop, ii) doimed

(TT). In the west it borders with the Bratislavalfse
governing region and Austria, in the north-westhviite
Czech Republic, in the north with the T&m self-
governing region, in the east with the Nitra salf«grning
region and in the south with Hungary.

Trnava city, with a population of 65,382 (31.12.2))1
as the regional capital of TTSK, concentrates irtgyar
institutions such as faculty hospital basic secon@end
university educational institutions, cultural ingtions,
public administration typical for the regional githie state
administration - police, jurisdiction and other \sees
resulting from the nodal position of the regiondy ¢n
relation to its background. There is a high conegiun of
industrial enterprises represented e. g. by caufaaturer
Peugeot-Citroén, increased concentration of pregres
activities and it is also an important bus andnttaib of
Slovakia. TTSK is a higher-level service centerdeven
districts with 491,904 residents (31.12.2017).

transport is not convenient as the first morningdsufrom
the surrounding municipalities are not synchronineith
the train departures, and iii) at the same timegthality of
road infrastructure is better in comparison with thilway
infrastructure on lines 114 and 116. In the northgrt of
the TTSK region (i. e. districts TT, HC and PN)pdaoad
infrastructure leading primarily to Trnava and dmal
number of functional train tariff points accessiblebuses
(for combined transport) contributed to the majsaige of
bus transport. The surrounding of the town Seseypical
by frequent and convenient train and combined jeysn
Most municipalities in this area have a direct jays with
Trnava in the morning. On the other hand, the fionly
available in GA, Serel’ and Krizovany nad Dudvahom,
where bus and train journeys do not follow eacleothhis

situation creates complications and makes combined

transport impossible.
The west of the Dunajska Streda district is a tyipic

The TTSK route network has a convergent shape af#gvitational area of bus routes to Samorin andistasa.

consists of a dense network of roads in total lergjt
1951.041 km [26]. According to collected data [2I7T]SK
contains 67.24 km of motorways,
expressways, 268.084 km of | class roads, 535.878fk

These bus stations are not in close proximity ¢oréilway
stations. For this reason, from Bratislava busastathe

2293 km ofourney to Trnava is better by long haul bus tharrain,

to which travelers need to move by using Bratislawblic

Il class roads and 1056,912 km of Il class road$ransport.

Currently, TTSK has agreed on a framework contraitt
three bus operating companies providing servicpsiblic
interest (suburban bus service on the territoryfi B8K)
operating 93 routes. Specifically, ARRIVA Trnava,sa

On the other hand, the quality of the journeysha t
early morning is brought by the railways due todhgéval
of their employees. In most municipalities withan tariff
point, the train route was more favorable or edeiviato

operates 31 routes, Slovenska autobusova doprd( bus. The exceptions are: i) Pustiahy with more
Dunajska Streda, a. s. covers 45 routes and SKANE®nvenient bus lines as the road is more dirgdBukova

Skalica, s. r. 0. manages 17 routes. Ten railwagslirun
through the territory of TTSK. They create a 347 lomg
rail network with 62 tariff points, composed of 8@tions

with a remote train stop and the fact that the fii@in to
Trnava does not stop there, iii) municipalitieswesn
Leopoldov and Pie&any, which are offered only one

and 32 stops. The railway lines run through 5§0mplicated journey with Trnava through Ry, iv) line

municipalities of TTSK, which is 21.9 % of the tht&251
municipalities. Railway lines on the territory off$K
create an odotropic type of network [11].

4.1 Spatially functional analysis of TTSK
residents transport accessibility by public
transport

Early in the morning, the results confirmed thepty
position of bus transport. In the Fig 1, severaharcan be

114 from which surroundings leads better
infrastructure. In addition, the Figure 1 also skaseme
areas where combined transport is preferred. Ealpettie

surroundings of Galanta with a built transfer terahiwith

short transfer times and relatively well-timed trand bus
timetables, while the direct bus journey with Traag

poor. Similar parameters were observed in the siath

Dunajska Streda, with the integrated transport iteahin

Dunajskd Streda, as well as near ®iey with the
integrated transport terminal in Riagy.
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—— Railway track
Self-governing region border
.| District border
Municipality border
Type of transport
Bus only
Bus/combined
Combined only
Train only
Train/combined
Mo routesflines
Bus/combinedftrain

11

Figure 1 The best journeys to the regional capitalava from the municipalities of TTSK at the tdr@0

The Figure 2 shows a few changes in comparison wiglignificantly with buses, which are slower due ¢@proad
the previous figure. First of all, the surroundimfssbely infrastructure in the section from Gbely to Senica.
are more oriented towards train and combined temsp  Thanks to the alternative route through Galanta, a
This is due to the situation (at around 6:00) imsignificant part ofthe municipalities of the Duskg Streda
municipalities with a railway point, where it isr@hdy district, which had a favorable rail or combineansport
worthwhile for bus operating companies to transpodt 4:00, was reoriented to bus or combined tramnspor
people from places where it was pointless at 4:08imilar process occurred in Sérand G#, where the bus
Thereafter, these people are transported by a thagih arrival time in Trnava (7:30) is more convenierather
arrives in Trnava at 7:21. This way, trains can pete than train arrival time (7:21), which result in hay

complex accessibility.
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——— Railway track
1 self-governing region border
[ District border
Municipality border
Type of transport
I Busonly
I Bus/combined
Combined only
Train only
[ Trainfcombined
Mo routes/lines
B Bus/combined/train

