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Abstract

One of the most important areas of sustainable development is the transport sector. There are a lot of different
examples of sustainable transport in many papers. The most commonly used definitions of sustainable transport
include environmentally sustainable transport, sustainable transport system and process sustainability of the transport
system. The differences between the cited concepts are generally minor, substantially greater difficulties arise,
however, in measuring the characteristics of the sustainability of transport, not only in the base - by analyzing the
indicators, but especially in a multidimensional system aimed at exploring the relationship between the characteristics
chosen to describe sustainable transport. The aim of this paper is to identify and select indicators repeated in different
strategic documents describing sustainable transport, then study the spatial coherence selected for the study of these
indicators and conduct an analysis of relations between the identified areas of sustainable transport. In the available
literature, the results of such analyses to date are based mainly on the analysis of sustainability of individual indicators.
Much less attention has been devoted to the study of interactions between the indicated areas. In this paper, the vector
calculus method is applied.
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1. Introduction

According to the definition of the World Commission for Environment and Development of 1987, sustainable
development means development that meets the needs of the present generation, which are fulfilled without
compromising the ability of future generations to meet their own needs. One of the most important areas of sustainable
development is a transport sector. On the one hand its impact on the sustainable development is associated with social
or economic benefits, but on the other hand it involves the need to minimize the adverse effects of the development.

The transport sector is in fact strongly conditioned socially, economically, legally and technologically. It is also
highly integrated with other areas of the economy, and complementary with other activities associated with the
transport sectors of neighboring countries.

Over the last two decades, the sector has been subjected to very intense changes, which is particularly evident in
the case of the European Union countries. The pace and complexity of these changes are influenced by many factors
including different areas such as:

e economic conditions including: economic situation, unemployment rates, changes in the level of inflation,

o social determinants including: demographic factors, changes in consumer purchasing behavior or affluence,

e technological conditions including: primarily changes in production processes and services, new technologies

and technological solutions on both the means of transportation and logistics systems,

e legal and regulatory conditions including: changes in the European Union laws and guidelines, internal

changes in legislation and regulations.

Particularly important areas for the further development of transport are the economic, social and technological
spheres. In contrast, the most stable situation is that concerning the sphere of regulatory and legal framework. The
changing socio-cultural, economic and technological conditions are a major challenge for sustainable transport in the
area of modern cities. The dilemmas associated with the explanation of the meaning of the term “sustainable transport”
are also important. First of all, it is difficult to define what is meant by this term.

There are a lot of different examples of sustainable transport in many papers (Anderson et al., 2005; Goldman and
Gorham, 2006; Litman, 2008; Borys, 2009; Laconte, 2012; Limaa et al., 2014, May, 2015). The most frequently used
definitions alongside sustainable transport are: environmentally sustainable transport, sustainable transport system,
and in terms of process, sustainability or sustainability of the transport system. The differences between the cited
concepts are generally minor; substantially greater difficulties arise, however, in measuring the characteristics of the
sustainability of transport, not only in the base - by analyzing the indicators, but especially in a multidimensional
system aimed at exploring the relationship between the chosen characteristics of study that describe sustainable
transport. Selecting the indicators of sustainable transport itself is an extremely difficult task mainly due to the wide
variety of indicators used in literature and the numerous strategic documents of both domestic and international
organizations.

The aim of this paper is firstly the identification and selection of indicators repeated in different strategic documents
describing sustainable transport, then the study of the spatial coherence selected for chosen indicators and an analysis
of relations between the identified areas of sustainable transport.

Within the available literature, the results of such analyses are to date based mainly on the analysis of sustainability
of individual indicators. Much less attention has been devoted to the study of interactions between the indicated areas.
In the paper a study of the interrelationships that exist between chosen indicators and a method of multidimensional
comparative analysis will be used.

