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ABSTRACT

The paper deals with the selection of traffic infrastructure
facility location by applying the AHP (Analytic Hierarchy
Process) multi-criteria analysis methodology. The proposed
methodology is applied in a case study to solve the prob-
lem of selecting a location for the garage-parking facility
in the town of defined characteristics. The paper analyses
the characteristics of five potential locations (alternatives),
the selection of criteria and measures for assessing the al-
ternatives and presents the input data preparation, the ap-
plication of the selected method and the analysis results.
All the relevant criteria for the analyses were included: the
traffic, the economic criteria and those which nowadays are
of great significance: the influence of the facility on the envi-
ronment and the social criteria which is in accordance with
the sustainable development principles. The goal of the pa-
per is to present the procedure of the AHP method applica-
tion on the complex issue of traffic planning and to confirm
the adequacy of the chosen method on the traffic facility
strategic planning.
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1. INTRODUCTION

Planning of traffic infrastructure facilities starts by
recognizing the traffic problem and is followed by defin-
ing the problem (the goals, the criteria and measures
for assessment of the goals fulfilment, limitations,
etc.) and generating possible alternative solutions. In
order to ensure the best, that is, the optimal solution
of the problem, all alternatives must be analyzed and
the one selected which best fulfils all the set goals and
has the most favourable traffic and economic princi-
ples as well as principles in accordance with the sus-
tainable development, social and environmental ef-
fects [1]. This determines the need for many different

measuring criteria, both the quantitative and the quali-
tative ones, to be used in the optimization process and
makes the optimization process complex.

For solving such tasks numerous methods have
been developed which are classified as multi-criteria
analysis methods, that is, multi-criteria optimization
methods (e.g., PROMETHEE - Preference Ranking Or-
ganisation METHod for Enrichment Evaluations, ELEC-
TRE - Elimination and (Et) Choice Translating Reality,
AHP - Analytic Hierarchy Process and other) [2, 3, 4,
5]. Multi-criteria methods are used as support in stra-
tegic planning in general [6, 7] and when selecting
the locations for different facilities (hospitals, hotels,
waste management centres, warehouses, wind farms,
fire station etc.) [8, 9, 10, 11, 12, 13].

Described in simple words, the construction of a
traffic facility starts at the strategic level by defining the
location of the facility and ends with the implementa-
tion of the designed solution. In between, if the process
is well led, there is a complex decision making process
that includes participation of different disciplines in or-
der to assure that, as was mentioned before, all neces-
sary demands are met. The growth of urbanisation and
environmental problems that goes with it has made the
process even more demanding and new methods that
can optimise solutions by taking into consideration dif-
ferent criteria are developed and used in different seg-
ments of traffic planning and design. As the AHP meth-
od has proven to be adequate for selecting the medical
and tourist facility locations [8, 9, 10], this paper analy-
ses the possibility of applying the AHP method on stra-
tegic planning of traffic infrastructure facilities. The
intention is to prove that by applying the multi-criteria
analysis procedures, that is, the selected AHP method,
the traffic problem can be considered under all given
conditions in an integral way and the best solution for
solving the defined traffic problem at the strategic level
can be selected. The main goal of this paper is clear:
to present the procedure of the AHP method applica-
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tion on traffic planning problems and to confirm the ad-
equacy of the chosen method on the traffic facility stra-
tegic planning level for selecting the most favourable
location for the traffic facility. As the case study for the
traffic facility location selection the complexity of one
segment of traffic planning is presented, this being the
selection of the most favourable garage-parking facility
(GPF) location in town.

2. AHP METHOD

There are numerous methods of multi-criteria
analysis [3, 4, 5, 14, 15], most of which have also been
applied in certain aspects of traffic planning [16, 17].
This paper analyses the possibilities of applying the
pair-wise comparison methods, one of which is the AHP
method, for garage-parking facility location selection.

