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Abstract. Identifying accessibility is a standard issue of transport analysis, which can be of interest to many socio-
economic applications. In this paper we propose and discuss the accessibility-based Lithuanian automobile transport
system analysis and GIS (geographical information systems) calculation method for searching a potential territory un-
der different conditions. In our analysis the main parameter is time-based accessibility from the centres of Lithuanian
administrative regions to all the territory. According to accessibility and regional statistics, i.e. road network density in
regions, density of local roads in regions, length of roads per 1000 inhabitants in administrative regions, length of lo-
cal roads per 1000 rural inhabitants in administrative regions, GIS application computes the ratings for administrative
regions. The first stage of GIS decision support system is based on two calculation methods: Topsis (Technique for
Order Preference by Smilarity to Ideal Solution) and SAW (Smple Additive Weighting). The second stage of GIS ap-
plication is used for planning accessibility in the Lithuanian administrative regions. Mgjor input into GIS data for this
application is the road ant street network. Minor datais as follows: alayer of buildings, engineering utilities and land-
scape, hydrology, objects of cultural heritage. The application user can aso enter different technical parameters: driv-
ing time from the centre, possible distance from major road, distance from specific utility, etc. Percentage of territorial
distribution for the accessibility in half an hour from the administrative centre was used as a criterion for the calcula-

tion of municipalities ranking.
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1. Introduction

Accessibility is considered, by planners and other
technicians, as a key variable for territoria develop-
ment and planning. The concept of accessibility incor-
porates not only the transport link between origin and
destination and the ability for traveling by the target
group, but also characteristics of the destination and the
objective of the trip. However, accessibility can be
measured in several different ways, such as composite
measures, comparative measures, and the time-space
approach; see also [1].

The accessibility concept can be applied to many
spatial problems; e.g. service centre location, hospital-
sitting, school closure and many others. Analysis based
on the concept of accessibility is therefore ideally
suited to be integrated into geographical information
systems (GIS). This paper expands the work in model-
ing accessibility fields taken by Donnay and Ledent [2]
for the urban region of Liége (Belgium) and Julido [3]
for Tagus Valley Region (Portugal), as well as one-

stage model for Slovene municipalities [4]. In this pa
per, travel time (by car) and territorial distribution into
the Lithuanian administrative regions have been mod-
eled using the road network and GIS approach. Acces-
sibility from the centre of the administrative region was
taken as the main factor for the automobile transport
system analysis in the Lithuanian administrative re-
gions. The other factors, such as road network density
in regions, density of local roads in regions, length of
roads per 1000 inhabitants in administrative regions,
length of local roads per 1 000 rural inhabitants in ad-
ministrative regions, have also been included into the
evaluation. Georeferenced data about the road network,
territorial accessibility from the administrative centres
and statistical data, characterizing the structure of the
road network, were used as the input data for ranking
the automobile transport system according to the ad-
ministrative regions. The ranking could be used for
planning funds, allocated to road infrastructure, accord-
ing to the administrative regions.
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2. Casein Lithuania

At present Lithuania has a well-developed road
network. From this point of view, Lithuania takes a
leading position between the East European countries.
Lithuanian road network was widely developed till the
year 1990. Later, the changes in the road development
policy took place with the aim to increase the road
pavement quality but not to expand the road network.
The length of the road and street network is over 73
000 km, the length of streetsis about 11 500 km.

According to their significance Lithuanian roads
are divided into roads of national and local signifi-
cance. The roads of national significance (or state
roads) are owned by the Republic of Lithuania, local
roads are owned by the municipalities. Based on data of
Lithuanian Road Administration the total length of
Lithuanian road network of national significance is
21 345 km. Roads of national significance are classi-
fied as follows: main roads, intended for long-distance
freight traffic, that are an integral part of highway con-
nections with neighboring countries; national roads,
connecting the centres of territorial administrative units
of Lithuania, as well as transit and tourist traffic. The
last part of state roads is regional roads. They are used
to meet the communication needs of legal or natural
persons operating on the territories of territorial admin-
istrative units and connecting urban and rural residen-
tia locations with the main road network. Table 1
shows the length of roads of nationa significance in
Lithuania. The roads of local significance are dominat-
ing in the Lithuanian road network.

Table 1. Length of roads of national significance

Road classification Length (km)
Main roads 1748
National roads 4873
Regional roads 14723
Local roads about 40 000

Though the length of the road network has not
been increasing, the number of carsis till growing, at
an average 10 % per year. Today the number of cars
amounts to 1 318 000 (see Fig 1).

A dramatic growth of personal travels by car, rail
or air from an average of 1 820 km in 1960 to 4 390 km
in 1990 [5] causes a humber of traffic-related problems
in all the capitals and fast-devel oping countries.

