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Quantitative assessment of urban 
transport development – a spatial 
approach

Artur Czech, Anna Biezdudnaja, Jerzy Lewczuk, 
Władimir Razumowskij

A B S T R A C T
Urban transport is considered the basis of properly functioning cities and their 
development. The main aim of the paper is to attempt the assessment of urban 
transport development in selected voivodeships (provinces) as a crucial factor of 
macro logistics. The research also aimed to identify the underdeveloped areas of 
urban transport in Poland as the basis for the implementation of support policy.  
The source of information in the investigation process was data drawn from the Central 
Statistical Office in Poland for 2013–2016. In the scope of dealing with the research 
problem, chosen classical and order multivariate statistical measures were 
implemented into the research process. Next, the taxonomic measures for the years of 
interest served as the basis for the construction of the total (general) synthetic 
measure applicable to the entire period. The main results and findings of the research 
indicate that the level of urban transport development is correlated with the whole 
transportation system which affects the socio-economic development of some regions 
of Poland. The research can lead to a better understanding of Polish urban 
transportation development in selected regions. Hence, the results can be helpful in 
the investment process and for shaping the right transportation policy to improve  
the use of financial resources.
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Introduction

The accession of Poland to the European Union 
obligated the introduction of required policies to 
improve the development level of the whole country 
as well as its regions. Poland is diverse, and this is 
reflected in the level of socio-economic development 
of voivodeships. These regions have large disparities 

on the size of a settlement, i.e. an urban area.
Cities generate many positive external effects, e.g. 

they are considered both the heart of the economy 
and its driving forces. They are treated as human, 
economic, technological and cultural centres. As 
most of the highly remunerated professions concen-
trate in the largest urban areas (Kozera et al., 2014); 
this tendency affects the distribution of wealth among 
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among regions. Among others, this situation depends 
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local administrative regions (Madras & Mitura, 
2014). Hence, it should be noted that the value of 
a  region value depends on its cities (Cheba & Saniuk, 
2015).

On the other hand, transportation systems of 
urban areas also have negative effects, such as conges-
tion, air pollution, traffic noise, etc. (Gratiela, 2013).

All of the effects are strictly determined by 
the quantity and quality of delivered public services 
in the urban areas of voivodeships. Moreover, 
the  potential and the level of the regional develop-
ment are mainly determined by the existing urban 
transportation systems, which influence the quality 
of life.

Urban transport relationships are mutual and 
very hard to quantify because urban transport can be 
considered as a complex phenomenon where indi-
rectly observable interactions and relations play a key 
role.

Therefore, it is necessary to make a reliable diag-
nosis of the development level of urban infrastructure 
and its changes as one of the measures of socio-eco-
nomic development of selected areas in Poland. 

The paper aims to assess the state and changes of 
urban transport development in selected voivode-
ships as the important factors of the macro logistic 
system of the country. Also, the article aims to iden-
tify the regions underdeveloped in the research field.

The elaboration was based on the literature stud-
ies and multidimensional analysis using the chosen 
taxonomic methods.

1. Literature review

The literature review showed that transport is 
considered as the basis of our economy and society. 
The mobility is very important to the internal market 
as well as the quality of life of the citizens who can 
freely travel (European Commission, 2011). Further-
more, it is perceived as a universal and irreplaceable 
element of both economic and social processes. 
Therefore, the transportation system is considered as 
a factor that influences regional development, settle-
ment network, production location, etc. (Liberadzki, 
2013). Moreover, transport plays a key role in 
the   strategy development for cross-border regions 
(Mun & Nakagava, 2010; Lewczuk & Ustinovichius, 
2015) and is especially important for cooperation 
with other countries and regions (Ustinovichius et al., 
2017).

All in all, policies ensuring the availability of 
a properly developed transport infrastructure is one 
of the basic fields of activity of a state. The mobility of 
people and things is ensured by infrastructure whose 
maintenance and modernisation mean incurring 
high financial costs (Paprocki, 2013).

Nowadays, transport is considered to be one of 
the corner stones of globalisation (Kumar  
& Hoffmann, 2002). Globalisation and investment 
processes of a modern world can and should influ-
ence multifaced regional development including the 
transport industry (Максимцев et al., 2017) where 
innovative investments play a key role in the eco-
nomic life. The implementation and development of 
technical infrastructure is not possible without 
meaningful investment projects (Бездудная el al., 
2016).

