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Abstract. The objective of this article is to propose a methodology that would enable to rank residential areas according
to the indices of sustainable development and to establish the rank of their priorities. The task was framed basing on the
survey performed by RAIT (Market analysis and group of survey) for evaluation of the most desirable residential area in
Vilnius city. Vilnius residents took part in this survey. Only Vilnius city residential areas and their characteristic indices
were sorted out from the survey performed by RAIT. A system of 22 indices defining the sustainability aspects was com-
piled. Residential areas were evaluated for their facilities, residential and business environment. On the basis of the sur-
veys performed by experts, the significances of indices were determined. Application of multipurpose evaluation method
COPRAS (Complex Proportional Assessment) led to establishment of the rank of priorities of residential areas in respect

of their sustainability.
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1. Introduction

Sustainable development is one of the major prob-
lems all over the world. Probably the utmost problem of
sustainability is alterations of social needs. People, busi-
ness, society and authority can act together in seeking for
development of economy, environmental and social wel-
fare.

According to the classical conception, sustainable
development consists of social, economical and envi-
ronmental components. Evaluation of a sustainable city
residential area in these aspects shows which residential
area is desirable for residents.

Sustainable development is becoming a dominating
principle in planning a new and compact format of a city
residential area. Conception of impossibility to live in such
residential areas as we have now urges us to reconsider our
present practice of city planning. Acceptance of new and
innovative ideas in the process of city planning is a new
challenge for development of sustainable landscape.

Many countries in the world face problems of sustain-
able development in the city and residential areas.

The contributors make suggestions how to solve wa-
ter supply problems in cities. Zhang et al [1] analysed
sustainable urban development indicators. Diepen and
Voogd [2] studied peculiarities of urban transport plan-
ning in a sustainable city. The research object chosen by
Kountouris et al [3] is sustainable development of urban
environment. Henn and Henning [4] analysed the indica-
tors of economic, social and environmental sustainability.
Brenheny and Archer [5] concern with urban density
researches, influences of local authority on sustainable

development, also with communication problems be-
tween residential districts. Banister [6] characterised ob-
stacles that hinder creating sustainability in a city.

Rudlin and Falk [7] described the lifestyle of a sustain-
able city. To avoid the mistakes made in the Soviet period,
the living environment, according to a town — planning spe-
cialist Burinskiené [8], should be created in such a way that
a dwelling, a garage for a motor car and a recreational space
are concentrated, rather than being located in different parts
of the city. A residential area should be not too large allow-
ing for the residents to maintain friendly relations with each
other and order in a clearly outlined area. A structural core
of the residential area should be a group of houses sharing a
courtyard and other objects on its territory. A number or
group of residential houses with child care institutions, rec-
reational spaces and playgrounds for all groups of inhabi-
tants, as well as green zones, approach roads, parking spaces
etc make an urban residential area.

Turskis et al [9] developed a methodology that can help
city planners to determine and localise problems of urban
fabric density, to enhance motivation and versatility of deci-
sions. Melchert [10] analysed building ecology and urban
sustainability planning problems in developing countries.
Zavadskas et al [11] develop a model of sustainable urban
formation by undertaking a complex analysis of micro, meso
and macro environmental factors affecting it and to present
recommendations for the increase of its competitive abilities.

West Australian Planning Commission has created
the strategie control of the attractive residential area de-
velopment [12].

Engel-Yan et al [13] emphasise the role of interface
in promoting sustainability at the residential area scale.
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Priemus [14] introduces us to development of sus-
tainability and stability of the cities in Holand.

In this paper a multipurpose evaluation method
COPRAS is used to determine the most sustainable resi-
dential area.

Sustainable residential areas can be characterised by
social, economical, environmental and cultural indica-
tors.

2. Indices defining a sustainable residential area

A district should meet the requirements of a sustain-
able development, embracing ecological, social, con-
struction and traffic aspects. Its facilities are coordinated
and handy to all residents [15].

