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MULTI-CRITERIA OPTIMISATION OF THE 
PAN-EUROPEAN CORRIDOR VB COMPETITIVENESS 

ABSTRACT 

Since possibilities of the traffic route valorisation need to be 
analyzed within market conditions, the traffic service of Pan­
-European corridor V8 which is the subject of research in this 
paper, is analyzed from the viewpoint of the offer, demand and 
competitive su"oundings. Corridor VB> as vital transit route of 
the Republic of Croatia, is analyzed with an all-inclusive evalu­
ation of selected economic and qualitative criteria relevant for 
the analysis of the traffic service competition. The suggested 
model for optimising the Pan-European corridor V8 competi­
tiveness is justified in keeping with method principles of multi­
-criteria optimisation. Among many different processes of mul­
ti-criteria optimisation, in the research PROMETHEE method 
and computer program Promcalc & Gaia V3.2., which is 
based on the mentioned method, were used. 
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1. INTRODUCTION 

Valorisation of the traffic route is a complex prob­
lem, which has to take into consideration many differ­
ent elements. In keeping with this, Pan-European cor­
ridor Vs (Rijeka- Zagreb- Budapest), which is a vital 
transit route of the Republic of Croatia and the sub­
ject of this research, is considered and analyzed in­
cluding the European transit market, alternative 
transport routes and relevant economic and quality 
criteria. With regard to the fact that all these elements 
determine the traffic route competitiveness and posi­
tion on the transport market, the main goal of this re­
search is to suggest the model of multi-criteria optimi­
sation of the Pan-European corridor Vs, which also 

could be used and applied as a methodology for analy­
sis of any other transport route competitiveness. 

The suggested model is justified in keeping with 
method principles of multi-criteria optimisation, 
which is included in operation research methods and it 
represents the process of multi-criteria optimisation 
of variants. J\mong many different processes of multi­
-criteria optimisation, PROMETHEE (Preference 
Ranking Organization Method for Enrichment Evalu­
ations) and Promcalc & Gaia V. 3.2., a computer pro­
gram of multi-criteria programming which is based on 
the mentioned process, were used. 

On the basis of exact quantitative information and 
evaluation, a value of selected economic and qualita­
tive criteria, has been put into effect. The mentioned 
information together with defined traffic (competi­
tive) routes and the users' preferences are used as ba­
sic input elements of the suggested model. In keeping 
with the primary goal of the research, the received re­
sults give conclusions about the competition, that is 
non-competition of Pan-European corridor Vs with 
regard to alternative traffic routes, despising among 
many analyzed economic (quantitative) and qualita­
tive criteria those criteria which are at the moment re­
sponsible for its presence, that is non-presence on the 
traffic service market and those criteria that could give 
higher competition to this traffic route with certain in­
vestments. 

2. PAN-EUROPEAN CORRIDOR V8 -

VITAL TRANSIT ROUTE FOR THE 
REPUBLIC OF CROATIA 

Pan-European corridor Vs (transversal link be­
tween Rijeka- Zagreb- Budapest) was proclaimed an 
official Pan-European corridor at the Third Pan-Eu-
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ropean Conference of the European Ministers of traf­
fic, held on June 1997. Therefore, a prerequisite was 
satisfied for valorising the favourable location and 
meaning that Croatia has in the European traffic sys­
tem in terms of general European interest as well as 
the interest of Central Europe and the Danube region. 

The traffic significance of Corridor Vs, that inte­
grates the capital traffic infrastructure in the Republic 
of Croatia, lies in its importance for connecting Cen­
tral European, Pannonian and Baltic areas with East­
ern Europe, through the port of Rijeka. Therefore, 
the Adriatic region is connected with Corridor Vs in 
the narrow and the Mediterranean in the broader 
sense. The significance of Corridor Vs for the econ­
omy in the Republic of Croatia is confirmed by the 
fact that one half of the total Croatian foreign trade is 
done with the European countries in the proximity of 
the port of Rijeka and Rijeka traffic corridor branch 
(Italy, Germany, Slovenia, Austria, Bosnia and Herze­
govina and Hungary). Should Croatia's foreign part­
ner states that have their own ports or are closer to 
other European ports be exempted, then Corridor Vs 
has very high significance in maritime trade of Central 
European countries (Austria, the Czech Republic, 
Slovakia, Hungary and Bosnia and Herzegovina). The 
reference point of Corridor Vs is the port of Rijeka 
that has particular international importance for the 
Republic of Croatia. Its importance is visible in the 
value of the port services provided in respect of the to­
tal Croatian economy (HRK 4-5 million per day)1, in­
cluding the multiplication effect achieved by engaging 
other logistic subjects (road transport, railway, freight 
forwarders, agents ... ). 

