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INTRODUCTION

Air pollutant emissions from stationary sources in Vilnius are
the greatest among the other cities in the country. Emissions
from energy producing objects have decreased due to the small-
er amount of thermal energy produced and the lower use of fuel
with a high sulphur concentration. In total, the share of emis-
sions from transport has been increasing. Transport emits about
88% of all pollutant emissions in Vilnius. Industry, energy and
transport are the main soil pollutants in Vilnius, and lead is ac-
cumulating on the roadsides of busy streets. In territories with
industrial enterprises, excessive amounts of heavy metals and
oil products can be detected. They are hazardous to the environ-
ment and human health, especially when chemical substances
from the soil get into the ground and surface water. Old cars and
heavy transport flows, densely built areas and the poor window
acoustic isolation contribute to unacceptable noise levels in resi-
dential areas. Therefore, noise levels exceed the norms in most
residential zones.

Evaluation and analysis of Vilnius urban sustainability with
an emphasis on pollution are necessary in order to minimize the
above problems.

Sustainability assessment consists of several seemingly sim-
ple procedures: 1) selection of a set of indicators, 2) identifying
their values, and 3) complex evaluation of indicators. However,
further analysis shows that each of these stages is rather compli-
cated and has many different constraints.

The list of urban sustainability indicators is not finite. Each
year hundreds of social, economic and environmental indica-
tors are being established in the world. From this great number,
tens of indicators are recognized as applicable for everyday use.
Besides, there are no recommendations what number of indica-
tors should describe a city: ten or hundred? It is also not clear
whether the set of indicators should consist of simple, integrated
or a combination of simple and integrated indicators.

Selecting an “ideal” set of indicators does not ensure the
right result. Why? Very often it is not possible to define the val-
ues of the desirable indicators.

The so-called index of sustainability could be calculated by
a wide range of methods varying from simple to very sophisti-
cated methodologies. The results obtained may differ depending
on the method applied.

The aims of the present work were to analyse the mentioned
problems on the theoretical level and to suggest ways of their
possible solution, as well as to try to assess the level of sustain-
ability of a particular city.

SELECTION OF INDICATORS

The requirements for developing a comprehensive system of in-
dicators are as follows: the system must be able to reflect every
aspect of urban development, data for the indices must be pos-
sible to be collected from reliable sources and be consistent, the
index system should accomodate the relationship between the
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evaluation indices and the evaluation criteria, especially to gen-
erate the corresponding evaluation indices based on evaluators’
criteria (Feng, Xu, 1999).

According to Spangenberg et al. (2002), the indicators should
be primarily national in scale and scope, relevant to the main
objective of assessing progress towards sustainability, under-
standable, i.e. clear, simple and unambiguous, realisable within
the capacities of national governments, given logistics, time,
technical and other constraints, conceptually well founded, lim-
ited in number, remaining open-ended and adaptable to future
developments, broad in coverage of Agenda 21 and all aspects
of sustainable development, representative of an international
consensus to the extent possible, and dependent on the data that
are readily available or available at a reasonable cost-to-benefit
ratio, adequately documented, of known quality and updated at
regular intervals.

The Lithuanian researcher M. Burinskiené (2000, 2004)
recomends to choose measurable indicators, i. e. embodied by
numbers, percentage or coefficients, indicators whose data are
published officially, i. e. the data collection methodology and the
definitions used are clear.

It is important to point out that much effort has been made
to establish the set of indicators representing urban sustainabil-
ity in the best way. Despite all efforts, one may obtain different
indicator systems. Indicator sets may contain many specific in-
dicators, a few composite indicators, and a combination of key
and simple indicators (Tweed, Jones, 2000).

It is possible to distinguish core and interlinkage indicators.
One-dimensional core indicators are economic, environmental
and institutional. Interlinkage indicators are environmental-
economic, socio-economic, socio-environmental, economic-in-
stitutional, socio-institutional and environmental-institutional
(Spangenberg, 2002).

Saparauskas (2003,2004) suggests grouping the indicators of
urban sustainability into four groups. The third group of social,
economic and environmental indicators represents the classical
approach to sustainable development. Their interpretation and
value for urban sustainability have been discussed in detail. The
fourth group of engineering-technical indices characterises the
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Fig. 1. Procedures of indicator selection

“technical” side of a sustainable city: engineering infrastructure
(quality, efficiency, development degree, etc.), constructions and
buildings of different purposes (wellness, economy, influence on
the environment, aesthetics, etc.), of physical territorial plan-
ning.