Transport accessibility and connectivity are con-
sidered an important factor affecting investments in 
big cities, e.g. Wrocław (Ignacy, 2016). One of the EU 
documents, namely the Green Paper, states that citi-
zens expect quality, effectiveness and accessibility 
form the public transport. The public transport, 
which is considered attractive, is not only accessible 
but also fast, reliable, comfortable and offers frequent 
connections (Solecka, 2011). In the case of cities, all 
of these issues are strictly connected with overcoming 
barriers that hinder the smooth functioning of traffic, 
e.g. congestion (Cheba, 2015). 

All in all, public transport as an element of 
the  national logistics system can be considered 
a complex and multidimensional phenomenon. Con-
sequently, in the area of the logistics infrastructure, 
urban public passenger transport has to achieve aims 
that contradict one another (Korczak & Kijewska, 
2016). 

Hence, selecting indicators for the research of the 
transportation system is considered an extremely 
difficult issue mainly due to the wide variety of indi-
cators and its multidimensionality (Cheba & Saniuk, 
2016; Persia et al., 2016). Nevertheless, it is worth 
mentioning the descriptors (features) that are com-
monly used for the construction of spatial models for 
passenger and freight transport, such as the density of 
inhabitants, the accessibility and connectivity of the 
work network, spatial location, distance and different 
types of routes, the width of streets (Ewing & Cervero, 
2001; Stead & Marshial, 2001; Sanchez-Diaz et al., 
2014) as well as economic variables, such as popula-
tion incomes (Ducret et al., 2015). The literature 
review found the following variables used in urban 
infrastructure research: the total length of roads to 
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the city area, the ratio of asphalt roads to the total 
roads, the ratio of asphalt roads for every 100  000 
people, the ratio of city roads to the area of the prov-
ince, the ratio of inter-city roads to the area of the city, 
and the ratio of main roads to the area of a city. All 
the features were the basis of the assessment process 
of regional development of border cities (Fanni et al., 
2014).

The research problem can be addressed using 
two different approaches. 

An analysis can be carried out according to sepa-
rate and single variables. This is a one-dimensional 
approach. It can be considered defective because of 
difficulties in a clear assessment of analysed objects.

The use of multivariate tools creates a possibility 
to support the logistics policy by implementing 
the  ordering and classification procedures for 
research objects which are described by the set of 
diagnostic variables (Figura, 2013).

On the one hand, the empirical investigations 
with taxonomic tool have already been introduced 
into the analysis of transport development in 
the European Union countries (Tarka, 2012; Strojny, 
2013; Kauf & Tłuczuk, 2014). Some of them dealt 
with urban transportation system problems in 
selected European cities (Hajduk, 2016) and were 
proceeded by literature studies on urban transport 
(Hajduk, 2017). All in all, the mentioned analysis 
generally used classical taxonomic tools, e.g. linear 
ordering which uses the arithmetic mean and stand-
ard deviation in its construction.

The further analysis of the condition of transport 
using the order version of linear ordering tools was 
carried out among the chosen European Union coun-
tries in areas of road, railway and air transport as the 
three main branches of the transportation system 
(Czech & Lewczuk, 2017). This taxonomic study was 
deepened with the implementation of different nor-
malisation methods based on the multidimensional 
Weber median (Czech et al., 2016). All in all, these 
analyses allowed making the research immune to 
the  empirical asymmetry of diagnostic variables. 
Additionally, the implementation of the Weber 
median allowed considering mutual interactions 
among diagnostic features, which is very important 
in the case of a complex phenomenon analysis such as 
the transportation system.

 On the other hand, the literature study proved 
that taxonomic methods were also introduced into 
the research of the road and railway transport devel-
opment in Polish voivodeships (Cheba, 2011; Jarocka 
& Glińska, 2017). All the investigations were based 

mainly on no-pattern classic taxonomic methods 
which do not consider the interactions in a complex 
transportation system. Moreover, the research was 
distorted as the result of skewness of diagnostic fea-
tures. Hence, to improve the investigation in such an 
important research field, the Weber median was 
introduced in the process of the synthetic measure 
construction (Czech & Lewczuk, 2016). It should be 
noted that this kind of multivariate median considers 
interactions. However, the issue of including indirect 
effects is very important in the case of transportation 
research in different fields (Hayashi & Morisugi, 
2000; Jahanshahi et al., 2015; Matteis et al., 2016; 
Ward et al., 2016). It should be noted that this research 
problem is under investigation among experts, and 
a  consensus has not yet been reached (Vörös et al., 
2015).

It is worth mentioning that the analysis did nei-
ther consider the technological progress in the mate-
rials used for the transport infrastructure construction 
nor its future trends. This issue is crucial because 
the technological progress that accelerates processes 
of globalisation is also attributed to the area of trans-
portation (Kherbash & Liviu Mocan, 2015).