The paper is organized as follows: the first section comprises of a general literature review of the concepts and
theories of sustainable urban transport. The second part looks at contemporary research work and focuses on some
indicators of sustainable transport in the European Union and Poland. In the last section, the authors present a proposal
of measurement in the field of sustainable development of city logistics and formulate conclusions.

2. Features of a sustainable transport system
The transport system is an ordered system of interrelated components of the transport infrastructure. This system,

structured in both functional, spatial and technical-technological systems consists of the following elements: railway,
road, air, inland waterways and the sea with its port subsystem. Efficient management of this system is an important
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prerequisite for determining the effectiveness of development. It also has a decisive influence on ensuring the
sustainable development of this subsystem of the economy.

According to T. Borys (2009) ensuring the availability of transport services has an effect in the areas of health
protection, the principles of intergenerational equity, economic efficiency, optimum space utilization and reducing the
negative impact on the environment.

In contrast, T. Litman (2008) points out that among the features mentioned, the need to balance the importance of
transport is attributed mainly to mobility, and particularly implemented through individual automotives and the
availability of means that enable people to obtain the desired goods and services. Fulfilling the planning needs based
on availability expands the range of possibilities of solving transport problems. Traffic congestion can be reduced, for
example, by improving the accessibility of a location or using telecommunications services as complementary
elements within a more intensive traffic network. Hence, the growing significance of the concept of supporting the
achievement of environmental objectives is also important in the management of transport systems.

The concepts of sustainable development and sustainable transport development have been of interest to both
theorists and practitioners of economy for a long time. “Balancing” of transport can be determined in different ways.
The term “sustainable development” was introduced in 1980 and was popularized in the 1987 report of the World
Commission on Environment and Development (the Brundtland Commission). The Brundtland Commission defined
sustainable development as “development that meets the needs of the present without compromising the ability of
future generations to meet their own needs”. This definition contained two key concepts: needs meaning “in particular
the essential needs of the world’s poor,” and limitations, meaning “limitations imposed by the state of technology and
social organization on the environment’s ability to meet present and future needs”. Sustainable transportation is the
expression of sustainable development within the transportation sector (UNCED, 1992).

According to T. Beatley (1995) and T. Litman (2008), there is no universally accepted definition of sustainable
transport. As defined by the European Conference of Ministers of the OECD (2004), a sustainable transport system is
a system that: a) is able to meet the basic need of access to the transport system by individuals and society consistent
with the needs of human health and ecosystems, b) is affordable, operates efficiently, offers choice of transport modes
and supports a growing economy, ¢) limits emissions and waste, minimizes consumption of non-renewable resources,
limits consumption of renewable resources to the level of sustainability, minimizes the use of land and reduces noise.
This definition indicates that sustainable transport must reflect the economic, social and environmental goals.

“The goal of sustainable transportation is to ensure that environment, social and economic considerations are
factored into decisions affecting transportation activity” (MOST, 1999). Litaman (2008) indicated that a sustainable
transportation system is one that: “a) allows the basic access needs of individuals and societies to be met safely and
in a manner consistent with human and ecosystem health, and with equity within and between generations, b) is
affordable, operates efficiently, offers choice of transport modes, and supports a vibrant economy, c) limits emissions
and waste within the planet’s ability to absorb them, minimizes consumption of non-renewable resources, limits
consumption of renewable resources to the sustainable field level, reuses and recycles its components, and minimizes
the use of land and the production of noise”.

The concepts and measures for city logistics in sustainable and inhabitable cities were also presented in the papers
of Russo and Comi (2010, 2012); Taniguchi (2014) and Taniguchi et al. (2014). The authors of these papers noted
that city logistics in sustainable cities needs more promotion. They indicated that three elements are essential for
promoting city logistics in sustainable cities: a) innovative applications of ICT, b) change in mind-sets of logistics
managers, and c) public-private partnership; from the public utility point of view, the most important aspect is
to promote a sustainable development strategy.

