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1. Introduction 

The frequency of studies focused on transport issues, in current 
international geographic literature, has increased lately. This is due, not only 
to the urgency of transport issues observed in everyday life, but also to the 
evident return of quantitative methods into research on these issues, as well 
as to a certain approximation of processes used by technical sciences, which 
predominantly study transport issues. Also in the field of transport geography 
we can confirm the Rampl's often repeated opinion (e.g. Rampl 2004) that 
research is aimed more at studying the "geographic organization of 
development" and less at necessary, generalizing studies on the "development 
of geographic organization". Rampl further develops this idea by affirming 
that in the first case "it is about searching for and differentiating the 
significance of geographic factors conditioning the differentiation of social and 
economic development ... " (p. 206) and in the second case " .. .it is necessary to 
seek answers to these questions: how does the character of concentration 
processes change, how does a settlement hierarchy develop, how does the core 
function (in the sense of core vs. periphery) of cities change in terms of both 
overall extent and function, or rather quality." (p. 206). 

From the discipline of transport geography, for example, classical 
geographic studies on the regional differentiation of transport infrastructure 
quality and its relation to other socio-geographic characteristics can be 
included in the first type of studies. For instance, Marada (2003a), when 
comparing Czech border regions with the interior, showed that in Czechia's 
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specific circumstances, higher quality transport infrastructure in a region 
does not necessarily correspond to better economic conditions. Research also 
frequently focuses on urgent transport problems in cities (especially 
competition between individual automobile transport and public transit - see, 
for example, Marada 2006; Ourednicek 2006; de Palma, Rochat 2000 and 
others) or, in contrast, on transport in peripheral, rural areas (accessibility in 
connection with social exclusion of certain groups of the population - e.g. 
Nutley 1998; Farrington, Farrington 2005; McDonagh 2006; Marada, 
Hudecek 2006 and Kveton 2006). At present, transport is primarily conceived 
as a significant contributing factor in the differentiation of regional 
development (e.g. Bruinsma, Rietveldt 1998; Bryan et al. 1997; Vondnickova 
2006; Lehovec 2003 etc.) and numerous studies in this field, at least in the 
interpretation of their results, deal with the second type of problems 
described by Hampl. Thus, it becomes necessary to specify the questions, with 
which Hampl generally characterized studies of this second type (the 
"development of geographic organization"), in this case, in terms of transport 
issues: 

How and to what degree does transport influence the concentration of job 
opportunities? 
How does transport contribute to intensification of the settlement 
hierarchy? Is its role in this process increasing? 
Does a good transport system increase the regional role of cities and 
promote the spatial enlargement of their hinterland? 
How does time accessibility support the competition and cooperation of 
centres? 
The above examples of questions illustrate three spheres of problems, into 

which the discussed relation of transport to changes in the geographic 
organization of society can be subdivided in a simplified way. Transport 
factors have a clear impact on changes in the concentration of job 
opportunities and progressive activities, i.e. on processes leading to the 
intensification of the settlement hierarchy. In these processes, transport 
plays a significant role, for example, by improving time accessibility through 
the development of transport networks or by improving the quality of 
transport services in city centres. The respective transport significance of the 
various centres - both in terms of their position in transport networks as well 
as the intensity of transport - is however the result of relations between the 
centre and its micro-regional hinterland along with relations existing 
between centres themselves, which are expressed within the various regional 
levels of centres (e.g. the contact of micro-regional centres with their relevant, 
superior meso-regional centre), but also between centres at the same level 
(e.g. between meso-regional centres). Hierarchically higher centres, therefore, 
cumulate their functions (including transport functions) in varied regional 
arrangements. The two basic realms of the problem discussed here, outline 
the issue of relations among centres and core-hinterland relations; a third 
realm is the inherent relation between the resulting transport and complex 
hierarchy of centres. In the subsequent text, the levels described are only 
briefly discussed, due to the limited extent of this article. The third sphere is 
empirically evaluated with the example of the hierarchy of the main centres 
of settlement in Czechia. 
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2. Relations among centres and between centre and hinterland 

The mutual interconnection of significant centres of settlement by 
transport routes allows for the development of both competitive processes, i.e. 
"growth of stronger centres to the detriment of weaker centres", as well as 
cooperative processes, i.e. territorial specialization, diffusion of progressive 
activities from core regions to peripheral areas, etc. In this sense, transport 
systems can contribute to the intensification and weakening of the settlement 
hierarchy. Processes of concentration and cooperation are, however, difficult 
to evaluate considering the present state of statistics. 

It is clear that the mutual time accessibility of core settlement areas, which 
facilitates or, on the contrary, impedes their contact, plays an indispensable 
role in the intensity of their interactions. Increasing intensities of transport 
relations with deceasing distance between settlements have been proven by 
numerous "classical" models, for instance, the so-called distance-decay or 
gravitational models (seeve. g. Hagget, Chorley 1969; Luoma et al. 1993 etc., 
from Czech authors e. g. Rehak 1992 or Rolc 2004). The growth of cooperation 
or competition among centres is manifested by a variety of elements, 
including an increase of transport between centres, as well as a shortening of 
transit time, which is often related to quality improvements in the transport 
network. Development of better transport infrastructure is, in fact, called for 
by the needs of the strongest centres. In the case of Czechia, however, the 
development of networks lags significantly behind the intensity of transport 
contacts among centres, because of the great financial costs involved in 
infrastructure construction (see also studies by Marada 2006 evaluating the 
relation of the horizontal and vertical position of centres in terms of their 
complex size). 