AHP is a priority method applicable to problems
that can be represented by a hierarchical structure
[18, 19, 20]. The top of the hierarchy is the goal, one
level lower are criteria and there is the possibility of
having more levels for sub-criteria. The lowest level is
represented by alternatives. AHP method is based on
estimating relative priorities (weights) of criteria and
alternatives on which pair-wise comparison matrix for
criteria and pair-wise comparison matrices for alter-
natives (one matrix for each criterion) are generated.
These matrices are formed by pair-wise comparison of
alternatives regarding their importance with respect to
each criterion and pair-wise comparison of criteria with
respect to the goal using a pair-wise comparison scale
shown in Table 1.

The columns in matrices are normalized in order to
calculate the priority vector for the criteria and the pri-
ority vectors for alternatives regarding each criterion.
As a result, the overall priority matrix of the alterna-
tives is formed in which columns are priority vectors of
alternatives for each criterion. Multiplying this matrix
with the priority vector of criteria the overall priority
vector of alternatives is calculated. The overall priority
vector defines the priority (weight) of each alternative
in respect to the goal so the ranking of alternatives
can be made.

The advantage of this multi-criteria method is that
it can be used when just the pair-wise comparison
of alternatives according to each criterion and the

Table 1 - The AHP pair-wise comparison scale (source: [18])

pair-wise comparison of criteria towards the goal are
known. Therefore, this method enables the ranking of
alternatives which are not exactly valued under each
criterion separately, that is, if the importance of every
single criterion is not exactly defined.

In this case, the consistency of pair-wise compari-
son matrices of alternatives, criteria and also of overall
priority matrix is analysed by calculating the inconsis-
tency index. The inconsistency index should be lower
than 0.1. In that case the judgments are consistent.
If the inconsistency index is higher, then the re-evalu-
ation of pair-wise comparison of alternatives and crite-
ria is required.

For ranking the alternatives using the multi-criteria
method AHP the next steps have to be performed:

1. Define the problem (the goal, the criteria, the alter-
natives);

2. Define the hierarchy;

3. Perform pair-wise comparison of alternatives in re-
spect to each criterion;

4. Perform pair-wise comparison of criteria in respect
to the goal;

5. Apply the AHP method to estimate the overall prior-
ity vector of alternatives in respect to the goal;

6. Form the rank-list of alternatives;

7. Perform the sensitivity analysis;

8. Make the final decision.

The characteristics of AHP method enable its appli-
cation on a wide range of problems. However, its ap-
plication is specially stressed if it is applied on different
levels of strategic or tactical traffic planning where of-
ten there are no precisely quantified data (which is, as a
rule, the case in operational planning). Unlike the usual
multi-criteria assessment of every alternative regard-
ing each criterion separately, the possibility of pair-wise
comparison of alternatives in relation to a specific crite-
rion, which is enabled by the AHP method, significantly
simplifies, that is, facilitates the strategic planning.

The application of the stated method on traffic plan-
ning problems has been analyzed in different papers:
when selecting the type of the garage-parking facility
[21], when selecting the type of transportation system
[22], etc. The possibility of its application on traffic
planning has been considered in general in numerous
papers [2, 23, 24]. In this paper, the stated methodol-
ogy will be examined on selecting the garage-parking

Intensity of weight, importance, preference Definition
1 Equal importance (no preference)
3 Moderate importance (moderate preference)
5 Strong importance (strong preference)
7 Very strong importance (very strong preference)
9 Extreme importance (extreme preference)
2,4,6,8 Intermediate values
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facility location by using EXPERT CHOICE 11.5 software
which has been developed based on the theoretical
and mathematical principles of the AHP method [25].

3. AHP METHODOLOGY APPLICATION
IN GARAGE-PARKING FACILITY
LOCATION SELECTION

The possibility of applying the AHP method in the
process of traffic planning is examined in the case-
study of a town situated on the Adriatic coast. The
town is of a typical European urban development type
with the old historic centre inadequate for motorized
traffic and has typical traffic problems such as too
many cars, an inappropriate road network and lack of
parking places.

Urban development characteristics of the historical
part as well as the natural ones are taken into con-
sideration when analysing the alternative locations for
the GPF. The multi-criteria optimization with AHP proce-
dure is applied in order to rank the GPF locations and
the priority of GPF construction can be determined.

