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ABSTRACT

A rapid growth in car ownership in the cities of Lithuania,
particularly in Vilnius, has generated continuous traffic jams
in the streets and thus has consequently increased nega-
tive transport impact and demand for financial and land re-
sources. Also, a high level of car ownership requires large
reserves of transport infrastructure. Therefore, it is neces-
sary to create favourable conditions for creating sustainable
urban transport infrastructure satisfying the needs of local
inhabitants. Within the framework of the European Union
Structural Assistance for the period 2014-2020, Vilnius city
municipality administration is planning to submit an appli-
cation to receive financial support for the implementation of
the Park-and-Ride (hereinafter P&R) scheme for Vilnius. The
aim of the paper is to work out a multi-criteria methodology
for selecting the sites of P&R lots and to carry out a develop-
mental analysis of P&R facilities by creating the above intro-
duced scheme for parking lots in the Vilnius City. The expert
method has been used for utilizing a set of relevant criteria
for planning the P&R scheme. With the help of the expert
survey, the weights and significance of the defined criteria
have been identified. Multi-criteria methods have been ap-
plied for calculating and presenting the developmental pri-
orities and a strategy for the implementation of the offered
proposals.
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1. INTRODUCTION

Big cities are facing an increasing working and liv-
ing pace, which can be hardly imagined without trans-
port. One of the most pressing problems to be encoun-
tered by the inhabitants of large cities are related to
the lack of parking spaces in the central part of the
city. The present situation could be described as an
issue caused by the processes of developing the urban
transport system.

For the last 50 years, the transport system in the
city has essentially changed. Around 1960, public
transport was mainly the only way of communication
in Vilnius and accounted for more than 95%. Approx-
imately 30 years later, a passenger car became the
dominating vehicle, and 10 years afterwards, the im-
portance of public transport decreased by 20-30%.
From 1981 to 2014, a number of cars increased more
than 5 times. The reason for a growth in the level of
car ownership is the policy of promoting passenger
cars in the city. The consequences of the introduced
developmental policy are changes in the way of life,
demand for insatiable infrastructure, traffic jams, lack
of parking spaces, etc.

An attempt was made to solve the shortage of park-
ing spaces in Vilnius by building multi-storey, above-
ground and underground parking lots. To accommo-
date a growth in traffic flow, streets were widened thus
establishing a network of high-capacity driving areas,
etc. The above mentioned decisions did not help
with reducing the number of cars in the city but only
brought to heavier consequences. The dominating
original public transport systems in Vilnius (buses and
trolleybuses) have gradually lost their priority. Changes
in the way of life of inhabitants to make a door-to-door
journey, reduction in the speed of public transport, ac-
cessibility, comfort and other features prompted to in-
tegrate transport systems into the processes of urban
development planning [2; 3].

In 2012, Special Plan Solutions for Implementing
New Transport Modes in Vilnius City were approved by
the Vilnius City Council. The prepared document pro-
vides for the complex development of the transport
system in Vilnius by combining public transport with
the use of the P&R scheme and other parts of the ur-
ban transport network.

Successful operation of the P&R scheme depends
on the integration of the transport system into the
process of urban planning that assists in solving the
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issues of land ownership, identifying demand for finan-
cial resources and transport, assessing construction
possibilities, etc. Planning P&R schemes is affected by
a number of local peculiarities and factors. Multi-cri-
teria analysis reflects considerably better such local
conditions and covers more practical criteria useful for
preparing P&R schemes. All in all, local transport ex-
perts possess excellent knowledge of local issues. The
obtained information may lead to better suited solu-
tions compared to fully automated methods based on
transport criteria. From a methodological point of view
and with reference to the above considerations, this
paper could be a useful tool for Lithuanian as well as
for foreign cities.

Therefore, the article is aimed at developing
multi-criteria methodology for selecting P&R parking
sites and undertaking demonstrational analysis fo-
cused on the expansion of P&R parking lots by creat-
ing a scheme for a similar type of facilities in Vilnius
City. Thus, to achieve the goals of this work, the follow-
ing tasks have been formulated:

1) Selecting quantitative and qualitative criteria hav-
ing an impact on the development of P&R parking
lots.

2) Assessing and ranking quantitative and qualitative
criteria and determining their significance.

3) Preparing a priority scheme for the implementation
of P&R parking lots in Vilnius City using multi-crite-
ria decision support methods.

2. LITERATURE REVIEW

The P&R scheme was launched in the USA in 1930
and concentrated on reducing traffic flows in the city
centre [4]. As for Europe, the P&R system was official-
ly introduced in Great Britain in 1960. The proposed
idea and scheme development were supported and
encouraged by the Government aiming to reduce ur-
ban pollution and traffic flows.

At present, the P&R system is being widely used
in the major part of the EU cities such as Amsterdam
(Holland), Warsaw (Poland), Hamburg (Germany),
Prague (Czech Republic), London (Great Britain), Ge-
neva (Switzerland), Florence (ltaly), etc.

In 2008 the European Commission raised an ob-
jective to improve the quality of ambient air. The ob-
jective was presented in the Directive on Ambient Air
Quality and Cleaner Air for Europe indicating it was
appropriate to expand regulatory measures on the
European scale by promoting interest in the develop-
ment of innovations of potential sustainable transport
(or transport policy) such as the P&R scheme. Traffic
congestions and air quality are a matter of great con-
cern for urban planners; thus, the P&R development
model has been suggested as an element of sustain-
able urban development allowing people to use public
transport [3, 5, 6].