The issue of the role of transport in the core - hinterland relationship can 
be divided into two levels that are, of course, closely interconnected. The first 
is the impact of the transport infrastructure's quality on the growth of the 
city's (or town's) significance as a centre attractive for investment allocation 
and for new progressive activities connected with the availability of job 
opportunities. Naturally, the importance of transport factors is not considered 
the most important in this case. For instance, Blazek points out that the 
distribution of firms in the progressive tertiary sector in Czechia, during the 
1990s, show no apparent relation, for example, between the size of centres, 
the level of socio-economic development of the districts or their geographic 
position, verifying the significant influence of subjective factors such as 
entrepreneurial incentive or the existence of governmental supporting 
programmes. In this way, Blazek builds on the opinion of Dicken and Lloyd 
(1992, quoted in Blazek 2001) that the great concentration of firms in the 
progressive tertiary sector " .. .into central regions, which, in developed 
countries, is usually similar in principle to the distribution of the 
headquarters of large firms, is due to the irreplaceablility of personal contact 
when solving certain problems" (p. 238). The influence of the presence of an 
airport in the region on the localization of progressive tertiary firms is 
difficult to prove. It is true that a significant portion of these firms are 
transnational, creating high demands for contact with supervising or 
cooperating branches in foreign countries. In addition, metropolitan areas 
regularly have international airports and strengthening connections with 
a required destination is a matter of adapting supply to demand. 
Consequently, in this sense, it is more correct to evaluate the development of 
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airport efficiency in the context of other air transport centres. Simply put, the 
position of an airport in international ranking lists does not sufficiently 
determine the degree of the airport's impact as a localization factor and it is, 
again, only one of several contributing localization factors. 

In terms of evaluating motorways as factors of local and regional 
development, authors agree almost unanimously that the presence of 
a motorway is only one - and certainly not a sufficient - condition for the 
development of adjacent regions. Probably the most detailed study of this 
nature in Czechia was carried out by Jerabek, Marada (2003) and 
Vondrackova (2006) on a segment of the D8 motorway between Prague and 
Lovosice. The observations revealed that the presence of this motorway 
encouraged the construction of residential areas as well as the placement of 
certain types of economic activities, primarily in hinterland areas near 
Prague and to a lesser degree around Lovosice. In the Prague suburban area, 
such activities simply represented a transfer of existing economic activities to 
the motorway. Motorways encourage the territorial concentration of certain 
types of activities (logistics centres, shopping centres, etc.) which, of course, 
could be a mere spatial redistribution of previously existing activities 
(Bruinsma, Rietveldt 1998, speak about the distribution effect of transport 
infrastructure). An overview of significant, recent case studies from the 
Anglo-Saxon region is presented in an article by Preston (2001). For the most 
part, the studies listed in Preston's article failed to prove the existence of 
a significant impact - or showed only a small impact - of a motorway or high
speed railway on improvements in the employment rate. Preston, however, 
urges geographers not to be needlessly sceptical in their conclusions 
concerning the impact of transport on the development of localities and 
regions and he offers a provocative question: "Do we really believe that, for 
example, the development of the motorway network in Britain over the last 
forty years or so has had no impact on socio-economic activities?" (Preston 
2001, p. 22). Even though all of these findings represent conclusions of 
localized case studies, the conformity of their results enables one to make 
a claim that the main impulse for motorway construction is not to support the 
development of economically weaker regions (as decision-makers often 
proclaim), but rather the need of centres at a higher level to become 
interconnected with faster and larger infrastructure. Although those deciding 
on such construction may not be aware, the main driving force behind quality 
improvements to networks is pressure from general regional development. 

The second, but corresponding, level in the discussion of the role of 
transport in the contact of a centre with its hinterland is the view oftransport 
as a means enabling the mobility of inhabitants, or rather a means of 
fulfilling the need to commute to centres with a concentration of job 
opportunities. Analyzing this connection is difficult primarily because of the 
uncertain causality of both phenomena. Would the central role of meso
regional centres, or of Prague for that matter, be as high without a functional 
transport system? Would job opportunities (in Prague, for instance) increase 
if there were an insufficient labour force, because of difficulties commuting, 
among other problems? Or does the number of job opportunities increase 
regardless of the availability of labour on the market? Does the market rely 
upon the attractiveness of working in centres and on the adaptation of 
prospective employees? These questions are intentionally formulated in 
a rather extreme manner to stress the relationship being discussed. It is 
probable that the indicated relationship applies in both directions. Demand 
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for jobs, in Prague for example, along with existing deformations in the 
housing market (inland migration is to a certain degree r~placed with daily 
and even non-daily commuting to work - see, for example, Cermak 2001, etc.) 
create pressure on transport services for commuting to Prague. On the other 
hand, progressive economic sectors, especially, develop in response to 
economic needs and are allocated to Prague as Czechia's leading settlement 
centre. The higher income level of employees at such firms enables them to 
lease apartments directly in the locality and, consequently, to not be 
dependent on commuting. 

It is generally presumed that the intensity of commuting to a centre is tied 
to the widely perceived, transport availability (see also the gravitational 
model mentioned above). Even from a brief comparison of the socio
geographic regionalization of Czechia in 1991 and 2001 (Rampl, Muller 1996; 
Rampl 2005) it is clear that enlargement of the commuting hinterland of 
micro-regional centres or, depending on the situation, enlargement of 
metropolitan areas, occurred in many cases in the direction of important 
surface roadways. This is because commuting time is clearly a more 
important deciding factor than is the actual distance (in kilometres) in the 
daily commuting habits of the population. In the case of Prague as the 
strongest centre, it is evident that its significance as a commuting centre (to 
work or to school) has expanded, in terms of area, between 1991 and 2001, 
mainly along important transport corridors - see also Rampl 2004), primarily 
motorways and important railways. By 2001, in comparison with 1991, a total 
of eight meso-regional centres out of eleven (these include all Czechia's 
regional capitals, with the exception of Prague and Jihlava) newly oriented 
themselves towards Prague as did 19 micro-regional centres (out of 132). In 
a study mentioned above, Vondrackova (2006) used a comparison of data from 
the 1991 and 2001 censuses to show that the D8 motorway has not promoted 
a reorientation of the strongest directions of commuting to work, which have 
remained focused on micro-regional centres. In the majority of concerned 
municipalities, however, the second strongest commuting direction has been 
replaced by easily accessible Prague. 

It remains true, however, that the high-order transport network, which is, 
as a rule, the conveyor of improved time accessibility, has not changed 
significantly in the greater Prague area during the period of time between 
censuses (1991-2001). Some small, additional segments of the D8 motorway 
were completed and the railway No. 011 in the direction of Kolin (which is 
part of rail corridor I) received technical improvements. In addition to the 
time aspect, transport expenses, closely related to the trip's actual kilometre 
distance, are also an important factor in the decision process for residents 
about the goal of their commute. Beginning with a certain limit, daily 
commuting is replaced with non-daily movements (see also the new 
orientation of relatively inaccessible and economically poorly developed 
territories towards Prague in the Rampl's study mentioned above - the areas 
of Jeseniky mountains and Orlicke hory mountains for example). Not only the 
time accessibility of commuting centre, but also its attractiveness as a place 
to work plays an important role in the spatial organisation of population 
movements. A commuting region, therefore, is a result of the interference of 
these two factors. 

