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CONNECTION ON THE SPATIAL DISTRIBUTION
AND INTENSITY OF TRAFFIC FLOWS: A CASE STUDY
OF THE D47 MOTORWAY, CZECH REPUBLIC
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Abstract

Assessing changes in the spatial distribution and intensity of traffic flow patterns, considered one of
the main direct influences of the construction of transport infrastructure, is discussed in this paper. The
central element of the research is a case study assessing such changes in connection with the opening of
the D47 motorway in its Lipnik nad Be¢vou-Ostrava section. The aim of the study is a comparison of traffic
conditions before and after the opening of the motorway. The real data on the traffic load of the motorway
sections are compared with the official and our own forecast, which is based on applying a basic form of the
gravity model for the given area. The results of the analysis confirmed intuitive assumptions about changes
in the spatial redistribution of traffic flows.
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Hodnoceni vlivu nového ddlni¢niho spojeni na prostorovou distribuci a intenzitu
prepravnich proudii: priklad ddinice D47

Prispévek je zaméren na problematiku hodnoceni zmén prostorové distribuce a intenzity prepravnich vztahi,
které jsou povaZovdny za jeden z hlavnich primych vlivii vystavby dopravni infrastruktury. Jdadro prispévku
predstavuje konkréini pripad hodnoceni zmén v souvislosti se zprovoznénim ddlnice D47 v tiseku Lipnik nad
Bedvou-Ostrava. Cilem je predev§im srovndni dopravnich pomérii v oblasti pred a po zprovoznéni ddlnice.
Redlnd data o zatiZzeni ddlni¢nich usekii jsou komparovdna s oficidlni a vlastni prognézou, kterd je zaloZena na
aplikaci zdkladniho tvaru gravitaéniho modelu v oblasti. Vysledky analyzy potvrdily intuitivni predpoklady o
zméndch v prostorové redistribuct prepravnich proudi.
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1. Introduction

The issue of the impact of new high-speed transport
infrastructure is a widely discussed topic in fields
studying various aspects of transport, mainly due to the
existence of numerous and often very different viewpoints
(economic, technical, environmental, political). Transport
infrastructure is often considered one of the main factors in
the competitiveness of national and regional economies, and
the importance of the influence of transport infrastructure on
regional development is not only frequently pointed out, but
also often understood in divergent manners. In some cases,
infrastructure is seen as a catalyst for economic development,
while other authors perceive it only as one of many
conditions necessary for development (e.g. Rephann, 1993;
Bruinsma and Rietveldt, 1998). The impacts of a motorway
on regional economic development are usually classified
as indirect impacts of transport infrastructure (Bruinsma
and Rietveld, 1998; Banister, Berechman, 2001; Jeidbek,
Marada, 2003; Marada et al., 2010), including the influence
of the motorway on the business environment, emergence
of new companies, the labour market, land price, and on the
overall image of a region. Assessing these factors, however,
is very difficult and sometimes almost speculative, since it is
not always possible to connect objectively certain changes of
one factor with a change in transport infrastructure, or to

define its weight precisely. In this regard, it is much easier
to assess the direct impacts of transport infrastructure,
which are connected mainly to real changes in the transport
accessibility of certain points and often also to changes in
the spatial distribution and intensity of traffic relations in a
given area. The interconnectedness and causality of all direct
and indirect impacts is beyond doubt.

Prior to assessing the impacts of a concrete transport
infrastructure, it is necessary to evaluate responsibly the
actual utility of a given construction from the point of
view of the technical design and layout in the area, which
have to provide the desired connection effectively. Western
European countries with developed infrastructure planning
have long-term experience with using comprehensive
methodological procedures for the assessment of transport
projects and actual impacts (e.g. Vickerman, 2000; Hayashi,
Morisugi, 2000; Bruinsma and Rietveld, 1998; Lehovec
et al., 2003), but their application is also problematic due to
the difficult and often subjective translation of certain factors
into financial figures. It can be assumed that immediately
after the fall of the Iron Curtain in 1989, such mechanisms
were not taken into account in the Czech Republic, which
is why some projects were designed in a dubious way, as
is evident in those in which construction continues in the
third millennium. In this regard, it is possible to notice a
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change after the accession of the Czech Republic to the
European Union (hereinafter EU), which co-finances large
capital-intensive infrastructure projects from the EU
budget, producing, however, more stringent requirements
for proving the utility of the construction with respect to all-
society impacts. It is to be noted, however, that the inclusion
of specific structures for financing from the EU budget is
fully within the competence of national states, which does
not always guarantee that truly important projects are
supported, since other factors and mechanisms undoubtedly
play a role, too. Moreover, it is important to note that in
Western Europe, results of the assessment of transport
infrastructure economic impact often do not correspond to
political preferences (Bruinsma, Rietveld, 1998).

One of the frequently discussed structures built in the
Czech Republic in the last 15 years was the D47 motorway
(asection of the D1 motorway), connecting the Ostrava region
to motorway networks of the Czech Republic and hence also
to the trans-European transport network (TEN-T). This
area of north-eastern Moravia and Silesia had a relatively
high quality post-war road network connecting the centres
of the region to serve the needs of local heavy industries.
The problem, however, was the insufficient connectedness to
supra-regional and international networks, which was further
compounded by the dissolution of Czechoslovakia in 1993,
when the Ostrava region became the most geographically
remote region from the capital (e.g. Suchacek, 2005;
Kuta, 2000). An effective solution for connecting to the
Ostrava region was the D47 motorway (together with
the R48! expressway), but its construction was perpetually
postponed and became a widely-discussed topic in the region
among the general public, as well as political and economic
leaders (Jurecka, 2003; Schejbalova, Teperova, 1999).
This was mostly due to the fact that the existence of the
motorway was seen as one of the requirements for the
economic revitalisation of the region (e.g. Jurecka, 2003;
Zahradnik, 2003; Bauerova and Ramik, 2004a, 2004b;
Suchécek, 2005), which faced serious structural problems
due to its one-sided economic base. Suchacek (2005, p. 106)
directly states that the issue of the D47 “has become during
the course of the years a certain symbol of the economic,
institutional and psychological circumstances of the Ostrava
region restructuring...” (translation from Czech).