The growing Lithuanian economy and the increas-
ing quality of the living conditions induce population’s
mobility, the level of car ownership and increasingly
high transport flows on the streets and roads of the
country [6, 7].

Figure 2 shows the state road network in Lithuania
in 2006, categorized for the evaluation of accessibility
fields to the administrative centres, as well as adminis-
trative centres themselves.
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Fig 2. State road network and administrative centresin
Lithuania, 2006

GIS model was created, which satisfies the acces-
sibility-based automobile transport system anaysis.
The input data for GIS application uses aterritorial dis-
tribution from the regiona centre (municipality) and
the following statistical data: road network density in
regions, density of local roads in regions, length of
roads per 1000 inhabitants in administrative regions,
length of local roads per 1 000 rural inhabitants in ad-
ministrative regions.

3. Analysis: algorithms of Lithuanian transport
system analysis forecasting potential residential
area

3.1. Criteria and their importance calculation

GlS-based decision support system was created,
which performs ranking of regions according to their
automobile transport system. Table 2 gives the criteria,
based on which the automobile transport system rank-
ing was carried out, also the importance of each crite-
rion. The importance was estimated by questioning 28
experts of transportation system [8].
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Table 2. Importance of criteria

No Criteriadescription Function

R1 | Road network density in regions (in each
municipality) [km/km?]

R2 | Density of local roadsin regions (in each
municipality) [km/km?]

R3 | Length of roads per 1 000 inhabitantsin
administrative regions (municipalities)
[km]

R4 | Length of local roads per 1 000 rural in-
habitants in administrative regions (mu-
nicipalities) [km]

R5 | Percentage coverage of territorial accessi-
bility from the administrative unit going
30 minutes by car from local community
(municipality),%

maximize

maximize

maximize

maximize

maximize

Table 3 shows the results of experts questioning.
The lowest value means that the criterion is the most
important, the highest value means that the criterion is
lessimportant [9, 10].

Table 3. Results of experts’ questioning
No 1] 2] 3
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[ 4] 5
Criteria
R3

Py
ol

El
E2
E3
E4
E5
E6
E7
E8
E9

E10

E11

E12

E13

E14

E15

E16

E17

E18

E19

E20

E21

E22

E23

E24

E25

E26

E27

E28

tem 128 | 110 | 72
tag 457 | 3.93 | 257

2 tam=420; Y tag=15

mmmbmwmwbmmmwmmAmmbbmwmmmmbma
bbbmebbtﬂl\)bbl\)th‘Ibhm(ﬂbbbbbm(ﬂh%

WWWW|IRNWWWFRPWWRFR|WWIRP[WWINWWINWINWIN|FP|W

gI\)I—‘l—‘l\JI\)HI—‘I—‘I\J-bHI—‘UWHI\)QJI—‘I—‘(UI\)HI—‘I\)Q)H-&OOI\)

ggl—‘I\)I\JHOO(J'II\JI\JH(JOI\)I\)#I\)I—\I\)NI\JHI—‘I\)U‘IHI—‘I\)I—‘I\JHE

=
©Q
@

1) Calculation of range sum:
|
tsum,i = Ztii ; (1)
j=1

i=1,2.nj=1 2l n=51=28; tym = 128; tymp =
110; taumz = 72; toums = 56; taums = 54,

2) Calculation of rang average:

tavgi = tamill; %)
tagn = 128/28= 4.57; tagp = 110/28= 3.93; tag=
72128 = 2.57; tayga = 56/28 = 2.00; tags = 54/28 = 1,93.

3) Cdculation of subjective criterion’s impor-
tance:

8 g = )

Z tavg i
i=1

0, =4.57/15=0.305; g, = 3.93/15= 0.262; gz = 2.57/15=
0.171; g, =2.00/15=0.133; g5 = 1.93/15=0.129.

b)g=1-g; 4)
0:=1-0.305=0.695;0,=1-0.262=0.738; gz = 1 —
0.171=0.829; 9, =1-0.133=0.867; gs =1 - 0.129 =
0.871;

n
>, = 0.695+0.738+0.829+0.867+0.871=4.

T
=

0 g = a9 . (5)

0. = 0.695/4 = 0.174; o, = 0.738/4 = 0.185; g3 = 0.829/4 =
0.207; g, = 0.867/4=0.217; g, = 0.871/4 = 0.218.

4) Calculation of criterion’s set of sum-square:

S=i(|2tu —EXi itu} ; (©)

i=L\ j=1 i=1 j=1

S= i(%tij —84} = (128-84)* + (110-84)* +

(72-84)% + (56— 84)? + (54— 84)? = 4 440.