Bruinsma, Rietveld (1998) conclude that the impact of transport 
infrastructure on the labour market and commuting manifests itself both 
through the arrival of new firms in the region as well as through a possible 
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decrease in the productivity of local enterprises due to increased competition 
from neighbouring, more developed regions. Without a flexible labour force, 
i.e. without workers willing to attend retraining courses or to commute longer 
distances to work, negative impacts of a new transport corridor could 
significantly outweigh those on the positive side. The conditioning impact of 
transport is, in terms of the concentration of job opportunities, rather 
insignificant, because the creation of firms in progressive economic sectors is 
influenced by a series of additional factors, including the flexibility of human 
resources, the hierarchical importance of the centre in question, its 
geographic position, etc. Transport can, however, influence the quantity of the 
available labour force, because the volume of residents daily commuting to 
the core is significantly limited by the time accessibility of the centre. This 
limiting function oftransport should, however, be further verified empirically. 

3. Relation between the transport and the complex-settlement 
hierarchy 

The aspects discussed in the preceding text have a resulting impact on the 
differentiation of centres in terms of their complex importance and their 
transport importance and thus, they also have an impact on relationships and 
conformity of both types of hierarchies. The following summary focuses on 
examining the mutual conditionality of both hierarchies and results in 
a determination of prerequisites for the subsequent empirical section. 

First it should be stressed that transport is a manifestation of the mobility 
of the human population and their spatial differentiation is, naturally, 
strongly tied to the concentration of population and to its activities. The 
intensity of transport in centres is therefore connected with the population 
size of cities/towns. It is influenced not only by the population living in the 
centres, but also by those commuting to this centre for job opportunities, i.e. 
to the extent of the centre's hinterland and its relations with other centres. In 
this sense, we can expect a mutual size conditionality of transport and 
complex-settlement hierarchies. This conditionality is certainly positive, has 
corresponding development tendencies and the ascertained association of 
transport importance of centres with their complex significance will probably 
be very close. 

A connected question is the causality of the interaction between the 
settlement hierarchy and the transport hierarchy. The impact of rail 
transport on the development of settlements in the 19th century is 
sufficiently recognised. Many examples of medium-size cities, whose 
importance has noticeably increased after being connected to a railway, can 
be given. Such cities have also taken over the role of more important 
historical cities, which have been relegated to a worse position in terms of 
transport (see, for example, Kolin - Kutmi Hora or Pardubice - Chrudim). 
Connection of a centre to a railway led, in certain cases, even to gaining 
administrative (i. e. governing) functions. Also, current development of the 
motorway network is conditioned by a need to connect the most important 
centres of the national and transnational hierarchy. Its growth impact is, 
however, more evident in the strongest centres and less so in weaker, 
intermediate centres. Both these simple examples prove that, in addition to 
the mutual influences between settlement and the transport systems, there is 
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also a certain difference between the two main types of transport 
infrastructure in our country. The roadways, as a more flexible and 
historically younger network, more closely reflect the present hierarchy of 
settlements, while the earlier developed rail network arose from the economic 
needs of the industrial era, its network is, in general, sparser and its 
maximum extent has already been reached. Therefore railways have "out of 
necessity" a linear character and are used more for long-distance transport. 
This very position, the distinct transport position of a centre in both main 
types of transport networks is, especially in the case of the rail network, 
a frequent cause of differences in the transport and geographic position of 
settlements and consequently a disturbance of the concordance of both 
evaluated hierarchies. Large differences arise, therefore, mainly in the case of 
smaller centres, the position of which in both types of transport networks is 
not balanced and which frequently "profit" from their position on transport 
lines connecting hierarchically more important nodes. 

The position of a centre in transport networks is also manifest in the 
structure of transport in the centre itself, specifically as a ratio of train and 
bus connections and also as a ratio of international, long-distance and local 
connections. Especially smaller settlements at important transport lines can, 
in this way, have significantly better transport services. Transport conditions 
in a centre in terms of the structure of transport means are to a certain degree 
conditioned by the character of the centre's hinterland. Earlier studies (e. g. 
Kveton 2006, Seidenglanz 2007, Kraft 2007) make it clear that sparsely 
populated territories are more poorly served by public transport and are more 
dependent on individually ensuring accessibility with privately owned 
automobiles. These tendencies, however, influence the transport typology of 
centres rather than their hierarchization. It is, of course, clear that the 
horizontal transport position of a centre in transport networks influences its 
vertical position, the transport importance in terms oftransport intensity, for 
example. 