With 67% share, the transit traffic of the port of 
Rijeka is the most important segment in total traffic. 
The main partners of the port of Rijeka are Austria, 
the Czech Republic, Slovakia, Hungary and Italy, and 
nowadays Bosnia and Herzegovina as well as Serbia 
and Montenegro2. Considering that transit traffic is 
very important to every port and corridor, and there­
fore also for the traffic of Rijeka, it is prerequisite to 
create the environment for transit loads competitive 
acquisition of the main Central European countries as 
main transit partners for the port of Rijeka. According 
to the above stated, competitive and strategic guide­
lines for Corridor Vs valorisation should be conceived 
from the point of demand, supply and surrounding. 

Traffic corridor supply is determined by specific at­
tributes of road, railway and maritime traffic as well as 
ports, inland waterways that include many criteria and 
logistic principles of maritime services competitive­
ness. In that sense, this paper takes economic and 
qualitative criteria regarding competitiveness of traf­
fic services in consideration. The marketplace deter­
mines the traffic service, consumers therefore outlin­
ing the demand specificity. From the surroundings 

point of view, it is necessary to stress the competitive­
ness on valuable transit services market of Corridor 
Vs. Not diminishing the competitiveness of other traf­
fic corridors from the North European ports (Corri­
dors X, IV and VII) and competitiveness of ports in 
Montenegro (Corridor VII), this paper will consider 
as competitive corridors to Corridor Vs those from 
other North Adriatic ports (Koper and Trieste) since 
those two are the closest competition to Corridor V 8 
on Central European transit marketplace. 

3. THEORETICAL DETERMINATION 
OF MULTI-CRITERIA OPTIMISA­
TION 

The complexity of planning the competitiveness of 
traffic corridor indicates the need for appropriate 
methodology in order to simplify the procedure of 
planning the valorisation of traffic corridor. There­
fore, this part analyzes the multi-criteria optimisation 
model being a method that can be applied in traffic 
corridor planning valorisation as well as complex traf­
fic phenomena in general. 

3.1. Multi-criteria optimisation 

The goal of optimisation is to choose the best op­
tion out of possible or favourable options in terms of 
accepted criteria. Such option is called optimal variant 
and optimal solution that derives from compromise of 
goals and possibilities, goal achievement and limita­
tions.3 General characteristics of multi-criteria prob­
lem, unlike single criteria problem, are: multiple crite­
ria for decision-making, multiple alternatives (solu­
tions) to choose from, and one solution selection pro­
cess. 

The optimal choice of solution is a problem that 
becomes very complex if there are many criteria ac­
cording to which optimal solution is to be determined. 
Such problems can be solved by multi-criteria optimi­
sation. The quality of procedure of choosing the best 
variant and accuracy of final decision will depend 
upon the quality of criteria determination and its mea­
suring in respect to the optimisation process. Variant 
generation analyzes all possible solutions of the prob­
lem, selects reasonable set which represents the num­
ber of variants within which final variant will be cho­
sen from. 

The decision-maker has the crucial role in the pro­
cedure of multi-criteria optimisation model and qual­
ity variant definition. As legal entity or natural person 
responsible for decision-making and adoption of final 
solution, the basic role that decision-maker plays is de­
fining the preferences of criteria and structure as well 
as choosing and adopting the final solution. The corn-
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plexity of decision-making process lies in the prefer­
ence structure of the decision-maker that is based 
upon technical, technological, economic, social, politi­
cal and other criteria that can be known prior to opti­
misation or can be changed after completion of cer­
tain optimisation processes. 

