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Abstract: Seaport Rijeka is located and connected to the strategic EU TEN-T transport routes (Mediterranean and Baltic–Adriatic Corridor). Seaport Rijeka represents the shortest connection between
Central and Central-Eastern Europe, and overseas destinations, by land and sea, and is in an excellent position to take advantage of its location. Being the largest and busiest seaport in Croatia,
with constant increase in cargo traffic, especially container traffic, with inadequate and incomplete
transport infrastructure that creates congestion, Seaport Rijeka will soon reach its capacity limits. One
of the possible solutions that would satisfy the increasing demand and mitigate existing problems is
establishing a dry port. Establishing a dry port serving Seaport Rijeka on the EU transport routes
would greatly contribute to the strategic and operational plans of the EU and Croatia. The focus of
this paper is to determine the optimal dry port location for Seaport Rijeka. The AHP methodology
was used to determine the optimal dry port location of the Seaport Rijeka, by analyzing a large set of
influential factors. The analysis was performed for three groups of possible dry port locations (close,
medium distance and distant). Results suggest that optimal dry port locations for Seaport Rijeka are
in Miklavlje, Velika Gorica and Vinkovci.
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1. Introduction
Due to previous research related to the importance of establishing and implementing
a dry port in Croatia, and all its advantages, this paper addresses and evaluates the current
state of transport network development in Croatia, with a particular emphasis on the
Seaport Rijeka and its role and importance in further transport network development in
Croatia. The current status of Seaport Rijeka, with respect to its connection to the Croatian
and EU transport network, is elaborated and evaluated. Being the largest and busiest
seaport in Croatia, with constant increase in cargo traffic, especially container traffic, with
inadequate and incomplete transport infrastructure that creates congestion, Seaport Rijeka
will soon reach its capacity limits. Seaport Rijeka is located on the strategic EU transport
route (TEN-T Mediterranean Corridor) and is connected to the Baltic–Adriatic Corridor [1].
Due to its favorable position, Seaport Rijeka represents the shortest connection between
Central and Central-Eastern Europe, and overseas destinations, by land and sea, and is in
an excellent position to take advantage of its location.
Seaport Rijeka is searching for solutions to expand. One of the possible solutions
that would satisfy the increasing demand is establishing a dry port [2]. Dry ports have
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many advantages, faster transport of cargo from seaports, use of more efficient modes of
transport, providing facilities for the storage and consolidation of goods, the maintenance
of road or rail freight carriers, customs services, etc. [2–11]. Establishing a dry port serving
Seaport Rijeka on the EU transport routes would greatly contribute to the strategic and
operational plans of the EU and Croatia.
In order to determine the optimal location of a new dry port, it is necessary to determine the set of essential influential factors impacting the establishment of a new dry port.
By detailed analysis and study, the authors have created a set of all influential factors for the
establishment of a new dry port. Defined influential factors are divided into eight groups:
technical, technological, organizational, ecological, information and communication (IT),
economic, legal and regulatory, and specific. The selection of the dry port location depends
on all of the influential factors.
The AHP methodology was used to determine the optimal dry port location of the
Seaport Rijeka, i.e., with the Expert Choice software tool. One way of categorizing dry ports
is based on the distance from the seaport and the function of the dry port itself. The analysis
was performed for three groups of possible dry port locations (close, medium-distance and
distant). According to the assessments and results obtained by the AHP methodology for
selecting optimal dry port location of the Seaport Rijeka, locations are selected for each
group of alternatives (close, medium distance and distant). Evaluation and justification of
selected locations are also provided.
2. Status of Seaport Rijeka in Croatian and EU Transport Network
Croatia is located on two corridors of the basic TEN-T transport network, the Mediterranean Corridor and Rhine–Danube Corridor. The Mediterranean Corridor connects the
south of the Iberian Peninsula, passes through the Spanish and French Mediterranean
coasts through the Alps in northern Italy, then enters Slovenia and further towards the
Hungarian–Ukrainian border. It is a road and railway corridor, and its integral part is the
route Rijeka–Zagreb–Budapest (railway and road route that has become common in Croatia
as PEC Vb Corridor) [12,13]. The Zagreb–Slovenia road and railway route continues to
the Mediterranean Corridor, for which the name PEC X Corridor has become common
in Croatia. Through this corridor, Croatia is connected in Ljubljana to the Baltic–Adriatic
Corridor, which runs from the Baltic Sea through Poland, through Vienna and Bratislava to
northern Italy. The Rhine–Danube Corridor is a multimodal route that connects Strasbourg,
Frankfurt, Vienna, Bratislava, Budapest, from where one part forks towards Romania, and
the other goes along the Danube between Croatia and Serbia and further to the Black Sea,
and in Croatia it is known as PEC Corridor VII [12,14–18].
In order for the Croatian railway network to be fully integrated into the TEN-T
network and become a connection of the EU TEN-T with the railway networks of the
Western Balkan countries that are not yet members of the EU, it is important that the
railway infrastructure meets technical standards. In addition to the interoperability that is
achieved, quality railway infrastructure is a prerequisite for quality transport service.
As an integral part of the TEN-T transport network and corridors, the Seaport Rijeka
is of special importance for maritime closed countries in the region (Hungary, Austria,
Slovakia, the Czech Republic, Serbia and Bosnia and Herzegovina), and is in an excellent
position to take advantage of its location. Seaport Rijeka is located on the strategic EU
transport route (TEN-T Mediterranean Corridor) and is connected to the Baltic–Adriatic
Corridor [1]. Due to its favorable position, Seaport Rijeka represents the shortest connection
between Central and Central-Eastern Europe, and overseas destinations, by land and sea,
and with its service is the main competitor to the ports of the northern Adriatic Sea [2].
The EU and Croatia are strategically and operationally supporting investments in
port and railway infrastructure that raise the traffic capacity of this transport routes and
eliminate bottlenecks in it [2,19].
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seaports, use of more efficient modes of transport, providing facilities for the storage and
consolidation of goods, the maintenance of road or rail freight carriers, customs services,
etc., as shown in Figure 2 [3–11]. In the case of container transport, dry ports can be
used to outsource the logistic activities of transport process away from congested areas
of seaports [28–35]. In addition to the many advantages brought by dry ports, dry port
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specific. The influence of factors from the aspect of dry port location, which depends on all
horizontal factors, is shown vertically.
Table 1. The set of influential factors to establish a dry port.