In connection with the D47 motorway, there was also a
much discussed question of whether it was necessary for
the route to run directly through the city of Ostrava, as
was planned since the 1960s in government documents
concerning the development of transport networks
in the Czech Republic (Prasil, 2007). A number of
environmental groups, in particular, voiced the opinion that
the D47 motorway in the Bélotin-Ostrava-Czech-Polish state
border section was not justified because it was duplicated by
the R48 expressway, and that it would be possible to connect
the Ostrava region by modernising the /58 Ptibor-Ostrava
road or the R56 Frydek-Mistek-Ostrava expressway. In that
case, the transit traffic to Poland would be realised over
the already-existing Cesky Té&sin-Chot&buz route. This
opinion was opposed, for example by Rehdk (2004), who
applied gravity modelling for simulating traffic relationships
between the Czech Republic and its neighbouring states.
Based on his results, he stated that the international
connection between the Czech Republic and Poland via

Ostrava would be significantly stronger than the preferred
connection through Cesky Tésin, and that the modernisation
of the /48 road would not meet the purpose. The question
of the construction of the D47 over the R48, favoured in
the past, was also addressed by the Czech Supreme Audit
Office (hereinafter SAO), which investigated whether the
preference for the D47 was based on objective circumstances.
SAO came to the conclusion that no assessment of either
project had been made in which the Czech Ministry of
Transport and the Road and Motorway Directorate of the
Czech Republic (hereinafter RMD) identified and quantified
the socio-economic benefits, and justified prioritising
the D47 project (Auditing Action 04/25, SAO Bulletin, 2005).
The absence of any studies demonstrating the effectiveness
and societal benefits of the D47 was confirmed by the RMD
from the authors’ questions.

At present, the D47 is already open and it is therefore
possible to evaluate its impacts, at least partially. The authors
do not aim to evaluate the much-debated indirect impacts of
the D47 on the economic development of the Ostrava region,
which are moreover difficult to identify given the short
period of time the motorway has been open. The degree of
the motorway influence on the monitored indicators and
their selection remains debatable. Rather, this paper focuses
on a basic assessment of changes in the spatial distribution
and intensity of traffic flow, which are considered some
of the main direct influences of transport infrastructure
construction, especially new motorways. In general, the
objective of this paper is to describe basic possibilities for
assessing the direct impact of motorways on transport
interaction in the given area, as well as their forecasts, which
is important for evaluating the utility and efficiency of the
infrastructure. A brief comparison is made of these factors
in the Czech Republic and in Western Europe. The core of
this research is a case study for assessing changes in the
spatial distribution of traffic flows intensity brought about
by the opening of the D47 motorway. The primary goal is to
compare traffic conditions before and after the opening of
the highway, based on data from the national traffic censuses
in 2000, 2005 and 2010 (National Traffic Census [hereinafter
NTC], 2000, 2005, 2010). Real data on the traffic load of
motorway sections will be compared to the forecast made by
the investor (D47 Project Information, RMD, 2012), and to
our own projections based on an applied basic form of the
gravity model (Chmelik, 2008).

Another partial goal is to assess the use of typical
geographic applications for this type of analysis. It is by
comparing real and forecasted data that we can identify the
main drawbacks of approaches based on modelling, which
cannot always anticipate the real impact precisely. In this
context, it is of course important to note that since the D47
was not connected by motorway to the Polish A1l motorway
at the time of the last census (NTC, 2010)?, it can be assumed
that any prediction will be partially distorted and will not
correspond to the foreseeable situation. This is because the
north-south transit road traffic, which is included in the
prediction for the motorway, was at that time still routed
through the original Cesky Tésin-Chotébuz vein. This fact,
though, can also be considered an advantage in a certain
sense, as this situation allows for the identification of the
real transport potential of the Ostrava region in a narrower
definition, i.e. regional centres for which the motorway is

! The expressway in the Bélotin-Novy Jiéin—Frydek-Mistek—éesky Tésin-Czech-Polish state border section.

2 The Czech D47 was connected to the Polish Al in 2012 for passenger cars, and in 2014 also for heavy goods vehicles.
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already useful to save time. In addition, this situation allows
for the elimination of one of the methodological problems,
namely the lack of information on the ratio of transit
traffic flows to the overall traffic load, which represents a
significant part of the actual as well as predicted traffic flow
in a number of motorway sections.

Analogically to the identification of the indirect impact of
the D47 motorway on the development of the Ostrava region,
this research does not cover in detail the above-mentioned
issue of the utility of the new motorway connection with
Ostrava, as this issue requires a more complex assessment
beyond the scope of the work. Therefore, arguments for
the necessity of construction are described only briefly
from other studies. At the same time, however, the authors
believe that in comparison with other projects in the Czech
Republic, the D47 motorway, which connects to the second
largest agglomeration of the Czech Republic, is far more
significant and its existence is rational. On the other hand,
it is to be noted that the present value of the intensity of
traffic on the D47 route, and even in the six-lane Lipnik
nad Beévou-Bélotin® section carrying all north-south
transport, is a cause for reflection. It should be emphasized
once again, however, that this situation can be connected to
the incomplete transit functionality of the motorway at the
time of the study.