The authors suggest six procedures for selection of most ap-
plicable indicators (see Fig. 1).

Based on the studies, on the framework for indicator selec-
tion (see Fig. 1) and available data, the authors have composed a
system of indicators for sustainability evaluation of the Vilnius
city (Table 1).

APPLYING TWO EVALUATION METHODS

Traffic light approach

Measurement indicators of sustainability by traffic (signal)
lights or flags (see Fig. 1) over time can help explain weather
a city’s sustainability is getting better or worse. Indicators are

Table 1. Indicator system for sustainability evaluation of the Vilnius city (m=12,n=2)

) X Years compared
Indicators Units
2003 2004
Economical
1. Unemployment rate % per year 5.5 3.6
2. Direct foreign investment per inhabitant thou. Lt 14.999 14.304
3. Material investment per inhabitant Lt 5206 6310
4. Annual turnover of construction enterprises mill. Lt 1403 1542
Social
5. Average earnings per job Lt 1310 1391
6. Municipal expenses for social needs thou. Lt 378.810 459.390
7. Floor area per person in housing m? 226 233
8. Number of people identifying obstacles to obtaining health care per 100 000 inhabitants 1871.6 2023.5
Environmental
9. CO, emissions from stationary sources t/year 900 1030
10. Municipal expenses for water quality treatment and measurement thou. Lt 307.562 373.722
11. Total solid waste produced thou. t 235.734 242.055
12. Green areas per inhabitant m? 8.0 9.1
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being measured for years and the index below can summarise
trends since a baseline set. If each indicator starts with a score of
2, progress or deterioration can be tracked against this baseline.
The sum of the score starts with a baseline. The higher the score,
the more sustainable the city is (Nijkamp, Vreeker, 2000).

Twelve of the indicators have been measured for two years.
The sum of the score started with a baseline of 24 in 2003, while
the sum of the score in year 2004 was 28.

=1 getting worse / staying poor / less sustainable
=2 standing still / no significant change

=3 pgetting better / staying good / more sustainable

Fig. 2. Traffic lights

Simple additive weighting when weights are defined by the
entropy method

The simple additive weighting method (SAW) is probably the
best known and very widely used. The model is used to aggregate
the scores into one score based on the criteria weights (Hwang,
Yoon, 1981; Balcomb, Curtner, 2000; Triantaphyllou, 2000; Dejus,
2002; Zavadskas, Kaklauskas, 1996; Zavadskas et al., 2007).

At first, the scores are normalised (converted) by the formulas:

a;
x’j = max (1)
a .
J
a™
x; =—— (2)
a

where a. is a score for the criterion. When the criteria are max-
imised, fjormula 1 should be used, and formula 2 should be used
when the criteria are minimised.

Then, the scores are aggregated into one score:

Sew = mje_lex{./. xw,, j=L.,n (3)
i=1
where S, is the total score, 7 is the number of criteria, w, is
the weight of a criterion, and x; is the normalised score for a
criterion.

A set of alternatives contains a certain amount of informa-
tion, and entropy can be used as a tool in criteria evaluation
(Shannon, Weaver, 1947). The idea of entropy is particularly use-
ful for investigating contrasts among the sets of data. By using
eq. (4) we obtain p, for all iand j:

yi=1...,m (4)

The entropy of each attribute, E, the degree of diversifica-
tion, d, and the normalized weight, w, are calculated by using
eqs. (5), (6),and (7), respectively. They are:

E = —kZp,.j In Dy» i=1,...,m, (5)

=

where k represents the constant & = 1 which guarantees that
0<E<1 Inn

=1...,m. (6)

w, = —. (7)

Calculations according to formulas (4-7) and (1-3) gave the
following results: S, . =0.758; S, ,=0.992.

In order to throw more light on the analysis of Vilnius ur-
ban sustainability with an emphasis on pollution (see Table 1),
particular recommendations regarding environmental factors
such as Vilnius transport and the analysis of the impact of pol-
lution, noise, indoor microclimate and allergens causing allergy
in premises, their impact on real estate price, market value and

mass appraisal value are presented below.