LOCATION
ASPECT—
DETERMINATION
OF THE
OPTIMAL
LOCATION OF A
DRY PORT

Legal and
Regulatory
Factors

Technical
Factors

Technological
Factors

Organizational
Factors

Ecological
Factors

Dry port
terminal
infrastructure
(capacity and
condition)

Intensity of
transport flows
and acceleration
of transport of
goods by
establishing a
dry port

Presence and
cooperation of
dry port
service
providers
(operators,
representative
offices,
associations,
etc.)

Reduction in
harmful emissions/reduction
in air and soil
pollution

Advanced
IT systems

Investments in
the
construction of
access roads
and terminal
infrastructure

Fitting into
spatialurban plans
and
complying
with all
applicable
regulations

Connection
to the
TEN-T
network

Dry port
transport
infrastructure
(road, rail,
intermodal,
etc.; capacity
and condition)

Providing
additional
capacity and
relieving the
activities of the
seaport by
establishing a
dry port

Public–private
or state
ownership
(dry port
organizational
structure)

The impact of
the
environment
on the goods
in the terminal
and the impact
of the goods
and processes
in the terminal
on the
environment

Container
tracking
systems

Facilitating
international
trade and
encouraging
economic
development

Integration
into the
railway
transport
development policy
in the EU

Impact on
regional development

IT Factors

Economic
Factors

Specific
Factors

In addition to Table 1, which outlines the essential factors for the establishment of a
new dry port, it must be emphasized that these are not the only ones. Table 2 shows the set
of all examined influential factors to establish a dry port.
Table 2. The set of all examined influential factors to establish a dry port.

LOCATION
ASPECT

Technical
Factors

Technological
Factors

Organizational
Factors

Terminal
infrastructure
(capacity and
condition)

Intensity of
transport
flows

Presence of
logistics
operators in
the dry port

Infrastructure
network
(electricity,
water,
drainage, etc.)

Dry port
terminal
availability

Geological
characteristics
of dry port
terrain

Transport time
of goods

Presence of
intermodal
transport
operators

Rail transport
infrastructure

Connection
with several
modes of
transport

Infrastructure
for
double-deck
trains

Availability of
intermodal
transport
terminals

Ecological
Factors
Reduction in
harmful emissions/Reduction
in air and soil
pollution

IT Factors

Economic
Factors

Legal and
Regulatory
Factors

Specific
Factors

Advanced IT
systems

Logistics costs
(transport,
storage,
supplies, etc.)