2. Assessing direct impacts of motorways
on transport relations

The issue of identifying and evaluating the direct impact
of linear transport infrastructure is addressed relatively
often and not only as a part of transport-geographical
research. This is mostly due to the influence of the time-
space convergence of centres. This convergence is connected
to a lower resistance to travel, which is caused both by a
decrease in the time needed for reaching a certain point
due to new and usually high-speed infrastructure, and by a
decrease in transportation costs (Gutierrez, Urbano, 1996;
Vickerman et al., 1999; Rietveld, Vickerman, 2004; Preston,
O’Connor, 2008).

For expressing potential spatial impacts of the new
transport infrastructure on the pattern of traffic flow
intensity, it is possible to use the concept of generative
and distributive effects* (for more details, see Rietveld,
Bruinsma, 1998), which was primarily applied to identify
changes in the localisation of economic activities. The
generative effect instigates completely new activities, which
analogically mean generating new traffic as to the direct
impact of motorways. This effect is directly related to the
decrease in the time needed for travel and the consequent
new possibilities for each of the newly-connected points and
positive stimulation of the mobility of persons and goods,
coupled with growing employment opportunities and new
types of activities. In terms of indirect impacts, though,
the aspects of improved mutual accessibility do not often
bring only positive effects, since a good quality connection
can increase competitive pressure on the local market
in the newly-connected area and gradually “drain” the

activities from the weaker region (Jetabek, Marada, 2003).
The distributive effect causes only a shift of the traffic,
usually in favour of the new motorway, which has a positive
influence on regional centres previously overburdened by
transit traffic.

In this context, it is possible to say that as to significant
projects, only those with a strategic potential for the
generative effect should be considered, while in the case of
a need for improving a current unsuitable traffic situation,
it is more efficient to seek a solution by means of traffic
redistribution. Such a polarized division is hardly ever the
case, however, and it can be assumed that the structure of
traffic intensity in the new sections is at all times partly
caused by the generative effect (new traffic participants)
and partly by traffic shifted from other roads which are less
convenient than the new connection. The assumption of a
shift of some of the traffic flows to the new connection closely
relates to the so-called intervening opportunity, which had
been stated as a part of spatial interaction theory by Ullman
(Ullman, 1956, cited in Rodrigue et al., 2006). From the
methodological point of view, distinguishing the effects
(generative or distributive) remains problematic, as it is
limited by the nature of the databases and by the methods.
This happens not only when assessing the indirect impacts
(such as motivation and preference of a certain location for
economic activities), but especially in assessing the impacts
of a specific transport infrastructure project on traffic
relations in the area.

Data on individual car traffic, which generates most of the
interactions on the road network with regard to passenger
transport, are rather limited. The main and often the only
commonly available data on individual car traffic are traffic
intensities on individual counting sections in which the
vehicles are counted. In the Czech Republic, this information
is provided by the RMD, which conducts a national traffic
census every five years, in which information can be found
on the traffic intensity according to different vehicle types
(cars, trucks, motorcycles, buses) on Czech roads and
motorways. Information on the sections of motorways and
expressways with automated traffic counters is provided
in a shorter interval of time. The value of the traffic load
on a given section is in principal the aggregated result of
the behaviour of all traffic participants, who make their
decisions about where to travel according to their personal
needs (Brihova-Foltynova et al., 2008), while the beginning,
aim, frequency or purpose of their journey is not known.

When identifying the influence of a new connection, the
most limiting absence of information is seen in the aim of the
journey (i.e. the structure of traffic intensity on a given section
according to the beginning and the end of the journey), with
which it would be possible to find out concrete volumes of
the redistributed traffic. Data on the direction relationships,
including the prediction of their change caused by changes
in the network, are usually replaced by estimates based on
both basic gravity models (Rehak, 1997, 2004; Halas, 2005;
Kraft, Blazek, 2012) and transport models generated by
specialized software. The gravity model is one of the most
used tools in traditional transport geography research. The

3 According to the RMD, the large-scale six-lane design was adopted because of the junction with the D1 motorway (to Pi-erov) and
the R35 expressway (to Olomouc) on one side, and the D47 motorway (to Ostrava) and the R48 expressway (to Novy Ji¢in) on
the other side. At the same time, the study for RMD (ADIAS, 2001) states that in this section the motorway has a significant

extra capacity.

4 In traffic engineering disciplines, “induced transport” (generative effects) and “shifted transport” (distributive effects) are

commonly used, referring essentially to these effects.
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quite simple use for assessing changes in spatial interactions
in the transport network (e.g. building a new highway) is the
main advantage of this model. In the Czech Republic, studies
by Rehék (1992, 1997, 2004) are well recognised using the
planned road system based on various types of gravity model.
In international research, the gravity model is still used
namely for basic travel demand estimates, for example in the
field of the airline traffic volume estimation (e.g. Grosche
et al., 2007; Matsumoto, 2007).

In the Czech Republic, the prediction of traffic intensity is
formally bound by technical conditions. From these technical
conditions, the prediction is made either by way of a growth
coefficient assuming stable development of intensity on
the roads of the same class, or by a mathematical model
of the traffic flow on a network, which takes into account
factors causing unstable development of transport relations
(Bartos et al., 2010). In the case of an existing transport
connection, the beginning and the end of the journey can
also be identified by simple analytical methods, such as the
frequently-used transport divide method (Htrsky, 1978;
Marada, 2008; currently Kraft et al., 2014). According to
this method, a corresponding value of traffic intensity is
assigned to each of the sections connecting the regional
centres. In all cases, the data of course refer to the number
of vehicles and not to the number of passengers, which
usually complicates a comparison with, for example, data
on the number of persons using a specific mode of public
transport. In connection with the above facts, a question
remains whether detailed data on the direction of individual
transport passenger mobility are necessary, considering
the high financial cost for the technical and organisational
aspects of their collection, or whether the models give us
satisfactory results. They should at least identify a basic
structure of the directions for a given section, capture the
major trends and predict the order of spatial impacts on the
network, usually based on changes in the time required to
reach a certain destination.