5) Estimation of concordation coefficient:

W = 12x S ; %

Iz(n3—n)
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W = _12x4440

= 26 (53 B 5) = 0.566.

6) Estimation of variance:
v=n-1=5-1=4, y*ap.e = 13.277.

12x S
2 — ;, (8)
Ixn(n+1)
2= 12x4440 _ 3 459,
28x5(5+1)

7) Validation results of experts' questioning:

a) W>0, W=0.566 > 0;

b) ¥* > x*raeLE, 63.429 > 13.277.
(x*rasLe = 13,277, when varianceisv=n—-1=5-1=
4 and significance level 1 %).
3.2. Accessibility calculation from administrative
centre

It was estimated that the main criterion, which de-
fines the automobile transportation system, is accessi-
bility from the administrative centre (see Fig 3). Acces-
sibility was calculated by using ArcGIS software.
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Fig 3. Travel time from administrative centres

in Lithuania, 2006

In general, accessibility was calculated under the
following conditions:

e taking the time barriers of 5 minutes and the
period of one hour;

e travel time was considered to be the optimal
criterion;

e in order to make a correct analysis the one-
way direction and the possible turns were in-
cluded into the calculation model.

For the purpose of transport system analysis the
percentage coverage of territorial accessibility from the
administrative unit traveling 30 minutes by car from lo-
cal community (municipality) was used.

When calculating ranks, describing the level of
automobile transport system in each municipality, the
calculation methods such as SAW and TOPSIS [8, 9,
11] were used. GlS-based application computes the
ranks of automobile system for the administrative unit.
GIS application averages results of the calculations by
SAWand TOPSIS.

3.3. SAW (Simple Additive Weighting) method in
GlSapplication

A fragment of input regional statistical data for
GIS application is shown in Table 4.

Table 4. Fragment of input regional statistical data

Criteria
Municipality R1 R2 R3 R4 R5
Utena 95.88 | 26.60 | 1.24 | 1.06 68
Jonava 51.01 | 17.64 | 0.98 | 0.95 72
Zarasai 104.8 | 58.19 | 1.01 | 0.96 64
Importance (q) 0.174 | 0.185 | 0.207 | 0.217 | 0.218
Function max | max | max | fmax | max

The input data, used for the calculation, is: criteria
and their values of importance;

Criteria matrix is normalized under the following
conditions:

If criterion is maximized:

X
Xij = —” . (9)
max
X
If criterion is minimized:
Xmin
X

ij
Table 5 shows normalized criteria matrix, which
was calculated according to formula (9).

Table 5. Normalized criteria matrix for SAW calculation

Normalized criteria (SAW)
Municipality R1 R2 R3 R4 R5
Utena 091 | 046 1 1 094
Jonava 049 | 0.30 | 0.79 | 0.90 1
Zarasai 1 1 0.81 | 091 | 0.89

Testing condition of importance:

2q=1 (11)
0.174 + 0.185 + 0.207 + 0.217 + 0.218 = 1.

Municipalities ranking calculation:;

Utena=0.91 x 0.174 + 0.46 x 0.185 + 1 x 0.207 +
1x0.217 +0.94 x 0.218 = 0.873;

Jonava= 0.49x 0.174+ 0.30x 0.185+ 0.79 x
0.207 + 0.90 x 0.217 + 1 x 0.218 = 0.717;
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Zarasai = 1x 0.174+ 1 x 0.185+ 0.81 x 0.207 +
0.91 x 0.217 + 0.89 x 0.218 = 0.918;
Zarasai > Utena > Jonava.

After the matrix is normalized, each criterion of a
concrete municipality is multiplied by its importance.
The multiplied criteria are summed for each row (for
each municipality). The largest value means the best
variant for automobile transport system in the adminis-
trative region [12, 13].

3.4. TOPSIS (Techniquefor Order Preference by
Similarity to Ideal Solution) method in GIS
application

1) Criteriamatrix is normalized by the formula:

X

Xij = + (12)
X2
,/J,Zzl j
3 x2 (R)=
j=1

J95.882 ++/51.012 +/104.80% = 150.92:

y x3, (R)=
j=1

J26.60% +17.642 +/58.19% = 66.37:

Y x2 (R3)=
j=1

J1.24% +/0.98% +41.012 = 1.88:
> x2 (R4 =

=1

J1.06% +/0.952 +/0.962 = 1.72:

3. x2 (R9)=
=1

V682 +4/72% ++64% = 117.92;

2) According to formula (12) the normalized crite-
riamatrix is calculated and shown in Table 6.