Hypotheses on the relation between transport and complex settlement 
hierarchy of centres can be established as follows. The relation between 
transport and complex settlement hierarchy of centres of settlement in 
Czechia will be observed both in terms of the degree of hierarchization of the 
observed group of centres according to various characteristics and also in 
terms of the degree of concordance of transport hierarchies with the complex 
hierarchy. Because of the conditionality of size mentioned above, we can 
assume a strong association of the hierarchies of both types exists. Partial 
transport systems (bus, automobile and rail transport) will, of course, be 
associated with the complex hierarchy to a different degree. In light of 
planned, "all-inclusive" bus services and the weaker determination of road 
transport by networks, closer relations will be found in bus and automobile 
transport than in rail transport, which, due to their dependence on the 
historical rail network, manifest a somewhat "linear" differentiation and 
a stronger focus on long-distance transport. For similar reasons, out of the 
transport characteristics, the level of hierarchy of automobile and bus 
transport will most closely approximate the complex hierarchy. 
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Fig. 1- Socio-geographic micro-regions and its centres in Czechia (2001). Centres of higher 
importance - macro-regional (Prague) and meso-regional one (regional capitals excerpt Ji
hlava) - are described. Other centres of micro-regional importance (in alphabetical order): 
1-Benesov, 2-Beroun, 3-Bilina, 4-Blansko, 5-Blatna, 6-Boskovice, 7-Brandys nad La
bem-Stara Boleslav, 8-Broumoy, 9-Brunt~l, 10-Breclav, 11-BJstrice nad Petnstejnem, 
12-By~thce pod Hostynem, 13-Caslav, 14-Cesky Krumlov, 15-Ceska Lfpa, 16-Ceska Tre
bova-Usti nad Orlicf, 17-Dacice, 18-Decin, 19-Dobruska, 20-Domazlice, 21-Dvur Kralove 
nad Labem, 22-Frenstat pod Radhostem, 23-Frydek-Mistek, 24-Frydlant, 25-Frydlant 
nad Ostravicf, 26-Havlfckuv Brod, 27-Hlinsko, 28-Hodonin, 29-Holesov, 30-Hohce, 
31-Horovice, 32-Hranice, 33-Humpolec, 34-Cheb, 35-Chomutov, 36-Chotebor, 37-Chru
dim, 38-Jablonec nad Nisou, 39-Jaromer, 40-Jesenik, 41-Jicin, 42-Jihlava, 43-Jilemnice, 
44-Jindhchuv Hradec, 45-Kadaii, 46-Karvina, 47-Kladno, 48-Klatovy, 49-Kolfn, 50-Kra
lupy nad Vltavou, 51-Krnov, 52-Kromenz, 53-Kutna Hora, 54-Kyjov, 55-Lanskroun, 
56-Litomehce, 57-Litomysl, 58-Litovel, 59-Litvfnov, 60-Louny, 61-Lovosice, 62-Marian
ske Lazne, 63-Melnik, 64-Mikulov, 65-Milevsko, 66-Mlada Boleslav, 67-Mohelnice, 
68-Moravske Budejovice, 69-Moravska Trebova, 70-Most, 71-Nachod, 72-Nova Paka, 
73-Nove Mesto nad Metuji, 74-NovY Bor, 75-NovY Bydzov, 76-NovY Jicin, 77-Nymburk, 
78-0pava, 79-0strov, 80-Pelhhmov, 81-Pisek, 82-Podborany, 83-Podebrady, 84-Policka, 
85-Prachatice, 86-Prostejov, 87-Prelouc, 88-Prerov, 89-Pribram, 90-Rakovnik, 91-Roky
cany, 92-Roudnice nad Labem, 93-Roznov pod Radhostem, 94-Rychnov nad Kneznou, 
95-Sedlcany, 96-Semily, 97-Slany, 98-Sokolov, 99-Strakonice, 100-Strfbro, 101-Susice, 
102-Svitavy, 103-Sumperk, lO4-Tabor, 105-Tachov, 106-Tanvald, 107-Teplice, 108-Tis
nov, 109-Trutnov, 110-Trebic, 111-Treboii, 112-Thnec, 113-Turnov, 114-Uhersky Brod, 
115-Uherske Hradiste, 116-Unicov, 117-Valasske Klobouky, 118-Valasske Mezinci, 
119-Varnsdorf-Rumburk, 120-Velke Mezinci, 121-Veself nad Moravou, 122-Vimperk, 
123-Vlasim, 124-yrchlabi, 125-Vsetin, 1.26-Vyskov~ 127-Vysoke MYto, 128-Z3.breh, 
129-Znojmo, 130-Zamberk-Letohrad, 131-Zatec, 132-Zd'ar nad Sazavou. 
Source: Hampl 2005 

4. Empirical analysis of settlement centres' hierarchization 

4.1 Methods of research 

The main methodological problem when studying transport and the 
complex importance of centres and their relations is to determine a monitored 
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group of centres and, at the same time, to choose representative indicators 
characterizing the transport and complex importance of centres. 

Settlements were chosen for monitoring on the basis ofthe socio-geographic 
regionalization carried out by Hampl according to the Population and 
Housing Census from 2001 (Hampl 2005). This paper outlines, according to 
the prevailing commuting orientation of the population to work and school, 
a total of 144 micro-regional centres, out of which were determined (on the 
basis oftheir mutual relations) 11 centres of meso-regional importance (these 
include all Czechia's regional capitals, with the exception of Prague and 
Jihlava) and one centre of macro-regional importance - Prague (see Fig. 1). 
Four of these selected centres have a double core and were therefore 
agglomerated (Ceska Trebova-Usti nad Orlici, Zlin-Otrokovice, Zamberk
Letohrad and Rumburk-VarnsdorD. 

The selection of relevant indicators was conducted in an effort to 
characterize both the size and quality of transport services in the centres. 
Consequently, both individual and public transports were monitored. 
Moreover, data in public transport timetables enable distinguishing local and 
long-distance (among centres) connections which, as a more selective segment 
of transport, deepen the transport hierarchy. The importance or extent of 
public rail and bus transport in centres was evaluated according to the 
number of connections departing from the centre on Wednesday 24 May 2006. 
In this way, the availability of public transport on working days is expressed. 
This simple indicator has a limited informative value, because data on the 
actual use of these connections (occupancy level) are not available for such an 
extensive group; however, because of the interconnection of transport supply 
and demand in larger centres this index can be considered sufficiently 
representative. These data were taken from the electronic IDOS timetable 
(CD ROM version from the firm CHAPS Brno). Long-distance train 
connections (labelled LONGTRAIN) were determined as the sum of express, 
fast and rapid train connections, the category oflong-distance bus connections 
is labelled LONGBUS. The remaining connections are of a local nature and 
are marked as LOCALTRAIN (local train connections), or LOCALBUS (local 
bus connections). In light of the greater importance of long-distance 
connections in the hierarchical position of centres and also due to greater 
capacity (and at the same time a lower number) of train connections, different 
weights were utilised when determining the total important transport 
characteristics of these connections: aggregate passenger rail transport 
TRAIN was defined as the sum of long-distance train connections 
(LONGTRAlN) multiplied by three plus the number of other (local) 
connections (LOCAL TRAIN); the aggregate for bus transport: BUS, was 
constructed in the same manner (Le. 3 x LONGBUS + 1 x LOCALBUS). The 
total transport hierarchization of centres in terms of public transport was 
then carried out with a summarizing transport aggregate (PUBLIC) 
TRANSPORT, determined-again because of higher capacity, but lower 
frequency of connections-as the sum of three times the value of the TRAIN 
aggregate plus the value of the BUS aggregate. 