RECOMMENDATIONS REGARDING VILNIUS
TRANSPORT

An analysis and particular recommendations for Vilnius are
presented on the example of transport.

Evidence suggests that allergic respiratory diseases such as
hay fever and bronchial asthma have become more common
worldwide in the last two decades, and reasons for this increase
are still largely unknown. A major responsible factor could be
outdoor air pollution as derived from cars and other vehicles.
Studies have demonstrated that urbanization, high levels of ve-
hicle emissions and the western lifestyle are correlated with the
increasing frequency of pollen-induced respiratory allergies
(D'Amato, 2001). Air pollution may also cause heart diseases.
High levels of pollution caused by heavy traffic and factories
may trigger and speed up the narrowing of arteries and have im-
mense implications on public health. Automobiles also pollute
water; e.g., runoff from highways and roads can seep into our
water systems and soil, impacting agricultural production and
the environment. Pollution is hazardous to our health and is es-
pecially harmful to children, the elderly and those with respira-
tory ailments.

Air pollution may cause health problems for people living
away from a two-way traffic road at peak periods. For example,
over a period of one year (1990), surface soil samples were col-
lected on each side of a two-way traffic road at a distance of 10 m
and 500 m. The open site under study showed wind and rain to
be two important parameters in transport pollution. In peak pe-
riods, the level of lead was very high at a distance of 1.5 m from
the road (643 pg-g™"). Nevertheless, the residual level 500 m from
the road remained significant (146 p-g™'). When it rains, the lead
pollution remains within close proximity and is also quite low
because the lead penetrates deep into the soil by percolation; in
dry conditions the pollution is carried by the wind to a distance
of 500 m or more (Piron-Frenet et al., 1994).

The low technical parameters of some major Vilnius streets
and crossroads restrict the traffic, and long distances between
connections of these streets give rise to a greater transport con-
centration as well as traffic and pedestrian jams. The present net-
work of Vilnius streets in the rush hours reaches road capacity
limits; therefore, it is essential to reconstruct and develop streets,
crossroads and bridges. If the network density is not increased,
serious ecological consequences from heavy transportation may
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occur, because even at the moment in many places the environ-
mental impact exceeds normative requirements. The high con-
centration of automobiles is one of the reasons for the increase
in transport flow. Since public transportation (buses, trolleybus-
es, mini buses) is the main means of conveyance for most resi-
dents, a priority has been set on this area. Different actions need
to be undertaken due to worsening ecological conditions and a
shortage of parking places, as well as the insufficiently developed
transportation infrastructure which causes huge traffic jams and
is time-consuming both for drivers and passengers during rush
hours (Vilnius, 2002).

Vehicles are the largest source of pollution in Vilnius. They
pollute urban territories with exhaust gases, are very dynamic
and have access to all urban territories, i.e. residential and in-
dustrial areas, urban centres, hospital and sanatorium areas and
recreation zones. Therefore, the ecologic situation in Vilnius is
constantly deteriorating. Exhaust gases contain about 200 vari-
ous chemical compounds, and many of them are cancerigenic.
The increasing pollution in urban areas has a negative effect on
both the environment and traffic participants such as cyclists
and pedestrians.

The average morbidity in unpolluted Vilnius areas is 125
per 100,000 people (age 0-19), and in polluted areas it reaches
216 per 100,000 people. There are by 72% more cases of chronic
bronchitis among residents of polluted areas as compared to un-
polluted areas. Another important regularity is an obvious cor-
relation between atmospheric pollution and acute myocardial
infarction morbidity.

Public passenger transport influences the preservation of the
environmental balance. Atmospheric pollution data show that
the emission of the main pollutants per public transport passen-
ger is 4-8 times lower; besides, public transport consumes five
times less energy per passenger than private transport. Public
transport makes less noise and pollutes the environment less
(per passenger).

