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Assessment of urban transport –  
a comparative analysis of selected 
cities by taxonomic methods

Sławomira Hajduk

A B S T R A C T
This paper aims to perform comparative analysis of urban transport in selected global 
cities and to verify the existence of clusters. It was based on data source from the 
World Organization Data Urban. It used Indicators proposed in ISO 37120 Sustainable 
Community Development.
The test procedure exploited taxonomic methods as Ward’s hierarchical analysis and 
the deagglomerating k-means analysis. The empirical analysis comprises four 
indicators: (I) high capacity public transport system, (II) light passenger public transport 
system, (III) annual number of public transport trips and (IV) number of personal 
automobiles.
Main results are the classification of selected global cities, identification and 
characterization of trends in the field of urban transport in each group. The empirical 
analysis confirms a substantial diversity of urban transport in selected cities. These 
differences arise from their past, geographical location, size, different reactions to the 
transition process and the different economic structures. The taxonomic analysis of 
the urban transport in selected cities separated five independent classes typological. 
This elaboration aims to examine the role of urban transport in city management 
based on a literature review, databases and reports of the European Union.
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Introduction

Urban transport is a significant component of 
city management used worldwide. Sustainable public 
transport prevents social exclusion, congestion, and 
air pollution in cities. However, so far there has been 
no standardized method to measure the quality of life 
and delivery of public services in cities. ISO 37120 
Sustainable Community Development provides 

a uniform and consistent approach to measurement 
methods of city performance. Urban transport is one 
of 17 thematic areas.

The main goal of the study is to determine trends 
in the field of urban transport, to classify global cities 
and to verify the existence of clusters. The article 
consists of four sections. The first part includes delib-
erations of the scientist concerning urban transport. 
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The next sections present the data and research 
methods. The last two parts of the study contain results 
and conclusions of the examination. The elaboration 
was based on literature studies and taxonomic analy-
sis. The data obtained from the database of the Cen-
tral Statistical Office – Local Data Bank, Eurostat 
Regional Statistics and the World Organization Data 
Urban.

1. Literature review

A constantly growing number of urban residents 
makes access to public service more difficult and, 
consequently, reduces the quality of life (Mucha, 
2012). Currently, 54% of the world’s population 
resides in cities, whereas forecasts indicate an increase 
of up to 66% in 2050 (United Nations, 2015). Approx-
imately 85% of the EU’s GDP is generated in cities 
(Dobbs et al., 2012). The increase in road traffic as 
well as passenger and freight transport, cause conges-
tion and air pollution. Urban transport became an 
important component of city management in inter-
national documents in the last decade (Table 1). 
Forecasts of the European Commission show that the 
intensity of freight transport will increase by 40% by 
2030, and by more than 80% by 2050, when compared 
to 2005. At the same time, it is expected that passen-
ger transport will also increase by about 34% by 2030, 
and by more than 50% by 2050, in comparison to 
2005 (White Paper, 2011). Based on the result of 
a  study conducted in seven major Polish cities, it is 
estimated that in 2013, costs related to congestion 
will reach PLN 3.5 billion (average of 2.905 per 
driver). Additionally, external costs of accidents in 
urban areas are estimated at EUR 80 billion per year, 
and the external costs of noise – at EUR 40 billion per 
year. Furthermore, CO2 emissions in urban areas 
amount to 280 million tons per year (Rzepnikowska 
et al., 2014).

City management in the field of urban logistics is 
influenced by the regulations at the European Union 
level (Table 1). The European Commission has devel-
oped several documents imposing on the cities the 
obligation to take action towards the improvement of 
passenger and freight traffic in the city and to reduce 
environmental degradation. One of the requirements 
of the EU towards the member states is the necessity 
to develop sustainable mobility strategies, including 
passenger and freight transport. Unfortunately, many 
cities have not prepared this document (Allen et al., 
2015; Przybyłowski, 2014).

Tab. 1. Transport on the background of domains of city manage-
ment in international documents

Documents Domains of city management

Pact of 
Amsterdam, 
2016

Inclusion of migrants and refugees; Air 
quality; Urban poverty; Housing; Circular 
economy; Jobs and skills in the local 
economy; Climate adaptation (including 
green infrastructure solutions); Energy 
transition; Sustainable use of land and 
Nature-Based solutions; Urban mobility; 
Digital transition; Innovative and responsible 
public procurement

ISO 37120, 
2015

Economy, Education, Energy; Finance; 
Environment; Fire and emergency response; 
Governance; Health; Recreation; Safety; 
Shelter; Solid waste; Telecommunication; 
Transportation; Urban planning; Wastewater; 
Water sanitation

Leipzig 
Charter, 2007

Energy efficiency; Environment; Labor 
market; Education; Urban transport

Bristol 
Accord, 2005

Well run; Well connected; Well served; 
Environmentally sensitive; Thriving; Well 
designed and build; Fair for everyone; Active, 
inclusive and safe

Source: author’s elaboration based on (Urban Agenda …, 2016; ISO 37120 
…, 2015; Leipzig Charter ..., 2007; Bristol Accord …, 2005).