3.2. Multi-criteria variant ranking process 

Multi-criteria ranking process is one of the many 
processes of multi-criteria optimisation method, that 
are used with the purpose of setting up the rank lists of 
variant solutions based upon the degree of defined cri­
teria satisfaction. The purpose of variant ranking is to 
narrow the decision gap and to quantify the facts that 
are important for decision-making process and for op­
timal variant choice from the set of variants that differ 
depending on the adopted criteria. 

The basic prerequisites for multi-criteria variant 
ranking process quality are the following: 
- all variants have to be defined at the same level, 

same criteria has to be applied to all variants; 
- criteria has to be carefully chosen and their diffi­

culty must be objectively estimated; 
- all variants have to be valued according to the cri­

teria adopted. 
Multiple ranking procedures can be based upon 

the processes with in-advance expressed preferences 
such as: PROMETHEE (Preference Ranking Organi­
zation Method), ELECfRE (Elimination and (et) 
Choice Translating Reality) and AHP (Analitic Hier­
archy Process), processes for sets of non-inferior solu­
tions like IKOR or other processes of multi-criteria 
optimisation for variant ranking: PROMETHEE, 
ELECfRE and AHP, where PROMETHEE and 
ELECfRE belong to "higher rank" processes and 
AHP to the "priority" process. For the purpose of this 
research in this paper PROMETHEE method , and 
computer program Promcalc & Giaia V. 3.2. (newer 
version -Decision Lab 2000 - for Windows) developed 
on the basis of the mentioned method were used. 

4. MULTI-CRITERIA OPTIMISATION 
MODEL SUGGESTION FOR COM­
PETITIVENESS OPTIMISATION OF 
PAN-EUROPEAN CORRIDOR VB 

According to the basic multi-criteria variant rank­
ing procedure, for this model and with input of data 
into computer program used, the variants ( competi­
tive traffic corridors), competitiveness criteria of traf­
fic service, combinations, criteria complexity (criteria 
significance from consumer aspect) and optimal crite­
ria size (minimum or maximum criteria value) had to 
be determined. Criteria valuation was then conducted 

for all the chosen variations. Assessment of the above 
stated data have been input into computer software 
PROMCALC & GIAIA V. 3.2. which resulted in mul­
ti-criteria optimisation (variant ranking of traffic cor­
ridors analyzed). 

4.1. Multi-criteria optimisation based on 
PROMETHEE IT method 

In the paper the authors have selected those corri­
dors (generated variants) that are currently significant 
for Central Europe, and from the set of possible com­
binations (alternative corridors), a few of the variants 
that satisfy the criteria have been also selected. Vari­
ants that have been taken into consideration in this re­
search are shown in Table 1, and relate to traffic 
routes from Rijeka, Koper and Trieste that represents 
the reference points of every traffic corridor, to its 
destination- capital cities of Central European transit 
countries (Austria, Czech Republic, Slovakia and 
Hungary). 

Tablet -Variants of traffic routes 

Variant Al: 
port of Rijeka- Austria 
(Vienna) 

Variants A VariantA2: 
port of Koper- Austria 
(Vienna) 

VariantA3: 
port of Trieste- Austria 
(Vienna) 

VariantBl: 
port of Rijeka- Czech 
(Prague) 

Variants B Variant B2: 
port of Koper - Czech 
(Prague) 

Variant B3: 
port of Trieste- Czech 
(Prague) 

Variant Cl: 
port of Rijeka- Slovakia 
(Bra tislava) 

Variants C Variant C2: 
port of Koper - Slovakia 
(Bratislava) 

Variant C3: 
port of Trieste- Slovakia 
(Bratislava) 

Variant Dl: 
port of Rijeka -Hungary 
(Budapest) 

Variants D Variant D2: 
port of Koper - Hungary 
(Budapest) 

Variant D3: 
port of Trieste -Hungary 
(Budapest) 