The following activities are planned according to the Vilnius
City Strategic Plan 2002-2011 in order to minimize the negative
impact of the traffic on the environment (Vilnius..., 2002):

« to prepare city maps of noise and air pollution;

« to modernize existing systems of traffic management and
to introduce new technologies;

o toincrease the permeatability of the current network by in-
troducing additional traffic lines, to optimize the working regime
of traffic lights and to implement the "green wave" principle;

« to introduce technical and engineering protective meas-
ures (e.g., acoustic walls, greenery, causeys, noise muffling win-
dows) to decrease the impact of transport;

« to approve and hold to the regulations of the program
for the Vilnius City safe traffic, with exceptional attention to the
safety of pedestrians and cyclists;

o to ensure standard street lighting during dark period
hours;

« to improve the information system of the city communi-
cation;

« to promote the usage of ecological fuel, giving priority to
electric means of transport.

Also, residents should be supplied with information on air
and drinking water quality, on the ways to minimize health risks

from the poor quality of air, and to reduce their contribution to
pollution (Regional...,1999).

Each of the general recommendations proposed at this stage
carries several particular alternatives. For example, implement-
ing the e-City (e-City..., 2003) project by one of the authors, a
large number of worldwide public transport passenger and
operator information systems have been analyzed. On the ba-
sis of the best practice analysis of the situation in this sphere in
Vilnius, of available resources and experience, specific require-
ments for the establishment of such systems in Vilnius have
been proposed. When the effects of the implementation of the
project will be obvious, i.e. when the e-City and Passenger and
Operator Information System will start functioning in Vilnius,
the level of pollution in the city will decrease because:

« people will be supplied with information on the air quali-
ty, the ways of reducing health hazards, and how they can reduce
atmospheric pollution caused by them. After the implementa-
tion of effective Passenger Information Systems, passengers of
public transport and drivers of individual cars will be able to
choose less polluted routes. In this way traffic jams in the most
polluted city streets will be reduced;

« afterimplementation of an effective Operator Information
System, the optimization of routes for various vehicles and the
operation of their movement reliability will be more rational.
With the help of these organizational means, the rational dis-
tribution of vehicles in the street network and coordination of
all types of public transport, implementation of the park and
ride system, pollution in the city will decrease. By using organi-
zational means, e.g., rational distribution of transport flows in
the network of streets, control of vehicles during technical in-
spections, forbidding heavy transport in some areas of the city
at night, and coordinated traffic regulation systems, negative ef-
fects of transport on the environment may be reduced by 18-24
per cent;

o using the research of traffic flows performed by the
Operator Information System and maps of pollution compiled
as a result of the research, rational technological means (im-
provement of vehicles and fuel, use of electric transport) would
help to reduce pollution;

o using the research of traffic flows performed by the
Operator Information System and maps of pollution compiled
as a result of the research, rational means for urban planning
and construction (rational planning of the street network, i.e.
bypasses, highways of incessant traffic, priority to the develop-
ment of public transport, rational arrangement of buildings in
urbanization areas, use of houses-displays, use of sound-proof
windows) would reduce the pollution.

Implementation of e-Tickets and Operator and Passenger
Information Systems developed within the project would also
remarkably enhance the effectiveness of the regulation of trans-
port flows. More precise data on public transport passenger flows
obtained with the help of these systems, modeling of transport
flows and various organizational and technological means, as
well as means of urban construction and planning would pro-
vide for objective conditions to reduce the additional use of fuel
at crossroads when engines are idle and to reduce pollution of
the environment by exhaust gases due to acceleration and decel-
eration of transport, etc.
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ANALYSIS OF THE IMPACT OF POLLUTION,
NOISE, INDOOR MICROCLIMATE AND
ALLERGENS CAUSING ALLERGY IN PREMISES ON
REAL ESTATE PRICE, MARKET VALUE AND MASS
APPRAISAL VALUE

This chapter is based on the research of the Lincoln Institute of
Land Policy Fellowship “Development of Market-Based Land
Mass Appraisal Online System for Land Taxation” (LMAS-LT).
The Antakalnis and Zirmiinaiareas of Vilnius (the Lithuanian
capital) alongside the river (see Fig. 3) have been chosen to ana-
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Fig. 4. Sections where air pollution and noise level were investigated
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lyse the impact of pollution, noise, indoor microclimate and al-
lergens causing allergy in premises on the real estate price, mar-
ket value and mass appraisal value. The area is bounded by the
Antakalnio, Zirmiiny, Kareiviy and Silo streets. It has also been
selected due to the fact that the apartment houses located in it
were built approximately in the same period (1960-1970).
Figure 3D depicts the objects (2-room apartments) whose
supply price, market value and mass appraisal value have been
analysed. These 2-room apartments are almost evenly distrib-
uted alongside the Neris River banks. The valuation of 2-room
apartments under consideration was performed with a more
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Fig. 3. Location of real estate
under consideration