Figure 2 The best journeys to the regional capitalava from the municipalities of TTSK with theieat time before 7:30

The Figure 3 shows a significant change in comparis at 14:06 following shortly after the arrival of ettregional
with the maps of morning journeys, especially irotw trains from surrounding municipalities. Buses le@kmava
aspects: i) almost complete orientation of theridist of usually around 14:30, due to the shifts in the Zégistics
Dunajskd Streda and Galanta to the bus transpp, i park, which creates long break within the journéye bus
strong orientation of Zahorie region to combinedram  transfers in Cerova-Lieskové, Sajdikove HumencesiBo
transport. In the district of Dunajska Streda, ttfsnge Mikula3 and Sastin-StraZze that follow the trainnfro
was caused by the time-consuming regional train fBrnava have simple, unequipped bus stops (sometimes
Bratislava with 22 minutes break to following traim even without shelters), but the timing of the busesell-
Trnava. In the case of Zahorie region, the sigaifidactor planned, thus creating an easy distribution to
is that trains from Trnava to the mentioned di@ttiepart municipalities which are far from the tariff points

~ 125~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica - International Scientific Journal about Logistics
Volume: 7 2020 Issue: 2 Pages: 121-130 ISSN 1339-5629

CHOSEN ASPECTS OF A SPATIALLY FUNCTIONAL ACCESSIBILITY BY PUBLIC TRANSPORT: THE CASE
OF TRNAVA SELF-GOVERNING REGION (SLOVAKIA)
Miroslava TrembosSova; Alena Dubcova; Ludmila Nagyova; Dagmar Cagaiova

—— Railway track
1 self-governing region border
_____| District border
Municipality border
Type of transport
Bus only
Bus/combined
Combined only
Train only
Train/combined
Mo routes/lines
Bus/combinedftrain

11

Figure 3The best journeys from the regional capital Trnewéhe municipalities of TTSK at the time 14:00

The map of the journeys from Trnava with the latestansport from Trnava was not provided to munidijees
departure (Figure 4) brings a completely differergult. situated away from the main roads from Trnava pas30.
The usage of train transport is preferable onthésouth- The later journeys by combined transport were more
east of the district of Dunajska Streda, the towfrGalanta preferable. Passengers chose combined transp@itedes
and Sladkowiovo and several municipalities along lineghe long distance between the train station andstat®n
116 and 110. The reason is that the last buseslatere in Bratislava and Senica, which was inconveniempeak
departure time than the last trains. On the otlandha times. Combined transport proved to be advantagepus
large part of the districts of Senica, Skalica Bauohajska the vicinity of Galanta again.

Streda residents chose combined transport, ast divec
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—— Railway track
[ self-governing region border
. District border
Municipality border
Type of transport
B Bus only
B Bus/combined
Combined only
Train only
I Train/combined
Mo routes/flines
B Bus/combined/train

Figure 4 The best journeys from the regional cdpitaava to the municipalities of TTSK with theskttdeparture

The authors of this paper conclude from the resfit Combined transport showed the highest values at the
the investigation that the bus was the most efiicigpe of latest departure time from Trnava with 20.38 % thoe
transport within the Trnava Self-Governing Regionthe TTSK population and 26.9 % for the municipalities,
first morning journeys, 53.36 % of TTSK residentsla specifically the smaller municipalities of TTSK @dla 1).
almost 70 % of municipalities considered bus trartsps Another important aspect related to the quality of
the most advantageous way of transport; 62.47 % phblic transport services was direct lines. Thedlifines
residents and 71.32 % of municipalities preferrags b without transfers have the best chance to compite w
transport to travel to Trnava at 7:30; 56.91 %esidents individual transport. According to the collectedalal01
and 65.33 % of municipalities preferred bus transgtcthe  municipalities within TTSK had direct bus journeys
14:00 departure time and 56.68 % of residents 2rsb8  (40.3 %) with Trnava (both directions, within 24uns), in
of municipalities preferred bus transport for ttaest total 1327 journeys. Most frequent lines are witte t
journey from Trnava in comparison with the traindan Trakovice village with 111 direct journeys. On agt,
combined transport. According to the calculatidchs,bus there were 13 direct bus journeys per 24 hours per
was convenient especially for smaller municipaditie municipality. On the other hand, 24 municipalities