The second method used to evaluate the transport importance of centres 
was enumerating the transport load of centres in terms of automobile 
transport intensity (Hursky 1978, discusses the "attractiveness" of towns). 
Results from the census of transport frequency on main roads in 2005, 
conducted every five years by the Road and Motorway Directorate of the 
Czech Republic, were used for this evaluation. The statistic used is, in fact, 
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the sum of all transport volume measured at census points situated in the 
proximity of the centre, i.e. a total amount of vehicles entering or departing 
from the centre in the course of a 24 hour period on an "average" day (for more 
about methods, see the website of the Road and Motorway Directorate, 
www.rsd.cz). The structure of the traffic stream was also monitored, but 
individual categories were not analysed, as this would be very time 
demanding. Private cars represent more than three quarters of the traffic 
stream (75.6 % in 2005) in the group of centres. The majority of the remaining 
volume consisted of lorries of all weight categories and marginal amounts of 
motorcycles and bikes. Unfortunately, the available database does not allow 
for the exclusion of bus transport, which is included in the evaluation through 
timetables described above, but their frequency is negligible and does not 
influence the analyses carried out. The transport importance of centres in 
terms of road transport intensity was enumerated for 2005, due to the 
availability of data in five-year period, and labelled AUTO. 

Finally, an index of complex size of centres (CS) for the year 2001, also 
taken from Hampl's publication (2005), was used to evaluate the complex 
importance of settlement centres. Construction of the index is based on the 
number of residents living in the area and the number of job opportunities 
located there, meaning that it combines the residential and labour functions 
of the centre and makes them relative with regard to the national system. 

Hierarchization of the various groups is evaluated with the help of basic 
characteristics from descriptive statistics as well as by employing the rank 
size rule (Auerbach 1913, quoted in Hampl, Gardavsky, Kuhnl 1987), used 
here as comparative model for distinguishing the level of hierarchization. 
Calculations are carried out here only for the first five defined categories, that 
is, up to the 98th unit. In this way, the most significant, upper and middle 
part of the hierarchy of centres is included. Hierarchization is evaluated in a 
double manner - both by the degree of diversification of the centre and by its 
degree of concordance. 

4.2 The results: State, development and 
implications of the transport and complex 

hierarchization of centres 

Even in the early comparison of average, median and modal values of the 
monitored groups, a varied level of the asymmetric (hierarchical) 
differentiation of the groups of centres according to the monitored 
characteristics was already evident. The hierarchization of the groups is 
better characterized by a comparison with the rule of the size sequence of 
cities (Tab. 1). As presumed, these values also verify the sequence predicted 
above concerning the level of hierarchization of a group according to the 
selected characteristics. The overall transport hierarchy of centres in terms of 
public transport (according to the TRANSPORT index) has developed to a 
much weaker degree than the most developed complex settlement hierarchy. 
This is caused partly by the necessity to ensure spatially inclusive transport 
services (after falling to a certain size of settlement, the quantity of 
departures practically do not decrease with size) and partly by the limited 
explanatory value of the data used, as discussed above, because the number 
of connections does not accurately represent the volume of passengers. We 
can further state that centres have naturally higher levels of hierarchization 
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Tab. 1 - Size hierarchization of centres according to transport indicators and their complex 
size (size of the first centre = 100.00) 

Order LONG- LOCAL- LONG- LOCAL- TRAIN BUS TRANS- AUTO CS 
TRAIN TRAIN BUS BUS PORT 

1't 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,00 
2nd-4th 200.00 136.30 104.80 157.80 166.00 112.30 125.00 127.74 73,62 
5th_12th 351.70 286.10 121.50 262.70 322.50 180.60 221.20 170.16 62,64 
13th_34th 543.30 600.00 209.80 466.50 533.70 313.00 380.00 296.15 83,18 
35th-98th 719.20 1105.30 285.40 801.80 871.20 531.40 698.60 518.36 103,84 

1't-98th 1914.20 2227.70 821.50 1788.80 1993.40 1237.30 1524.80 1212.41 423.28 
Degree of 
hierarchi-
zation 23.76 13.86 41.36 20.33 18.93 25.14 20.86 27.96 92.83 

Notes: 1. Names and description of indicators - see chapter 4.1. 
2. Public transport indicator 2006, AUTO 2005, CS 2001. 
3. Degree of hierarchization = 100 times ((size of the 1s'-4'h centre) / (size of the 13th-98th 

centre», i.e. size of the largest centres in proportion to the size of middle and small centres. 
Values lower than 100.0 correspond to a lower degree ofhierarchization than presumed by 
the rank size rule, values higher than 100.0 to a higher degree. 
4. The line 1st_98th gives the sum of percentage points from the five categories given. If the 
size distribution of centres corresponded to the presumption of the rank size rule, the value 
of this sum would be 500.0. Values lower than 500.0 correspond to a higher degree of 
hierarchization than presumed by the rank size rule, values higher than 500.0 to the lower 
degree. v v , 

Source: electronic IDOS timetable, Transport census RSD CR, CSU, Hampl2005 

in terms of long-distance transport than local transport. A higher level of 
hierarchization is manifested by LONGBUS and LONGTRAIN groups as 
more selective types of connections, which are represented mainly in centres 
at the top of the list and whose proportion quickly decreases in "lower levels" 
of the hierarchy. This is the principal difference against groups with a lower 
level of hierarchization in terms of local rail and bus transport which, due to 
the necessity of minimal transport services in settlements, practically do not 
change after falling below a certain size of centres. The majority of smaller 
centres have only scarce long-distance transport or none at all. In contrast 
with the complex settlement hierarchy, the developmental extent of the 
hierarchy of centres in terms of long-distance transport is caused rather by 
the weak - or even the complete absence of - importance of small centres than 
by significant differences among large centres. 