Residential areas are defined by economic, ecologic, so-
cial, technical, engineering indices. These issues were discussed
in a number of publications.

The initiative committee of a sustainable district
points out the following indices [15]:
water;
land use/agriculture;
transport;
buildings/facilities;
business/industry;
composting/processing;
community/education;
parks/green areas.

The European Academy of the urban environment
provides a model of sustainable district development [16]:

e Dbalance between work and leisure time;

e nature preservation;

e priorities for pedestrians, cyclists and public trans-

port;
e ceconomic operation of energy generation and heat-
ing systems;

e construction of energy saving houses;
opening of district supermarkets to satisfy everyday
needs;
opening of elementary schools and day centres;
opening of public rest places in nature;
diversity of forms of constructed buildings;
arable land and agriculture;
balance between social groups.
In Lithuania the sustainable district projects have not
been developed as much as abroad. Development of such
projects requires a lot of efforts and means as well as fi-
nancing by state institutions; nevertheless, establishment
of such district is beneficial to all residents in ecological
and social aspects. Life in harmony with nature, environ-
ment and surrounding people is essential for each individ-
ual.

Woodcock emphasises the major aspects of a sus-
tainable urban residential area [17]:
1) excellent city development and architecture;
2) privileges for the residents;
3) considers local needs and characteristics;
4) possibilities to acclimatise and change;
5) takes care of public space and new houses projects;

6) pursues ways to maintain and renovate buildings of
historic value;

7) takes care of the design of such buildings for the
benefit of society and by seeking promotion from a
private sector;

8) enhances the quality of private territories.

Thus it is essential to develop the spirit of location
by enhancing the life quality. This may be achieved by
development of an effective public transport network,
safe streets, city design, retailing sector, landscaping
(open space) network, local employment basis.

Grant et al [18] emphasised the importance of pro-
tecting landscape and ecosystems. They urge the archi-
tects and designers to revise the priorities in planning the
residential areas, taking into account the significant proc-
esses and functions associated with landscape preserva-
tion. Planning of sustainable districts embraces not only
new concepts and ideas, but also new ways of land devel-
opment. The authors of the present paper believe that
communities of sustainable districts should be guided by
the following principles/goals:

e to maintain and restore natural processes and func-
tions of the environment;

e to minimise the effect of residential areas on ecosys-
tems;

e to save natural resources for the future generations;

e to reduce waste production by the residential areas;

e to increase the community involvement in developing a
sustainable residential areas;

e to support a healthy social environment.

The concept of Kronsberg city development and
landscape sustainable development [19] emphasises the
following aspects:

e description of large scale social and ecological de-
velopment concepts;

e overall development of the project and integrated
planning process;

e innovatory structure of communications maintaining
the process of development;

e education and curricula associated with sustainable
development;

e participation planning processes by involving resi-
dents and other people.

There is no uniform system of a sustainable city resi-
dential area, therefore development of a system of indices
of a sustainable city residential area shall consider the
needs of the residents as well as social, environmental,
technical aspects.

3. Selection of the surveyed object

In order to analyse the sustainability of city residen-
tial areas Vilnius city was selected as Vilnius is the prin-
cipal administrative centre of Lithuania with the highest
concentrated economic potential, the highest number of
inhabitants and the leading political, economical, social
and cultural centres.

Evaluation of the sustainability of Vilnius city residential
areas was based on RAIT survey of Vilnius city [20].
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41 districts and parts of districts were intercom-
pared: Centras I, Centras II, ZVérynas, Senamiestis, Nau-
jamiestis, Vilkpéde, §nipi§kés, Zirminai, Zirmanai 11,
Dvar¢ionys, Antakalnis, Belmontas, Rasos, Pavilnys,
Naujininkai, Lazdynai, Karoliniskés, VirSuliskeés, Seski-
né, Baltupiai, SantariSkés, Verkiai, Naujoji Vilnia, Ze-
mieji Paneriai, Vaidotai, Kirtimai, UZsienis, Aukstieji
Paneriai, Garitinai, GrigiSkes, Justiniskés, Pasilaiciai,
Pilaite II, Valakampiai, Pilait¢ I, MedZiakalnis, Fabijo-
niskes, Gureliai, Traky Voke, Kuprijoniskés, Tarandé.