3.1 Alternative locations

When selecting the location for constructing a
garage-parking facility, the priority task is to resolve
the location of vehicles at standstill which enables
the extension of a high-quality traffic solution for a
certain narrower or broader zone around the facility
in question because it also enables the location of
vehicles outside the street area [26]. Another sig-
nificant traffic component of locating the GPF is the
analysis of traffic load influence which such facility
generates within the traffic network. The analysis is
conducted by checking the level of service of inter-
sections through which the facility is filled up and
emptied. It follows from the above that the strategies
of resolving the parking problems in cities differ one
from another and that the following development sce-
narios are possible:

1. construction of larger garage-parking facilities in
the broader zone of the city centre: this solution is
favourable for the users (in relation to the acces-
sibility of the facility on foot), but it influences the
street network traffic load in the city centre in the
most unfavourable way;

2. construction of larger garage-parking facilities out-
side the city centre zone (in outlying districts) pro-
viding the appropriate traffic connections between
the facility and the city centre (e.g., by introducing
public transport service) with smaller, exclusive
garage-parking facilities in the city centre.

After adopting the general strategy for GPF plan-
ning, the location must be determined which, besides
the stated traffic conditions, must meet a range of oth-

er interdisciplinary criteria. The possible criteria for GPF
location selection could be classified into a few catego-
ries: the traffic-related criteria (vicinity of pedestrian
destinations, correlation to public transport), urban de-
velopment criteria (blending in the surroundings, social
aspects), economic criteria and construction criteria
(construction adequacy of the location and other).

Thus, as a case-study, this paper analyses the
GPF location selection in the city on the Adriatic coast
which is the administrative centre of a micro-region
(ca. 30,000 inhabitants) and whose main business
and administrative facilities are situated in the histori-
cal city centre.

At the strategic planning level, five alternative lo-
cations were analysed, two of which (alternative A
and alternative B) allocated in the very centre of the
town (first scenario) and three outside the centre (al-
ternatives C, D and E) (second scenario). Standard
garage-parking facilities with semi-circular ramps and
approximately 2,600m? of plan area were adopted for
analyses. For different locations, depending on the lo-
cation parameters, different numbers of storeys were
planned. The characteristics of the selected location
and the GPF are shown in Table 2.

3.2 Criteria

The usual criteria applied in a strategic location
selection of a traffic facility [1, 26] were used as com-
parison criteria: traffic criteria (T); economic criteria
(E); environmental criteria (EN) and social criteria (S).

As a part of economic criteria soil characteristics
at defined locations were elaborated because these
criteria are recognised as important in today’s urban
planning theory [27].

Due to the urban development characteristics of
the historical part as well as the natural characteris-
tics, primarily the construction in the coastal zone and
the karst properties of the ground, specific problems
in resolving the traffic issues have been occurring
(transportation facilities of unfavourable geometrical
characteristics, densely built environment, significant
oscillation of average day traffic volumes - ADTV during
the year and other) together with specific geotechnical
issues (part of the terrain is situated on the levelled
part of the sea bottom, karst terrain with different
thickness of clay layer, impact on ground waters, etc.).

Taking into consideration the stated specific char-
acteristics of the analysed issue and the availability of
data required for analysing the possibility of AHP meth-
odology application for solving this kind of issues, the
selected criteria contain sub-criteria which guarantee
a comprehensive assessment and comparison of the
proposed locations. As already stated, a standard ga-
rage-parking facility with semicircular ramps, 2,600m?
of plan area but different number of storeys, depend-
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ing on the location parameters, was analysed on all
locations. In order to make a comparison of GPF shape
alternatives on the specific and selected location ad-
ditional traffic and other criteria should be introduced
which would relate to the very facility, e.g., the degree
of utilization of the facility surface, lengths of move-
ment within the facility and other which was analysed
in [26]. However, these criteria do not have influence
at the planning level which is analysed in this example.