High quality information on current and expected traffic
flows should be one of the main inputs in the process of
assessing the priorities of needs when evaluating transport
infrastructure construction, since it is evident that the
transport needs of people generate a justified demand
for improving the transport situation. In countries with
developed transport infrastructure, the main method applied
for assessing transport infrastructure building projects has
for a number of decades been cost-benefit analysis (further
CBA), which is often combined with a multi-criteria analysis
comparing multiple projects (see the overviews in Hayashi,
Morisugi, 2000; Quinet, 2000; Morisugi, 2000; Lee Jr., 2000;
Gihnemann et al.,, 2012). The criterion capturing best
the direct impacts of a project is economy of time, which
is often one of the most important indicators. In the UK,
for instance, it is considered the main criterion, together
with the reduction of traffic accidents (Vickerman, 2000).
Frequently connected to the criterion of time economy is
a necessary forecast of transport demand, which is usually
based on national transport models in which the impact
of a new project on the current intensity distribution is
simulated according to changes in the required inputs.
The prediction is closely connected to the indicator of
time value for different categories of passengers. This
indicator is important for assessing economic impacts and
for expressing time economy in financial figures - the time
value based on qualitative survey research (Hayashi and
Morisugi, 2000). A practical example of the combination of
cost-benefit analysis and multi-criteria analysis, including

the ranking of individual projects, can be found, for example,
in Guhnemann et al. (2012).

In the Czech Republic, the situation is somewhat
different because the hierarchy of priorities of high-capacity
road infrastructure construction was never a long-term
conceptual solution, from the point of view of investment
benefits. In this regard, reference can be made to the
SAQ’s audit conclusions, which state that the Ministry of
Transport, being the public administrative body responsible
for formulating transport policy, did not assess the societal
benefits of any of the high-capacity road infrastructure
projects described in the concept paper, Proposal for
Development of Transport Networks in the Czech Republic
until 2010. According to the SAO investigation, the only
criterion for the inclusion of a project was the value of
traffic load on roads operating in the route of the planned
motorway or expressway, without stating any priority
for projects in terms of strategic goals. Also taken into
account were projects, which had been prepared in the past
(Control Action 02/10, SAO Bulletin, 2003). The lack of
methodology for assessing transport infrastructure project
benefits is pointed out by Viturka et al. (2012), where it is
also mentioned that the current regime gives preference to
the factor of zoning preparedness (as well as negotiability at
consulting points) over society-wide benefits. The authors
offer their own ranking of significant projects based on
the chosen utility assessment methodology. Among other
events, in response to criticism by SAO, civic initiatives
and the European Commission, the Ministry of Transport
began in 2011 to develop a project called “Transport Sector
Strategy, 2"¢ Phase”, which states individual priorities in
transport infrastructure construction to be co-financed by
EU (in more detail see www.dopravnistrategie.cz).

Within the procedures of project assessment, the first
step was to construct a transport model of the Czech
Republic which takes into account current conditions and
limits, and, based on the scenarios for the development of
each model, components predictions were made for the
years 2020 and 2050. The analytical part, in which the
transport demand and its expected development should
primarily be identified, is the basis for the designing
part, in which the priorities for transport infrastructure
construction in the Czech Republic are stated, and multi-
criteria evaluation is applied. The results confirmed intuitive
premises: the greatest number of points were given to the
missing part of the R1 Prague ring between Béchovice and
the D1 motorway, followed by the section of the D1 between
Rikovice and Pferov, and the missing sections of the R35
expressway (see more details in Vachtl et al., 2013).

3. Assessing traffic intensity changes in the
affected area: Case study - D47 motorway

For the assessment of changes in traffic intensities in the
area affected by the opening of the D47, the data from the
traffic census on Czech motorways and roads were used. The
census is conducted by RMD every five years. The required
time series were obtained by using data from 2000, 2005
and 2010 (NTC, 2000, 2005, 2010), bearing in mind, though,
that the 2010 data do not necessarily reflect the change in
route selection preference of all potential D47 users, since
the service was limited in part of the year 2010, and also
due to the then-ongoing process of “acclimation” to the
new alternative. From this point of view, it will be results
obtained in 2015 that will be significant, as at that time
the route preferences will be stabilized. The data used
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were the basic data showing the annual average of daily
traffic (AADT) indicating the number of passenger vehicles
in 24 hours on a given section®. The methodological approach
first involved the definition of the affected road network
(see Fig. 1), in which traffic conditions could be influenced
by changes in route preference connected to the opening of
the motorway. The monitored network was subsequently
divided into sections (edges between major centres or
nodes), for which relevant values of traffic intensity were
defined based on the traffic census data. The procedure

4/2014, Vol. 22

consisted in finding the point of the lowest traffic intensity
between two centres or nodes, i.e. finding a section in rural
areas with the lowest traffic load. These least-frequented
sections between centres should theoretically best reflect
the real contact between them, since it can be postulated
that this eliminates the traffic relations connected to
reaching facilities, which are more influenced by regular
short-distance travelling (e.g. more intensive contacts are to
be identified at counting points located between the centre
of a town and its surrounding area).
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Fig. 1: Determination of relevant road network, including traffic volume (2000 and 2010)

