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Abstract

This article focuses on the engineering infrastructure indicators and how strong they influence on the quality of life in Kaunas city.
Engineering infrastructure becomes more and more important in our everyday life. Such factors like, streets network, density of public
transport network, the existence of night public transport service, bicycle paths network and others have big influence to our satisfaction
of life factor. The strength of these indicators is analyzed in this article.
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1. Introduction, typicality of the problem

In the European context Lithuanian cities develop rather chaotically and extremely unsteadily. The most topical problems
are: when solving urban development tasks, there is a lack of complexity and comprehensively planned residential areas that
are equipped with engineering and social infrastructure; Political processes have a considerable impact on the planning.
When municipality decision-makers and officers change, the continuity of urban development is not maintained; strategic
aims are sacrificed in favour of short-term benefit. Investments into urban development, financing of measures important for
the functioning of the city as well as ranking of their priorities are not substantiated; High quality norms of urban territory
planning are not available and the systems of the quality of life evaluation and urban development monitoring have not been
worked out.

To summarize all problems mentioned above it shall be pointed out that separate urban territories develop unevenly and
disparities between them are noticed. Therefore, trends of urban residential areas’ development unevenness are
distinguished; socially and economically negative territories characterized by extremely low quality of life develop; the
threat of cities characterized by considerable economic and social stagnation and ecological instability arises.

To ensure sustainable development of urban territories, focus should be laid on the steady development of acquired
territories, determination of development factors and identification of the system of indicators guaranteeing the quality of
life. The system of indicators shall cover economic, social, environmental aspects and humanize the existing territories,
including indicators which reflect the needs of society and public interest. Urban visions and the creation of urban image
shall be based on the evaluation of quality of life in residential areas.

It is considered that housing market is one of the most important indicators reflecting the economic condition of the
country. Therefore, these markets are of great interest to researchers, who are trying to identify the factors determining the
change of prices in the housing market. There is no doubt about the importance of real estate price being one of the key
indicators reflecting the level of urban economic development and quality of life. Therefore, it is important to study the
relationship between real estate price and urban quality of life indicators.

The general object of this study is urban areas, their development according to sustainable development principles and
the assessment of the consequences. The narrow study object is Kaunas city and its residential areas. The purpose of the
research is to establish the pattern of sustainability and well-being in Kaunas city, estimate the factors, and quantify the real
estate price relationship with a number of social-economic indicators. For the purpose of the present study the price of
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dwelling in the centre of Kaunas has been chosen as an indicator reflecting the quality of life. Relation of the said indicator
has been verified relying on the aspects describing the engineering infrastructure. Moreover, some social economic aspects
have also been included. However, due to a shortage in the related data in the process of the research, it has been decided by
the researchers, that the group of indicators should be limited to the indicators typical of the communication infrastructure.
Basically, the following indicators have been assessed: population density, work place density, street density, maximum
flows of cars, bus route density, trolley-bus route density, bus night services, trolleybus night services, cycling paths
density.

1.1. Quality of Life Concept

As a result of movement of rural population to urban areas during the period of the recent 50 years, city has become a
nucleus of population occupation, incubator for the state of the art technologies, portal to the rest of the world, centre of
education and a place of: supply of social services and shelter, processing of agricultural products, creation of production
added value and, which is the most important, a place where one can earn on the basis of trade/commerce, industry, finance,
real estate and, among other things, delinquency and corruption [1]. A concept of sustainability as a strategy of urban and
rural development has never ever been that widespread [2]. All the same, numerous descriptions of sustainability and
sustainable development do exist [3]. For example, a description of sustainable development given by Hediger [4] is very
similar to that of Brundtland’s Commission viz., it is a development which meets the needs of current generations without
compromising the ability of future generations to meet their own needs. A concept of a sustainable city according to Rogers
[5] must be in line with social, environmental, political, cultural and economic objectives. Following Rogers et al, the
abovementioned elements of sustainable urban development might also be considered as the elements of urban life quality
[1, 5]. For the reason, studies of urban life quality tend to attract more and more attention of scientists, urban developers and
politicians.

Versatile interpretations and assessments of this phenomenon reveal a vast scientific interest in the accomplishment of
life quality studies though at the same time the scientists are concerned indeed about inability to agree on a
unanimous/single life quality concept and the main dimensions/parameters to be employed in the life quality assessment [6].