precise and accurate consideration by analysing not only tradi-
tional factors of the real estate value, but also other factors in-
fluencing on this value. The mass appraisal value is determined
according to the LMAS-LT by using a system of criteria which
consists of three subsystems: criteria that are usually employed
for assessment of the market value of property by real estate
companies; criteria describing the indoor microclimate and al-
lergens of an apartment; criteria describing air and noise pollu-
tion of the environment. Also, the impact of the time factor on
the transaction prices has been analysed, with the subsequent
adjustment of prices.

The LMAS-LT includes an intelligent decision support tool
based on methods of alternative generation, multiple criteria
analysis and negotiation (Kaklauskas et al., 2005a,b, 2006 a, b,
Zavadskas et al., 2002, 2003, 2004 a, b, ¢, 2005) developed by au-
thors.

In Fig. 3 these 2-room apartments are enumerated according
to the system used in multiple criteria analysis (see Fig. 5). In
this case, our main target was to examine the impact of air pol-
lution and noise on real estate price dynamics. When measuring
air and noise pollution in several sections in Zirmiinai sections
A-A,B-B and C-C; in Antakalnis sections D-D, E-E, also sepa-
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rately in each section near streets, in the middle and near the
river (see Fig. 4), it was noted that air pollution as well as noise
level significantly decreased with the distance from the street.
For example, in the Zirmiinai area air pollution decreased by up
to 40% when moving closer to the river, while in Antakalnis the
same value amounted to 30%. Air pollution also depended on
the type of pollution. For example, the content of solid particles
in the air while receding from the street decreased fairly rapidly
and approached the zero value, i.e. from 0.073 pug/m’* (maximal
value) to 0.001 ug/m’ (minimal value). Table 2 gives more infor-

« ¥ 2) OV 0749

lower part of matrix (right)

mation on air pollution and noise in the Zirmanai (A-A, B-B
and C-C) and Antakalnis (D-D, E-E) sections near the street
and near the river.

Air pollution and noise level obviously depended on the
distance between the street and the river. More information on
the sections (A-A, B-B, C-C, D-D, E-E), analysis of Table 2 and
identified levels of air and noise pollution are available at the
http://dss.vtu.lt/realestate/ website “Market-Based Land Mass
Appraisal Online System for Land Taxation® section “Outside
environment “ subsystem.
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Table 2. Air pollution and noise in Zirmiinai (sections A-A, B—B and (—C) and Antakalnis (sections DD, E~E) near street and river
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Therefore, given such significant air pollution and noise al-
terations it is possible to make an assumption concerning the
impact of these factors on real estate prices, i.e. the real estate
market values closer to the street should be somewhat lower
than near the river. Consequently, the real estate in question
was grouped according to its proximity to the river and street.
In parallel, data were gathered on its supply prices, market val-
ues and mass appraisal values. When comparing supply prices
of real estate located near the street and near the river, our task
was to determine whether air and noise pollution were taken
into account when selling or buying property. We founds that
the price differed depending on the property location. Therefore
we can make a conclusion that air and noise pollution exerts
a rather sizeable influence on property prices, and owners are
aware of it.

Figure 6 graphically compares the supply price, market value
and mass appraisal value of 2-room apartments. Supply prices
and initial data for calculation of 2-room apartments’ market and
mass appraisal values by LMAS-LT were submitted by real es-
tate broker companies, whereas official mass appraisal values of
these apartments were estimated by the State Enterprise Centre
of Registers. The market values of the real estate were calculated
after the LMAS-LT database had been supplemented with new
data—criteria of indoor microclimate (volume flow, air velocity,
air temperature, relative humidity, dew point temperature, vi-
bration impulse amplitudes), indoor allergens (house dust mites
and Dermatophagoides pteronysinus allergen) and the outdoor

environment (noise pollution, carbon monoxide (CO), suspend-
ed particulate matter, nitrogen oxide (NO ), ozone). Figure 6 on
its horizontal axis represents 21 apartments located in the zone
under analysis, while the vertical axis shows the property price
per 1 m* The continuous curve reflects a 2-room apartment sup-
ply price, the dotted curve stands for mass appraisal value cal-
culated by the State Enterprise Centre of Registers, whereas the
dashed curve displays a market value calculated accounting for
additional criteria with the help of LMAS-LT.