T - Traffic criteria

The function of garage-parking facilities is to house
vehicles in standstill and reduce the number of ad-
ditional rides which are the result of parking place
search. The concentration of a certain amount of vehi-
cles within a zone creates an additional street network
traffic load, especially on the intersections which are
the vehicle entry points. When assessing the facility
locations, this aspect must be examined in advance.
The users of the GPF continue their journey after park-
ing their vehicles in the facility on foot, so, when as-

Table 2 - Characteristics of selected location and GPF

sessing the location, the pedestrian accessibility of
potentially interesting city destinations must also be
taken into consideration.
Three main traffic criteria and several sub-criteria
were defined for conducting the multi-criteria analysis.
They respect the following parameters:
T1 - capacity of the planned GPF (number of parking
places),

T2 - traffic load of the existing road network,
T21 - capacity of entries/exits of the GPF,
T22 - capacity of the surrounding intersec-
tions (level of service),
T3 - traffic importance and accessibility in relation

to the existing transportation network,

T31 - pedestrian accessibility, vicinity of in-
teresting destinations which can be
reached on foot,

T32 - accessibility to the primary and road-
way network (length of approach, po-
tential barriers).

Location characteristics ’ : :
Alter- Main characteris- | Coumation of possi-
natives Space and traffic position, per- Geotechnical properties of soil, type tics of the facility 'P"'t'es for commer-
centage of lot development of excavation and pit propping cial use of the facility
- city centre (historical part) - excavation approximately 17,800m?>: | 200 parking places | Possibility for
- assured pedestrian accessibil- 70% in soil with fragments, 30% 1 underground commercial use of
ity to destinations of interest in karstified carbonate rock and 1 semi- garage all year long
A - poor connection with - garage facility foundations are embedded storey
roadway network above underground water level
- built-up area
- city centre - excavation approximately 18,600m%: | 500 parking places | Possibility for
- assured pedestrian accessibil- 75% in soil with fragments 25% 2 underground lev- | commercial use of
ity to destinations of interest in karstified carbonate rock els and 4 storeys garage all year long
B - poor connection to roadway network | - 2 underground garage levels are above ground level
- built-up area below underground water level
- excavated pit propping will
be particularly complex
- outside city centre - excavation approximately 15,800m®: | 500 parking places | Not suitable for
- destinations of interest out 80% in soil with fragments, 20% 1 underground commercial use
of pedestrian accessibility in karstified carbonate rock level and 5 storeys | off season
- good connection to city ring- - one underground garage level is above ground level
C road and roadway network below underground water level
- area is partly built-up - excavated pit propping will be
particularly complex, karstified
bedrock is deeply settled for 70%
of foundation (up to 15 meters)
- suburban part of the city, - excavation approximately 500 parking places | Not suitable for
close to sports’ facilities 15,700m?3: 100% in soil 1 underground commercial use
- necessary to implement public trans- | - garage facility foundations are level and 5 storeys | off season
D port for the connection to the centre above underground water level above ground level
- good connection to roadway network | - excavated pit propping will
- area partly built-up be complex, karstified bed-
rock is deeply settled
- suburban part of the city - excavation for foundation approxi- 300 parking places | Not suitable for
- introduction of public transport mately 3,100m3: 100% in soil 3 storeys above commercial use
lines to the centre required - foundations are above level ground level off season
E - good connection to lo- of underground water
cal roadway network
- partly built-up area
306 Promet - Traffic&Transportation, Vol. 23, 2011, No. 4, 303-313
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E - Economic criteria

The foreseen economic criteria take into consid-
eration the cost of facility construction as well as the
costs resulting from exploitation (facility maintenance)
and the profit which can be made by exploitation.

The cost of facility construction is significantly in-
fluenced by the amount and complexity of the facility
foundation engineering, that is, the geotechnical and
hydrotechnical conditions on the location. The amount
of excavation takes into account excavation for foun-
dations and underground level/s. The conceptual de-
sign of the garage facilities was adjusted to the field
conditions in terms of their vertical positioning. That
resulted in different depths and types of foundation
structure and in different number of underground
and semi-embedded storeys, explained in Table 2. The
quantities of excavation material, the complexity of fa-
cility foundation engineering and other related details
for the selected locations are calculated and defined
on the basis of [28]. Therefore, the following criteria
and sub-criteria were taken into consideration when
analysing the locations in this paper:

E1 - construction costs,

E11 - geotechnical characteristics of the
terrain and foundation engineering
method, type of soil and rocks on the
location, hydro-technical characteris-
tics of the terrain (water permeability
and ground water level), size of the ex-
cavation (depends on the size of the
facility and the number of underground
storeys), the necessity of foundation pit
protection due to possible side caving
and inrush of ground water as well as
the foundation engineering method;

E12 - necessary removal of the existing struc-

tures from the location,

E13 - facility construction cost, estimated in
relative terms in relation to other facili-
ties taking into consideration the size
of the facility and the number of under-
ground storeys,

profitability of the facility - possible profit from
charging the parking in the facility was as-
sessed by taking into consideration the size of
the facility (number of parking spaces) and the
location (vicinity of the centre was considered
as a positive effect because it assures commer-
cial use during the entire year).

The calculation of facility costs usually comprises
the costs of construction, maintenance and removal
of the facility. Costs of maintenance and removal of
the GPF after exploitation were not assessed in this
case because no further typization of the structure
was made. It must be mentioned that possible costs

E2 -

of traffic system adjustment or any adjustment outside
the parking facility were not taken into consideration
(e.g. implementation of public transport etc.).

EN - Environmental criteria

The legislative regulations of the Republic of Croa-
tia [29, 30] regulate the implementation of procedures
for assessing the impact of the construction on the en-
vironment. The parking facilities from the stated docu-
ments are mentioned in the “Regulation on projects
assessed on the necessity of estimating the impact of
the project on the environment” in case of planning
the parking lots as self-sufficient projects whose area
is 2ha or more. The analysed GPFs have a plan area of
2,600m?. Regardless of a non-existing legislative regu-
lation for case-study elaboration about the impact on
the environment and assessment of the impact on the
environment of the parking facilities covering less than
2ha, when selecting the location for any GPF, the envi-
ronmental criteria should be taken into consideration.

In the category of environmental criteria special
attention was paid to the influence the construction
of a garage facility has on the environment of specific
locations, taking into consideration the sensitivity of
geotechnical conditions and other negative effects on
the soil, the air and the water which occur during the
construction [31, 32]. The influence of the facility un-
der construction was analysed as well as the aesthetic
criteria of influencing the urban view of a particular lo-
cation after the construction has been completed. The
selected environmental criteria were the following;:

EN1 - influence on the environment during the con-
struction,

EN11- influence of the GPF construction on
water resources implies the possible
harmful influence both on the ground
waters and on the sea which is near-
by. The terrains with karst hydrological
and geological characteristics which
prevail on the Croatian coast of the
Adriatic are strongly characterised by
water permeability of the terrain and
the transmissivity. The analysed loca-
tions are situated outside the sanitary
protection and drinking water source
zones, which could otherwise present
the most significant danger. However,
during the construction, the pollution
can be transferred by underground
waters to the nearby sea. By con-
structing relatively larger facilities on
the proposed locations a backfilling of
the natural drainage canals can occur
and sudden flooding hazard can be in-
creased.
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EN12- harmful influence of GPF construction
on the soil: the amount and kind of
material (residue from previous con-
struction, engineering soil or rock) are
different on every location. The exca-
vated material must be transported to
adequate disposal sites of construction
debris. However, if treated adequately,
the excavated rock material can be
used as industrial stone for different
purposes. Therefore, this kind of base
is more favourable from the environ-
mental protection point of view.

EN13- harmful influence of GPF construction
on the air quality and the increased
level of noise: during construction, an
increased level of noise and a larger
concentration of dust can be expected
due to blasting and construction ma-
chinery operation. The same can be ex-
pected when transporting the construc-
tion material from the construction site
to adequate disposal sites.

EN2- influence on the environment during facility ex-
ploitation was analysed in relation to the GPF
size and location (it is assumed that a larger
number of parking places and the location
closer to the centre generates e.g,., traffic jams
which are partially the result of the GPF).