The lowest degree of hierarchization of centres according to LOCAL TRAIN 
and LOCALBUS naturally also inhibits the level ofhierarchization according 
to the BUS and TRAIN aggregate characteristics. In spite of a generally low 
level of hierarchization in terms of transport importance, it is evident that 
centres have a more developed hierarchy in terms of their available bus 
services, than in terms of rail transport services. The main reason is the 
nodal-like concentration of bus transport as well as the linear concentration 
of rail transport, as mentioned above. In other words, the availability of bus 
transport in centres is conditioned more by the hierarchy of nodes, while rail 
transport services available in centres are determined to a greater degree by 
the hierarchy of transport networks or axes. It is however necessary to stress 
once again, that the hierarchy of transport axes is primarily conditioned by 
the hierarchy of nodes and, naturally, most significantly by the hierarchy of 
nodes of the highest orders. 
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Tab. 2 - Paired correlations of transport characteristics and CS - the entire group of 144 
centres 

LONG- LOCAL- LONG- LOCAL- TRAIN BUS TRANS- AUTO CS 
TRAIN TRAIN BUS BUS PORT 

LONGTRAlN 1.000 0.766 0.518 0.531 0.975 0.577 0.862 0.692 0.611 
LOCALTRAIN 0.766 1.000 0.661 0.654 0.891 0.723 0.890 0.806 0.743 
LONGBUS 0.518 0.661 1.000 0.653 0.597 0.898 0.812 0.870 0.884 
LOCALBUS 0.531 0.654 0.653 1.000 0.604 0.919 0.827 0.823 0.787 
TRAlN 0.975 0.891 0.597 0.604 1.000 0.660 0.920 0.770 0.691 
BUS 0.577 0.723 0.898 0.919 0.660 1.000 0.902 0.930 0.916 
TRANSPORT 0.862 0.890 0.812 0.827 0.920 0.902 1.000 0.928 0.876 
AUTO 0.692 0.806 0.870 0.823 0.770 0.930 0.928 1.000 0.927 
CS 0.611 0.743 0.884 0.787 0.691 0.916 0.876 0.927 1.000 

Notes: 1. Names and description of indicators - see chapter 4.1 
2. Public transport indicator 2006, AUTO 2005, CS 2001 
3. All correlations are significant at the level 0.01 (2-t,!liledt v , 

Source: electronic IDOS timetable, Transport census RSD CR, CSU, Rampl 2005 

AUTO, the index expressing the quantity of motor vehicles passing through 
the centre during for 24 hours on an "average" day in 2005, is, of course, the 
transport group exhibiting the highest level of hierarchization. The degree of 
hierarchization in this group is even higher than the level of hierarchization 
according to aggregate bus connections and exhibits, to a certain degree, 
nodal conditionality. However, it still does not reach the development extent 
of the complex hierarchization of centres. 

The mutual "closeness" of hierarchies according to the various indicators 
used was evaluated by a correlation analysis (see Tab. 2). The generally high 
association of monitored hierarchies can be characterized as expected, 
because transport hierarchy is a partial component of the complex hierarchy. 
As assumed, both monitored types of the transport system display a different 
relation. The importance of bus transport is correlated with the complex 
importance of centres more closely than the importance of rail transport. The 
cause for this is primarily the higher nodal conditionality of the organization 
of bus transport mentioned. Association of partial transport characteristics 
with CS is significantly lower than in the case of relevant aggregate 
characteristics. It can, however, be confirmed that the number of long
distance connections is in both cases less correlated with CS values than is 
the number of local connections (in the case of express train connections it is 
the lowest correlation at all). In terms of the finding that groups of long
distance connections exhibit, in general, more extensive hierarchization, their 
low correlation with the complex importance group, showing the most 
extensive hierarchization, is somewhat surprising. Especially in rail 
transport, a repeated difference between the hierarchy of transport nodes and 
the hierarchy of transport networks is expressed here. Another conditioning 
factor is the fact that the importance of local transport is more inclined to 
nodal organization and that rail transport is more specialized in long-distance 
transport. A consequence is that the hierarchy of centres, in terms of rail 
transport, "must" correspond to the complex settlement hierarchy less 
"precisely" overall than does the hierarchy in terms of bus transport. Table 2 
further verifies that the relation of long-distance bus connections and train 
connections is less correlated than the relation of local bus and train 
connections. It shows a certain complimentary nature of long-distance bus 
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Tab. 3 - Paired correlations of transport characteristics and complex size - the 12 most 
significant centres 

LONG- LOCAL- LONG- LOCAL- TRAIN BUS TRANS- AUTO CS 
TRAIN TRAIN BUS BUS PORT 

LONGTRAIN 1.000 0.833 0.663* 0.651 * 0.977 0.712 0.868 0.799 0.760 
LOCALTRAIN 0.833 1.000 0.909 0.736 0.931 0.898 0.958 0.933 0.934 
LONGBUS 0.663* 0.909 1.000 0.702* 0.784 0.934 0.912 0.943 0.926 
LOCALBUS 0.651* 0.736 0.702* 1.000 0.710 0.910 0.864 0.817 0.845 
TRAIN 0.977 0.931 0.784 0.710 1.000 0.812 0.938 0.883 0.858 
BUS 0.712 0.898 0.934 0.910 0.812 1.000 0.964 0.959 0.963 
TRANSPORT 0.868 0.958 0.912 0.864 0.938 0.964 1.000 0.972 0.963 
AUTO 0.799 0.933 0.943 0.817 0.883 0.959 0.972 1.000 0.966 
KS 0.760 0.934 0.926 0.845 0.858 0.963 0.963 0.966 1.000 

Notes: 1. Names and description of indicators - see chapter 4.1 
2. Public transport indicator 2006, AUTO 2005, CS 2001 
3. Correlations significant at the level 0.05 (2-tailed) are signed by *, all other are 
significant at the level 0.01 (2-tailed). v v v , 

Source: electronic IDOS timetable, Transport census RSD CR, CSU, Hampl 2005 

and train transport, which is ,by the way, confirmed primarily with the fact, 
that by aggregating transport characteristics, the degree of association of the 
transport hierarchy and complex hierarchy increases. 

The number of vehicles passing through (AUTO) shows a close association 
with the complex importance of centres, similar to the BUS index, confirming 
that automobile transport, as the most flexible transport mode, will 
correspond the most to the complex importance of centres. At the same time, 
the AUTO index has a significantly closer relationship with local connections 
(both bus and train) than with the long-distance connections, which indicates 
the dominant use of cars for ensuring functions of centres at the micro
regional level, i.e. for supplementing the frequently insufficient public 
transport services. 