The complexity of balancing the transportation makes indicative measurement of balancing features of transport
extremely difficult. In literature, however, there are various analyses available on the selection of indicators repeated
in studies conducted at both international and national level. The statistical base available in Poland does not allow
this type of analysis to be conducted properly at the regional level. Trying to refine these types of indicators at the
level of cities (e.g. cities with county rights) is even more difficult.

In the following part of the study, the different approaches applied to measure and monitor sustainable transport
are presented.
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3. Indicators of sustainable transport in the European Union and Poland

Indicators of sustainable transport stand for one of the areas constituting the module of sustainable development
indicators of the European Union developed by Eurostat. Its purpose is to monitor the sustainable development
strategy of the European Union in the field of transport in accordance with one of the ten strategic objectives of the
European Union. The entire module of sustainable development indicators is designed to evaluate the overall economy
of the European Union and its individual member states and has been developed in accordance with the standards of
official statistics. Therefore, it can also be used to develop indicators at the regional level. The system of indicators
analyzed within this area is presented in Table 1.

Table 1. Sustainable transport indicators in the European Union.

Headline indicator Operational indicators Explanatory indicators

Transport and mobility

. Volume of freight transport relative to GDP
Modal split of passenger transport .
. . Volume of passenger transport relative to GDP
Modal split of freight transport .
) Energy consumption by transport mode
Energy consumption of

transport relative to GDP Transport impact
Emissions of nitrogen oxides (NOy) from transport
Greenhouse gas emission by transport mode Emissions of particulate matter from transport
People killed in road accidents Average CO, emissions per km from new passenger
cars
Contextual indicator Price indices for transport

Source: Sustainable development indicators — theme 7 Sustainable transport, http://ec.europa.eu/eurostat/web/sdi/indicators/sustainable-transport

Information on the results of the monitoring indicators of sustainable development of the European Union
(including sustainable transport) are published regularly every two years. The last report was published in 2015. The
report indicated that:

e energy consumption of transport per unit of gross domestic product (GDP) in the EU has fallen in the long

term since 2000, with the strongest declines seen in the short-term period since 2008,
e the environmental component of this indicator (transport energy use) has declined since the start of the
economic crisis in 2008,

e as a result of this, changes in modal split and volumes of freight transport have recorded slightly favorable
developments,
most passenger journeys were made by car, with a share of 83.2 % in 2013,
volumes of freight transport relative to GDP have dropped by 4.0 % since 2000 and by 7.3 % since 2008,
greenhouse gas emissions from transport decreased by 2.7 % between 2000 and 2012,
although overall growth was slower between 2000 and 2007 than during the 1990s, greenhouse gas (GHG)
emissions from transport have been falling at a slower pace compared to other sectors of the economy.

In contrast, the measurement of indicators of sustainable transport considered in the regional context, both in
Poland and in the case of data presented by the various national statistical offices of the European Union countries, is
much more difficult.

The basis for the identification of indicators on the balancing of transport in Poland is the study of T. Borys (2009),
in which a set of indicators in this area included both the measures used by the EU Commission to assess the
sustainability of transport as the indicators used by Eurostat, and the indicators for which the information is collected
in the official study of transport, environment, energy and health.

However, in the literature it is indicated that the official transport indicators are inconsistent with each other and
incomplete, with a significant reduction of information on the individual automotive industry or transport. The data
describing the transport market are in many cases presented only at the national level; there is no disaggregation at
the regional level and there are even fewer ratios at the level of cities.
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A critical analysis regarding the availability of data on balancing of transport at the regional level is shown e.g. in
the studies of Bartniczak, 2013 and Przybytowski, 2013. In these studies, however, they focused primarily on the
analysis of available data to assess the transport balancing level of individual provinces. Switching from the provinces
(NTS2) to the level of counties (NTS3), including towns with county rights, is associated with an even greater loss of
data availability.

In a study by Bartniczak in 2013, proposals to create a module of sustainable transport at the regional level were
divided into two groups: indicators describing the sub-theme of transport and mobility as well as indicators describing
the impact of transport on the human environment. However, most of the proposed indicators are not available in the
official statistics data at the regional level, and at the district level there are only 2 of the proposed indicators.