Sources: NTC 2000, 2010

5 Focusing mainly on the analysis of passenger vehicles is necessary due to the methodological changes in the heavy goods vehicles
census between 2005 and 2010. The use of passenger cars is simultaneously preferable for their greater flexibility and possibility

to use the unfinished D47 at a higher rate than trucks in 2010.
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This applied concept of the point with the lowest traffic
intensity is one of the analytical methods used by the
transport geographer J. Hirsky (1978) for identifying traffic
divisions. Given the need to compare different sections in
three time series, it was always necessary to monitor the
same census section, since in some cases during the years
the lowest traffic point shifted on the monitored edge of
the network if it had more sections. Since the focus is on
the assessment of the D47, the basic census section was the
point with the lowest traffic intensity as of the year 2010,
and this section was subsequently compared to the identical
section in 2005 and 2000, provided that it had existed and
had been monitored at that time. It is necessary to point
out a number of partial limitations of this procedure and
methodology (such as the selection of a representative
section with the lowest traffic, general impact of transport
behaviour changes on traffic intensity without the influence
of the new motorway, the lack of data on directional
relationships of each section, and the consequent lack of
data on the ratio of local, regional and transit traffic flows,
etc.). These limitations can eventually influence the final
assessment, which is in some cases supported by subjective
decisions of the authors. The partial limitations, however,
do not preclude structural and chronological comparison,
since the results of the censuses obtained in different years
are comparable (a similar methodology had been used).

For assessing the D47 degree of impact on the changes
in traffic relations, it was useful to select sections, which
had been used prior to the opening of the motorway, mostly
for connecting the Ostrava region with other regions of the
Czech Republic and also for transit connection, especially
in the south-west-north-east axis. In particular these
were the roads I/58 in the Ostrava—Ptibor section, R56 in
the Ostrava-Frydek-Mistek section, R/I/48 in the Frydek-
Mistek-Bélotin section and I/47 in the Bélotin-Lipnik
nad Beévou section. Results of the traffic intensity in the
monitored sections in each year confirm the intuitive
premises of the change in the spatial distribution of traffic
relations in the affected area. This is evident from Table 1,
which contains the values of intensities in sections which
were previously (during the censuses of 2000 and 2005)
used for supra-regional contacts, now redistributed to
the D47 (the 2010 traffic census). In these sections, it can
be noticed that after the previous growth or stagnation
between the years 2000 and 2005, the traffic intensities
decreased significantly (by several dozen percentage points)
between 2005 and 2010, especially in the case of the Ostrava

connection by the road I/58 (decrease by 27.4%) followed
by the 1/48 (decrease by 10.6-23.6%) and the 1/47 (decrease
by 43.4-57.9%) in the direction of Olomouc.

Changes are also evident in the sections of roads I/57
and II/440, which are concurrently fulfilling the role of
feeder roads to the motorway in the direction of Novy Ji¢in
and Hranice, where, by contrast, the traffic intensity has
increased. From the point of view of traffic shift in favour of
the D47, the values for the lowest traffic points in the Ostrava—
Frydek-Mistek section remained surprisingly practically
unchanged (decrease by 4.0%) between 2005 and 2010. From
this, it can be deduced that the section was not preferred
as a connection between the Ostrava region and the main
network of the Czech Republic even earlier, despite its high
quality and large capacity. On the other hand, it is also
possible that the difference in intensities caused by the shift
of traffic to the D47 is not evident because of increasing
contacts between Ostrava and Frydek-Mistek. This is further
intensified by residential buildings near the Beskydy Mts.,
whose inhabitants usually work in the regional centre and
therefore mostly use the R56 for individual transport given
a large percentage of car transport. These arguments are,
however, only speculative, since they cannot be confirmed
using the available database, which does not capture
destinations of traffic relations which constitute aggregated
traffic intensity. In order to find out actual information on
the traffic load structure in a specific section, it would be
necessary to conduct a costly traffic survey that would be
extremely difficult for individual car transport.

Although the traffic census data concerning the heavy
good vehicles are affected by methodological changes
between the years 2005 and 2010, the monitored sections
were also calculated for this type of road transport modes.
From this point of view, the results have to be used more
carefully because the causality of the main changes can be
connected with the variable quality of the data. In general,
it is possible to suppose similar changes in the traffic
distribution of all road transport modes. The results of the
basic analysis confirmed analogous changes mainly in the
Ostrava-Ptibor-Novy Ji¢in—-Hranice axis, where the traffic
intensities decreased significantly (more than in the changes
of passenger vehicles) between 2005 and 2010, following
previous growth in 2000 and 2005. The greatest changes
were identified in the Bélotin-Lipnik nad Beévou section
(decrease by ca. 80%), which was practically fully opened also
for heavy goods vehicles in 2010. Changes are also obvious in

Traffic intensity (AADT) Change (%)
Section
2000 2005 2010 2000/2005 2005/2010
R56 Ostrava - Frydek-Mistek 13,906 21,877 21,002 57.3 -4.0
1/58 Ostrava - P¥ibor 9,858 10,069 7,311 2.1 -274
1/48 Frydek-Mistek - P¥ibor 8,526 9,893 8,840 16.0 -10.6
1/48 Ptibor - Novy Ji¢in 16,002 18,997 14,523 18.7 -23.6
I/R 48 Novy Ji¢in - Bélotin 10,239 12,114 9,711 18.3 -19.8
1/57 Hladké Zivotice - Novy Ji¢in 2,468 2,797 4,401 13.3 57.3
1/47 Bélotin - Hranice 13,403 13,947 5,866 4.1 -579
1/47 Hranice - Lipnik nad Be¢vou 15,377 16,839 9,526 9.5 -43.4
11/440 MUK Hranice - Hranice 2,935 2,576 5,001 -122 94.1

Tab. 1: Traffic intensity values of passenger vehicles in the monitored sections of the affected road network
Sources: NTC 2000, 2005, 2010; authors ” calculations
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the sections of roads I/58 (decrease by nearly 60%) and 1/48
(decrease by ca. 50%). On the other hand, in case of the
Ostrava connection by the road R56, the increased (20%)
heavy vehicles transport between 2005 and 2010 was hardly
noticed. In the Ostrava-Frydek-Mistek section, different
results for R56 were identified in assessing changes in
passenger car intensities as well.