Dutch scientists made research in 25 European
cities and discovered that the development of the P&R
scheme in the city reduced congestions and improved
air quality. Also, they concluded that in the cities under
consideration, congestions and air pollution could be
reduced even more; however, there was lack of motiva-
tion from local authorities [7].

The analysis of the P&R scheme in the EU cities
shows that the implemented measures are not always
effective. Therefore, researchers of the P&R scheme
seek to find the most rational alternative that would
maximize the potential benefit of P&R parking lots [8,
9, 10, 11]. Scientists state that most drivers would use
the services provided by the P&R scheme only in case
if the ratio between the journey by public transport
and by passenger car was significantly different. This
means that the services offered by the P&R scheme
must be fast and cheap while bus routes sufficiently
frequent [12].

P&R variations or other strategies such as Kiss and
Ride are used in case when drivers decide it would be
beneficial for them to continue a part of the journey by
public transport. A benefit could be expressed in terms
of time or cost, or both of them. In 1979, the Consul
of the United States on Environmental Issues report-
ed that P&R schemes would be beneficial if they were
cheap enough and fast as driving a car [13].

Mingardo [14] singles out three categories of P&R
parking lots based on their site and distance:

1) Distant P&R parking lots. The scheme is intended
for the people living in suburban areas and those
encouraged to leave passenger cars in the P&R
parking lot and to continue their journey by public
transport [15].

2) Peripheral P&R parking lots. The model of this
scheme is typical of Great Britain and USA and is
aimed at diverting passenger flows from terminal
parking lots to the city centre [16].

3) Local P&R parking lots focus on stopping drivers
at the very beginning of their journey. Those are
smaller lots situated beside the major transport
corridors. The scheme is close to the Link and Ride
concept [17].

P&R parking lots basically bring more positive as-
pects into urban transportation systems, and there-
fore designing such schemes is a burning issue [18].
Unfortunately, there are not many recent research
works and justification methods addressed to the de-
velopment of new schemes for P&R parking lots.

Farhan and Murray [19] proposed a multi-objective
spatial optimization model specifying the objectives
of coverage, travel time and existing facilities. One of
the major advantages in this model is the possibility
of planning P&R facilities in the context of the exist-
ing system; also, the extensions of this modelling ap-
proach could include other objectives. Khakbaz [20]
developed a model for locating P&R facilities on urban
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networks based on genetic algorithms and included
a number of transportation-based aspects like travel
demand, distance, travel time using a personal car
or public transport, etc. At a later stage, for further
research, the authors proposed to involve a multi-ob-
jective function. Fan [21] prepared a model with the
capability to capture interactions between decision
makers and commuters. The obtained results have
revealed that adopting social welfare maximization as
the optimization objective leads to a win-win outcome
for both P&R service providers and users.

Multi-criteria decision methods are designed to
help decision makers in framing more clearly the prob-
lem and making better choices when facing complex
decisions that may involve several dimensions. Such
methods can help with identifying the values of stake-
holders and undertaking a more disciplined and trans-
parent analysis of options and their likely outcomes.
They are especially helpful when there is need to com-
bine objective information with subjective preferences
(i.e. users of parking lots), to find a compromise be-
tween different objectives and to involve multiple de-
cision makers. The advantages of this approach stem
from its simplicity and practical approach.

Two broad categories of evaluation methods are
known: qualitative and quantitative analysis. Qualita-
tive analysis is based solely on expert’s (or manager’s)
intuitive judgement. Qualitative analysis is not suitable
for complex problems, and was consequently rejected.
Statistical quantitative analysis methods require large
quantities of data. Moreover, special attention should
be paid to the normality or at least symmetry of dis-
tribution of data. In the case of a middle-sized city as
Vilnius obtaining large quantities of data or large quan-
tities of alternatives for collection of qualified panel
data is hardly possible. Multi-criteria evaluation deals
well with such cases, when evaluation is complex, and

there are only a few alternatives to choose from. Most
probably, these are major causes, why such methods
are gaining popularity starting from the 1980s.

The proposed approach of the authors is based
on the multi-criteria method that enables analysing
the problem from a slightly different perspective than
that discussed in the previous studies, i.e. to seek a
systematic multi-objective approach form the point of
urban and transport planning. The strength of the ap-
proach is the capability to employ knowledge of local
experts, use quantitative and qualitative criteria, de-
termine the significance of such criteria and include
a full scale of very practical criteria. And last but not
least, the authors developed a set of criteria based on
the expert opinion, and such a system of criteria can
be useful for further development of other already dis-
cussed methods.

3. RESEARCH METHODOLOGY

3.1 Survey of Vilnius City inhabitants on
identifying the encountered problems

The research methodology of the P&R scheme for
Vilnius City is based on a survey of inhabitants, exper-
tise and expert methods.

In the first stage, the survey of local inhabitants
was carried out to identify complex and most relevant
sectors in Vilnius city. Representative survey of Vilnius
residents (18 years and older) were conducted during
telephone interviews (CATI survey). Distribution of the
respondents by gender, age, education and ethnicity
corresponds to the distribution of Vilnius population
according to these characteristics. The survey was
conducted questioning 507 respondents and took
place in January (7-29) 2010 (Figure 1).