Therefore, the transportation system has already 
been analysed with future-oriented methods, such as 
foresight (Ejdys et al., 2015). The area of road trans-
portation in combination with environmental protec-
tion has been in the spotlight of the interdisciplinary 
research (Radziszewski et al., 2016). The reason 
behind such a combination is a significant impact on 
the quality of life of people inhabiting urban areas as 
urban infrastructure undergoes the amortisation 
process much quicker.

To sum up the literature review, it should be 
noted that there is a lack of multidimensional analysis 
of urban transport development in Polish cities of 
some voivodeships, which considers its complex 
character. However, the existing multidimensional 
analysis does not include the mutual relations and 
interactions among particular areas of urban infra-
structure, technical resources, etc. Moreover, 
the research gap is also connected with the construc-
tion of the urban transport development model over 
the entire period. Hence, this kind of taxonomic 
research could have some positive impact on the cor-
rectness of the delivered analysis in the area of 
the  urban transportation system and support of 
investment decisions as well as the use of tools ensur-
ing greater sustainability of the urban transport 
(Malasek, 2016). It is also important to form the point 
of view regarding the trend to decentralise govern-



Volume 10 • Issue 1 • 2018

35

Engineering Management in Production and Services

ment decisions to the local level, properly manage the 
public urban demand (Puppim de Oliveira et al., 
2015) as well as the growing urban populations con-
sidering the lack of roads, public transport and non-
motorised transport infrastructures (Ahmad 
& Puppim de Oliveira, 2016).

2. Theoretical basis for  
the implemented research 
methods and the selection of 
the data set and the type of 
the total taxonomic model

The presented research focused on the evaluation 
of urban transport development based on the con-
struction of the synthetic measure using two basic 
ways.

The first way implements the classic statistical 
measures, such as arithmetic mean and standard 
deviation. This kind of algorithm was first introduced 
by Polish statistician Hellwig (1968). The synthetic 
measure is calculated using the following equation:

Besides immunising the analysis to skewness, 
this multidimensional median vector considers inter-
actions in the whole set of diagnostic variables, which 
is especially important from the point of view of 
the  taxonomic analysis of a complex phenomenon, 
such as the socio-economic development, the living 
standard, spatial cohesion, etc. More detailed infor-
mation about its history and the way of estimation 
has already been presented in the literature (Młodak, 
2009). Nevertheless, it should be mentioned that 
other forms of multidimensional median construc-
tion which consider interactions among variables are 
under investigation (Domański et al., 1998).

In relation to mad (median absolute deviation), it 
should be noted that its particular values are received 
using the following equation: 

(1)

where:   	    — mean of the distance vector,  
		  SD— the standard deviation of the distance    	
			    vector.

The second approach to the construction of 
the synthetic measure includes the multidimensional 
median vector as well as mad (median absolute devia-
tion). It is worth noting that this method was also first 
implemented by a Polish statistician (Lira et al., 2002).

The normalisation process is usually carried out 
in the form of standardisation according to the fol-
lowing formula:

1 
 

         
D   
  

(2)

The elements of Ѳj are considered as the values of 
the multidimensional median vector, which usually 
takes the form of the border or the Weber median. 
The values of the Weber median are assessed in the 
minimisation process of the following objective func-
tion:

(3)

(4)

Also, it should be mentioned that there are other 
normalisation methods in the literature and they 
were successfully implemented into the research 
process with classic statistical measures (Jajuga 
&  Walesiak, 2000; Dębkowska & Jarocka, 2013; 
Olszewska & Gudanowska, 2014) and the multidi-
mensional median vector (Czech, 2014; Czech et al., 
2016).

The synthetic measure of the normalised variable 
is estimated using the following formula:

(5)

where: med(D) — the median of the distance vector,
mad(D) — the median absolute deviation of 	
		        the distance vector.

The basis of every proper taxonomic analysis is 
a  set of diagnostic variables. Hence, the data was 
drawn from the Local Data Bank of the CSO (Central 
Statistical Office) in Poland for 2013–2016. The set of 
the following twelve potential diagnostic variables 
was treated as the research basis: X1 — the length of 
bicycle paths in kilometres per 10  000 km2, X2 — 
the  length of bicycle paths in kilometres per 10  000 
citizens, X3 — the length of bus lanes in kilometres 
per one million urban citizens, X4 — the number of 
public transport passengers per one inhabitant of 
urban areas, X5 — the length of the public transport 
line in kilometres per 10  000 urban citizens, X6 — 
the length of the public transport line in the country-
side in kilometres per 10  000 inhabitants of the total 
population, X7 — the length of bus routes in kilome-
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tres per 10  000 urban citizens, X8 — buses on the move 
to their inventoried quantity (in %), X9 — the mileage 
of buses in car-kilometres per 10  00 urban citizens, 
X10 — the number of buses per 10  000 urban citizens, 
X11 — the number of seats in vehicles (buses, trams, 
trolleybus) per 1000 urban citizens, X12 — the share 
of buses adapted to the needs of disabled passengers 
in their total number (in %).