Table 6. Normalized criteria matrix for TOPSIS calculation

Normalized criteria (TOPSIS)

Municipality R1 R2 R3 R4 R5
Utena 064 | 040 | 066 | 0.62 | 0.58
Jonava 034 | 027 | 052 | 055 | 061
Zarasai 069 | 088 | 0.54 | 056 | 0.54

3) Criteria matrix is multiplied by the matrix of
importance values [8]:

P" = [X] x [d; (13)

where g — matrix of criterion’simportance value.

0.64 0.40 0.66 0.62 0.58
P =10.34 0.27 0.52 0.55 0.61| x
0.69 0.88 0.54 0.56 0.54

[0.174 0.185 0.207 0.217 0.218] =

0.111 0.074 0.137 0.134 0.126
0.059 0.049 0.108 0.120 0.133].
0.121 0.162 0.111 0.121 0.118

Normalized matrix is used for calculating an ideal
positive ( f;*) and negative ( f;”) variants.

4) Formation of an ideal positive variant:

If the criterion is minimized, it is necessary to take
the minimal value from each row. If the criterion is
maximized, we take maximal value from each row (in
our case all the criteria are maximized):

f ={0.121; 0.162; 0.137; 0.134; 0.133}.

5) Formation of an ideal negative variant:

If the criterion is minimized, it is necessary to take
the maximal value from each row. If the criterion is
maximized, we take minimal value from each row (in
our case all the criteria are maximized):

f;"={0.059; 0.049; 0.108; 0.120; 0.118}.

6) Cdculation of the variant’s deviation from an
ideal positive variant:

I—erZZ(fij _fj+)2§ (14)
i=1

Ltena = J (0.111-0.127)% + \/ (0.074-0.162) +

J(0.137-0.137)2 +,/(0.134-0.134)° +
(0.126—0.133)? = 0.105;

Lt onava = 1 (0.059—0.121)2 +/(0.049— 0.162)° +

(0.108-0.137)2 +4/(0.120- 0.134)% +

1/(0.133-0.133)? = 0.218;

e =4/(0.121-0.121)2 +/(0.162 - 0.162) +

J(0.111-0.137)? +4/(0.121-0.134)2 +
(0.118-0.133)? = 0.054.
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7) Calculation of the variant’s deviation from a
negative variant:

L; :é(fij - fj_)z; (15)

Lyena = y/(0.111— 0.059)2 +{/(0.074 - 0.049) +

{(0.137-0.108)° +,/(0.134—0.120)2 +
(0.126-0.118)?> =0.133,

Loonava = /(0.059 — 0.059) +1/(0.049 — 0.049)? +

(0.108-0.108)° +4/(0.120- 0.120)2 +

1/(0.133-0.118)? = 0.015;

Lyaras = (0.121-0.059)2 +4/(0.162— 0.049)2 +

(0.111-0.108)2 +4/(0.121- 0.120)2 +

1/(0.118-0.118)% = 0.179.

8) Calculation of proportional variant’s deviation
from an ideal variant Kgt:

K i
BIT = ; 19
i+ L5
0.133
< - 9185 59
BIT.Utena = 7105+ 0.133
0.015
< S
BIT.Jonava = '3 518°.0.015
0.179
< R o
BIT,Zarasai ™ 3 054 1+0.179

The best variant of automobile transportation sys-
tem in the region is that with the highest K ; value.

4. Application and results of the method

Accessibility-based automobile transport system
analysis was carried out for Lithuanian administrative
regions. Fig 4 shows the calculation results. The ran-
king results are calibrated and averaged by using TOP-
SIS and SAW methods.

Calculation of administrative regions ranking was
performed for all Lithuanian local municipalities.

5. Conclusions

1. The analysis results showed that the situation of
the automobile transport system in central and
south eastern part of Lithuaniais not as good as in
the other Lithuanian parts. In these parts it is ne-
cessary to allocate more investments for the deve-
lopment and expansion of the road network.

Ranking ratio according
TOPSIS and SAW methods

[10-0483

[ 0,484 - 0,582
[ 0,583 - 0,777
I 0.778- 1,138

[ city boundary

Fig 4. Automobile transport system ranking in Lithuanian
regions, 2006

2. The created model could be successfully used for
planning administrative boundaries according to the
travel time of inhabitants from the administrative
centre. A rational planning of administrative
boundaries optimizes the travel time for inhabitants.

3. The developed mechanism of automobile transport
system analysis, potential residential area forecas-
ting and vector database could be published on the
genera GIS for public use with the help of attribu-
teinformation server and ESRI technologies.

4. The developed database structure and calculation
mechanism could be easily adapted by the other
countries for analysing automobile transport sys-
tem. It is necessary to supply a database model
with the characteristic GIS data.
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