The comparison of monitored transport hierarchies mentioned with the 
rank size rule led to a conclusion that the hierarchical principle is most 
extensively developed, in their case, at the "upper levels" of the hierarchy, 
although the hierarchization as whole is strongly conditioned, especially by 
the relatively weakly differentiated "lower levels" of the hierarchy. It seems, 
therefore, useful to make a correlation analysis not only for the entire group 
of 144 centres, but also within its subdivided, hierarchical categories. For this 
reason, Table 3 provides the values of paired correlations of the indicators 
used only for the group of 12 centres of meso-regional importance and for the 
macro-regional centre, Czechia's regional capitals with the exception of 
Jihlava. A comparison of values for the entire group and its hierarchically 
most significant portion shows above all a general increase in the closeness of 
correlations. The relation of aggregate characteristics and partial indicators 
is stronger, especially in the case of rail transport. This shows the impact of 
the position of centres in the transport network, because in the case of 
regional capitals, the position within road and rail networks is relatively 
equal. However, a higher nodal conditionality of bus and automobile 
transport, manifested by a higher correspondence with the complex 
hierarchy, remained in force. With the largest centres, harmony between the 
hierarchy of transport nodes and transport networks, which is reflected in the 
high degree of correspondence between the transport and complex hierarchy 
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(the greatest nodes of the networks hierarchy are decisive) can be pointed out. 
An increase in the level of association between the transport and complex 
hierarchies with aggregating the characteristics again verifies the 
complementary nature of both types of public transport monitored in the 
centres. At the same time, the level of specialization in bus and rail transport 
between local and long-distance transport has decreased and it can be said 
that the largest centres have complex transport services. 

5. Conclusion 

The analyses performed have verified the assumed mutual size 
conditionality of the transport and complex importance of centres, which is 
manifested by a close correlation of general characteristics. At the same time, 
the significant impact of the position of centres in transport networks was 
clearly expressed, with bus and automobile transport being the most closely 
associated with the complex hierarchy, because, in contrast to rail transport, 
they are less determined by their transport network and can respond "more 
independently" to the current demand for transport. The position in networks 
also leads, to a certain degree, to the transport specialization of centres, when 
important centres of rail transport also have a high number of long-distance 
connections and bus transport is more focused on providing links at the local 
level. Both types of public transport are thus complementing one another. 
Automobile transport is, in terms of transport distance, probably rather 
autonomous, of course with dominant use in local transport. 

A comparison of relations within the entire group of 144 centres of micro
regional importance and of the results for the 12 most significant centres has 
shown that the impact oftransport networks and the specialization of various 
types of transport are less evident in this case. An explanation can be found 
in the relatively equalized position of regional capitals in both types of 
transport networks. 

Further monitoring should be aimed primarily at the situation of centres at 
"lower levels" of the hierarchy, which exhibit only low levels of hierarchization 
(as a consequence of planned transport services and of efforts to ensure, at 
least, spatially inclusive transport availability along with other contributing 
causes) and in such circumstances, the transport importance of centres 
corresponds to a lesser degree with their complex importance. The main public 
transport mode there is bus transport and, primarily, individual automobile 
transport, which probably compensates for insufficient public transport 
services. The number of persons who because they are not able to drive their 
own car, are placed in a situation of "transport exclusion" may therefore 
increase. This issue, connected with the significant applications for transport 
policy can become a hot topic for further transport geography research. 
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Shrnuti 

DOPRA VA A GEOGRAFICKA. ORGANIZACE SPOLECNOSTI: PRIPADOV A STUDIE 
CESKA 

Take 0 geografii dopravy lze konstatovat nekolikrat opakovany nazor M. Hampla (napr. 
Hampl 2004), ze geograficky yYzkum se zamefuje spise na studium "geograficke organizace 
yYvoje" a mene uz na potfebne zobecnujici studium "yYvoje geograficke organizace". Pfitom 
" ... je potrebne hledat odpovedi na otazky: jak se meni charakter koncentracnich procesu, jak 
se vyviji sidelni hierarchie, jak se meni strediskova pusobnost mest ve smyslu rozsahovem 
i funkcnim, resp. kvalitativnim." (s. 206) Pn zohledneni dopravnegeografickych aspektu lze 
zminenou problematiku zjednodusene rozclenit do tfi okruhu. Zrejmy je vliv dopravnich 
faktoru na promeny koncentrace pracovnich ph1ezitosti a progresivnich aktivit, tedy na 
procesy vedouci k prohlubovani sidelni hierarchie. Vlastni dopravni yYznam jednotliyYch 
stredisek - jak z hlediska postaveni v dopravnich sitich, tak z hlediska intenzity dopravy - je 
ovsem yYsledkem vztahu strediska s jeho mikroregionrunim zazemim a take vztahu 
mezistrediskoyYch, ktere probihaji v ramci jednotliyYch regionrunich Urovni stredisek, ale 
i mezi stredisky stejne Urovne navzajem. Hierarchicky yYse polozena stfediska pak kumuluji 
sve funkce (i dopravni) na ruznych regionrunich radech. Problematikou mezistrediskoyYch 
vztahu a vztahu stredisko-zazemi jsou dany dva zakladni okruhy diskutovane problematiky, 
tfetim je pak vlastni vztah mezi yYslednou dopravni a komplexni hierarchii stredisek. 
Z duvodu omezeneho rozsahu clanku je empiIjcky blize vyhodnocen pouze okruh treti na 
ph1dadu hierarchie hlavnich stredisek osidleni Ceska. 

Vzajemne ovlivneni dopravni a komplexne-sidelni hierarchie stredisek lze predpokladat 
v nekolika aspektech. Za prve je to samozrejma velikostni podminenost dopravni a komplexne
sidelni hierarchie. Tato podminenost je jiste pozitivni, rna souhlasne yYvojove tendence 
a zjistena asociace dopraVJriho yYznamu stredisek s vYznamem komplexnim bude 
pravdepodobne velmi tesna. CastYro duvodem rozdilu v dopravni a geograficke poloze sidel, 
a tak narusenim souhlasnosti obou hodnocenych hierarchii, je odlisna dopravni poloha 
strediska v dopravni siti. Ta se projevuje take z hlediska struktury dopravy ve stfedisku, 
konkretne v pomeru vlakoyYch a autobusoyYch spoju i v pomeru spoju mezinarodnich, 
drukoyYch vnitrostatnich a mistnich. Dopravni pomery ve stredisku z hlediska struktury 
dopravnich prostredku jsou do jiste miry urceny take charakterem zazemi strediska (fidce 
zalidnena uzemi jsou hUfe obsluhovana verejnou hromadnou dopravou a jsou vice odkazana 
na individualni automobilizaci). 