4, Traffic intensity on the D47 motorway:
forecast vs. reality

The actual utilisation of the new D47 motorway, which
has changed the route preference for many connections and
especially connections with supra-regional centres, can be
again demonstrated by data from the 2010 traffic census
(NTC, 2010). Analogically to the procedure described in the
previous section, elements of the motorway were roughly
determined (see Fig. 1), and for each of them the census section
with the lowest traffic intensity was identified. The obtained
real values of traffic intensities for the year 2010 were
subsequently compared with the predictions of traffic load
for 2010, 2030 (both derived from the 2000 data) and 2040
(based on data from 2010), which are presented by RMD in
their information materials (RMD, 2009, 2012)%. Again, only
those census sections with the lowest predicted values were
taken into account. Finally, in the following section the real
and predicted values are compared with the results of the
authors’ own predictions, which were based on a gravity
model applied to the given area.

The values of real traffic intensities (see Tab. 2) on the D47
ranged from about 13,000 vehicles in the section with the
lowest traffic load to 22,000 vehicles in the section with the
highest traffic load. Compared with the RMD prediction based
on the 2000 data and followed by adjustments according to

growth coefficients, real values were approximately by 5,000~
10,000 vehicles lower than expected in 2010. The same can be
seen in the case of predictions for more distant dates, when
the traffic intensity grew together with the assumed further
growth of motorization, an increased ratio of individual car
transport in the overall passenger transport performance and
more flexible freight transport. Even if this is a long-term
perspective, it is already possible to point out the relatively
high values of traffic intensity predicted for 2040 based on
the 2010 data, when the expected daily intensity for the section
of the D47 between Lipnik nad Be¢vou and Bélotin is expected
to reach over 50,000 vehicles (in 2030 approx. 35,000).

It may be noted for comparison that traffic intensities on
the busiest motorway in the Czech Republic (D1) in the section
between MiroSovice (exit 21) and Kyvalka (exit 182), which is
now already less burdened by regular traffic between Prague
and Brno than it was in 2010, are by 10,000-15,000 vehicles
lower than those predicted for the D47 Lipnik nad Beévou-
Bélotin section. The current traffic intensity in this section is
comparable to the intensity of the D11 motorway and the R10
road on the borders of the Central Bohemia region, or the D2
motorway between exit 11 and Bieclav (exit 48). The intensity
of the Bélotin-Ostrava section is then comparable to the
traffic load on the R4, R6 and R7 expressways at a distance
of approximately 20 km from the administrative borders of
Prague. It is also comparable to the most frequented first-class
roads (such as the road I/3 and 1/35). Based on what has been
stated above, it is possible to conclude that the predictions of
traffic intensities for the D47 presented by RMD before the
construction, were overestimated as compared with the already
known real data. However, it is necessary to objectively recall
that the predictions were construed for the whole D47 route,
i.e. counting on its connection with the Polish A1, which had
not been finished by the time of the 2010 census.

Real traffic Own prediction
. intensity Prediction of traffic intensity by RMD of traffic
Section (AADT) intensity
2010 2010 2030 2040 2015

D47 Ostrava — Hladké Zivotice 13,189 18,000 21,900 33,000 33,260
D47 Hladké Zivotice — Bélotin 13,761 16,900 20,600 32,000 30,220
D47 Bélotin - MUK Hranice 16,500 29,800 36,300 53,000 31,440
D47 MUK Hranice - Lipnik nad Be¢vou 22,561 29,500 35,900 52,000 31,440

Tab. 2: Real and predicted traffic intensities on the monitored D47 sections. Sources: NTC 2010; RMD 2009, 2012;

authors” own calculations

Note: All values include information for the volume of all road transport vehicles

5. Gravity model application on the affected area

Our own prediction, which, by means of a comparison
with the “official” RMD predictions and real data, can
contribute to the discussion, is based on the gravity model
(for more detail see Chmelik, 2008; Chmelik, 2008, quoted
in Marada et al.,, 2010). The application of the gravity
model is still useful for studying traffic relations, especially
when identifying basic interaction intensities in space or
simulating changes of traffic relations distribution caused
by a new route. A general prerequisite for modelling is
the assertion that a certain spatial distribution of regional

centres together with a certain configuration of transport
network, objectively determines the basic features of spatial
interaction in a given area (Rehék, 1992). For the application
itself, we used a basic form of the model (e.g. Rehak, 1992;
Haggett, 2001; Black, 2003; Rodrigue et al., 2006), which is
for each pair of centres determined by the general formula:

Xii = (M; x MJ) /Diib’

where X;; is a dimensionless expression of the strength
of mutual relations between the centres i and j, ie. the

6 Real values for all transport volumes were used for a comparison in the year 2010 because the prediction of traffic load by RMD
was based on total traffic load. The results may be affected by methodological changes in the traffic census of heavy goods

vehicles between 2005 and 2010.
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interaction or the traffic relation between these two centres;
M; and M; are so-called masses of the centres; D;; is a distance
between the centres; and b is a parameter determining the
distance typical of a given task.

This model monitors the major road network influencing
traffic relations in the Ostrava region, whose territory
corresponded to the meso-region of Ostrava determined
during the division of the Czech Republic into socio-
geographical regions in 2001 (Hampl, 2005). The mutual
relationships between micro-regional centres, as well as
between main centres of the Ostrava region and inter-
regional and national centres of the Czech Republic and its
neighbouring states, are combined on the monitored road
network. In the case of the Czech Republic, the mass of the
centre in this model is represented by the indicator of complex
size (an aggregate based on the number of inhabitants and
jobs, for more details see Hampl, 2005), and the number
of inhabitants in the case of centres in another state. The
model is considered symmetrical with the assumption that
the emissivity and attractiveness of each of the monitored
centres with a mass are directly proportional to the mass of
the centre. The distance between the centres is expressed as
time required for the travel, with road network changes in
the surveyed years being taken into account.