The train transport reached the highest efficiencyTSK (9.6%) had direct train routes with the regibn
according to the number of residents (36.69 Y%hafitst capital with total 428 journeys, which is almostd8rneys
morning journey to Trnava. However, according te thper 24 hours per municipality. The village of Lelgjmw
amount of percentage points of TTSK municipalitiebiad the most frequent direct train journeys withama, 76
(17.93 %) the highest value was obtained at th@0L4:journeys in 24 hours. Final evaluation of the asit®lty
departure time. This means, that the morning traimsport  of the regional capital by direct line was that thain
was more efficient for larger municipalities anditr transport had 38 % higher number of journeys thas b
transport at 14:00 was more efficient for smalletransport.
municipalities.
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Table 1 The most effective way of transport praviole public transport between the regional capitatava and the TTSK
municipalities at four key times

. Number of TTSK Number of TTSK
The most effective way of transport L .
municipalities residents
BIE. Train, Combined Abs. | % Abs. | %
The first Bus 174 69.3:¢ 265 49! 53.3¢
morning Train 4C 15,9: 182 538 36.69
arrivalto TT Combined 37 14,74 49 542 9.95
Arrival to TT Bus 179 309 656 62.47
at 7:30 Tralln 2€ 10,3¢ 118 15¢ 23.8¢
Combinet 4€ 18,3 67 84¢ 13.6¢
Departure Bus 164 65,3t 277 89! 56.91
from TT at Train 45 17.93 145713 29.84
14:00 Combinel 42 16.7¢ 64 72. 13.2¢
The latest Bus 157 62.5¢ 285 99( 56.6¢
departure Train 2¢ 11.5¢ 115 73t 22.9¢
from TT Combinel 65 26.9 102 847 20.38

5 Conclusions

frequency of the journeys, and at the same time, th

According to [1], the organization of the publiccombined transport helps to bring the advantagetheof

transport should reflect changes in the spatichmeation

train transport to municipalities that are posiddrfurther

of society and country systems. The most importaffom the railway station. The disadvantage is negli

changes are suburbanisation in the proximity ofahgest
cities and towns [22], changes in economic positioh
centers, etc. The big differentiation in the avality and
density of spatial links of the functional regiaig so-

space for bus turnovers near the train stationanthe
willingness of bus operating companies to adjusirth
timetables to the departure of trains and to motlisir
routes to closer proximity of the train station.

called low availability of region) causes negative The authors of this paper have realized that hdoat
consequences for the overall region developmen} [280lved times are equally necessary for passengdrthat

Poor accessibility may result in low level of edima,
unemployment and low level of social capital [21314.

people do not travel only to a regional capitale Tlamber
of transfers is also important factor. There exast®rtain

The authors of the paper have reviewed the currelitreshold value for travel distance, time and nundfe

trends in a qualitative dominance of various tygigsublic
transport in TTSK. Comprehensive picture of thesgort
individual types characteristics in terms of follag the
scheduled route timetables in the TTSK region dutire
selected key times was provided. The main sorfiegent
for the accessibility evaluation of TTSK municipis was
the presence of railways on their territory or tigtance
from it. The disadvantage of the train transpothet the
lines are linked to existing railway infrastructyliees and
stations). The train routes order within the tersit of
Slovakia is subject to approval at the level of Khaistry
of Transport, Construction and Regional Developnunt
the Slovak Republic (the relevant departments [3])
points out that this system is not optimal in terofs
coordination among various types of transport. Bedgji

transfers, which affects the commuters to eitheruigit
the regional capital or choose to travel by a Eaom the
collected data can be concluded that these linnédsaaa
distance of 150 km, with a time interval of 2 % tmuat
a maximum of 3 transfers. However, the number afadli
journeys is important factor, where, on averagaintr
transport achieved a better result.

Generally, it was predicted, that every type ofljgub
transport in the territory of TTSK has areas whiers
currently the main way for commuting to the regiona
capital.

It is difficult to judge which type of public trapert
should be promoted primarily for the most efficientite.
However, in Slovakia, several bus operating congmni
complain about the introduction of free train sees for

bus transport brings both advantages and disadyesita certain population groups, causing them loss dfocners.

On the one hand, the bus can get almost anywlremess
usually 2-3 more stops in the municipality thaitres less
limited to the capacity of the infrastructure ahd toss of
profits due to black passengers is lower. On therdtand,

As a result, they cancelled journeys, sometimeslavho
routes, even in places where passengers do notdrave
option to use train. The authors have realizedtti@tines
need to be optimized in terms of continuity ancapialism

the bus transport is slower, more endangered fiictra Put no limited to the minimum necessary journeys.

jams, accidents and has less passenger capacignper

vehicle driver. Combined transport by using botk bod

This paper ought to inspire other experts to expibe
quality of transport in other regions of the SloRepublic.

train combines the advantages and disadvantagése of At the same time, it may be an impulse for improgatrof

two above-mentioned types of transport. Its adygmnia
that combined transport enables to avoid routet atea
problematic in terms of traffic jams and increases

the public transport operating companies’ serviaad
timetable scheduling.
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Public transport is also recording changes after tt§8] MICHNIAK, D.: Dostupnos okresnych miest na
covid crisis. Predicting future developments irstbéctor SlovenskuGeografickyasopis Vol. 55, No. 1, pp. 21-
is rather compolicated. However, already at presen 39, 2003. (Original in Slovak)
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