The survey was carried out by direct interviewing
using set questionnaire forms where the interviewers
recorded the respondents’ answers.

In total 2575 permanent residents of Vilnius city, 16
to 74 years of age took part in the survey [20].

To determine the most sustainable Vilnius city resi-
dential area, 29 residential areas of Vilnius city were
selected from RAIT survey (Fig): Centras I, Centras II,
Zvérynas, Senamiestis, Naujamiestis, §nipi§kés, Zirmi-
nai, Zirmanai II (§iaurés miestelis), Antakalnis, Rasos,
Naujininkai, Lazdynai, KaroliniSkés, VirSuliskes, Seski-
né, Baltupiai, Santariskés, Verkiai, Naujoji Vilnia, Ze-
mieji Paneriai, Aukstieji Paneriai, JustiniSkés, PaSilaiciai,
Pilait¢ II (Northern part), Valakampiai, Pilait¢ I, Fabi-
joniskes, Vilkpéde, Grigiskes.

Antakalnis

Pilaite  wirgiiSkes
Sn

Zverynas
Karoliniskés

Vilkpédé

Panerial
il Naujininkai

District communities of Vilnius city municipality

RAIT survey evaluates Vilnius city residential area by
22 indices that correspond to sustainability aspects (Ta-
ble 1): City centre is close (points); Safe (points); Extensive
supply of trade services (points);, School is close (points);
Kindergarten is close (points); Extensive supply of recrea-
tion (points); Clean air (points); Nice environment (points);
Good transport service with the centre (points); Good
transport service with the work place (points); Well at-
tended environment (points); No noise (points); No drug-
addicts (points); Policlinics is close (points); Drugstore is
close (points); Good facilities for sports (points); Many

cultural institutions (points); No alcohol addicts are in sight
(points); No derelicts are in sight (points); Work place is
close (points); Nice architecture of buildings (points); Well
attended parks (points).

All these indices were taken from RAIT survey [20]
where the residents evaluated the desirability of a resi-
dential area in points (5 points — excellent, 4 points — very
good, 3 points — good, 2 points — bad, 1 point — very bad).

4. Determination of opinion compatibility among the
residents

To determine the significances of the criteria, the
expert judgement method proposed by Kendall [21] was
used. Zavadskas et al [22] discussed the application of
this method in the construction field.

Having determined the numerical values of indi-
ces, the significance (importance) of the indices is
determined. The significances of the indices on sus-
tainability of city residential areas are evaluated in
numerical scale from 1 to 22: 1 — insignificant index,
22— very significant index.

45 residents of Vilnius city residing in these residen-
tial areas were interviewed for determining significances
of the project indices. These residents have sufficient
information about their residential area and are most con-
cerned persons in establishing the value of sustainability
of the city residential area.

This expert judgement method was implemented at
the following stages [22]:

e Interview;

e (Calculation of values ¢;

e Calculation of weights g;
e (Calculation of values S;
e (Calculation of values T} ;
e (Calculation of values W;

e (Calculation of values x2 ;

e Testing the statement x2)xt2bl .
The values t; for statistical processing were obtained
by interviewing the respondents. The average criterion

value 7; was calculated by the formula:

.
=t
=t (1)
where 1; is the ranking of the j criterion by the k respon-
dent and r is number of respondents.
The weights of the criteria were calculated by divid-
ing the sum of the criteria average values by the average
value of each criterion:

z

L )
2t
j=1
The total weight of the criteria must be equal to one:

n
>, =10. 3)
j=1

q; =
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Reliability of the data can be expressed by the coeffi-
cient of concordance (agreement) of the respondents’ opin-
ions by describing the extent to proximity of individual
views. In cases with reiterated ranks for same parameters,
as in our case, the coefficient of concordance is:

w :12—5 4)

r2(n3 —-n) ,
where S — the total square deviation of the rankings of
each criterion, T} the index of reiterated ranks in the r
rank, r the number of respondents and n the number of
evaluation criteria.
The deviation of the criterion ranking:

n r 1 n r 2
S=20 2t =y 2 2 | - )
j=1| k=1 naa
where #;is the rank conferred by the k respondent to the j
criterion.