The significance of the said studies is also revealed by the fact that urban life quality is more and more viewed as an
essential driving force for urban development. It is maintained by Florida [7] that in the economic context of a city, the
city’s population is more significant than the activities of institutions or industries therein and a correct policy of urban
strategy should attract creative and educated people by improving conditions of their life. As generalized by Trip [8], the
quality of the local level is of critical significance — an attractive, versatile and tolerant urban environment is often
highlighted as a critical indicator of competitiveness of a city. Such considerations bring more challenges for city
management since the resources are limited and the politicians need to find the most effective ways and solutions and to
decide on optimal allocation of these based on the population demands and priorities [9]. According to Pacione [10], the key
task in the investigations of life quality is the determination of multivariate aspects of urban environment quality and well-
being of individuals.

Life quality is treated as quality of urbanized environment, suitability to live, quality of location, perception of life,
satisfaction and stability. Considering emphasis on different aspects of urban life quality made by different sciences and
substantiation of these pursued by different notions and theories, it was identified by Van Kamp et al. [11], that no
exhaustive conceptual model or a system of indicators to assess life quality has been developed. Though a common
agreement on life quality description is missing, the majority of scientists agree about life quality being a multivariate
concept which encompasses psychological, economic, social and physical well-being aspects.

A notion of life quality is far from being a novelty in the scientific literature of Lithuania however, the related researches
are lacked. Articles dealing with life quality parameters and the programme for their improvement within an overall plan of
the territory of Lithuania were published by Vanagas, Vilnius Gediminas Technical University scientist [12—13]. Again,
professor JuSkeviCius of Vilnius Gediminas Technical University stimulated the creation of a system of indices and to
improve it and to start using it for urban planning purposes [14—15]. A tangible input in sustainable urban development and
life quality studies in the cities and regions of Lithuania has been made by the publications of Burinskiené and Rudzkiené
[16-21].

A survey of scientific literature shows that the definition of life quality is of utmost complexity despite numerous
attempts made by scientists. Probably the definitions of life quality notion are not that interesting by themselves, but its
meaning is reflected by their interpretations.

1.2. Measurement of Quality of Life

The majority of authors regard the use of indicators as a definition of sustainable development concept. The indicators
involved in sustainability assessment also trace and appraise certain aspects of sustainability policy and enable observation
of development and control over it [22]. In taking strategic decisions important to a city and its agglomeration, this tool is
also employed to determine a level of progress of the city, deviations, effectiveness of the ongoing implementation of plans
and programmes [23]. Nowadays, in dynamic urban development process, where different actors of this process strive for
satisfying the sole interests of their own, the city indicators may be considered as an instrument for taking of subservient
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decisions. No matter a vast potential is observed for interconnection of indicators to be relied on for the development,
supervision and review of urban development projects, the related scientific studies are still scarce [24].

Physical environment has a significant influence on well-being of individuals as well. An opinion prevails, that top
quality physical environment has direct impact on high quality of life in the cities. This works only in the cases, when the
physical environment satisfies daily needs of individuals and makes their expectations to come true. Indicators of physical
environment often depict the social and engineering infrastructure of the cities allowing people to satisfy their daily needs in
the city.

Urban life quality analyses are not new and for the sake of life quality description quantitative measurement tools and
qualitative description are used along with attitude clarification and natural properties of the environment/surroundings [25].
However, practical application of the outcome of analyses is more complex and life quality is assessed from different
perspectives, viz., physical layout o the city, its infrastructure, economic impact, governmental policy, public opinion and
social remuneration. The substance of scientific studies is witnessed by an unavailability of a simple model to be discovered
in order to assess all factors influencing the life quality and a subsequent forecasting method/way. Thus it is important to
select effective indicators to properly describe urban environment quality and to serve as an effective means for sustainable
cities planning. Advantages of application of DEA methods in models have been pointed out by Bougnol et al. [26].

No examples of use of the integrated system of urban development indices in Lithuanian practice have been witnessed.
However, the launch of investigation and practical application of the indictor system and its key principles is with
Juskevicius. For the elaboration of general territory plans for three Lithuanian district municipalities in 2004, he proposed
an original system for the present condition assessment and in the preparation of general plan for the city of Vilnius,
creation of a comprehensive system of indicators was commenced [14]. Data of Vilnius population opinion pools used to be
investigated by the Lithuanian scientists Zavadskas, Saparauskas, Viteikiené¢ [27-28]. The investigation was based on the
indicator values defined by expert surveys. Moreover, the so-called CORPAS, Complex Proportional Assessment was relied
on to determine priority ranking of residential areas/blocks in terms of their sustainability. It is proposed by Jakimavicius
and Burinskiené, that an accessibility factor based on the city transport system analysis and GIS (geographic information
system) computation method should be used for determination of problematic transport zones in Vilnius city [29].