Fitting into
spatial-urban
plans

Expanding
to/strengthening
the hinterland

Container
tracking
systems

Location
activation
costs

Possibility of
ownership
regulation of
land and
facilities

Connection to
the TEN-T
network

Hazardous
materials

Investments in
the
construction of
access roads
and
infrastructure

Simplification of
institutional and
regulatory
frameworks

Connection to
the other
relevant
hubs/terminals

Possibility of
organizing
line
connections in
railway
transport

Dangerous
goods

Net present
value

Regulations
related to the
handling of
goods
(dangerous
goods) and
terminal
equipment

Impact on
regional
development

Cooperation
of participants
in the
transport
system
(representative
offices,
associations,
companies in
the field of
transport and
logistics, etc.)

Influence of
the
environment
on the goods
in the terminal

Refund period

Compliance with
laws governing
the presence,
distance and
protection of the
terminal
environment,
control and
status of goods
in the terminal

Logistics policy/government
support

Noise and
vibration
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Table 2. Cont.

LOCATION
ASPECT

Technical
Factors

Technological
Factors

Organizational
Factors

Ecological
Factors

Road
transport
infrastructure

Ensuring
additional
seaport
capacity

Agreements
on operational
agreements

The impact of
goods and
processes in
the terminal
on the
environment

Intermodal
infrastructure

Relieving
seaport
activities

Public-private
or state
property

Facilitating
international
trade

Required
manpower

Development
of
value-added
services

Coordination
between
different
government
agencies

Encouraging
economic
development

Better
utilization of
regional
transport
infrastructure

Lower
distribution
cost

IT Factors

Economic
Factors
Impact on
market
development

Legal and
Regulatory
Factors

Specific
Factors

Fitting into the
railway
transport
development
policy in the EU

Lower land
costs and taxes
Marketing
support of
local economic
agencies and
the state
Gravity of
developed
economy

5. AHP Decision-Making Methodology to Determine the Optimal Dry Port Location
for Seaport Rijeka
Among the methods of multi-criteria decision-making, AHP (Analytical Hierarchy
Process) occupies a special place. The AHP methodology has great importance in structuring the problem and decision-making process. It is one of the well-known and most
widely used methods for multi-criteria decision making. This method was developed
in 1971 by Thomas L. Saaty [43–47]. By applying the AHP, it is possible to interactively
create the hierarchy of the problem that serves as the preparation for decision-making,
then compare the criteria and alternate pairs, and finally synthesize all the comparisons
and determine the weight coefficients of all the hierarchy elements. The sum of the weight
coefficients of the elements at each hierarchy level is equal to 1 and allows the decision
maker to rank all hierarchy elements by importance [21,48–50]. Its popularity is based on
the decision-making approach that is used to intuitively break problem down into simpler
aspects. It also contains a mathematical model that allows a more detailed analysis of the
problem [51]. Solving complex problems is based on breaking it down into components:
goal, criteria, and alternatives. The criteria can be broken down into sub-criteria, and
alternatives are found at the lowest level.
The AHP multi-criteria decision-making process was used to determine priorities
among influential factors, and to estimate the optimal dry port location due to these factors
(Table 1). The analysis was conducted using the Expert Choice software tool. Before
conducting the analysis, the survey was conducted in the way that each expert graded (in
his/her own opinion) the factors and alternatives with the scale from 1 to 9. The group
of experts consists of 10 experts in the field of maritime transport, intermodal transport
and transport and traffic technology. Surveys were conducted anonymously, and, upon
receiving results of survey, they were inserted in the Expert Choice software to conduct the
analysis. The results of the analysis were obtained according to the survey results.
The AHP methodology was used to determine the optimal dry port location of the Seaport
Rijeka, i.e., the Expert Choice software tool. The hierarchical AHP decision-making model for

One way of categorizing dry ports is based on the distance from the seaport and the
function of the dry port itself. There are three categories: close, medium-distance, and distant dry ports [30,52,53]. The analysis was performed for three groups of possible dry port
locations (close, medium distance and distant).
The three groups of possible dry port locations for Seaport Rijeka include the follow7 of 21
ing alternatives for each group:
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For selection of close dry port location, alternatives are Miklavlje, Škrljevo, Lokve and
Delnice;

2. For selection
of medium-distance
dry port location,
alternatives
Ve-of
ranking possible alternatives
of selecting
dry port location
is shown
in Figureare
3. Zagreb-RTZ,
Eight groups
lika Gorica, Dugo Selo, Ivanić Grad;
factors and criteria were defined, and two sub-criteria were defined in each group of criteria, as
3. For selection of distant dry port location, alternatives are Slavonski Brod, Osijek,
per Section 4, Table 1.
Vinkovci, Vukovar.