The significance ;(2 of the concordance coefficient

is calculated as follows:
128
2o ©6)
mn+1)

Kendall [21] has shown that, when n > 7, the value
xz =Wxrx(n—-1) has a distribution with degrees of
freedom v = n — 1, where n is the number of criteria con-
sidered and r the number of experts. It has been proved

that if the calculated value )(2 is larger than the critical

tabular value lebl for the pre-selected level of signifi-

cance (eg o = 0,05), then the hypothesis about the
agreement of independent experts judgements is not re-

jected. If the y a’v2>x,2bl the significance of concordance
coefficient exists on a level, then the agreement of ex-
perts’ opinions is satisfactory and group opinion is estab-
lished. Otherwise, when xa,‘,2>x,2bl is obtained, the
respondents’ opinions are not in agreement, which im-
plies that they differ substantially and the hypothesis on
the rank's correlation cannot be accepted.

The concordance coefficient based on the criteria
weights is )(2 =445,86 greater than xztbz, the hypothe-
sis on the rank's correlation cannot be accepted. The de-
grees of freedom (v = n—1 = 22—-1 = 21), and pre-selected
level of significance is o = 0,01 (or error probability

P =1 %); in that case we have the value of thbl equal

to 38,93 [23]. Since 445,86 > 38,93 a = 0,01, and v = 21,
then the assumption is made that the coefficient of con-
cordance is significant and expert rankings are in concor-
dance with 99 % probability.

5. Evaluation of city residential areas by using
COPRAS method

This method assumes direct and proportional depend-
ence of significance and priority of investigated versions

on a system of criteria adequately describing the alterna-
tives and on values and significances of the criteria.

Application of multipurpose evaluation method
COPRAS led to establishment of the rank of priorities of
residential areas in respect of their sustainability.

Description of COPRAS methods and possibilities of
its application are published in a number of papers [24-29].

The determination of significance and priority of al-
ternatives is carried out in 4 stages [30]:

Stage 1: The weighted normalised decision making
matrix D is formed. The purpose of this stage is to re-
ceive dimensionless weighted values from the compara-
tive indexes. When the dimensionless values of the
indexes are known, all criteria, originally having different
dimensions, can be compared. The following formula is
used for this purpose:

di; =" T =1, (7)

2 X j
j=1

where x;; — the value of the i-th criterion in the j-th alter-
native of a solution; m — the number of criteria; n — the
number of the alternatives compared; gi — significance of
i-th criterion.

The sum of dimensionless weighted index values dj;
of each criterion x; is always equal to the significance g;
of this criterion:

n - —_
gi=2d; ; i=lm; j=Ln. (8)
=

In other words, the value of significance ¢; of the in-
vestigated criterion is proportionally distributed among
all alternative versions a; according to their values x;;.

Stage 2: The sums of weighted normalised indexes
describing the j-th version are calculated. The versions
are described by minimising indexes S_; and maximising
indexes S,;. The lower value of minimising indexes is
better and the greater value of maximising indexes is
better. The sums are calculated according to the formula:

m m
Sij=2dyjy S_j=Xd;; j=Ln. 9
i=1 i=1

In this case, the values S,; [the greater is this value
(project ‘pluses’), the more satisfied are the interested
parties] and S_; [the lower is this value (project ‘mi-
nuses’), the better is goal attainment by the interested
parties] express the degree of goals attained by the inter-
ested parties in each alternative residential area. In any
case the sums of 'pluses' S,; and 'minuses' S_; of all alter-
native projects are always respectively equal to all sums
of significances of maximising and minimising criteria:

n m n
S, =28,=>2dsi

=1 i=1 j=1

J =1y (10)

n m n . —_ . _
S_ZZS_jZZZd_ij, l=l,m; ]Zl,l’l.

j=1 i=l j=I

In this way, the calculations made may be addition-
ally checked.