The property market value calculated with the help of LMAS-
LT relies on more criteria than the value presented by the State
Enterprise Centre of Registers. LMAS-LT employs multiple
criteria analysis and considers not only traditional criteria that
describe a property, but also the indoor microclimate, allergens
in the dwelling and air, and noise. The additional criteria enable
a more precise evaluation of the market value of these apart-
ments, which in turn helps assessing their mass appraisal value.
According to the currently valid methodology, in Lithuania the
market and the mass appraisal values are equal. Of course, the
mass appraisal values calculated by LMAS-LT and the State
Enterprise Centre of Registers differ. The mass appraisal values
calculated by the State Enterprise Centre of Registers are consid-
erably lower than the values obtained with the help of LMAS-LT.
Thus, adopting additional criteria that describing the indoor mi-
croclimate, allergens in the dwelling and air, noise, and employ-
ing the methods of multiple criteria analysis developed by the au-
thors it is possible to assess mass appraisal values more precisely.
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CONCLUSIONS

There are various approaches to and different priorities of sus-
tainable urban development in different countries. It is not sur-
prising, because there are very divergent views and interpreta-
tions in various countries — those that have developed market
economies, those with transition economies, and in developing
countries. Different criteria systems (political, economic, so-
cial, cultural, institutional, technological, environmental, legal /
regulatory and educational) characterize sustainable urban de-
velopment. In order to select the best alternative, on forming
the grouped decision-making matrix, it is necessary to perform
a multiple criteria analysis of the alternatives. This is done by
comparing the weights and the numerical values of criteria and
analysing the conceptual information of the alternatives. The al-
ternatives can be described only on the basis of a system com-
prising many criteria with different values and dimensions. Such
a variety of criteria makes it difficult to compare the projects
directly. The above problems and their solution are discussed in
the paper.
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VILNIAUS DARNAUS VYSTYMOSI [VERTINIMAS
TARSOS POZIURIU

Santrauka

Darnus vystymasis — tai ilgalaiké nuolatiné visuomenés plétra, siekiant
tenkinti Zmonijos poreikius dabar ir ateityje, racionaliai naudojant bei
papildant gamtos isteklius, iSsaugant Zeme ateities kartoms.

Siekiant nustatyti darnia miesto vystymosi strategija sialoma ja
vertinti pagal tam tikrus rodiklius. Toks miesto darnos rodikliy sarasas
yra negalutinis, nes miesto vystymasis priklauso nuo $alies politinés,
ekonominés, socialinés, kultairinés, institucinés, technologinés, aplin-
kos, teisinés ir $vietimo situacijy, kurios tarpusavyje persipina ir glau-
dziai susijusios. Kiekvienais metais pasitloma $imtai naujy socialiniy,
ekonominiy ir aplinkos rodikliy. Siekiant lengviau ir spar¢iau parinkti
pagal nustatytus rodiklius miesto darnaus vystymosi strategija, turi bati
taikomi sprendimy priémimo metodai. Straipsnyje nagrinéjama rodik-
liai miesto darnaus vystymosi strategijai parinkti ir miesto darnaus vys-
tymosi strategijos kokybés vertinimo metodai. Analizuodami Vilniaus
darnyjj vystymasi, autoriai ypa¢ daug démesio skiria Siems rodikliams:
transporto sukeliama tarsa, triuk$mas, patalpy vidaus mikroklimatas
ir alergenai. Inagrinéjus statistikos duomenis apie Vilniaus miesto
gyventojy sergamuma buvo nustatyta oro uZter§tumo jtaka Zmogaus
sveikatai, tikimybei susirgti tam tikromis ligomis ir nekilnojamojo tur-
to kainai. Atsizvelgiant j transporto srauto rodiklius sitlomi oro tarsos,
kylan¢ios nuo transporto priemoniy, maZinimo budai.

RaktazodZiai: miesto darnus vystymasis, tar$a, sprendimy priémi-
mas, pavyzdziai