All of the analysed variables take the form of 
intensity or structure indicators. Moreover, it should 
be noted that the set of diagnostic features includes 
sixteen objects (voivodeships) as well as four years of 
the analysis. Thus, a three-dimensional data cube has 
been created. It should be emphasised that it was 
impossible to extend the analysis to more periods. 
However, if more years had been taken into 
the  research, less diagnostic variables would have 
been included in the constructed synthetic measure 
of urban transport. It should be noted that obtaining 
the precision data is especially important in logistic 
research analysing intermodal transport chains 
(Caris et al., 2014), modelling the travel demand 

generated by people as well as freight (Cools et al., 
2010; Roorda et al., 2010). 

 Next, the potential set of diagnostic variables 
was put under statistical investigation containing two 
stages. 

The first stage was connected with variation 
analysis and the choice of the total taxonomic model. 
Hence, the classical variation coefficient, which is 
based on the standard deviation and arithmetic mean, 
was introduced. The results of the research are pre-
sented in Tab. 1.

The results of the variation analysis proved that 
the feature X8 ought to be removed from the further 
analysis because the variation coefficients were under 
the threshold value of ten in every year of the research.

In the scope of the assessment of the urban trans-
port development, over the entire period, the total 
taxonomic measure should be introduced. Hence, 
three types of taxonomic models, i.e. spatial-time, 
time-spatial and aggregate, are presented in the litera-
ture regarding the overall level of the complex phe-
nomenon under consideration (Młodak, 2005).

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

Spatial variability

2013 44.61 41.77 84.48 49.22 41.62 38.56 43.70 3.93 33.80 28.74 33.30 17.03

2014 42.12 40.51 86.42 51.63 41.20 45.26 43.14 5.15 38.22 29.76 34.76 13.88

2015 36.07 36.75 83.60 52.21 39.00 45.49 40.66 4.35 36.82 32.15 35.24 12.96

2016 36.56 36.24 73.11 49.26 37.53 49.02 39.15 4.05 36.29 31.07 35.40 13.51

Time variability

Dolnośląskie 12.48 12.52 7.59 5.47 7.80 11.89 8.37 5.03 4.89 5.60 2.04 4.41

Kujawsko-Pomorskie 20.59 20.74 56.76 4.88 11.47 68.76 12.58 2.29 7.38 5.77 9.70 10.76

Lubelskie 26.20 26.63 22.64 13.02 4.32 6.95 3.01 3.20 1.81 5.31 6.01 4.14

Lubuskie 11.61 11.78 115.47 7.59 7.71 13.61 7.49 2.78 2.72 2.24 1.67 1.72

Łódzkie 12.73 13.20 32.60 15.06 3.90 6.48 3.75 2.72 3.50 3.19 2.35 1.69

Małopolskie 16.47 16.21 5.97 4.02 6.75 8.67 7.00 2.41 2.29 5.25 4.06 8.79

Mazowieckie 18.26 17.89 1.09 4.31 4.51 10.38 4.87 1.56 4.16 4.80 4.50 2.06

Opolskie 9.42 9.89 115.47 6.09 3.65 3.56 3.65 1.29 3.33 3.11 2.28 7.06

Podkarpackie 31.52 31.55 63.74 10.51 9.59 4.14 9.59 3.06 8.01 5.50 3.25 8.70

Podlaskie 31.01 31.26 3.93 4.71 4.64 16.81 4.64 3.08 2.84 1.35 2.82 0.66

Pomorskie 13.92 13.61 46.04 3.22 2.32 6.52 2.66 1.62 1.72 2.92 1.94 0.57

Śląskie 11.91 12.29 9.77 10.61 3.65 3.81 3.86 1.17 1.27 1.81 1.66 10.68

Świętokrzyskie 23.57 24.06 29.89 2.66 4.96 15.03 4.96 0.64 7.89 6.44 2.91 4.12

Warmińsko-
Mazurskie

26.17 26.45 37.74 8.76 1.57 2.62 2.07 2.99 4.81 3.07 6.16 11.61

Wielkopolskie 11.47 11.30 17.59 17.59 14.42 25.18 14.97 0.63 5.25 1.82 5.70 4.84

Zachodniopomorskie 13.15 13.42 69.70 0.75 7.52 18.77 7.66 1.58 2.26 1.74 3.60 5.76