A sample sustainability evaluation of a residential district (fragment)

% = 2] -5 g .4 3 @ o= .3 ‘= CE
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No Evaluation criteria 8= % * Séfﬁ(l;lz_ )gﬁ g E g .é % S‘% % )a :5 g é -i;f CME E
e S |S [R5 |5 |2 5 |% |2 | & |& [B |5 |*
1 City centre is close Points + 0,042 3,8 5 5 49 4.9 4,7 4.5 42 4,8 43 34 3,3 3,5 34 3,1
Extensive supply of trade Points
2 services + 0,03 34 4.4 3,3 3,6 42 3,6 2,3 4.4 4,6 4 3,7 42 2,5 2,2 3,1
3 School is close Points + 0,059 4.4 4.8 4.8 4.6 4,5 4.6 3,6 4.8 4.8 4.5 3,8 4.6 3,1 2,7 4
4 Kindergarten is close Points + 0,034 4.5 4.9 49 4.4 4.4 4,1 3,6 4.9 4.8 4.4 1,9 4,6 2,8 3,1 3,7
Extensive supply of Points
5 recreation - 0,027 2,4 42 2,7 4,1 34 2,4 1,7 3,2 44 2,6 2,3 2,8 1,7 1,9 2,6
6 Clean air Points + 0,071 4 3 3,4 3,2 2.8 3,8 3,5 3,8 3 4,1 4 3,7 4.8 4,6 4,6
7 Nice environment Points + 0,061 44 4 4,6 4,3 3,4 4,1 3,9 4,2 3,2 4,5 4,2 3,8 4 4,7 4,1
8 Safe Points + 0,069 3 3,2 3,9 34 2,9 3,4 34 2,7 2,9 3,6 3,4 3,3 34 3,8 3,8
Good transport service Points
9 with the centre + 0,064 4,1 5 5 4,7 4.8 4.7 4,1 4.5 4.8 4.4 4.2 4,1 3,9 34 3,3
Good transport service Points
10 with the work place + 0,06 3,6 473 472 473 473 3,8 3,8 3,8 473 4.1 3,8 4 4.2 3 3,7
Well attended environ- Points
11 ment + 0,047 34 3,6 3,9 34 34 3,5 2,8 3,7 3,1 3,8 4 3,9 3,9 3,6 3,7
12 No noise Points + 0,068 3,8 3,3 4,1 3,7 3,1 3,3 3,8 3,4 3 4 4,7 3,9 4.8 4.4 4,5
13 No drug-addicts Points + 0,048 2,8 34 2,8 3,1 2,9 2,8 4,1 2,1 2,6 34 4 3,4 3,7 3,8 4
14 Policlinics is close Points + 0,035 4.4 43 3,5 3,9 43 4,6 3,8 4.9 3,7 3,7 3,9 4 3,3 3,5 4,1
15 Drugstore is close Points + 0,045 4.4 4.8 4.8 4.4 4.7 4,7 3,9 49 4,6 4,9 4.7 4.8 4,1 34 4.5
16 Good facilities for sports Points + 0,023 2,9 3.8 4.6 3.6 3.9 3,8 2,9 4,6 3,6 3.8 4.1 3,5 3.1 4.8 3,6
17 Many cultural institutions | Points - 0,016 2 4,1 2,6 4 3 2,3 1,6 2,2 3 2 2,1 2,2 1,3 1,3 2,1
No alcohol addicts are in Points
18 sight + 0,042 2,6 3,2 2,5 2,7 2,6 2,2 3,2 1,8 2 2,7 3,3 3 2,3 3,2 3,4
19 No derelicts are in sight Points + 0,026 3 29 2.5 2,7 2.5 2.3 3,8 2,1 2.5 2,8 3,2 3,3 2,1 3,4 3,3
20 Work place is close Points + 0,075 3,3 42 3,7 3,9 3,8 2,9 3,3 3 3,8 3,1 2,9 3,2 3,8 2,6 3,2
Nice architecture of build- | Points
21 ings + 0,044 2,9 43 3,7 4.5 3,3 2,9 2,7 2,4 3,3 2,8 3,2 2,9 2,5 34 2,8
22 Well attended parks Points + 0,014 3 3,4 4 3,2 3,3 3,4 2,6 3,3 3,3 3,2 3,3 2,6 3 3,5 3,5