An even more complex proposal to build a pattern of sustainable transport for the taxonomic calculations was
presented in the study published by Przybytowski, 2013. In this study, indicators of sustainable transport development
were assigned to three orders: environmental, social and economic. According to this proposal, the sustainable
development of transport can be described using 35 indicators. However, as in the case of the previous suggestion,
the proposed indicators are identified mostly at the regional level. It is not possible to acquire these indicators at the
level of cities or counties. With regard to some indicators e.g., shipping, the data would also be pointless.

An interesting set of indicators dedicated to city locations is provided by authors such as Nicolas Pochet and
Poimboeuf, who used the data from surveys and other available data and statistics for the purpose of construction of
sustainable development of transport. These data were used to assess the sustainability of the transport system in the
French city of Lyon. As in the case presented in the proposals of A. Przybytowski, indicators were subordinated to
three orders and further subdivided based on the implemented method of travel (cars, public transport, walking).

A comprehensive proposal for the construction of indicators of sustainable transport was also presented in the
paper of T. Litman (2011). According to the author, the indicators of sustainable transport should be carefully selected
to provide useful information. He proposed that no single indicator was chosen, but instead a set of indicators that
should reflect various goals, objectives and impacts. He indicated that it is necessary to include three impacts of
sustainable transport: economic: a) traffic congestion, infrastructure costs, consumer costs, mobility barriers and
accident damages, b) social: impacts on mobility disadvantaged, human health impacts, community cohesion,
community livability, aesthetics, c) environmental: air pollution, climate change, noise and water pollution, habitat
loss and hydrologic impacts. He recommended a set of indicators grouped into: Most Important (should usually be
used), Helpful (should be used if possible) and Specialized (should be used to reflect particular needs or objectives).
That list contains dozens of indicators not available in official statistics at the level of cities.

Yet another proposal to build a set of indicators that can be used to measure sustainability for city logistics is
presented in the study of Kiba-Janiak, 2015. The set of indicators proposed there is the result of analysis of the Polish
and foreign literature, including the EC and OECD reports on sustainable development in the field of city logistics
from economic, social and environmental view, gathered in the capitals of the European Union countries. The list
presented by this author contains 14 indicators. The main advantage of this set of indicators is the availability of data
in public statistics at the level of cities - the capitals of the European Union member states. This factor determined
their use in further studies. It was decided that these indicators were used in further analysis for a more profound
analysis on the spatial coherence of development studies of capitals of the European Union countries due to sustainable
development in the field of city logistics.

4. Sustainable development of transport in the field of city logistics — the proposal of measurement
4.1. Problem statement

Cities are the main sites of economic and social activity where the wealthiest and the poorest groups of society
with different needs and expectations live. The disparities in their development, apart from the obvious differences
deriving from their size, are also caused by other factors related to e.g. geographical location or their economic and
social potential. Information presented in a number of available sources (Witkowski and Kiba-Janiak, 2012; Lindenau
and Bohler-Baedeker, 2014; May, 2015; Mendiola et al., 2015; Moeinadini et al., 2015; Taylor et al., 2015), e.g. in
the form of various kinds of indicators confirming the differences in development between the countries of the
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European Union. Their potential and possibilities for development are also determined by the structure of resources
(demographic, economic, social or technical). Modern theories of development processes concerning the cities e.g.
the concept of the postmodern city (Rewers, 2005) also points out the increasingly visible process of progressive
mobility of residents and the related changes in the structure of the city. Geographically changed cities divided by a
network of highways along with new trends in travel behavior (a preference for individual means of transport, mainly
passenger cars) are important problems of modern cities that determine their value and the quality of life. This is the
reason that city logistics has become one of the most important areas of the proper functioning of the city. To better
understand the functioning of this area of the city it is necessary to find the information about the city logistics which
allows to make a comparative analysis. A comparative analysis in the field of city logistics can provide new
information on the functioning of cities in different countries. The study of the uniformity of the development of the
European Union cities will help to identify cities with a similar level of development in the field of city logistics. The
next goal of this analysis is to indicate the best developed cities in this field. To study the uniformity of the
development, vector calculus was applied, as presented in the next paragraph.