The variants are divided into four groups (A, B, C 
and D) and competitive analyses will be conducted for 
each variant group in order to determine the optimal 
traffic corridor and port as transit point for certain 
destination points for Central Europe. Multi-criteria 
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Table 2 - Types and measures of economic criteria 

Crite- Sub 
Mark Component Mark Measure 

rion Criterion 

kll.l Light Dues LD euro 

k11.2 Port Dues PD euro 

k11.3 Pilotage p euro 

k11.4 Mooring I Unmooring M/UN euro 

kll.S Customs Dues CD euro 

pkll 
Costs in 

CP-V 
Ports I Ship k11.6 Agency Fee AF euro 

kll.7 Garbage Removal GR euro 
E 

k11.8 Towage T euro c 
0 k11.9 Other 0 euro 

Kl 
n Total costs/Ship 
0 k11.10 

(kll.l + ... +kll.lO) 
TC-V euro 

m 
i k12.1 Unloading (Ship- terminal) u euro/20'TEU 
c pk12 

Costs in 
CP-C k12.2 Loading (terminal- vehicle) L euro/20'TEU Ports I Cargo 

k12.3 Total costs I Cargo (k12.1 + kl2.2.) TC-C euro/20'TEU 

Price -Inland k13.1 Price of road transport P-RT euro/20'TEU 
pk13 

Transport 
TP-IT 

k13.2 Price of railway transport P-RT euro/20'TEU 

Total Price - kl3.1 
Port Dues + Price of road transport 

PD-RD euro/20'TEU 
(k12.3+k13.1) 

pk13 Transport TP-TS 
Service k13.2 

Port Dues + Price of railway trans-
PD-RW euro/20'TEU 

port (k12.3+ k13.2) 

Source: Authors 

analysis of the generated variations was conducted for 
three cases: 

it. Such comparison possibility of differently dimen­
sioned criteria is also one of the advantages of multi­
-criteria optimisation model. - Road traffic corridor variant, 

Railway traffic corridor variant, and 
Road and railway traffic corridor variant. 
Cases with certain difficulty level combination that 

are to be taken into consideration were also analyzed. 
For example, in. case I, criteria applied to the analyzed 
ports and road traffic corridors will hold certain 
weight assigned to it, while in the criteria case that ap­
plies to railway corridor the criteria difficulty that 
equals zero will hold. Pursuant to the above stated, the 
appropriate difficulty value combinations were set 
and entered into software for other two cases. This pa­
per considers Quality-Price-Ratio as criterion of traffic 
corridor competitiveness. Therefore, the defined cri­
teria subject to valuation are: economic criteria (Table 
2) and qualitative criteria (Table 3). 

The selected criteria are valued simultaneously for 
all the defined variants (Table 1) and represent the ba­
sic input. data of multi-criteria analysis for Corridor 
Vs valorisation optimisation. Depending upon the 
criteria type, certain criteria were valued based upon 
concrete (exact) data, and some based upon subjective 
assessment but with argument for grades assigned to 

The basic part of research plan and one of the pre­
requisites for multi-criteria model analysis is deter­
mining the combination of selected criteria, criteria 
difficulty and criteria function, and which changes of 
criteria have impact on the optimal solution selection 
(variant is visible). Criteria difficulty was the signifi­
cance of certain criteria and multi-criteria method val­
ued are the following: difficulty 0 - criterion is taken 
into consideration; difficulty 1 - small criteria diffi­
culty; difficulty 2 - medium criteria difficulty; diffi­
culty 3 -high criteria difficulty. 

According to the basic PROMETHEE principles, 
it should be noted that all valuation criteria were de­
fined as Type 1 (general criteria) - a criterion that 
does not require additional parameters for preference 
function specification. 