Terminal infrastructure

Technical factors
Transport and traffic infrastructure

Technological factors
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Alternative 1

Additional capacity of the port
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Organizational factors
Public-private or state property
Reduction of environmental pollution

Ecological factors

Dry Port Location

Alternative 2

Environmental impact on goods in the
terminal, and vice versa
Advanced IT systems

IT factors
Container tracking systems
Infrastructure construction investments

Alternative 3

Economic factors
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Legal and regulatory
factors

Fitting into spatial-urban plans
Fitting into the railway transport development
policy of the EU

Alternative 4

Connection to the EU TEN-T network

Specific factors
Impact on regional development

Figure
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Figure
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dry port location.

in

determining the optimal dry port location.

The following Figures 4–9 show the hierarchical AHP decision-making model with

One way of associated
categorizing
dry
ports is based
on the distance
from the
theoptimal
seaport
and the
criteria,
sub-criteria,
and alternatives
for determining
location
of
close,port
medium-distance
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illustrations of geofunction of the dry
itself. Thereand
aredistant
threedry
categories:
close, medium-distance,
and
positions.
distant dry portsgraphical
[30,52,53].
The analysis was performed for three groups of possible dry
port locations (close, medium distance and distant).
The three groups of possible dry port locations for Seaport Rijeka include the following
alternatives for each group:
1.
2.
3.

For selection of close dry port location, alternatives are Miklavlje, Škrljevo, Lokve and
Delnice;
For selection of medium-distance dry port location, alternatives are Zagreb-RTZ,
Velika Gorica, Dugo Selo, Ivanić Grad;
For selection of distant dry port location, alternatives are Slavonski Brod, Osijek,
Vinkovci, Vukovar.

The following Figures 4–9 show the hierarchical AHP decision-making model with
associated criteria, sub-criteria, and alternatives for determining the optimal location
of close, medium-distance and distant dry port, with accompanying illustrations of
geographical positions.
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6.2. Optimal Medium-Distance Dry Port Location for Seaport Rijeka
Quantitative factors were classified using the Expert Choice software tool ranking
the alternatives directly according to the calculated values. In evaluating all groups of
factors, participants used a scale in values from 1 to 9 to evaluate interrelated factors,
which include two sub-criteria in each group. According to the assessment of the im-
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Performance option. 6.3. Optimal Distant Dry Port Location for Seaport Rijeka
Quantitative factors were classified using the Expert Choice software tool ranking
the alternatives directly according to the calculated values. In evaluating all groups of
factors, participants used a scale in values from 1 to 9 to evaluate interrelated factors,
which include two sub-criteria in each group. According to the assessment of the importance or influence of factors (Figure 17), the most acceptable alternative for the distant
dry port of the Seaport Rijeka is Vinkovci with a priority of 0.299. It is followed by Vukovar with 0.255, Slavonski Brod with 0.227 and Osijek with 0.218.
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Table 3. The results of selecting the optimal dry port location of the Seaport Rijeka using the AHP methodology and the software tool, Expert Choice.
DRY PORT LOCATION ALTERNATIVES
No. Category

[1]

Technical
factors

[2] Technological
factors

No.

[5]

IT factors

[6] Economic
factors
[7] Legal and
regulatory
factors
[8]

Specific
factors

Factors

Mid-Range Dry Port Location
Alternatives

Distant Dry Port Location
Alternatives

Miklavlje

Škrljevo

Lokve

Delnice

ZagrebRTZ

Velika
Gorica

Dugo Selo

Ivanić
Grad

Slavonski
Brod

Osijek

Vinkovci

Vukovar

0.675

0.192

0.087

0.046

0.270

0.271

0.238

0.222

0.229

0.229

0.312

0.230

0.601

0.247

0.089

0.063

0.250

0.279

0.238

0.234

0.240

0.204

0.326

0.230

[3]