The model was at first constructed for the
years 1990 and 2000, based on data from the national traffic
census. For each edge of the monitored network, we used
the intensity value, which corresponded to the point with
the lowest traffic load between two centres. The aim of the
calibration was to find such values for the distance influence
parameter b, with which the real values for the surveyed
years would correspond to the model values as much as
possible. After having obtained these parameter values from
the calibration for 1990 (b = 2.4) and 2000 (b = 2.1), which
corresponded to the expected transport trends (decreasing
importance of distance on transport interactions, increasing
transport intensities), it was possible to determine the
parameter used in model construction for the period
after 2010 (b = 2.0)". This model is based on the form of a
reference equation used for the year 2000, while it also already
includes expected changes in the temporal distance between
the centres due to the construction of D47. At the same time,
the predicted values for each of the edges were adjusted
by way of the divergence of real (for 2005) and theoretical
(model-based) traffic loads, so that they would correspond to
actual relations in the system existing in 2005 as much as
possible. This procedure is obviously only a very simplified
prediction and features all of the problems connected with
the application of basic interaction models (distance being the
only differentiating factor; theoretical assumption of a stable
regional system; the very settings of the model, including the
subjective perspective of the researcher, etc.). Therefore, it
is necessary to perceive the obtained results of the predicted
intensities only as a rough estimate, which is nevertheless
still valuable, especially if compared with analogical outputs.

The model we used generated results of expected traffic
load for the D47 (see Tab. 2), for which the value of
intensity for the complete monitored section was slightly
over 30,000 vehicles per day. This traffic load corresponds
to the values given by RMD (for 2010 and 2030) in the
prediction for the section Lipnik nad Beévou-Bélotin,
which is used for all long-distance or transit transport

in the south-west-north-east axis. The real traffic load
in 2010 was, however, lower than both of the predictions
by approximately 10,000-15,000 vehicles. In contrast to the
“official” prediction, our model overestimated the Bélotin—
Ostrava section, predicting the traffic load to be higher
by 10,000-15,000 vehicles. Moreover, real values for this
section in 2010 were lower by approximately 20,000 vehicles.
As mentioned with respect to the RMD forecast, it is also
necessary in this context to note that our model was
constructed upon the assumption that the motorway would
be completed and would provide not only a connection with
the domestic network but also with Poland, which was not
achieved by the time of the 2010 census. Some reasons for
such a high traffic load model values can be found mainly
in the overestimated traffic connections with the Katowice
conurbation, the realistic connection of which to the Ostrava
region and other metropolitan regions in the Czech Republic
is in reality probably much weaker (see also Korner, 2012).

This prediction is also due to the nature of the model, which
takes into account only the size characteristics and change
in the distance, ignoring any qualitative aspect of mutual
relations, which is, especially in the context of structural
issues of both neighbouring regions, one of the factors
influencing lower demand and supply. This is also confirmed
by the fact that for the Ostrava-Bohumin motorway section,
from which most contacts between the Ostrava region and
Poland are realised (including those which are realised
through the border crossing in Cesky Tésin/Chotébuz),
the model predicted a high and for the following decades
probably unreal value, of more than 50,000 vehicles per day.
From a methodological point of view, in order to eliminate
the improbable values, it is possible to include in the model
input data such measures like decreasing the size of centres
in another state or quantifying the barrier of the state border,
by which the mutual resistance of the centres is theoretically
increased. The second reason for the high traffic load value in
the Bélotin—Ostrava section is a generally assumed increase
in the interaction between Ostrava and the surveyed centres
of the Czech Republic, and also with the districts of Novy

better accessible because of the motorway.

Apart from the prediction of the D47 traffic load, it is
possible to compare the results obtained from our model
for the monitored network with real values for 2012. In
general, the model predicted a significant shift of traffic
relations from the previous Ostrava-Piibor-Novy Ji¢in
transit axis realised by the I/56 and I/48 roads, in favour
of the D47. Compared to real data, the model predicted an
even steeper drop of traffic intensities in these sections (by
approximately 3,000-8,000), especially due to the premise
that all contacts would be already realised by the connection,
which is more convenient in terms of time economy. It is
obvious that this premise, necessary for the construction
of the basic model, however, can not be objectively fulfilled,
since many factors influence route preference, including
the financial aspect concerning motorway fees. Similarly,
in accordance with the real data analysis (see above), the
model also predicted that the D47 would have only a limited
influence on the traffic load in the Ostrava-Frydek-Mistek
section. By contrast, the results obtained from the model
predicted a higher traffic load, which was mostly influenced
by the general increase of intensities caused by the selected
distance parameters used for the model construction.

" Derived empirically, the value stated above corresponds to the values usually applied in gravity modelling.
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In addition to the above stated results, the model can also
to a certain degree make up for the main absence of traffic
load data on network edges, i.e. for the proportion of each
relation on the overall traffic load. This procedure has also
been applied in the above-mentioned study (Chmelik, 2008),
where the author made an illustrative estimate of the
proportion of each connection in the Ptibor-Novy Jic¢in
section, by which all the long-distance transport from/to
Ostrava and the transit transport through the region, was
realised in the surveyed year of 2000. Based on the results of
the model, it is possible to state that traffic relations between
Ostrava and other centres included in the model constitute
50% of the overall traffic burden on the monitored section.
Next come (again strong - see above) transit relations
with Katowice and Krakow with 35%, and other relations
between the inter-regional (e.g. Frydek Mistek-Prague) and
micro-regional (e.g. Frydek-Mistek-Novy Ji¢in) centres with
the remaining 15%. These are, however, only approximate
results, as it is practically impossible to verify them with real
data with respect to directions.