A sign +(-) indicates that a higher (lower) value of the criteria is better for residents.
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Stage 3: The significance (efficiency) of compara-
tive versions is determined on the basis of describing
positive (‘pluses') and negative (‘minuses') characteristics.
Relative significance Q; of each project a; is found ac-

cording to the formula:

- =1
Q=5+ :

1)

Stage 4: Priority determination of residential area.
The greater is the Q;, the higher is the efficiency (prior-

ity) of the project.
Having made the calculations, we get a sustainable
residential area of Vilnius city.

6. Conclusions

The sustainable city development and residential ar-
eas have a large number of indices/indices systems in the
world. With reference to these indices/indices systems
has been made the system of 22 indicators defining the
sustainability of residential areas.

Basing on multipurpose evaluation method COPRAS,
the most sustainable residential area was determined and
evaluated by 22 sustainability development indices. It was
established that the multipurpose COPRAS method is suit-
able for determining the sustainable district.

An analysis was done comparing all areas named
above. There we see the most problematic areas in which
quality of living must be improved. Improvement of liv-
ing quality is a target of government and municipality.

Ranking of priorities of city residential areas was
compiled: Zvérynas, Centras II, Baltupiai, Senamiestis,
Pilaité I, Pilaité II, Santariskés, Naujamiestis, PaSilaiciai,
Antakalnis, Valakampiai, GrigiSkés, Rasos, Karoliniskes,
§nipi§kés, Seékiné, Fabijoniskés, Centras I, Lazdynai,
Naujoji Vilnia, JustiniSkeés, Zirmiinai II, Virsuliskés, Nau-
jininkai, Verkiai, Zemieji Paneriai, Zirminai, Aukstieji
Paneriai, Vilkpédeé.

The most sustainable residential area is Zvérynas.
This area is close to the centre of Vilnius, nice looking
architecture, lovely surrounding, a lot of green zones and
well — organised infrastructure sollutions.
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VILNIAUS MIESTO GYVENAMUJU RAJONU DARNOS VERTINIMAS
M. Viteikiené, E. K. Zavadskas
Santrauka

Straipsnio tikslas — pasifilyti metodika, kaip surikiuoti gyvenamuosius rajonus pagal darnios plétros rodiklius ir sudaryti ju
prioritety eilute.

Suformuluotas uZdavinys remiantis Vilniaus miesto RAIT atlikta apklausa patraukliausiam rajonui jvertinti. Sioje apklau-
soje dalyvavo Vilniaus miesto gyventojai. IS apklausos buvo atrinkti tik Vilniaus miesto gyvenamieji rajonai (mikrora-
jonai) ir juos apibuidinantys rodikliai. Buvo sudaryta 22 rodikliy sistema, charakterizuojanti darnos aspektus. Gyvenamieji
rajonai vertinami pagal infrastruktiira, gyvenamaja bei verslo aplinka. Remiantis eksperty apklausomis, nustatyta rodikliy
reik§mé. Taikant daugiatikslio vertinimo metoda COPRAS (Complex Proportional Assessment), sudaryta gyvenamyjy ra-
jony pagal ju darng prioritety eiluté.

ReikSminiai ZodZiai: darnus vystymasis, miesto gyvenamieji rajonai, COPRAS, vertinimas.
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