Tab. 1. Spatial and time classic variation coefficients of the potential set of diagnostic variables
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Stage I Stage II Stage III Stage IV

2013 2014 2015 2016 2013 2014 2015 2016 2013 2014 2015 2016 2013 2014 2015 2016

X1 4.5 4.0 3.6 5.9 4.3 3.8 3.6 5.9 2.5 3.0 3.4 4.5 2.5 2.4 2.8 3.2

X2 6.5 5.1 4.2 3.7 3.9 4.0 3.1 3.1 3.6 3.9 3.1 3.0 3.6 3.5 3.0 3.0

X3 2.5 3.1 4.4 4.9 2.5 3.1 4.3 4.9 2.4 3.1 3.6 2.6 2.4 2.9 3.5 3.4

X4 6.4 4.5 8.6 8.8 6.2 4.5 6.9 8.8 6.2 4.4 6.5 8.8 3.3 2.3 2.7 2.8

X5 1064.6 972.1 855.5 546.4 13.3 15.4 14.1 14.8 5.7 11.5 13.5 12.0 5.3 11.3 11.4 9.9

X6 8.1 10.8 12.9 10.7 5.9 7.3 6.4 7.0 3.5 6.0 6.3 5.9 2.8 6.0 5.5 4.4

X7 1264.4 1188.7 1130.3 690.0 - - - - - - - - - - - -

X9 21.5 13.3 40.2 47.1 21.5 12.1 29.9 35.4 7.1 7.3 9.3 10.8 4.8 5.7 5.9 6.0

X10 58.0 29.4 39.7 42.2 37.6 19.4 35.6 41.0 - - - - - - - -

X11 25.4 21.4 34.3 39.1 10.6 10.2 12.1 23.6 9.0 9.0 12.1 23.2 - - - -

X12 3.9 4.4 8.5 4.8 2.9 3.0 4.1 3.8 2.9 2.9 3.8 3.8 2.9 2.9 3.7 3.8

Tab. 2. Main diagonals of inverted matrixes of Pearson’s correlation coefficients

The values of the classic time variation coefficient 
for every voivodeship over the entire period of analy-
sis are presented in Tab. 1. The investigation proved 
that the spatial-time taxonomic model should be 
implemented into the analysis. This situation occurs 
because the predominance of spatial variation is pre-
dominant compared to time variation. 

The second stage of the statistical analysis of 
the potential data set of diagnostic variables is con-
nected with the correlation analysis. In the scope of 
dealing with that issue, the method of an inverted 
matrix of Pearson’s correlation coefficients was intro-
duced into the research (Malina & Zeliaś, 1997; Panek 
& Zwierzchowski, 2013). The chosen results of 
the research, i.e. the main diagonals of inverted Pear-
son correlation matrixes are, presented in Tab. 2.

Moving to the interpretation of the results which 
are presented in Tab. 2, it should be mentioned that 
particular variables were eliminated individually. 
This procedure of the analysis with the inverted cor-
relation matrix is considered appropriate and has 
already been discussed at the international confer-
ence and implemented into the research of living 
standards (Czech & Słaby, 2017). 

In this case, the research was carried out in four 
stages separately for each year of the analysis. Never-
theless, the results of stage three proved that more 
than one variable exceeded the critical and contrac-
tual value of ten for all periods. Hence, the feature 
X10 was excluded from further analysis because of 
the highest values located on the main diagonal in 
2016. Next, the variable X11 was eliminated from 
the  set of potential diagnostic variables. However, 
the results obtained during stage four of the correla-
tion analysis showed that further elimination of 

diagnostic features could be stopped with a slight 
deviation from the contractual rule of ten. 

To sum up, the final set of diagnostic variables 
includes the following features: X1, X2, X3, X4, X5, X6, 
X9, X12, which were considered as the basis for the 
construction of synthetic measure for the urban 
transport in further analysis.

3. Research results

To bring the final set of diagnostic variables into 
comparability, the normalisation process was imple-
mented. Furthermore, this transformation was based 
on both classic as well as order types of standardisa-
tion. The first uses the arithmetic mean and standard 
deviation in its construction, which means the analy-
sis is not immune to the skewness of empirical distri-
butions of particular diagnostic features. 

The second approach implements the multidi-
mensional median vector and median absolute devia-
tion as the equivalent of classical measures. 
The  chosen statistical measures of the final set of 
diagnostic variables which were implemented to the 
normalisation process are presented in Tab. 3.