Integrated city management requires specific 
knowledge of how to take effective strategic decisions. 
Effective city management is based on information 
that can be obtained through quick access to reliable 
data. A smart city should be built through the imple-
mentation of goals and decisions based on reliable 
data. ISO 37120 should be used to measure the city 
performance. The standard value does not include 
evaluation data and quantitative limits; it only pro-
vides a framework for the sustainable development of 
the city and its monitoring. It allows to compare cities 
in a global perspective and to benefit from the knowl-
edge and skills of the leading urban centres. This is 
the right tool for reporting the state of city develop-
ment. There are four levels of accreditation certificate. 
The minimum limit is to collect data for 30 obligatory 
indicators. World Organization Data Urban dissemi-
nates a new international standard for cities and 
coordinates efforts to obtain accreditation by sharing 
city data. It publishes information regarding 30 cities.

Sustainable urban transport improves the quality 
of life in urban areas. The results are a wide range of 
advantages, such as a more attractive public space, 
improvement in the city’s image and increase in 
competitiveness, health improvement, better road 
safety, lower air pollution and reduced noise emis-
sions (Komisja Europejska, 2014). Improving the 
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quality of urban space can be achieved through the 
promotion of public transport and alternative forms 
of movements within the cities (Ministerstwo 
Infrastruktury i Rozwoju, 2015). It may help to inhibit 
the process of suburbanization and revitalize city 
centres. Road investments should mainly focus on 
the construction of a basic transport system of the 
city and its functional area, which will enable the 
removal of excessive traffic through the ring roads of 
the city and exit routes to national roads. It is neces-
sary to modernize the existing road system by elimi-
nating bottlenecks and improving traffic safety, which 
is the priority of public transport and cycling.

Improvement of urban mobility can also be 
achieved through the appropriate coordination of 
timetables among different means of transport. The 
integration of railways, subways, buses, and trams 
requires, among other things, a rhythmic timetable, 
dynamic passenger information, and proper inter-
changes locations. This solution constitutes a part of 
the category of a multi-modal trip, which is to leave 
the personal means of transport in the car park and to 
continue the onward journey to the city centre by 
public transport. It is also worth mentioning here the 
existence of an Intelligent Transportation Systems, 
which allows for the management of road traffic, rail, 
public transport, fleet and cargo transport. These are 
devices that can investigate and inform drivers about 
traffic jams or vacant parking spaces.

The public transport measurement is rather chal-
lenging because of a diversified approach to this 
matter in the substantive literature and various inter-
national and national strategic documents (European 
Commission, 2013). However, it is possible to deter-
mine and select the indicators that are commonly and 
repeatedly applied in the very approach to the meas-
urement of the progress of implementation of public 

transport. The quantitative approach of the measure-
ment applicable to the transport phenomena is gener-
ally easier to measure directly. Quantitative data refer 
to information measured numerically (Mingardo, 
2008; Pindea, 2016). Quantitative data are recognized 
as more objective and easier to be analysed, e.g. the 
speed of moving vehicles and their communication 
delays. The qualitative approach measurement of 
specific phenomena of transport is more difficult to 
estimate. The qualitative data are related to a different 
type of information, e.g. convenience, comfort, and 
dynamism in the opinion of users (Nieuwenhuijsen, 
2016). Qualitative data can be expressed as quantita-
tive, using a rating system or different evaluation 
techniques used in economics. Another division of 
indicators is reflecting the economic, social and envi-
ronmental influences. Economic dimension indicates 
the profitability of transport, as the cost per unit of 
travel (Fielbaum et al., 2016; Taylor, 2008; Medda et 
al., 2003). The social dimension reflects the relative 
mobility and financial burden of the population in 
connection with the use of transport. The environ-
mental dimension shows different emissions caused 
by transport and field requirements (Table 2).

The great challenge in the field of urban transport 
is to reduce the use of cars in favour of alternative 
forms of movement, which have a positive environ-
mental impact, such as a cycling or walking. Further-
more, alternative forms of movement reduce 
congestion, at the same time improving health and 
physical condition of travellers. Poles have about 
9 million bicycles but in large cities, cycling remains 
at a low level, constituting 1–3% of total journeys. 
To compare, in some European cities, such as Kuopio, 
Cambridge, Stralsund, cycling amounts to 30% of 
total journeys (Fig. 1).