4.2. Multi-criteria optimisation results 

According to the goal of this research, the main 
output data that will be analyzed and based upon sig­
nificant conclusions can be defined regarding Corri-
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Table 3 - Types and measures of quality criteria chosen 

Crite- Sub 
Mark Component Mark Measure 

rion Criterion 

k21.1 Transit time - road transport TT-RD hour 

K21.2 Transit time - railway transport TT-RW hour 

k21.3 
Waiting time on borders- road trans-

WT-RD hour 
port 

pk21 Transit Time TV K21.4. 
Waiting time on borders- railway 

WT-RW hour 
transport 

k21.5 
Total time of travelling- road trans-

T-TRD hour 
port {k21.1 +k21.3) 

k21.6 
Total time of travelling -railway trans-

T-TRW hour 
port (k21.2+ k21.3) 

Geotraffic k22.1 Road distance D-RD km 
Q pk22 

Availability 
GP-D 

k22.2 Railway distance D-RW km u 
a k23.1 Availability of road terminals A-RDT number 

K-2 I 
pk23 

Commercial 
K-D k23.2 Availability of railway terminals A-RWT number 

i Availability 
t k23.3 Availability of cargo transport canters A-CTC number 
y 

Service k24.1 Shipping lines (number of shippers) S-L number 
F pk24 

Frequency k24.2 Railway lines (container block trains) RW-L criticism 

k25.1 Port capacities C-P criticism 

k25.2 
Road transport (organisation road for-

0-RD criticism 

pk25 Capacities PK 
k25.3 

k25.4 

k25.5 

pk26 
Information 

IT k26.1 
Technology 

Source: Authors 

dor VB competitiveness by traffic corridor analysis. 
Value ranking has been conducted in regard to: 

- economic criteria influence, 

- quantitative criteria influence and 

combination of the above stated criteria influence. 

In variant ranking, the rank number equals the 
number of variants. According to that, in this research, 
where total variant number is 3 (per group), ranks 
from 1 to 3 are possible, where at rank 1 the variant is 
the best one (optimal) to certain criteria, rank 3 -less 
favourable variant in regard to the other two. Multi­
-criteria optimisation method results (ranks) where 
variants of traffic corridors are shown are presented in 
Tables 4 and 5. Table 4 shows traffic corridor variant 
ranking, separate for economic criteria and for quali­
tative criteria, and Table 5 shows variant ranking ac­
cording to the simultaneous influence of economic 
and quantitative criteria. 

warding) 

Railway transport (organisation of 
0-RW criticism 

railway forwarding) 

Road capacities C-RD criticism 

Railway capacities C-RW criticism 

IT implementation in ports IT-P criticism 

Results obtained with multi-criteria optimisation 
models may be used as background for decision­
-making of optimal traffic corridor (variant). For ex­
ample, when decision has to be made regarding 
which traffic corridor is optimal, the best variant is 
one ranking first, and the worst is the one ranking 
last. Prerequisite for this is to define mutual diffi­
culty criteria ratios. With multi-criteria optimisation 
model results it can be concluded that road and rail­
way routes of Corridor VB are increasing their com­
petitiveness according to the analyzed destinations 
with regard to economic criteria and not according 
to the qualitative criteria. In accordance to the above 
stated, the priority measures concerning Corridor VB 
valorisation should be the ones concerning activities 
of increasing the traffic service quality. On the con­
trary, railway route is more competitive in compari­
son to road route in respect to economic and qualita­
tive criteria. 
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Table 4 -Variant ranking list- special influence of 
economic and qualitative criteria (PROMETHEE IT) 

Criteria Economic & Quality Criteria 

Routes Road Rail Road and Rail 

A- Variants 

1. A2 A3 A2 

Rank 2. A3 A2 A3 

3. Al Al Al 

S- Variants 

1. S3 S2 S2 

Rank 2. S2 S3 S3 

3. Sl Sl Sl 

C- Variants 

1. C3 C3 C3 

Rank 2. C2 C2 C2 

3. Cl Cl Cl 

0- Variants 

1. D3 D3 03 

Rank 2. 02 02 D2 

3. Dl Dl 01 

Source: Results from data processing using program PROMCALC & GIAIA 
V. 3.2. - PROMETHEE 11 

However, because of the size of this paper and lim­
itations attributed to such, only general conclusion has 
been pointed out. Detailed analysis provides much 
more precise conclusions regarding competitiveness 
(or lack thereof) of Corridor Vs in comparison to al­
ternative corridors. However, with detail variant anal­
ysis, assuming the result tracking with different crite­
ria significance, it is possible to specify those criteria 
that are currently responsible for its presence (or lack 
thereof) at the traffic service marketplace. 