Statistical error of the survey does not exceed
+4.5% with the statistical reliability of the solution
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Figure 1 - Relevance of problems in Vilnius City
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95%. Additional quality control audited approximately
10 per cent of interviews. Transport and communica-
tion sector (59%) have been found the most topical
and relevant sector for the largest share of the Vilnius
population.

Compared to 2006, the major issue, as regards
the opinion of city dwellers, still remains the disadvan-
tages of the transport system and traffic jams in the
streets (in 2006 - 51%, in 2010 - 59%). The displayed
tendency shows that the above introduced question
has been gaining more and more weight, and there-
fore it is necessary to take appropriate measures for
solving it.

3.2 Sampling criteria for selecting sites for
P&R parking lots

The development of the P&R scheme has been
determined by a number of economic, social, urban
and other factors that lack information to be properly
evaluated. Expert methods utilize the knowledge of ex-
perienced professionals in evaluating the complexity
of factors in a particular field.

In order to summarize the identified factors and to
select the main criteria having an impact on the imple-
mentation of the P&R scheme, a group of qualified ex-
perts was formed. The group consisted of practitioners
and researchers having at least ten-year experience in
the field of spatial planning of transport [22]. Primary
selection of criteria was identified during literature re-
view. Detailed selection of criteria involved participa-
tion of the group of experts with excellent understand-
ing of the purpose of the research. Researchers had
to compromise (expertise) between choosing a large
number of criteria, units of measurement and data
availability; therefore, the criteria meeting such com-
promise were chosen. The following list of criteria has
been made: K, - land price (€/1,000 m2) and con-
struction cost (€/1,000 m?) of the P&R parking lot, K,
- traffic volume in the street beside the P&R parking
lot, K; - the number of public transport routes during
the peak hour, K, - accessibility to the centre of Vilnius
City by public transport (km/h), K, - the safety of the
P&R parking lot (3-safe, 2-moderately safe, 1-unsafe),
K6 - information system for informing drivers about
free space (2-present, 1-absent), K, - a parking fee in
the P&R parking lot (€), Kg - the entrance to the P&R
parking lot by passenger cars (2-safe, 1-unsafe), K, -
street category defined by the width of the street (m),
K,o — an integrated ticket fee for using a passenger car
and public transport (€) and K,; - housing intensity
planned in the Vilnius City Master Plan (%).

The initial literature review has found that a large
part of studies are using complex criteria with extra
need of studies and numerical values of such criteria
are obtained after calculations. Therefore, the authors
have developed P&R criteria system, which is compre-

hensible for the scientists and practitioners. The first
set of criteria was created after a thorough literature
review, i.e. five (K,, K;, K,, K, Ky) criteria were derived
after literature review [5, 10, 12, 21] and the rest (K,,
Ks, Ker Ko Ky Ki1) Were selected on the basis of the
authors’ opinion. The final set was approved by the ex-
perts who participated in the evaluation, as per usual
practice of the multi-criteria evaluation.

The list of the main criteria has been made de-
pending on statistical data that could be used for
mathematical calculation and, later, for determining
the priority order of P&R parking lots.

3.3 Sites for implementing P&R parking lots in
the Vilnius City Master Plan

Solutions for the Vilnius City Master Plan indicate
33 preliminary sites for the development of P&R park-
ing lots.

On the basis of the suggested plan, the authors di-
vided P&R parking lots into three groups:

1) Group | consists of 14 P&R lots planned to be im-
plemented in the peripheral zone of Vilnius City (cri-
teria values are given in Table 1).

2) Group Il consists of 13 P&R lots planned to be im-
plemented in the middle zone of Vilnius City (crite-
ria values are given in Table 2).

3) Group lll consists of 6 P&R lots planned to be im-
plemented in the central part of Vilnius City (criteria
values are given in Table 3).

4. MULTIPLE CRITERIA EVALUATION

4.1 Determining significance of criteria for
P&R parking lots

With reference to ranking, the experts have de-
termined weights of the criteria and ranked them
according to the preference order in respect of their
significance for the research object, i.e. the most sig-
nificant criterion has been assigned the highest value
equal to one, the next criterion (according to its effect
on the object of research) got the value of 2, etc.; the
least significant index received value m, where m is
the number of the used criteria. The results of expert
ranking are given in Table 4.

The findings provide a possibility of verifying if ex-
pert judgements are consistent. The level of consisten-
cy is defined by concordance coefficient W introduced
by M. Kendall [23, 24].