4.2. The application of selected statistical methods in the study of spatial coherence of the development of
selected capitals of the European Union countries

The paper presents a proposal for the use of vector calculus described in the literature (Nermend 2008; Nermend,
Tarczynska-Luniewska 2013) to study the uniformity of the spatial development of the capital cities in the European
Union in the field of sustainable development of City Logistics.

Calculations using vector measurement start with the designation of the so-called ordered pairs, which are used for
further calculations instead of real numbers. These twos form: the average value and the standard deviation and the
average value and the variance.

The ordered twos are determined based on the value of the variables (for the following facilities). The next step is to
determine increases based on which further calculations are conducted. Similar calculations are performed also for a pair:
the average value and the variance.

(Am, AU{.) = <Tli. = 1o, 0%, = Go> @)
J J J J

where: n; is the average value of i-th variable and j-th object, Ag;, is standard deviation of i-th variable and j-th object,
1., 0, ark referance points, respectively for the growth of the avérage value and the standard deviation.
Whereas the normalization of the designated pair value should be is based on the following formulas:
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The value of synthetic measure for the average values is determined on the basis of the following formula:
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where: A‘Zi is a pattern based on the first quartile and 22; is an anti-pattern based on the third quartile.
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To determine the vector of synthetic measure, the throw rate is used. Therefore, the factor cannot be determined for
the standard deviation and variance; it is assumed that the measurement is designated around the point of the position of
the object in space by hyper ball. This allows the maximum possible deviation of synthetic measure to be determined.
The next step is to assign the tested objects (capital cities in the European Union) to the appropriate classes.

On the basis of increments of standard deviations and increments of the variance, the maximum value of the standard
deviation can be determined, which can be interpreted as a measure of the uniformity of growth. The lower the value of
this measure, the greater the uniformity and the smaller the differences between the objects.

4.3. Study results

The ranking of the EU capitals in the area of sustainable development presented in this article has been developed
on the basis of various indicators identified in three areas of criteria covering environmental, social and economic
aspects, including :

a) environmental impact:

o the length of environmentally friendly transport per city area (in km?),

e means of transport primarily used to get to the place of work/training: car (%),

e means of transport primarily used to get to the place of work/training: public transport +bicycle (%),

e low emission zone, where 0 — is low emission zone — no, 0.5 — is only for heavy vehicles and lorries, Euro 2
and 1 —for all vehicles, Euro 4;

e satisfaction with the noise level (%),

e number of days ozone O3 concentrations exceed 120 pg/ms,

e satisfaction with the quality of the air (%),

e national annual road freight transport by regions of loading per are of the city (1 000 t/km?),

b) social impact:
satisfaction with the public transport (%),

e satisfaction with the state of the streets and buildings (%),
safety in the city (%)

e number of deaths in road accidents per million inhabitants,

C) economic impact:

e satisfaction with the financial situation of the respondents' household (%)

e  GDP per inhabitant 2010.

In view of the fact that not all indicators in the report are able to gather information about their embodiments,
missing information is supplemented by the nearest neighbor as described in the study of Hellwig, 1968. Therefore,
the level of the missing data in respect of the presented ratios was less than 10% as proposed by Z. Hellwig (1968);
we assume that this is the lowest possible, so crude tolerance level for data gaps is - p=10%, where p is the percentage
of missing information. The nearest neighbor method allows any missing information to be filled based on the data
identified for capital cities in the European Union with a similar level of development measured by other indicators
used in the site survey. In this way, data were obtained on sustainable development in the field of City Logistics with
regard to 28 capital cities in the European Union.