5. CONCLUSION 

One of the modem methods that at the same time 
take into account the analysis of different criteria is 
multi-criteria optimisation. Although the above stated 
method, as support in decision-making can be applied 
to several areas, limitations have been spotted while 
using it for traffic planning. This paper encloses the 
multi-criteria optimisation model for achieving com­
petitiveness of the Pan-European corridor Vs. The 
above stated model has a goal to show that with apply­
ing the multi-criteria optirnisation, conclusions can be 
derived regarding the competitiveness (or lack 

Table 5 -Variant ranking list- simultaneous influ­
ence of economic and qualitative criteria 
(PROMETHEE ll) 

Criteria Economic Criteria Quality Criteria 

Routes Road Rail 
Road 

Road Rail 
Road 

and Rail and Rail 

A- Variants 

1. A2 A3 A2 A3 A2 A3 

Rank 2. Al A2 A3 A2 A3 A2 

3. A3 Al Al Al Al Al 

S- Variants 

1. S2 Sl S2 S3 S3 S3 

Rank 2. S3 S2 Sl S2 S2 S2 

3. Sl S3 S3 Sl Sl Sl 

C- Variants 

1. C2 Cl C2 C3 C3 C3 

Rank 2. Cl C2 Cl C2 C2 C2 

3. C3 C3 C3 Cl Cl Cl 

0- Variants 

1. D2 D1 D2 D3 D3 03 

Rank 2. Dl D2 01 02 D2 02 

3. 03 03 03 Dl Dl 01 

Source: Results from data processing using program PROMCALC & GIAIA 
V. 3.2. - PROMETIIEE 11 

thereof) of traffic corridor on the traffic service mar­
ketplace as wen as conclusions regarding the factors 
for competitiveness, measures and activities that need 
to be undertaken in order to revitalize those corridors 
to match the competitive surroundings. 

Besides a concrete problem being applied (Corri­
dor Vs), the value of the suggested model is also visi­
ble in the methodology offered. The specific method­
ology applied is multi-criteria analysis that has in this 
paper been only partially shown, but it is possible to 
use it in general traffic planning. The multi-criteria 
analysis model applied in traffic corridor valorisation 
can be perfected having the complexity of competi­
tiveness and valorisation of traffic corridors in mind. 
In other words, Pan-European corridor Vs valorisa­
tion in European traffic system has been analyzed in 
this paper considering the criteria selected and certain 
alternative traffic corridors which does not exclude 
the possibility of in-depth analysis considering the 
greater number of alternative traffic corridors and 
competitiveness criteria, considering the gravitation 
area and potential marketplaces of Rijeka traffic sys­
tem. 
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SAZETAK 

VISEKRITERUSKA OPTIMIZACIJA KONKURENT­
NOSTI PANEUROPSKOG KORIDORA V8 

BuduCi da je konkurentnost prometnog pravca potrebno 
analizirati s obzirom na triiSne uvjete, prometna usluga pan­
europskog koridora VB, koji je predmetom istraiivanja u ovom 
radu, analiziran je s aspekta ponude, potrainje i konkurentnog 
okruienja. Koridor VB, analiziran je detaljnom analizom oda­
branih ekonomskih i kvalitativnih kriterija relevantnih u ana­
lizi konkurentnosti prometne usluge. Predloieni model optimi­
zacije konkurentnosti paneuropskog koridora VB osmiSljen je u 
skladu s temeljnim principima metode viSekriterijske optimiza­
cije. Jzmedu viSe razlicitih postupaka viSekriterijske optimizaci­
je, u istraiivanju je koriStena metoda PROMETHEE te racu­
nalni program Promcalc & Gaia V3.2., koji se temelji na 
navedenoj metodi. 

KLJUCNE RUECI 

Paneuropski koridor VB, viSekriterijska optimizacija, metoda 
PROMETHEE. 
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