1.3. Life quality versus real estate price

Housing and life quality are closely interconnected with sustainability. A share of the society the conditions of life of which
are poor indeed is primarily dependent on environmental impact problems, as it has the least possibilities to cope with them.
The improvement in life conditions leads to the increase in the subsistence costs and population mobility. People move to a
higher quality and better dwelling, thus an increase in the use of natural resources and energy and in the amounts of
produced waste follows. The improving quality of life allows to disregard or avoid some adverse consequences to the
environment to some extent [16-21].

A picture of a modern city constitutes the layout of enterprises and offices, routes of the extending mains and a visual
aesthetic view. As indicated by real estate specialists, attractiveness of historical city centers as places for dwelling tends to
reduce. The city districts/areas with unique architecture and high comfort level of dwelling premises become the most
attractive or prestigious. Low air pollution is viewed as one of the main factors of attractiveness. Nonetheless, the location
of the city district, which is decisive for dwelling environment quality, is the top factor taken into account [30]. Some
researchers assume that a marginal wish of consumers to pay for environment planning decreased during the economic
downturn in 2008, comparing with real estate prosperity during the period of 2000-2006 [31]. Thus it is worthwhile
mentioning, that for the sake of environment quality improvement systematic and concentrated attempts are required to
arranged functionally and socially integrated urban and the planned area/territory structure and to form integral and compact
structural units of territories [32].

2. Kaunas city communication system

Due to small distances and strategically convenient position in terms of high category international motorways and railways,
Kaunas city is well integrated into both, an overall access communication system of Lithuania and an international network
of transport corridors. A level of urban communication infrastructure development is among the key indicators ensuring
economic, social and economic activities of the city and region due to transportation of passengers and freight. Kaunas is
one of the most compact cities in Lithuania with the major share of the territory population, i.e. 96.5 percent, accessible
within 7 km radius from geometric city center with its population making 2146 inhabitants/km”. Almost half of the city
territory is built-up and the density of street network makes 5.85 km/km”. Thus advantageous opportunities are available for
efficient distribution of traffic flows and selection of travelling mode, as well as length and duration of a trip. Urban
structure of Kaunas has formed the specifics of communication system operation and mobility habits for Kaunas
inhabitants.

The direction of sustainable urban development constantly emphasizes a model of a compact city, limitation of urbanized
expansion into suburbs, densification and upgrade of the city internal areas/territories and the significance of multifunction
of the city territories. If these principles are disregarded, safeguarding of effective access communication in cities becomes
impossible to achieve. Traffic congestion becomes an inseparable part of city life and the issued of high communications
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costs, ecological pollution and increased accident rate are faced. Moreover, large investments are needed for a widely
sprawled city with low population density and later on it will develop into demand for large operational costs associated
with infrastructure and supply of public transport services.

A general level of mobility during the recent 30 years failed to undergo any essential changes and varied between 2.8 and
2.9 passengers/day. In principle, it is transport mode dependent mobility of population changes rather than an overall
mobility of people. The increasing trip length due to periphery development leads to decreasing number of trips on foot. An
assumed overall mobility of population in the future plans of Kaunas city communication system opts for
3.0 passengers/day.

.

0,7%

0,4%

H By public transport ~ E By car By foot  m By bycycle M By taxi

Fig. 1. Distribution of travelling mode in Kaunas during rush hour

Community surveys in the form of questionnaires revealed public transport to keep its dominant position in the structure
of travelling modes. Irrespective of a decreased share of trips by public transport from 60 to 51 percent during the last
decade (Fig. 1), the positions held by public transport are high enough and meet the principles of sustainable development.
A number of trips by cars increased from 22.5 to 35.6 percent and tends to increase further especially due to tendencies of
urban development towards suburbs. A number of pedestrian trips reduced from 19.5 to 12.3 percent [33-34]. Prospective
distribution of trip modes in percent will primarily depend on the urban development management in the city and formation
of communication system policy.

Three main public transportation modes are available in Kaunas: buses, trolleybuses and privately operated minibuses.
Trolleybus system covers 15 routes (and 2 night routes) situated within the main part of the city. If a closer look to the bus
and trolleybus routes is taken, it would be discovered that the main routes of buses extend in the city districts/areas which
are densely populated and not serviced by trolleybuses. The system is supplemented with 23 small-volume routes. The
analysis of a number of routes of different transport mode types revealed the main corridors to be the same. It is the northern
part of the city with the prevailing high-rise multi-apartment buildings with the most population choosing public transport to
go to work.