It should be mentioned that the order method 
with the border median was omitted because this 
kind of multidimensional median is only immune to 
skewness but does not consider interactions in the set 
of diagnostic variables, which is very important from 
the point of view of the research. Hence, the multidi-
mensional Weber median vector was the basis for 
normalisation in every year of analysis and supports 
the construction of the model over the entire period.
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Moving into the analysis of the presented order 
location measures, i.e. the border median as well as its 
Weber form, it should be mentioned that the values 
differed depending on features. It is the result of 
including interactions among the variables which are 
implemented into the description process of urban 
transport development, in particular, voivodeships. 
For instance, the border median size for the variable 
describing the length of bicycle paths per 10   000 
square kilometres was 338.76 km in 2016. However, 
because of the influence of another variable, the value 
of the Weber median in the case of the same feature 
went up and reached 340.44 km per 10   000 square 
kilometres. It should be mentioned that the differ-
ences in the values of these descriptive statistics occur 
for each year of the analysis.

The process of a complex phenomenon analysis 
with the construction of the synthetic measure needs 
a definition of the character of particular features. 
Hence, the final set of diagnostic variables was 
divided into two subsets. The first one includes 
the following features X1, X2, X4, X5, X9 and X12, which 
were considered as stimulants. The other consists of 
the nominants such as X3 and X6. Nevertheless, it 
should be noted that destimulants were not recog-
nised in the final set of diagnostic features.

Further, implementation normalized values of 
the final set of diagnostic features allowed the syn-
thetic measures of urban transport development to be 

constructed. Their values in classical and order form 
for particular years of the analysis are presented in 
Tab. 4 (a, b).

Additionally, the table includes the total measure 
(general) for the entire period. It was constructed 
based on synthetic measures for particular years of 
the analysis in the classic as well as the order form.

Next, they were ordered monotonically and 
allowed to make a ranking of the urban transport 
development in voivodeships according to the classi-
cal and the order method. 

The analysis of the presented rankings proved 
that positions of some voivodeships were the same. 
On the other hand, both methods delivered different 
positions in the ranking for particular years of 
the analysis. 

The values of the synthetic measures can be 
implemented in the process of indication of similar 
areas according to the level of urban transport devel-
opment. In the scope of dealing with that issue, both 
the three mean and the three median methods can be 
used (Młodak, 2006). The classical and order exam-
ples of this kind of procedure for spatial-time taxo-
nomic models are presented in Fig. 1 as 
the background of particular voivodeships.

The values of the synthetic measures of urban 
transport development in its classical and order forms 
are presented as the height of histograms represent-
ing voivodeships for each year of the analysis.

Year Statistical measure
Variable

X1 X2 X3 X4 X5 X6 X9 X12

2013

skewness 0.53 0.54 0.35 1.35 1.06 0.15 0.90 -0.44

arithmetic mean 251.04 2.15 7.40 134.98 22.61 3.19 25.59 75.87

border median 257.83 1.88 5.48 130.71 19.74 2.95 23.91 75.90

Weber median 258.42 1.97 6.78 121.43 22.19 3.59 25.67 76.28

2014

skewness 0.52 0.27 0.46 1.23 0.98 0.11 1.20 -0.80

arithmetic mean 301.90 2.62 7.44 139.92 22.70 3.19 26.16 80.97

border median 299.16 2.65 5.60 125.26 19.59 3.03 23.62 83.11

Weber median 294.62 2.55 8.90 125.14 22.16 3.24 25.48 80.16

2015

skewness 0.64 0.06 0.72 1.19 0.71 0.60 1.17 -0.94

arithmetic mean 348.48 3.07 9.26 137.78 23.19 3.34 27.03 81.68

border median 325.13 2.93 8.01 138.60 19.40 3.07 25.13 85.16

Weber median 327.91 2.86 10.00 130.84 23.18 3.51 26.39 80.37

2016

skewness 0.88 0.05 0.26 0.77 0.64 1.37 1.04 -0.87

arithmetic mean 361.62 3.18 10.53 138.67 23.24 3.47 27.15 83.17

border median 338.76 3.05 12.95 138.18 20.14 3.24 26.12 86.19

Weber median 340.44 3.06 11.59 130.47 20.97 3.52 24.65 85.12

Tab. 3. Chosen statistical measures of the final set of diagnostic variables
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Voivodeship
Value of synthetic measure