Intensity and acceleration of
transport of goods

0.514

0.223

0.149

0.114

0.239

0.265

0.253

0.243

0.226

0.215

0.298

0.260

[4]

Additional capacity of the port

0.531

0.237

0.091

0.141

0.238

0.269

0.253

0.239

0.245

0.219

0.280

0.256

Cooperation of service providers

0.431

0.246

0.189

0.135

0.252

0261

0.248

0.238

0.233

0.233

0.275

0.259

Public–private or state property

0.579

0.172

0.104

0.145

0.227

0.309

0.214

0.249

0.241

0.249

0.264

0.246

[7]
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the scale from 1 to 9. The group of experts consists of 10 experts in the field of maritime
transport, intermodal transport and transport and traffic technology. Surveys were conducted anonymously, and upon receiving the results of the survey, they were inserted
in the Expert Choice software to conduct the analysis. The results of the analysis were
obtained according to the survey results. The hierarchical AHP decision-making models
for ranking possible alternatives of selecting optimal dry port location are generated for
each group of alternatives (close, medium-distance, distant dry port). For selection of the
close dry port location, the examined alternatives were Miklavlje, Škrljevo, Lokve and
Delnice. For selection of medium-distance dry port location, the examined alternatives
were Zagreb-RTZ, Velika Gorica, Dugo Selo, Ivanić Grad. For selection of the distant dry
port location, the examined alternatives were Slavonski Brod, Osijek, Vinkovci, Vukovar.
According to the assessments and results obtained by the AHP methodology for selecting optimal dry port location of the Seaport Rijeka for each group of alternatives (close,
medium-distance, distant dry port), the optimal location of the close dry port would be in
Miklavlje, the optimal location of medium-distance dry port would be in Velika Gorica,
and the optimal location of a distant dry port would be in Vinkovci.
The Miklavlje Logistics Centre is located in the Municipality of Matulji, about 17 km
west of the city of Rijeka, next to the Rijeka–Rupa motorway (on the Croatian–Slovenian
border), the state road in the same direction and along the Rijeka–Ljubljana railway. The
development of the logistics center is planned on an area of 158.5 hectares, with the
possibility of further expansion, depending on future requirements [54].
Establishment of a medium-distance dry port terminal is determined in the vicinity
of City of Zagreb, in Velika Gorica. The advantage of Velika Gorica is its geostrategic
position and the fact that it is located on two rail freight corridors, the Mediterranean and
the Alpine–Western Balkan [14,55]. Most of the cargo that has a destination in the countries
of the European Union and is brought to the Rijeka Seaport by ship passes through Zagreb
Area on its way [2].
The former X Pan-European Railway Corridor, today’s Alpine–Western Balkan Rail
Freight Corridor, runs through the City of Vinkovci. The proximity of the Danube (TEN-T
corridor Rhine–Danube) and the route of the state road D2 along with it, and the highway
Zagreb–Lipovac (former X Pan-European Corridor) influenced the formation of a significant
transversal road connection that passes through the City of Vinkovci [1,55]. One of the
largest railway hubs on the Croatian railways network is located in Vinkovci. The railway
hub consists of a passenger and a freight terminal. The freight terminal consists of 50 tracks
classified into four groups [9]. The advantage of the city of Vinkovci is that its transport
routes, unlike Zagreb and Miklavlje, are not oriented to the directions of Western Europe,
but also to the directions of Eastern and South-Eastern Europe, which are also used to
transport goods unloaded in the Rijeka Seaport, primarily in the direction of the Orient–
East-Med Corridor via Vukovar and RFC 10 to Thessaloniki [2,56].
In this paper, optimal locations for the establishment of close, medium-distance, and
distant dry port for Seaport Rijeka were determined, with respect to a wide range of
influential factors. The analysis results suggest that the optimal locations for establishing
the new dry port are in Miklavlje, Velika Gorica and Vinkovci, which also coincides with
the strategic plans for transport route development in Croatia.
The construction of a dry port that would serve Rijeka Seaport (either close, medium
distance, distant or combination) would be profitable in terms of full connection and
inclusion of the Republic of Croatia in the EU transport network TEN-T, introduction of
railways instead of roads, which would ensure reduction in air, water and soil pollution,
speed up the process of container transport and compliance with regulatory requirements,
and, most importantly, would increase the capacity of the seaport, relieve seaport of
congestion and ensure the flow of goods more evenly and efficiently.
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20, 79–95. (In Croatian)
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