If expertestimates (datain Table 4) are rmarked as e,

thesumoftheranksofeachindexas e, = e, andtheir

i k=1

> ei
total average ase = -—(i=1,2,..mk = 1,2,...,r),
where m is the number of criteria used, r is the num-

ber of experts.
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Table 1 - The values of criteria for the P&R parking lots of Group |

No. Ks,
of the K., K,, number K, Ks, Ko K-, Kes Kqs Koo, Kis
park- | thous.€ | veh/day | of routes/ km/h points | points € points | metres € %
ing lot peak-hour
1 4.6 1,280 17 25.4 3 2 0.29 2 17 0.58 3
2 73.6 1,530 53 15.31 1 2 0.29 1 12 0.58 1.2
3 73.6 2,400 64 23.52 1 2 0.29 1 11 0.58 3
4 75.6 1,000 48 28.24 1 2 0.29 1 13 0.58 2
5 75.6 1,510 4 14.74 1 2 0.29 2 30 0.58 3
6 75.6 1,840 7 14.33 2 2 0.29 2 25 0.58 2.5
7 72.1 2,630 37 22.06 1 2 0.29 2 18 0.58 2.5
8 6.7 3,160 11 22.08 3 2 0.29 2 22 0.58 3
9 72.7 2,110 9 30.66 1 2 0.29 2 24 0.58 3
10 17.4 2,500 10 31.28 2 2 0.29 2 24 0.58 3
11 4.6 1,700 18 20.16 2 2 0.29 2 11 0.58 3
12 73.6 1,580 7 29.62 2 2 0.29 2 16 0.58 1.2
13 73.6 850 5 3253 1 2 0.29 1 7 0.58 3
14 2.0 1,550 0 30.55 2 2 0.29 2 14 0.58 3
Table 2 - The values of criteria for the P&R parking lots of Group Il
No. Ks,
of the K., K,, number K, Ks, Ke K-, Ke Ke» Kior Ky,
park- | thous.€ | veh/day | of routes/ km/h points | points € points | metres € %
ing lot peak-hour
15 4.6 2,500 25 26.33 2 2 0.58 2 22 0.58 3
16 73.6 3,700 17 26.48 1 2 0.58 2 24 0.58 3
17 73.6 6,380 38 24.37 1 2 0.58 2 28 0.58 2.5
18 51.8 3,570 63 12.67 1 2 0.58 1 36 0.58 3
19 73.6 6,400 20 20.58 2 2 0.58 2 25 0.58 25
20 75.6 4,900 6 19.64 1 2 0.58 2 21 0.58 3
21 4.6 3,320 39 11.90 3 1 0.58 2 31 0.58 3
22 73.6 2,300 29 16.04 1 2 0.58 1 12 0.58 3
23 75.6 2,170 47 23.23 1 2 0.58 1 18 0.58 2.5
24 4.6 2,000 18 32.80 2 2 0.58 1 14 0.58 25
25 80.5 2,020 42 21.68 2 2 0.58 1 18 0.58 2.5
26 11.6 3,000 4 27.95 2 2 0.58 1 16 0.58 3
27 4.6 6,380 3 26.82 3 2 0.58 2 21 0.58 2.5
Table 3 - The values of criteria for the P&R parking lots of Group Il
No. K,
of the K. K,, number K Ks, Ker K, Ke» Kes Kior Ky,
park- | thous. € | veh/day | of routes/ km/h points | points € points | metres € %
ing lot peak-hour
28 89.8 1,510 110 21.45 1 2 0.87 2 18 0.58 3
29 80.5 2,100 30 23.93 1 2 0.87 1 11 0.58 3
30 11.6 1,000 36 8.66 3 2 0.87 2 14 0.58 3
31 11.6 2,800 20 24.26 3 3 0.87 2 27 0.58 3
32 4.6 1,520 40 25.32 3 2 0.87 1 13 0.58 3
33 73.6 2,470 47 24.60 1 2 0.87 1 17 0.58 2.5
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Table 4 - Results of expert ranking e,

No Expert Criterion 1 2 3 4 5 6 7 8 !Exp.ert Position
Criterion e,

1 | Construction cost of P&R parking lot 10 | 10 7 5 5 4 4 4 49 6

2 | Traffic volume 9 4 3 3 2 44

3 | Public transport network development 4 1 2 1 1 1 13 1

4 Centre accessibility by public 5 1 4 1 1 5 5 5 18 5
transport, speed

5 | Safety of P&R parking lot 6 9 8 11| 8 10 58 7

6 | Driver information system 6 5 10 | 6 10 | 9 7 60

7 | Parking fee for a car in the parking lot 8 3 5 7 38 3

8 Is the e_ntrance to the parking lot 1 6 5 1 7 6 10 9 62 9
convenient?

9 | Street category 9 8 11| 6 9 7 11 | 11 72 11

10 Integra.ted tlckgt fee for the parking 5 5 3 4 111 9 6 3 46 5
and using public transport

11 | Housing intensity 8 11 | 10 | 8 10 | 8 5 8 68 10

Concordance coefficient W is calculated according
to Formula [23, 24]:

12S
rrm(m*-1)
The sum of squares e, of deviation from the total
average e of values S is defined by Formula

S=>(e-e)

The level of the consistency of expert estimates is
defined not by concordance coefficient W itself but by
related criterion x> calculated by Formula [23]

12S
rm(m+1)

It has been proven [23] that when the value of x?
calculated according to Formula 5 is higher than crit-
ical value xi taken from the table of distribution x>
with the degree of freedom w=m-1 and the selected
significance level, o is close to zero, and a statistical
hypothesis on the consistency of expert estimates is
assumed.

With reference to Table 4, concordance coefficient
W=0.520 has been calculated. Based on Formula 3,
the calculated value x*=41.61 exceeds critical value
X =18.31 with significance level ®=0.05 and freedom
degree v=11-1=10. This shows expert judgements to
be consistent.