2013 2014 2015 2016 Total
MK MP MK MP MK MP MK MP MK MP

Dolnośląskie 0.27 0.21 0.32 0.23 0.29 0.13 0.26 0.16 0.53 0.25

Kujawsko-Pomorskie 0.25 0.21 0.26 0.19 0.28 0.14 0.35 0.23 0.53 0.28

Lubelskie 0.18 0.12 0.21 0.12 0.20 0.04 0.26 0.16 0.39 0.11

Lubuskie 0.33 0.25 0.28 0.16 0.25 0.06 0.25 0.09 0.51 0.15

Łódzkie 0.30 0.24 0.27 0.20 0.27 0.15 0.27 0.19 0.51 0.28

Małopolskie 0.25 0.24 0.24 0.21 0.21 0.11 0.20 0.14 0.42 0.23

Mazowieckie 0.52 0.54 0.51 0.50 0.53 0.52 0.59 0.61 1.00 1.00

Opolskie 0.05 -0.02 0.04 -0.06 0.02 -0.16 0.01 -0.13 0.05 -0.31

Podkarpackie 0.10 0.03 0.05 -0.03 0.11 -0.06 0.12 0.01 0.17 -0.13

Podlaskie 0.16 0.13 0.18 0.11 0.26 0.13 0.27 0.18 0.40 0.18

Pomorskie 0.48 0.45 0.51 0.43 0.47 0.34 0.50 0.37 0.91 0.68

Śląskie 0.36 0.34 0.33 0.29 0.36 0.26 0.41 0.37 0.67 0.53

Świętokrzyskie 0.21 0.19 0.20 0.18 0.16 0.11 0.21 0.25 0.36 0.26

Warmińsko-Mazurskie 0.07 -0.02 0.13 0.02 0.09 -0.10 0.10 -0.06 0.18 -0.19

Wielkopolskie 0.36 0.31 0.42 0.34 0.32 0.14 0.33 0.17 0.66 0.34

Zachodniopomorskie 0.24 0.20 0.26 0.17 0.23 0.08 0.30 0.17 0.47 0.20

Tab. 4a. The values of synthetic measures and the positions of voivodships in the ranking of urban transport develop-
ment

Voivodeship

Rank

2013 2014 2015 2016 Total

MK MP MK MP MK MP MK MP MK MP

Dolnośląskie 7 9 5 5 5 7 10 11 6 8

Kujawsko-Pomorskie 8 8 8 8 6 5 4 5 5 6

Lubelskie 12 13 11 12 12 13 9 10 12 13

Lubuskie 5 5 6 11 9 12 11 13 7 12

Łódzkie 6 6 7 7 7 4 7 6 8 5

Małopolskie 9 7 10 6 11 10 13 12 10 9

Mazowieckie 1 1 2 1 1 1 1 1 1 1

Opolskie 16 16 16 16 16 16 16 16 16 16

Podkarpackie 14 14 15 15 14 14 14 14 15 14

Podlaskie 13 12 13 13 8 8 8 7 11 11

Pomorskie 2 2 1 2 2 2 2 2 2 2

Śląskie 3 3 4 4 3 3 3 3 3 3

Świętokrzyskie 11 11 12 9 13 9 12 4 13 7

Warmińsko-Mazurskie 15 15 14 14 15 15 15 15 14 15

Wielkopolskie 4 4 3 3 4 6 5 9 4 4

Zachodniopomorskie 10 10 9 10 10 11 6 8 9 10

Tab. 4b. The values of synthetic measures and the positions of voivodships in the ranking of urban transport 
development

Note: MK – classical measure, MP – order measure.

Note: MK – classical measure, MP – order measure.
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All in all, the graphical presentation of 
the research shows that the general (total) classifica-
tion of provinces to particular groups of urban 
transport development differs because of the included 
interactions among diagnostic features.

4. Discussion of the results

The research with the use of the synthetic meas-
ure of the urban transport development in selected 
Polish provinces has brought up some interesting 
findings in two main areas, namely, logistics and sta-
tistics.

The first area includes comments regarding 
the  spatial objects, i.e. voivodeships which were 
included in the research. It should be noted that 
the  quantitative assessment of the urban transport 
development in selected voivodeships is somewhat a 
complex task. The research targeted the period 
2013–2016 and proved the disparity among develop-
ment levels of the urban transport development in all 
sixteen provinces. 

Both the classical as well as the order synthetic 
measures can be considered as the most important 
indicators which can be used in the assessment pro-
cess. Furthermore, the analysis proved that the lead-
ers of urban transport development were the same 
voivodeships over the entire period. 

On the one hand, both the classical as well as 
the  order measures indicated that the Mazowieckie 
voivodeship was the leader over the whole period. 
However, this province was ranked second according 
to the classical measure only in 2014. The first place 
was occupied by the cities located in the Pomorskie 
voivodeships.

The second position in the constructed ranking 
of urban transport development over the entire 
period was occupied by the Pomorskie province. It 
should also be noted that the Śląskie province can be 
considered as the third object in the constructed 
ranking. 