EN3- relates to the assessment of influence that
the facility has on the existing (and planned)

GOAL Criteria| || Criteria || Criteria Alternatives
level 1 |} level 2 i level 3 GPF locations
! | (subcriteria) | 1 | (subcriteria)
D
/ i T21
T K T2 i
\ ! T22 A
i ! T31
P T3 <
! ! 132
| | E11 B
| E1 ] E12
Location E ! i E13
selection i £2 : c
i i EN11
| EN1 — EN12
! | N _EN13 )
EN K— EN2 [—
P Y Ens |
1 1 c
Ls F :

Figure 1 - Hierarchy structure

city view which was assessed in relation to the
number of storeys of the facility and its location
within the specific zone (historical centre of the
city or outskirts).

S - Social criterion

The social criterion is usually assessed through
the number of people who would benefit from a cer-
tain project. In this case, the facilities housing a larger
number of vehicles and the facilities which the lo-
cal inhabitants would benefit from during the entire
year (e.g., the facilities situated near the city centre
or sports facilities) were favoured. Possible negative
effects for the society were taken into consideration
through other criteria (e.g. traffic volume increase in
traffic criteria) so they were not discussed as negative
social effects.

The hierarchy of the garage-parking facility location
selection is shown in Figure 1.

3.3 Pair-Wise Comparison of Alternatives

The AHP method application presumes pair-wise
comparison of all alternatives with respect to each de-
fined criterion (or sub-criterion) of the above hierarchy.
The comparison can be conducted based on the mea-
surable or estimated importance/preference of one
alternative in relation to the other. The alternatives
assessment accuracy according to a specific criterion
significantly influences the consistency and the quality
of the pair-wise comparison of alternatives.

Based on all the defined criteria a pair-wise com-
parison of all alternatives was conducted according to
every determined criterion (Table 3). The values in Table
3 are preferences of alternatives written in rows in rela-
tion to the alternatives written in columns with respect
to a specific criterion. The preference value written with-
out brackets defines the alternative in that row to be
better than the alternative in that column with respect
to the criterion. If the alternative preference is written in
brackets, then the alternative in that row is worse than
the alternative in the column. For example, in relation
to traffic criterion T4, alternative A is significantly worse
than alternative B (value 7) while alternative B equals
alternatives C and D (value 1) and alternative C is sig-
nificantly better than alternative E (value 5).

The consistency of alternative pair-wise comparison
matrices must be examined according to each criteri-
on by applying the inconsistency index. The same also
goes for defining the sub-criteria pair-wise comparison
matrices in relation to criteria and criteria pair-wise
comparison matrix in relation to the goal. Eventually,
the overall inconsistency is examined. If the inconsis-
tency index is larger than 0.1, the estimated alterna-
tives, sub-criteria and criteria preferences must be
analysed and corrected in order to reduce the value.
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Table 3 - Pair-wise comparison of alternatives in relation to each criterion

T1 A B C D E

A UEEYEROERD
B 1 1 5
C 1 5
D 5
E

T21 || A B C D E | 122 A B C D E
A 4 5 5 2 A 2 Q) | & | ®
B 2 2 (3) B 4 | 6 | (N
C 1 (4) C (3) (4)
D (4) D (2)
E E

T31L || A B C D E | 132 A B C D E
A 2 5 8 9 A Q| 6| @] @
B 3 6 7 B (3) 2 2
C 4 5 C 4 4
D 2 D 1
E E

E11 | A B C D E [ E12| A B C D E [ E13| A B C D E
A 6 4 2 | 3 A 4 | & | @ A 7 6 4 3
B 4 | ® | (M B @4 | 4 | @4 B 2 | 3 | 8
C 4) | ) C 1 1 C @2 | 4
D 2) D 1 D 2)
E E E

E2 A B C D E
A G | @ | @ 2
B 3 5 6
C 3 5
D 4
E

EN11| A B C D E [[EN12| A B C D E [[EN13| A B C D E
A 6 5 1 2) A 3) | 3 3 3 A 1 @ | & | @
B 2 | 4 | (6 B 1 6 6 B 2 | 6 | (N
C 3) | ) C 6 6 C @2 | 4
D (2) D 1 D 2)
E E E

EN2 A B C D E

A @ | M6 |6
B 6| @@
C 3 3
D 1
E

EN3 || A B c D E
A 2 4 6 6
B 2 4 4
c 2 2
D 1
E
S A B c D E
A (2) 1 4 6
B 2 6 7
c 4 6
D 3
E
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Numerical Assessment

Numerical Assessment

98765432123456789
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Figure 2 - Pair-wise comparison of criteria in relation to the goal for scenario A (left) and B (right)

In the analysed case the inconsistency index of all al-
ternatives pair-wise comparison matrices is adequate
(that is, the inconsistency index is less than 0.06).