Considering the volume/number of passenger in public transport (PT) means, trolleybuses and diesel fuel driven buses
are larger than minibuses thus minibuses are not that important in terms of the system volume. The activities of private
minibuses are commercial/profit based thus they operate in mostly loaded corridors. The structure of private minibuses is
very clear, they take routes to dwelling districts/areas in the north west and north east. In the south of the city trips of private
minibuses are not numerous.

A network of public transport routes consists of quite a lot of lines and sometimes their arrangement seems illogical or
difficult to understand, for the city visitors in particular. The route system is based on direct routes extending between
dwelling and working places aiming at the least possible number of transfers.

3. Identification of indicators that influence Quality of life in Engineering infrastructure area

In order to conclude an empiric model for factors that have influence on the passenger flows of public transport, the
programme Statgraphics was used, in which all the dependency models were assessed with the reliability of 90% — 99%.
Picked factors were analysed in 32 transport districts of the Kaunas city, based on a theoretical research of public transport
services (like route density and night services) and main economic indicator which reflect quality of life— dwelling price.

By using the Statgraphics programme a statistical analysis was carried out of the indicators on which quality of life
depend. The analysed indicators can be divided into 3 groups: urban structure, public transport services and economic group
(Table 1).

The group of urban structure indicators covers the density of inhabitants and working places, making the effect on the
total mobility of inhabitants and comfort sense by living, which in the studied districts varies from 25 working places/km” to
6745 working places/km” (in the centre). The indicators also include the street density of the district. This group of
indicators shows the demand for transport system in the studied transport district of the Kaunas city.
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Table 1. Description of the studied indicators

Group Indicator Abbreviation
Population density, inhab./km? PD
Urban structure Work place density, wrk.pl./km? wPD
Street density, km/km? SD
Maximum flows of cars, cars/h MFC
Bus route density, km/km? BRD
Trolley-bus route density, km/km? ThRD
Transport services
Bus night services, km/km? BnS
Trolleybus night services, km? ThnS
Cycling paths density, km/km? CD
Economic Dwelling price, LT/m? DP

The indicators of public transport services, which describe accessibility indices of public transport routes, include their
density and night services in a transport district. These indicators are very different in each of the studied transport districts;
in the central and middle part of the city they ensure a high level of public transport service, while in a periphery — only the
indispensable service level.

The economic indicator, which in author opinion is the main factor which could reflect the quality of life in the district, is
dwelling price. This price for one square meter shows how much inheritance wants to pay for living possibility in analysing
district.

Binominal regression of the indicators. For the analyses of the selected indicators, binominal regression has been
investigated in the first place, i.e. to see the way the indicators influence each other. A matrix contained in Table 2 has been
developed from correlation coefficients of the binominal regression dependence models.

Table 2. Correlation coefficients between indicators

PD WPD SD CDh TbRD TbnS BRD BnS MFC DP

PD 1 0.26 0.16 0.01 0.41 0.37 0.54 0.42 0.24 0.22
WPD 0.26 1 0.25 0.42 0.67 0.60 0.31 0.51 0.52 0.44
SD 0.16 0.25 1 0.21 0.22 0.19 0.30 0.20 0.30 0.27
CD 0.01 0.42 0.21 1 0.26 0.31 0.15 0.20 0.30 0.47
TbRD 0.41 0.67 0.22 0.26 1 0.83 0.38 0.38 0.46 0.29
TbnS 0.37 0.60 0.19 0.31 0.83 1 0.26 0.27 0.51 0.40
BRD 0.54 0.31 0.30 0.15 0.38 0.26 1 0.56 0.28 0.21
BnS 0.42 0.51 0.20 0.20 0.38 0.27 0.56 1 0.39 0.25
MFC 0.24 0.52 0.30 0.40 0.46 0.51 0.28 0.39 1 0.46
DP 022 0.44 0.27 0.47 0.29 0.40 0.21 0.25 0.46 1

Correlation coefficients reveal a strong logical relation between density of routes of buses and night services of buses and
between density of routes of trolleybuses and their night services. This relation is logical indeed as night routes are planned
for the city districts/areas with the highest need for public transport. Also, a relation between population density and bus
routes density is observed as the network of bus routes is the main public transport network in Kaunas city. Workplace
density, highlighting the biggest attraction objects in the city, markedly correlates with all indictors reflecting all transport
means — in the network of buses and trolleybuses and with maximum transport flows.