However, besides the mentioned leaders, namely 
the provinces of Mazowieckie, Pomorskie and Śląskie, 
the fourth position according to the both of the con-
structed total synthetic measures of the urban trans-
port development was occupied by the Wielkopolskie 
voivodeship. It should be noted that its position 
changed depending on years of the analysis, e.g. it 
had the third place in 2014 according to both meas-
ures, and the fifth and sixth positions in 2016, etc. 

In the scope of the analysis over the entire period, 
i.e. the total measure in the analysis the following 
voivodeships were indicated: the Mazowieckie, 
Pomorskie, Śląskie and Wielkopolskie provinces took 
the first, second, third and fourth positions.

The research demonstrated that the lower posi-
tions in the urban transport development ranking 
constructed using the final set of diagnostic variables 

Fig. 1. Diversification of urban transport development in Poland in 2013–2016
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were occupied by the Warmińsko-Mazurskie and 
Podkarpackie provinces.

Opolskie voivodeship took the 16th position in 
the ranking both according to the classical and 
the  order measure. The Warmińsko-Maziurskie 
voivodeship took the 13th position in 2014. However, 
it was in the 15th place in the general classification, 
which is based on the total synthetic measure. 
The Podkarpackie province occupied a distant posi-
tion. 

The analysis of the data presented in Tab. 4 
proved both the fluctuations and significant differ-
ences in the level of the urban transport development 
among some voivodeships. The Świętokrzyskie 
voivodeship can serve as an example. It takes the 13th 
position in the general classification according to 
the classic measure. However, it ranked the seventh 
using the order measure with the Weber median.

Similar differences can be observed in relation to 
the Łódzkie province which takes the eight and fifth 
positions according to the classical and the order 
measures, respectively.

To sum up, the analysis of the general (total) clas-
sification proved that the same positions in the rank-
ing of urban transport development were observed in 
six analysed provinces. Hence, the Mazowieckie, 
Oplskie, Podlaskie, Pomorskie and Wielkopolskie 
provinces can be considered as such spatial objects. 
All in all, the differences in the constructed rankings 
are observed in the remaining ten regions of Poland. 
This phenomenon can be noticed in the following 
provinces, such as Zachodniopomorskie, Warmińsko-
Mazurskie, Podkarpackie, Małopolskie, Lubelskie 
and Kujawsko-Pomorskie. Nevertheless, the differ-
ence between the two positions appeared only in the 
Dolnośląskie voivodeship. 

 The latter set of findings reflects the statistical 
observations related to the construction of the syn-
thetic measure of the urban transport development in 
selected voivodeships.

However, the research was strongly limited by 
the availability of data. Adding more years to 
the analysis would have included less diagnostic vari-
ables.

The analysis of the variation demonstrated that 
the variable X8, which was connected with the share 
of buses on the move to their inventoried quantity, 
poorly differentiated the research objects. The values 
of that indicator for provinces were very high, which 
reflects good use and low failure rate of the bus fleet. 
Moreover, the variation analysis of the potential set of 
diagnostic variables proved that the spatial-time 

approach should be introduced in the construction of 
the total synthetic measure.

However, it should be noted that the potential set 
of diagnostic features was mainly limited during the 
correlation analysis and particular features should be 
eliminated individually.

The research results showed that the implemen-
tation of the order synthetic measure with the Weber 
median allowed including additional indirectly 
observed information in the complex urban trans-
portation system and made some differences in 
the constructed rankings.

Conclusions

The results obtained in this research produced 
several synthetic conclusions about the urban trans-
port development in particular voivodeships as a part 
of the national logistics system.

In the total measure, i.e. the spatial-time, 
the higher and more stable positions were occupied 
by the Mazowieckie, Pomorskie and Śląskie prov-
inces. One should expect that the level of the follow-
ing variables X1, X2, X4, X5, X9, X12 that are considered 
as stimulants is relatively high.

The research demonstrated that such voivode-
ships as Opolskie, Warmińsko-Mazurskie and Pod-
karpackie remain at the other end of the development 
level and take the last three positions in the ranking. 
In conclusion, they require special attention of 
the  local and state governments. It should also be 
emphasised that the urban transport in these areas 
reached a relatively low level of development. Hence, 
an improvement could be expected following invest-
ments in the development of stimulants that were 
introduced into the synthetic measure construction.

To sum up, the research shows some correctness 
of the spatial development of the country which can 
be reflected in the urban development level. 
The  voivodeships located in the eastern regions of 
Poland can be considered as more underdeveloped. 
Nevertheless, the Opolskie province can be treated as 
the exception to the rule. This is due to the observed 
emigration of the local citizens to Germany as well as 
low level of investments.
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