Tab. 2. Approach and domains of urban transport in scientific literature

Approach based on quantitative data Approach based on qualitative data

− user preferences
− convenience and comfort
− the dynamics of community
− aesthetic qualities

− length of linear infrastructure
− the number of kilometres travelled per vehicle and per person
− traffic accidents and fatalities
− expenses and revenues

Mobile dimension Economic dimension Social dimension Environmental dimension

− the supply of transport 
service

− the organisation of 
mobility inside city

− cost incurred by 
community

− the number of 
vehicles in the 
household

− the distance flown 
individually

− expenditure by 
households on 
transport

− annual energy consumption and emissions 
of CO2, CO, NOX, hydrocarbons, particulate 
matter

− se of public space for parking and 
transport infrastructure

− noise
− risk of accidents
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The collective public transport uses several sys-
tems of transport: bus, tram, railway, trolleybus, and 
metro. In relation to passenger cars, it brings two 
important advantages – reduces traffic congestion 
and environmental impact. Compared to individual 
transport, a bus emits five times less pollution, 
requires three times less energy per passenger, and 
twenty times less road surface. A particularly advan-
tageous solution in this respect is bus lanes. 24 Polish 
cities with powiat status have 196 km of bus lanes 
allocated for public transport vehicles (Table 3).

Tab. 3. Cities with powiat status with the greatest length of bus 
lanes

Cities Length of 
bus lines

Number  
of buses

Buses lines 
per 100 buses

Kielce 15.3 576 2.66

Olsztyn 13.3 657 2.02

Białystok 12.8 857 1.49

Łódź 18.9 1 363 1.39

Kraków 25.2 2 458 1.03

Wrocław 21.5 2 129 1.01

Source: author’s elaboration based on (Bank Danych …, 2016).

Moreover, many scientists analyse transport in 
a national and regional approach (Czech & Lewczuk, 
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Fig. 1. Share of the use of transportation modes in European cities [%]

Source: author’s elaboration based on (Eurostat, 2016).

2016). There are only few publications that compare 
transport in cities. Urban transport often appears in 
case studies (Paradowska, 2012; Zimon & Gosik, 
2015), analyses of the key success factors (Iwan, 2015) 
or benchmarking (Chojnacka, 2012; Szymczak & Sien-
kiewicz-Małyjurek, 2011; Kiba-Janiak, 2016). Scien-
tists use the latest future-oriented methods to evaluate 
transport (Ejdys et al., 2015).

2. Research methods

The presented research focused on the assess-
ment of urban transport. The scope of research has 
three steps: selection, evaluation, and classification 
(Fig. 2). Four indicators were selected from ISO 
37120:2014, namely: (X1) kilometres of high capacity 
public transport system per 100000 population; (X2) 
kilometres of light passenger public transport system 
per 100000 population; (X3) the annual number of 
public transport trips per capita; and (X4) the number 
of personal automobiles per capita.

The study included 25 cities (Table 4) with differ-
ent levels of certification according to ISO 37120:2014, 
i.e. aspiring (the cities), gold (three cities), and plati-
num (12 cities). They represent each continent: six 
cities were European, ten – North American, one – 
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South American, five – Asian, two – Australian, and 
one – African. Data for each city were collected from 
the website of the World Organization Data Urban 
(World Council …, 2016).

Tab. 4. Certification level of cities per ISO 37120:2014

Level of  
certification in 
ISO 37120:2014

Cities and abbreviations

Aspiring

ES1 Barcelona; NL2 Rotterdam; US2 Los 
Angeles; CA1 Surrey; CA4 Toronto; CA5 
Vaughan; AU1 Greater Melbourne; AE1 
Dubai; VN1 Haiphong; TW1 Amman

Gold
NL1 Amsterdam; PT1 Porto; CA3 
Shawinigan

Platinum

UK1 London; ES2 Valencia; US1 Boston; 
US3 San Diego; CA2 Saint-Augustin-de-
Desmaures; MX1 Guadalajara; MX2 Leon; 
AR1 Bueno Aires; AU2 Melbourne; PH1 
Makati; JO1 Taipei; SA1 Makkah.

Abbreviations of cities based on ISO 3166.

Source: author’s elaboration based on (World Council …, 2016).

Each indicator was determined by measuring the 
position (arithmetic mean,) and variability (standard 
deviation, SX; variation coefficient, V). Indicators 
were standardized based on formula . The Pearson’s 
correlation coefficient matrix was used to determine 
the correspondence among indicators and to elimi-
nated strongly correlated indicators. The classifica-
tion of cities applied the Ward’s hierarchical analysis 
for the Euclidean distance based on formula. 
The  number of classes was determined by using 
a  graph of distance bond with respect to binding 
steps. Each aggregation was characterized based on 
the deagglomerating k-means method.