3.4 Criteria importance determination

The criteria and sub-criteria importance determina-
tion is a very important step in the optimal solution
selection procedure. When selecting the traffic facil-
ity location, the most important criteria are usually the
traffic and the economic criteria. The specific require-
ments of a certain environment (in this case, the tourist
centre located in the sensitive karst area) can impose,
however, the environmental and the social criteria as
the very important ones. The criteria importance in se-
lecting the most favourable solution depends also on a
specific requirement connected with the development
strategy of a certain area.

In order to examine the method sensitivity in re-
lation to changes of the criteria importance, two ap-
proaches were analysed in this paper (the rank-list of
criteria according to importance: 1. the most impor-
tant criterion, 2. the less important criterion, etc.):

- criteria importance according to scenario A:

1. traffic criterion,

2. economic criterion,

3. environmental and social criteria;

- criteria importance according to scenario B:

1. environmental and social criteria,

2. traffic and economic criteria.

By applying the importance values from Table 1
a pair-wise comparison of criteria in relation to the
goal was made. Figure 2 (left part) shows for scenario
A that the traffic criterion T is moderately more im-
portant (value 3) than the economic criterion. The

environmental and the social criteria are of equal
importance (value 1) and less important than the
economic criterion (value 5) and the traffic criterion
(value 7). For scenario B in Figure 2 (right part) the
environmental and the social criteria are of same im-
portance (value 1) and both are strongly more impor-
tant (value 5) in relation to the traffic and the eco-
nomic criteria.

Tables in Figure 2 show that the inconsistency
index for scenario A is 0.03 and for scenario B 0.0.
Therefore the criteria comparison consistency is also
adequate. It must be, however, noted that all the sub-
criteria were assumed to be equal in relation to the
criteria in order to enable the simplification of the
presentation.

3.5 Results of AHP method application

3.5.1 Scenario A

Alternatives analysis conducted by AHP method ap-
plication according to scenario A, shown in Figure 3,
singles out alternative B as the optimal one and with
a very similar overall priority vector value alternative C
(value difference is 0.002). Other alternatives (D, A, E)
have a significantly smaller overall priority vector. The
overall inconsistency index is adequate because it is
0.02.

The performance sensitivity graph analysis points
to a significant ranging of the alternative B priority vec-
tor (Figure 4, left part). Therefore, this alternative is
a very favourable one from the social and economic
point of view, but unfavourable from the environmen-
tal point of view. Alternative C displays a constancy in
priority vector values which, along with the very slight
difference in the overall priority vector value, indicates

Overall Inconsistency = .02
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Figure 3 - Result of multi-criteria GPF locations ranking by applying the AHP method for scenario A
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Figure 4 - Performance sensitivity graph for scenario A (left) and B (right)

that it can be adopted as the optimal one. This means
that, besides the overall priority vector value for alter-
natives in respect to the goal, the priority vector val-
ues according to particular criteria is a significant data
generated through the AHP procedure because it en-
ables detailed analysis of advantages of every single
alternative.

3.5.2 Scenario B

Alternatives analysis conducted by AHP method
application according to scenario B, shown in Fig-
ure 5, singles out alternative B as the optimal one
(0.288). It is followed by alternatives C (0.247) and A
(0.219). Other analysed alternatives (D and E) have a
significantly smaller overall priority vector value which
indicates that they should either not be taken into
further consideration or, if the execution dynamics
is being determined, that they are ranked low on the
priority list.

The overall inconsistency index is adequate be-
cause itis 0.01.