On the basis of ranking, a possibility of determining
the weights of criteria arises. A number of methods for
establishing the weights of criteria have been worked
out [25, 26]. A general principle of estimation is that
the most significant criterion is given the largest weight
and usually the estimated weights are normalized, i.e.

Z(l)i
=1

However, Table 4 shows criterion ranking where the
most significant criterion has been given the smallest

(1)

2)

x2=Wr(m-1)= (3)

number - one. Therefore, ranking estimates e, must
be transformed in a way so that the most significant
criterion got the largest estimate, for example, by the
Formula

Cjk=m'1'e/‘k (4)

The most significant index (Rank 1) gets the high-
est value equal to m. Transformation results are given
in Table 5.

Criterion weights can be calculated by Formula

ci
m
-1 Ci

w; = (5)

where ¢, is the normalized weight of the criterion.
The values of weights are also presented in Table 5.

4.2 Establishment of the priority order of P&R
parking lots

To estimate the development of three parking lots,
three multiple-criteria methods, including SAW, TOP-
SIS and COPRAS have been used. Each method has
different advantages and uses different ideas of data
normalization and transformation. The SAW method
embeds the core idea of multiple criteria decision-aid
(MCDA) methods: to comprise weights of criteria and
normalised values of criteria into a single cumulative
criterion of the method. The TOPSIS method was cho-
sen as it compares distances between weighted nor-
malised values of criteria of an alternative to hypothet-
ical worst and best alternatives. Both methods are very
clear by logic and consequently are the best to choose.
The COPRAS method was chosen, first, as a method
which does not require transformation of values of
minimising criteria; second, it was developed in Lith-
uania, and is popular in this country among research-
ers. Three methods were used simultaneously in order
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Table 5 - Transformed results and criterion weights of ranking

No Expert Criteria 1 2 3 4 5 6 7 8 The sum Weights
of ranks e,
1 | Construction cost of P+R parking lot 2 2 5 7 8 8 8 47 0.089
2 | Traffic volume 3 3 5 9 9 10 52 0.098
3 | Public transport network development | 11 8 11 { 10 | 10 | 11 | 11 | 11 83 0.157
4 Centre accessibility by public 10 | 11 8 11111 | 10 | 10 7 78 0.148
transport, speed
5 | Safety of P+R parking lot 8 10 3 4 38 0.072
6 | Driver information system 6 5 7 2 6 36 0.068
7 | Parking fee for a car in the parking lot 4 5 58 0.110
8 Is the e_ntrance to the parking lot 1 6 10 1 5 6 5 3 34 0.064
convenient?
9 | Street category 3 4 1 6 3 5 1 1 24 0.045
10 Integra.ted tICk(?t fee for the parking 7 7 9 3 1 3 6 9 50 0.095
and using public transport
11 | Housing intensity 4 1 2 4 2 4 7 4 28 0.053
to comply with the principle of method triangulation, v ={v, v, .. V,}= {(mjn wiry)i € /1)’
which is deemed to increase precision of evaluation. / (10)

The SAW (Simple Additive Weighting) method is the
most widely used one in practice [27]. In this case, the
sum of the weighted normalized values of all criteria is
calculated considering each j-th parking lot. The crite-
rion of method §; is calculated by the Formula

Sj = Z Cl)i?y, (6)
wheréftu,— the weight of the i-th criterion, F; - the nor-
malized value of the i-th criterion for the j-th parking
lot.

The normalized values r; of the SAW method are
calculated by Formula

Fy

n

ry =
2 (7)
wheré_irij— the value of the i-th criterion for the j-th
parking lot obtained from the table of expert estimates.
The main principle of the TOPSIS (Technique for
Order Preference by Similarity to an Ideal Solution)
method is based on the selection of the most optimum
alternative having the smallest distance to ideal solu-
tions and the largest distance to the worst solutions
[27, 28, 29]. The method can be used both for maxi-
mizing (best values of which are the highest ones) and
minimizing (best values of which are the lowest ones)
criteria.
The TOPSIS method uses vector normalization:

r..

——i=1,...m;
/2.1
121: ' (8)

The best solution (alternative) V* and the worst one
V are calculated by Formula

V*= {V;, V;,,V:n} = {(m/axa),-l’,-,-/i < ’1)

(mjin wiF/i € Iz)};

r= 1,..n.

j=

9)  S;= wi,
i=1

(mjaxa)ffg/i € )},
where I, - a set of the numbers of maximizing indices,
I,- a set of the numbers of minimizing indices, w,- the

weight of the i—th index (2“’ = 1).

The total distance of each compared alternative to
best solutions D; and to worst solutions D; is calcu-
lated by Formulas

D=/ (wn-v), (11)
D=\ /3 (wr-v). (12)

The evaluation criterion C; of the TOPSIS method is
calculated by Formula

D
D;j+D;

The best alternative corresponds to the highest val-
ue of criterion C; . The compared alternatives must be
ranked in a descending order.