 

Selection of indicators and cities

Evaluation of urban transport

Classification of cities based on 
taxonomic methods

Fig. 2. Scope of the research process

3. Research results

The most differentiated indicator (177.82%) is 
the length of high capacity public transport system. 
While the least differentiated variable (48.93%) is the 
number of public transport trips. Melbourne has the 
longest public transport system. Bueno Aires has the 
largest number of personal automobiles per capita 
(Table 5).

Tab. 5. Selected statistics of urban transport indicators

X1 X2 X3 X4

11.64 121.54 316.22 0.42

SX 20.70 90.35 454.65 0.21

V 177.82 74.34 143.77 48.93

Max
AU2 102.87

AU2 
293.57

PH1 
2097.25

AR1 
0.75

Min CA1 CA2 PH1 
TW1 SA1 0.00

PH1 3.25 TW1 2.29
VN1 
0.01

Source: author’s elaboration based on (World Council …, 2016).

Correlation among indicators was determined 
based on the Pearson’s correlation coefficient (Table 6). 

Tab. 6. Pearson’s correlation matrix of urban transport indicators

X1 X2 X3

X2 0.385836

X3 0.341173 -0.057860

X4 0.437447 0.348036 -0.162726

Source: author’s elaboration based on (World Council …, 2016).

Values of the correlation coefficient were positive 
except for two pairs. The strongest correlation was 
between the length of high capacity public transport 
system with the number of personal automobiles. 
Negative values of the correlation coefficient were 
observed in the following relations: the length of light 
passenger public transport system vs. the annual 
number of public transport trips as well as the annual 
number of public transport trips vs. the number of 
personal automobiles.

Using agglomeration Ward’s method for the 
Euclidean distance, 25 cities were divided into five 
classes. Applying the chart that compares the binding 
distance chart to binding levels, the limiting distance 
was established at the level of 5.0. The taxonomic 
analysis of the urban transport in selected cities sepa-
rated five independent typological classes. First and 
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third class are constituted by a single element. 
The  second group consists of ten mostly American 
and Canadian cities. The majority of European cities 
fall in the fifth class. The fourth cluster includes seven 
cities (Fig. 3).

Classes have been characterized using k-means 
methods. The first group has the highest capacity 
value of the public transport system, while the third 
cluster has the lowest. The first group has the highest 
value of the light passenger public transport system, 
while the third cluster has the lowest. The third cluster 
has the highest value of the annual number of public 
transport trips, while the second cluster has the low-
est. The first group has the highest number of personal 
automobiles, while the third cluster has the lowest.

4. Discussion of the results

The first group consists of one-element. Mel-
bourne has a public transport system characterized 
by high levels of capacity. However, transport in 
Melbourne consists of an extensive network and 
a wide variety of transport services. The second class 
has ten objects, such as Barcelona, Valencia, Boston, 
San Diego, Los Angeles, Surrey, Shawinigan, Toronto, 
Vaughan, and Guadalajara. The cities have the lowest 

Fig. 3. Scheme of the cluster analyses

value for the light passenger public transport system. 
The third cluster consists of one element. Makati is 
characterized by high levels of the annual number of 
public transport trips because of jeepneys (they were 
introduced after the World War II and made from 
leftover US military jeeps in the Philippines). The 
fourth class includes seven objects, namely Porto, 
Leon, Taipei, Saint-Augustin-de-Desmaures, Dubai, 
Bueno Aires, and Greater Melbourne. These cities are 
characterized by the average value of all indicators. 
The fifth group consists of six objects: Rotterdam, 
Amsterdam, London, Haiphong, Amman, and Mak-
kah. These cities are characterized by the average 
value of all indicators (Table 7).

Tab. 7. Average values of urban transport indicators for each group

X1 X2 X3 X4

Unites km Km capita/yr -

GI 102.87 293.57 1009.18 0.72

GII 6.49 88.56 146.70 0.51

GIII 1.10 3.24 2097.25 0.06

GIV 11.47 220.94 314.03 0.49

GV 6.99 51.58 188.98 0.21

Source: author’s elaboration based on (World Council …, 2016).
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Conclusions

An efficient and effectively functioning transport 
in the city is important for residents and enterprises. 
As a part of the production and consumption, it is an 
integral part of the modern economy and society. 
However, apart from the positive impact transport 
also amounts to numerous social costs, including 
congestion, accidents, and negative impacts on the 
environmental.

The results obtained in this research show that 
selected cities are characterized by great diversity in 
the field of urban transport. These differences arise 
from their past, geographical location, size, different 
reactions to the transition process, and different eco-
nomic structures. The taxonomic analysis of the 
urban transport in selected cities separated three 
independent typological classes (beyond the first and 
the third group, consisting of one element, respec-
tively, Melbourne and Makai).

The author understands that due to the small 
sample and the huge variety of cities, generalised 
conclusions are hardly possible. However, the results 
of this study can be treated as guidance for reflection 
and further research.
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