The analysis of the various indicators used in the study allows the identification of the following regularities:

o the difference in individual indicators used in the study is high (the coefficient of variation ranging from 20 to

200%);

o the highest diversity indicator, describing the level of satisfaction with life in the city; due to the very large
disparities for individual EU capitals this indicator was eliminated from further study,

e while the smallest disparities (coefficient of variation at a level below 30%) related to such indicators as: the
level of satisfaction with the noise level, the level of satisfaction with the public transport, state of the streets
and buildings, safety in the city and financial situation of the respondents' households,

e all the analyzed indicators were left-asymmetric, meaning most of the countries had rates lower than the
median (half).

The development of selected variables is presented in Figures 1-3.
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Fig. 1. The level of satisfaction with the noise level (%) in the capitals of European countries.
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Fig. 3. The level of satisfaction with the financial situation of the respondent’s' household (%).

This information confirms the disparities in the development of the capital cities of the EU countries in the
analyzed area. The confirmation of these preliminary results of analysis of individual indicators is also information
obtained in the course of the analysis carried out using vector calculus.

The research using vector calculus was performed as follows: firstly, the analyzed indicators were standardized
and on their basis the synthesis measurements were determined and objects were divided into classes. Then, the
calculations started with the appointment of averages, standard deviations and variances of the data for individual
cities. In the next step the value of the synthetic measure was calculated and the cities were divided into classes of
similar levels of development. Finally, the spatial uniformity of development of European capital cities was examined.
The results are shown in Figure 4.

[]to 50%

[ from 50% to 80%
I from 80% to 110%
Il above 110%

Fig. 4. The division into classes due to the spatial uniformity of the development.
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The values obtained during the study should be interpreted as follows: the average values and increases in average
values represent the average values of the variables for the analyzed capital cities, standard deviation and variance.
Their increments determine the variability in space, in this case the variability of individual cities. The results of
presented rankings show that the greatest heterogeneity of development within space is characteristic for the capital
cities from countries of southern and northern Europe. This means that the capital cities located in this part of Europe
are much more varied and can be classified into different classes. In the case of capital cities from southern Europe
they are considered in all classes. In contrast, a much smaller unevenness of development is characteristic for the
capital cities of Western Europe and Eastern Europe.

5. Conclusion

Research carried out in the area of sustainable development on a regional basis is extremely difficult. The main reason
of identified difficulties is the lack of data aggregated at the regional level. Even so, barriers were encountered when
trying to carry out this type of analysis at the level of cities. In this case, the available statistics are even more truncated.
Meanwhile, cities are the main places of economic and social activity bringing together both the wealthiest and the
poorest sections of the society. Disparities in their development, apart from the obvious differences deriving from their
size, are also caused by other factors related to e.g. geographical location and potential economic and social or human
capital available. Their potential and development opportunities also determine the structure of the resources
(demographic, economic, social, etc.). Such disparities are also reflected in areas such as sustainable development or
sustainable development in transport. Hence, there is a pressing need to look more closely at the data and especially their
availability, in describing sustainable transport at the city level.

The article presents a method of constructing a synthetic vector measure which allows determining the effect of
indicators variability on the result of the ranking. The results of the study, based on the data describing sustainable
development in the field of City Logistics show their high spatial heterogeneity of development. The summary results of
the categorization of the capital cities as well as the results of spatial uniformity testing development enable identifying
the capital cities with significant disparities in development. A look at the structure of the development within the
analyzed capital cities leads to a more comprehensive analysis of the development of not only individual capital cities,
but also the regions in which these capital cities are located. This type of analysis is a valuable source of information for
local governments interested in comparing their level of development to other European capitals in the field of sustainable
development of city logistics. The application of vector calculus in order to investigate the changes in this field enables
to identify those parts of Europe, where the development of the different capitals of the European countries is the most
uniform. The results are part of a more comprehensive analysis also including other areas of research of sustainable
development of European economies, with particular emphasis on the uniformity of development in both time and space.
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