The values of the evaluation criterion Z; of the CO-
PRAS (Complex Proportional Assessment) method are
determined by Formula

2 Sii
Z;=S,+ L

5,54

j=1

Cj= (j=1,..,n)(0<C;<1). (13)

(14)
S
where

S,= ZCU+[F+U
=1

is the sum of maximizing weighted values .; normal-
ized by Formula 9 for each j-m alternative (parking lot);

(15)

(16)
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is the sum of the weighted normalized values of min-
imizing criteria 7;; j=1, 2,...,n; n - the number of com-
pared alternatives; S.» = minS; - minimal S; value
of minimizing criteria of all alternatives. Symbol “+”
shows that only the normalized values of the maximiz-
ing criteria of the j-th alternative 7.; multiplied by their
weights w,; are summed up. Analogically, symbol “-*
corresponds to minimizing criteria and their weights
W,

The values of the evaluation criteria estimated by
applying three multi-criteria methods, their positions
and the final position are given in Tables 6-8. For ad-
ditional ways of reporting results of MCDA evaluation
please refer to [30].

4.3 Analysis of the results of the priority order
of P&R parking lots

The estimation of group | of P&R parking lots has
revealed that, taking into account 14 P&R parking lots,
the first one would be ideal for the roundabout of pub-
lic transport in Antakalnis area (Parking lot No. 3). The
main reason for determining the first rank of this P&R
parking lot is well-developed public transport with the
frequency of 64 routes per hour. According to ranking,
the second parking lot should be the one at the Gariu-
nai shopping centre (No. 8). The second rank of this lot
has been established with reference to low construc-
tion cost and the average speed of public transport.

Table 6 - The values and positions of the P&R parking lots of group | estimated applying multi-criteria methods

Method SAW COPRAS TOPSIS The sum of

Parking positions of all Position
lot S Position Z Position C, Position methods
1 0.0822 3 0.0799 3 0.3992 6 12 3
2 0.0714 9 0.0734 8 0.5838 2 19 6-9
3 0.0867 2 0.0887 1 0.6942 1 4 1
4 0.0736 7 0.0755 7 0.5726 3 17 5
5 0.0531 13 0.0550 13 0.1839 14 40 13-14
6 0.0573 12 0.0592 12 0.2147 13 37 12
7 0.0756 6 0.0777 5 0.5230 15
8 0.0809 4 0.0829 2 0.4042 5 11 2
9 0.0640 10 0.0661 10 0.2986 10 30 10
10 0.0725 8 0.0789 4 0.3784 7 19 6-9
11 0.0778 5 0.0756 6 0.3764 19 6-9
12 0.0595 11 0.0614 11 0.2581 11 33 11
13 0.0520 14 0.0540 14 0.2377 12 40 13-14
14 0.0923 1 0.0709 9 0.3117 9 19 6-9

Table 7 - The values and positions of the P&R parking lots of group Il estimated applying multi-criteria methods

Method SAW COPRAS TOPSIS The sum of

Parking positions of all Position
lot S, Position Z Position c, Position methods
15 0.0898 3 0.0855 3 0.4762 6 12 3-4
16 0.0688 10 0.0702 11 0.3333 12 33 11
17 0.0824 5 0.0838 5 0.5429 13 5
18 0.0812 0.0846 0.6218 11 2
19 0.0752 7 0.0766 7 0.3906 23 89
20 0.0623 12 0.0635 12 0.2425 13 37 12-13
21 0.0923 1 0.0880 1 0.5448 2 4 1
22 0.0609 13 0.0623 13 0.3381 11 37 12-13
23 0.0725 8 0.0738 8 0.5305 20 7
24 0.0837 4 0.0794 6 0.4407 17 6
25 0.0724 9 0.0732 9 0.4945 5 23 89
26 0.0672 11 0.0720 10 0.3413 10 3 10
27 0.0904 2 0.0861 2 0.4121 8 12 34
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Table 8 - The values and positions of the P&R parking lots of group Ill estimated applying multi-criteria methods

Method SAW COPRAS TOPSIS The sum of

Parking positions of all Position
lot Sj Position Z Position C*j Position methods
28 0.1831 3 0.1822 2 0.6231 1 6 1-3
29 0.1367 6 0.1372 6 0.3056 6 18 6
30 0.1489 5 0.1562 4 0.3675 5 14 5
31 0.1845 2 0.1918 1 0.4445 3 6 1-3
32 0.1943 1 0.1783 3 0.4719 2 6 1-3
33 0.1515 4 0.1533 5 0.4038 4 13 4

The lowest ranks have been identified in Pilaités Av.
(No. 5) and Balsiai residential district (No. 13), which
were caused by particularly rare frequency of public

transport and high costs of installation.

The estimation of group Il of P&R parking lots have
disclosed that, from the considered 13 P&R parking
lots, the first one would be ideal for Mada shopping
centre (No. 21). The obtained result has been mostly
influenced by the number of public transport routes

L legend ]
Administrative boundary of Vilnius city
Peripheral zone
Middle zone
Central zone
P+R system corridor

=== Main city entrances/exits

Streets
Rivers
— PT rapid routes

@ P+R parking lot in the péripheral zoh;s

@ P+R parking lot in the middle zone

@ P+R parking lot in the central zone

15 P+R parking lot

P+R parking number
lot rank "

Cbncurerént P+R
parking lot rank

W

ing

Figure 2 - Layout of P&R parking lots in Vilnius City
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(39 routes per hour) and construction cost (4.6 thou-
sand €). The second parking lot by the rank is the one
at the Press House (No. 18), the second rank of which
has been conditioned by a number of public transport
routes amounting to 63 during the peak hour. The low-
est ranks have been identified at New Acropolis (No.
20) and in the roundabout of public transport at the
residential district of the North Town (No. 22). The
main reason for the choice made is low speed of public
transport (19.64 km/h and 16.04 km/h, respectively)
and high construction cost (75.6 thousand € and 73.6
thousand €, respectively).