Vzhledem ke zminene velikostni podminenosti muzeme predpokladat silnou asociaci 
hierarchii obou typu. Parciruni dopravni systemy (autobusova, automobilova a zeleznicni 
doprava) ovsem budou asociovany s komplexni hierarchii rnznou merou. Z duvodu planovane, 
"plosne" obsluznosti obyvatelstva autobusovou dopravou a mensi determinace silnieni dopravy 
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siremi bude tesnejsi vztahy ke komplexni hierarchii vykazovat doprava autobusova 
a automobilova, nez doprava zeleznicni, ktera svoji vazanosti na historicke zeleznicni sire 
projevuje jakousi ,)iniovou" diferenciaci s vetsim zamerenim na daIkovou dopravu. 
Z obdobnych duvodu se z dopravnich charakteristik bude mirou hierarchizace nejvice 
pnblizovat komplexni hierarchii automobilova doprava a doprava autobusova. 

Empiricke hodnoceni bylo provedeno na souboru 144 stredisek osidleni, kterym podle 
sOciogeograficke regionalizace k roku 2001 (Hampl 2005) pfislusi alespon mikroregionaIni 
vYznam. Vyznam, resp. rozsah verejne osobni zeleznicni a autobusove dopravy ve strediscich 
byl hodnocen pomoci poetu spoju odjiZdejicich ze strediska, a to ve stredu dne 24. kvetna 2006 
("bezny" vsedni den). Zaroven byly rozlisovany spoje mistni a daIkove. Krome rechto 
parcialnich ukazatelu byly vytvoreny agregatni ukazatele VLAK, BUS a DOPRA VA, ve 
kterych byla poctu daIkovYch a vlakovYch spoju pnsouzena vysSi vaha. DruhYm zpusobem 
hodnoceni dopravruno vYznamu stredisek bylo vyCisleni intenzity automobilove doprJ!VY, ktera 
byla stanovenajako soucet celkovYch dopravnich intenzit v bodech Scitani dopravy (RSD 2005) 
lezicich nejblize stredisku. Komplexni vYznam stredisek byl hodnocen ukazatelem komplexni 
velikosti stredisek (KV) za rok 2001 (Hampl 2005). 

Podle predpokladu je celkova dopravni hierarchie stredisek z hlediska verejne hromadne 
dopravy (ukazatel DOPRAVA) vyvinuta podstatne slabeji nez nejrozvinurejsi hierarchie 
komplexni sidelni (tab. 1). DaIe lze konstatovat, ze z hlediska daIkove dopravy jsou strediska 
pochopitelne vice hierarchizovana nez z hlediska dopravy lokalni. Pres celkove nizkou 
hierarchizaci dopravruno vYznamu je patrne, ze strediska z hlediska vybaveni autobusovou 
dopravou jsou hierarchizovana wazneji nez z hlediska obsluznosti dopravou zeleznicni. 
JinYmi slovy, vybaveni stredisek autobusovou dopravou je podmineno spise hierarchii n6du, 
zatimco zeleznicni obsltiZnost stredisek je dana spise hierarchii dopravnich siti ci os. Nejvice 
hierarchizovanYm dopravnim souborem je AUTO a vykazuje tak rovnez urcitou nodaIni 
podminenost. Rozvinutosti komplexni hierarchizace stredisek vsak samozrejme rovnez 
nedosahuje. 

Naznacenou miru souladu hierarchii podle jednotlivYch ukazatelu statisticky potvrzuji 
hodnoty parovYch korelaci (viz tab. 2), ktera take naznacuje urCitou doplnkovost daIkove 
autobusove a vlakove dopravy. Tu potvrzuje predevsim skutecnost, ze agregaci dopravnich 
charakteristik se mira asociace dopravni hierarchie a hierarchie komplexni zvysuje. Vysokou 
asociaci s komplexnim vYznamem stredisek Gako agregat BUS) vykazuje pocet projiZdejicich 
vozidel (AUTO), coz potvrzuje, ze automobilova doprava jako nejflexibilnejsi dopravni mOd 
bude nejvice odpovidat komplexnimu vYznamu center. Zaroven rna ukazatel AUTO wazne 
resnejsi vztah ke spojUm mistnim (autobusovYm i vlakovYm) nez ke spoju.m daIkovYm, coz 
naznacuje dominantni vytiZivaru automobilu k zajisteni funkci stredisek na mikroregionaIni 
movni, tedy k doplneni casto nedostatecne obsluznosti hromadnou dopravou. 

Srovnani sledovanych dopravnich hierarchii s pravidlem velikostniho poradi mest vedlo 
k zaveru, ze hierarchicky princip je u nich nejvice rozvinut na "vrchnich patrech" hierarchie, 
avsak celkova hierarchizace je wazne podminena predevsim relativne maIo diferencovanYmi 
"spodnimi patry" hierarchie. Jako ucelne se proto jevilo provedeni korelacni analyzy nejen za 
cely soubor 144 stredisek, ale take v ramci dilcich kategorie 12.stredisek mezoregionaIruno 
vYznamu a strediska makroregionaIniho, tj. krajskych mest Ceska bez Jihlavy (tab. 3). 
V pfipade nejvetsich stredisek lze hovont 0 souladu hierarchie dopravnich n6du a dopravnich 
siti, ktery se odrliZi ve vysoke souhlasnosti dopravni a komplexni hierarchie (nejvetsi n6dy 
hierarchii sit! urcujO. Zaroven doslo k rozvolneni specializace autobusove a zeleznicni dopravy 
na mistni a daIkove prepravy a lze konstatovat, ze nejvetsi strediska jsou dopravne 
obsluhovana komplexnim zpusobem. 

Obr. 1- Sociogeograficke mikroregiony ajejich strediska v Cesku (2001). Strediska vyssiho 
vYznamu - makroregionaIniho (Praha) a mezoregionalniho (krajska mesta bez 
Jihlavy) - jsou popsana. Ostatni mikroregionaIni centra jsou uvedeny v abecednim 
poradi. 
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