6. Conclusions

This discussion of approaches to the assessment of
effectiveness and societal benefits of a transport infrastructure
project based on considering the spatial distribution and traffic
interaction intensity as the major direct impacts, allows for
pointing out significant differences between the situation in the
Czech Republic and Western Europe. Especially in the Anglo-
Saxon countries, the assessment of transport infrastructure
projects is based on methods (reviewed in Hayashi,
Morisugi, 2000), which take into account mainly time economy
as the most significant factor causing changes in transport
intensities. In the Czech Republic, this approach was not fully
embraced, especially in the past. Factors other than transport
effectiveness are often used for prioritisation, especially
territorial preparedness (see Viturka et al., 2012), which is
related to the ease of negotiation across the consulting points.
This can be proved easily by the R35 expressway project, which
has been for a long time presented by political representatives
and transport experts as a condition necessary for connecting
Bohemia and Moravia as an alternative to the motorway D1,
but the pace of realisation has been very slow compared to
other projects. A signal for improving prioritisation in the
transport infrastructure of the Czech Republic can be seen in
the project of transport strategies currently being prepared
by the Ministry of Transport, as it should define priorities
binding for transport infrastructure construction, based on the
assessment of peoples’ actual needs.

Another issue which precedes the prioritisation issue is
data input, which is necessary for any relevant assessment.
The restrictions of databases are not only an issue in the
Czech Republic. The main problem is the lack of data on
traffic flow, i.e. about the starting point and destination of
traffic participants. This, though, is absolutely logical given
the nature of individual transport. By contrast, the data on
traffic intensity in individual sections are easily accessible
from the national traffic census. These data, however, provide
no information on direction and are therefore more difficult
to use for assessing the impact of new connections in a given
area. For this reason, they are often subsequently adjusted in
order to fit the analyses, transport models and simulations.

The core of this paper was a case study in which we at
first evaluated changes in transport intensities in concrete
sections of a relevant road network, which might have been
due to changes in route preference due to the opening of

the D47. The results of the basic analysis, which capture
the development of traffic intensities of passenger vehicles
in the predefined sections, confirmed the intuitive premises
about the redistribution of traffic relations in those centres
for which the new connection offered a more time-saving
alternative. In particular, a greater part of traffic flow in
the Ostrava-Pribor-Novy Ji¢in—-Hranice axis was shifted to
the new motorway. By contrast, the traffic on the Ostrava—
Frydek-Mistek-Piibor route changed less significantly,
which confirms the assumption that this section had not
been used for supra-regional relations even in the past. This
assumption is in conflict with some of the earlier proposals
for connecting the Ostrava region on the motorway network

O vy

only by the R56 expressway (see, e.g. Robes, Rtzicka, 1998).

The general question is how to distinguish between the
distributive and generative effects of new transport intensities
on the D47, which is difficult, among other factors, also due
to the necessity of assessing impacts on the competitiveness
of major transport modes. Nevertheless, it can be assumed
that a significant part of the traffic load is the shifted traffic
(distributive effect), which can be supported both by the fact
that traffic intensities between 2005 and 2010 stagnated
(see Viturka et al., 2012), and by the fact that the commuter
traffic flow from the Ostrava region streaming especially to
Prague is much more than in other Czech regions realised
by high-quality railway transport, which can compete with
car transport. The process of transport induction (generative
effect) will then probably be evident especially in those
sections where residents of settlements near entrance ramps
can potentially commute daily to other centres, especially
Ostrava, due to the decrease in time needed for the travel. This
assumption, though, should be confirmed first by detailed
research in which it would also be possible to compare traffic
intensity changes on motorways and expressways heading in
a radial manner towards Prague, where the changes can be
expected to be more dynamic.

The second part of the case study dealt with an evaluation
of the utility and significance of construction, part of which
is the prediction of traffic intensity values. In the case of
the D47, the prediction was even more interesting because
the decision-making bodies did not make any relevant
assessments, and therefore it was not possible to compare
alternatives or conclude that this project was needed more
than the other ones. The accessible data on the traffic load
in 2010 allowed for a comparison of the official prediction
elaborated for RMD before the motorway opening, based on
modelling in a specialized software in which the future growth
rates of traffic intensities were included (ADIAS, 2001;
RMD, 2009, 2012). These results were also compared with
our own prediction based on a gravity model for the affected
area. A partial aim of both predictions was to find out if the
geographic application of this elementary form of the gravity
model based on the selection of major interrelated centres
in the region and relevant centres outside the region, and
including also changes in the size and significance parameter,
can compete with the output of software used by transport
engineers. The results showed that the predicted values were
overestimated, especially the values predicted in our model for
the sections leading to Ostrava. This does not diminish the
value of such predictions, since they were calculated with the
assumption that the motorway would be completed, which was
not yet the case by the 2010 traffic census, as has been already
stated above. But, in this context, we should point to Kérner’s
opinion (2012) that predictions are sometimes deliberately
overestimated in order to push the motorway project through.
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Nevertheless, the results confirmed that the application
of a basic gravity model can generate relevant and valuable
output, especially when taking into account that after further
adjustments of the input, it could be comparable to the official
models based on which the factual decisions about transport
infrastructure building are made. This is a key matter in
the situation in which the complexity of the official models
practically does not allow an intuitive review of the output
data. It is also likely that the application of such models will
still be topical given the permanent lack of the required more
accurate directional data. And, since every model significantly
generalizes reality, a sensitive interpretation of results and
their critical assessment will continue to be a necessity.
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