The estimation of group Il of P&R parking lots have
shown that, regarding 6 P&R parking lots, the first
three positions have been taken by the Station area
(No. 28), Panorama shopping centre (No. 31) and
Kalvarijy market (No. 32). The lowest ranks of the P&R
parking lot have been identified in T. KosciuSkos Street
near Vilnelé River (No. 30) and in the roundabout of
public transport in Zvérynas (No. 29). This has been
caused by a rare frequency of public transport and
huge construction costs.

The results obtained employing multi-criteria analy-
sis methods are given in Tables 6-8 and Figure 2.

4.4 Sampling system for P&R parking lots

The rank of the P&R parking lot determined with
the help of multi-criteria methods indicates what
parking lots will be the most advantageous and dis-
advantageous for the city under specified conditions
(Figure 2). The authors have focused on developing a
high-quality scheme for P&R parking lots that would
bring well balanced benefits to the city in terms of eco-
nomic, environmental and social sustainability.

Seeking this aim, the authors of the paper have
identified eight possible corridors of the P&R scheme

Table 9 - Sampling estimations for P&R parking lots

and suggested a sampling strategy for P&R parking
lots. The designed strategy will form a competitive ba-
sis for public transport services in Vilnius City, which
will help with reducing traffic flows in the central part
of the city and assist in improving air quality and en-
couraging people to use public transport.

The sampling system of P&R parking lots uses the
following Formula suggested by the authors:

Ki=(pi+vit+ci)/n, (17)

where K- the sum of ranks in the corridor, p,- number
of P&R parking lots in the peripheral zone of the city,
v,- number of P&R parking lots in the middle zone of
the city, ¢,- number of P&R parking lots in the central
zone of the city, n,- number of sampled P&R parking
lots in the corridor.

Having made the systemic sampling estimations of
P&R parking lots, the authors have distinguished eight
stages indicating the development of the P&R scheme
(Table 9):

At stage | the P&R scheme must be implemented
in the communication corridor arranged in Kalvarijy
Street (Figure 3). The corridor will be made of the P&R
scheme for three parking lots one of which is planned
in Santariskés, the peripheral area of the city, the sec-
ond - in the middle zone of the city close to Siemens
Arena and the third one - in the central zone of the city
next to Kalvarijy market.

At stage Il, the P&R scheme is planned in the com-
munication corridor of the Airport where one P&R
parking lot will be opened at the International Vilnius
Airport. Passenger flow will be diverted towards the
Green (Zaliasis) Bridge.

At stage lll, the P&R scheme is planned in commu-
nication corridor A3 where two P&R parking lots will be
opened. The first parking lot will service the peripher-
al zone of the city at the Maxima shopping centre in

e
. Anumber. of Anumber. of Anumber. of A number of
No- | Gon corridor | ots ina periph | lts n amice | fots n central | S2MPIeS P4R | Sum of ranks | posiion
eral zone, p, zone, v, zone, C, parking lots, n,
1 Al 4 2 0 2 7.0 Vil
2 5212 2 2 2 3 5.0 \Y
3 A2 0 5 0 2 5.5 Vi
4 Al14 3 3 2 3 3.0 -1
5 102 2 1 0 2 4.0 v
6 103 1 0 1 2 8.0 Vil
7 A3 1 0 1 2 35 1l
8 Airport 1 0 0 1 3.0 -1
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| Legend I
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Figure 3 - Proposed system for P&R parking lots

Liepkalnio Street. The second one will serve the cen-
tral zone of the city at Bus and Railway Stations.

At stage IV, the P&R scheme is planned to be imple-
mented in the communication corridor of Antakalnio
Street and will consist of two P&R parking lots. The
first parking lot is planned in the peripheral zone of the
city - in the public transport roundabout in Antakalnis
while the second one - in the middle zone of the city
close to the Zirmiinai Bridge.

At stage V, the P&R scheme is planned to be im-
plemented in communication corridor 5215 and will
consist of three P&R parking lots, the first of which is
planned in the peripheral zone of the city at the old Pi-
laité road, the second one - in the middle zone of the
city at the Press House, and the third - at Panorama
shopping centre.

At stage VI, the P&R scheme is planned to be imple-
mented in communication corridor A2 that will include

three P&R parking lots. The first and second parking
lots are planned in the middle zone of the city - in the
public transport roundabout in JustiniSkés and at the
intersection of Ukmergés and Ozo Streets while the
third one - at Panorama shopping centre.

At stage VI, the P&R scheme is planned to be
implemented in communication corridor A1l that will
consist of two P&R parking lots. The first parking lot is
planned in the peripheral zone of the city at the shop-
ping centre in Gariunai, the second one - in the mid-
dle zone of the city at New Acropolis. It is important
to mention that, under the implementation of a new
P&R parking lot at New Acropolis, the system of the
bus stops of public transport must be reorganized.

At stage VIII, the P&R scheme is planned to be im-
plemented in communication corridor 103 that will
embrace two P&R parking lots. The first parking lot is
planned in the peripheral zone of the city at St. Bato-
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ras intersection and the second one - in the central
zone of the city in T. Kosciuskos Street near Vilnelé
River.