If also priority vector values for every alternative are
compared, as in the previous example using the per-
formance sensitivity graph (Figure 4, right part), what
is immediately noted is a pronounced preference of
alternative B in one of the criteria (the social one) and
a relative preference in one of the other criteria (the
economic one). In this case alternative C also has simi-
lar priority vector values according to all criteria, out of
which the economic criterion vector value is somewhat
worse. According to scenario B, significantly worse are
alternatives D and E.

3.5.3 Final decision

Based on the conducted analysis according to sce-
narios A and B of criteria importance, the best GPF lo-
cation is alternative B which is followed by alternative
C. Alternatives A, E and D are ranked as the 3, the 4"
and the 5" in both scenarios.

Since alternative B is less favourable than alterna-
tive C according to the environmental criterion, either
alternative C can be selected from the graphical pre-
sentation of sensitivity analysis as the final one or the
social criterion can be elaborated in more detail and
the ranking should be repeated. The results can also
be used to define the order of construction of the pro-
posed garage facilities because they show the need
for different GPF from different perspectives.

4. CONCLUSION

The complexity of traffic planning and design im-
poses the need of finding new methods and tools for
process optimisation. Most of the multi-criteria meth-
ods can be applied when assessing the traffic projects
if the alternatives are assessed exactly according to all
criteria. However, the advantage of the AHP method
is that it can be applied when there are only pair-wise
comparisons of the alternatives with respect to criteria
and pair-wise comparisons of criteria with respect to
goal at disposal which can be very useful for the strate-
gic planning level (when there are no detailed elabora-
tions of the project). In between there can be several
levels of hierarchy (sub-criteria).

Overall Inconsistency = .01
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Figure 5 - Result of multi-criteria GPF location ranking by applying the AHP method for scenario B
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The application of the AHP method for the selec-
tion of a traffic facility optimal location enables inter-
active alternative locations comparison based on dif-
ferent criteria (and sub-criteria), defining the criteria
importance in respect to the goal (and sub-criteria with
respect to the criteria), evaluation of alternatives pri-
orities with respect to each criterion and finally to the
goal and the sensitivity analysis of the results.

Based on the analysed case study of AHP meth-
od application it can be concluded that this method
discriminates precisely the specific alternatives tak-
ing into consideration the integrity of the set criteria
which, in turn, ensures a clear determination of alter-
natives priorities to form the rank-list when selecting a
garage-parking facility location or facility construction
priority. By elaborating a larger number of criteria, the
advantages of this method would be by all means even
more prominent. Therefore, a detailed elaboration of a
larger number of criteria can be suggested for a spe-
cific application whose goal is to ensure the maximum
objectivity and quality level of alternatives selection.
After the location selection in this case study, an analy-
sis of AHP application in relation to other multi-criteria
analysis methods should be conducted during the sec-
ond transportation facility planning stage - the typiza-
tion of the facility itself.

Based on the analysed case study of AHP method
application it can be confirmed that the AHP method
is adequate to be used on traffic facility strategic plan-
ning level for traffic facility location selection.
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SAZETAK

IZBOR LOKACIJE GARAZNO-PARKIRNOG
OBJEKTA AHP METODOM

U radu je prikazana metodologija izbora lokacije
prometnog infrastrukturnog objekta primjenom metode
visekriterijske analize AHP (Analytic Hierarchy Process).
PredloZena metodologija je primijenjena na primjeru (case
study) odabira lokacije garaZno-parkirnog objekta (GPO) u
gradu definiranih obiljezja. U radu su analizirane karakter-
istike definiranih potencijalnih lokacija objekata, definirani
kriteriji i mjere za vrednovanje varijanata, prikazana pri-
prema ulaznih podataka, primjena izabrane metode i re-
zultati analize. Kroz odabir kriterija nastojalo se obuhvatiti
sve relevantne kriterije: prometne, ekonomske i danas vrlo
vazne kriterije: utjecaj objekata na okolis i socijalni kriteriji.
Cili rada je prikazati metodologiju provodenja izbora AHP
metodom te dokazati primjerenost izabrane metode na ra-
zini sloZenog procesa strateskog planiranja prometnih ob-

jekata na primjeru odabira lokacije garaZzno-parkirnog ob-
jekta.
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