The highest correlation of dwelling price with workplace density, cyclist paths density, night routes of trolleybuses and
maximum transport flows is noticed. Coefficient of inter-correlation of these models is found to be over 0.4, but no essential
relation has been observed so far.

4. Determination of polynomial models

A polynomial linear regression model is created by searching for a statistical relationship between the dependent variable
y — passenger flow of public transport and independent variables x;, x,, ...x,,, Eqn (1).

y =o+Px +Brxy +..8,x,, +¢€, €))
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where: oo — constant, 31, B,, ..., constants of a regression model, and € — random error. In solving the question the change of
which indicator tend to be associated with the change in the others, the Pearson‘s sample correlation coefficient R was used,
Eqn (2):

. D xy—mxy ,
(Z e (7 -77)

where: X,y — arithmetical mean of variables x and y. To determine the relationship between more than two variables in a
multiple regression the sample multiple coefficient of determination — »* was used, Eqn (3):

A —\2
2 _2(0-9) )

2

= — 2 .
2 (-7)
A multiple correlation coefficient indicates a fraction of the total variation of y, determined by a regression equation —

r=v e Significance of correlation coefficient is tested with t-statistics, Eqn (4):

n-2
=3 @)

t=r
1-r

where r — estimated value of correlation coefficient; (n—2) — degrees of freedom of the Student‘s distribution.

Reliability of a regression curve is evaluated by testing the probability P of the null hypothesis (that variables are
independent), based on which the hypothesis is accepted or rejected. The significance level a shows the impossibility of the
event. A computer-based data analysis estimates the lowest level of significance — p-value, at which a true null hypothesis in
a study case could be rejected.

When the probability of erroneous solution is equal to o, the probability of a true solution is (1—a), usually expressed in
percent. If the p-value is rather low, the null hypothesis is rejected [35-36].

Polynomial regression of dwelling price. Taking into consideration the attitude of the inhabitance, the indicators, that in
transport system infrastructure have influence on dwelling price, were selected, such as density of streets and public
transport routes, density of cycle pats routes and maximum traffic flows in the streets.

The obtained polynomial regression equation reveals the dependency of dwelling price on the working place density,
cycle paths density, trolleybus night services and maximum car flows in the streets of districts (8).

DP =1531.99+0.040*WPD +4895.68*CD +92.22*ThnS + 0.082* MFC . ®)

The obtained coefficient of determination 0.66 shows that the linear regression model explains 66.21% of dispersion of
the studied factors with respect to dwelling price. Reliability level of a regression equation model of dwelling price — 95%.

Direct dependency of dwelling price on the working place density shows that the time spending for the trim to work and
back it is important to the citizens’. The density of cycling paths and the trolleybus night service indicators existing in the
model could show that the planners are usually trying to plan such services in the city center where the passengers’ flows
are higher and the demand for the public transport and cycling paths are higher.

Since the square of the correlation coefficient of all polynomial regression equations is 0.6, it could be stated that the
regression equations include the key factors making the influence on dwelling prices.

5. Conclusions

1. The survey of the available written sources leads to a conclusion that the analyses of quality of life are most often
associated with the reduction of differences between individuals, communities or cities and selection of means and
ways/methods to achieve this goal. Moreover, scientist and politicians disagree about a common and precise definition of
life quality, its constituents and actual ways to achieve high quality of life in cities. Just a common tendency is found that
a notion of life quality is associated with a ‘result’ — economic, environmental, social, aesthetic or civil, or with a
‘reason’ of an actual well-being or attractiveness of location.

2. Assessment of the use of indicators is complex enough since attempts are made to perceive clear links between the
changes pertaining to determination of indictors, making of actual decisions and political results. The current scientific
research activities are directed towards determination of indictors, assessment of links among indicators and analyses of
the results sought.

3. Correlation coefficients reveal a strong logical relation between density of routes of buses and night services of buses and
between density of routes of trolleybuses and their night services. This relation is logical indeed as night routes are
planned for the city districts/areas with the highest need for public transport.
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4. The highest correlation of dwelling price with workplace density, cyclist paths density, night routes of trolleybuses and
maximum transport flows is reported. Coefficient of inter-correlation of these models is found to be over 0.4, but no
essential relation has been observed so far.

5. The obtained polynomial regression equation reveals the dependency of dwelling price on the working place density,
cycle paths density, trolleybus night services and maximum car flows in the streets of districts. Since the square of the
correlation coefficient of all polynomial regression equations is 0.6, it could be stated that the regression equations
include the key factors making the influence on dwelling prices.
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