5. CONCLUSIONS

A range of policy measures is available to influ-
ence travel awareness. This long-term action means
that P&R planning can set the physical pattern upon
which travel patterns are based for generations. There
have been a fair number of EU studies concerning P&R
planning. Often, there is a complexity of local factors
involved, relating to particular people and local institu-
tions. It should be noted, that results and suggestions
of this study are useful when solving complex urban
development problems, and when preparing and justi-
fying comprehensive plans or special transport plans.

In the course of the conducted scientific research,
a methodology for selecting sites regarding P&R park-
ing lots has been developed which can be adapted and
used not only in Lithuanian but also in cities abroad.
The proper use of multi-criteria methods allows solving
complex urban planning problems. In such problems
inevitably conflicting criteria have to be considered in
order to find a suitable solution. Finding consensus
between expert opinions is another prominence of
the methods, which is incorporated into the analysis
framework. These considerations served for making a
choice of the methods in favour of multi-criteria ones.

The results of the surveyed citizens show that the
main problems of the city are related to transport and
communication (59%) and the living environment
(36%). It can be assumed that the number of residents
in Vilnius will grow in the future. Therefore, a rise in the
relative number of passenger cars is also expected.
This shows that the issues concerning the city will only
become more serious and the upcoming transport sys-
tem will require major reorganization. In this case, the
implementation of the P&R scheme can be reviewed
as one of the possibilities.

The analysis of scientific literature shows that the
development of the P&R scheme reduces traffic jams,
enhances public transport viability and diminishes air
pollution. The proposed approach of the authors is
based on the multi-criteria method that enables analy-
sis of the problem from a slightly different perspective
than in the previous studies and to seek a systematic
multi-objective approach from the point of urban and
transport planning.

The estimation of the significance value of the cri-
teria shows that their weight depends on expert experi-
ence, gained knowledge, the state of mind filling in the
questionnaire and other circumstances. To select the
main criteria for the P&R scheme, eight experts hav-
ing at least ten- year experience in the field of trans-
port have been chosen. Expert estimates of criteria
weights have suggested that the greatest significance

has been determined in the fields of public transport
development (0.157), accessibility (access speed) to
the city centre by public transport (0.148) and parking
fee in the P&R parking lot (0.110).

Prior to calculations made by applying multi-crite-
ria methods, the planned P&R parking lots in Vilnius
City were divided into three groups according to the
zones of the city: the peripheral zone of the city (14
P&R parking lots planned), the middle zone of the city
(13 P&R parking lots planned) and the central zone of
the city (6 P&R parking lots planned).

The analysis of the obtained results has shown
that on the city scale, the rank of the P&R parking lot
is mainly affected by the development level of public
transport w,=0.157 and the speed of public transport
w,=0148. An absolute priority to the implementation
of P&R parking lots in Vilnius City have been taken by
the roundabout in Antakalnis (Parking lot 3), Mada
shopping centre (Parking lot 21) and the Station area
(Parking lot 28).

The P&R scheme in Vilnius must be integrated
into the common system of public transport of the
city applying the principle of the corridor. A priority
order of P&R parking lots established with reference
to multi-criteria methods allowed the authors to sug-
gest a strategy for sampling with the help of which the
most perspective corridor for implementing the P&R
scheme (A14) has been determined. A strategy for the
sampling system for the corridors is based on the for-
mula developed by the authors. More sophisticated
MCDA methods could be used in the future research
in such cases when reducing the effects of uncertainty
in the data is required [31] or absolute evaluation of
objects should be performed [32].
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SANTRAUKA

Sparciai augantis automobilizacijos lygis Lietu-
vos miestuose, o ypac Vilniaus mieste, sukélé nuol-
atines grustis gatvése, atitinkamai padidéjo neigia-
mas transporto poveikis, iSaugo finansiniy ir Zemés
iStekliy poreikis. AukStas automobilizacijos lygis rei-
kalauja dideliy susisiekimo infrastrukttros resursuy,
todél miestuose turi buti sudarytos salygos plétotis
darniai miesto susisiekimo infrastrukturai, kuri ten-
Kinty gyventojy poreikius. Vilniaus miesto savivaldy-
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bés administracija 2014-2020 Europos Sajungos
struktirinés paramos periode numato teikti paraiSkg
gauti finansavima ,Statyk ir vaZiuok“ sistemos dieg-
imui Vilniaus mieste. Sio straipsnio tikslas - sukurti
LStatyk ir vaziuok*“ aikSteliy viety parinkimo daugiakrit-
erine metodikg ir atlikti ,Statyk ir vaziuok“ aiksteliy
plétros analize sukuriant tokiy aiksteliy sistemg Vil-
niaus mieste. Darbe taikytas ekspertinis metodas,
kurio pagrindu nustatyti ,Statyk ir vaziuok“ aiksteliy
pléetrai pagrindiniai kriterijai. Ekspertinés apklausos
metu nustatyti kriterijy svoriai ir reikSmingumas. Dau-
giakriteriniais metodais apskaiCiuoti ir pateikti plétros
prioritetai bei pasiulymy jgyvendinimo strategjja.

RAKTINIAI ZODZIAI

daugiakriteriai metodai; “statyk ir vaZiuok” schema; miesto
struktliros planavimas; vieSasis transportas;
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