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Abstract 
 
The Transtools model developed by the EU includes a detailed freight model both for the 
supply and the demand side. Nevertheless, we have identified a number of deficiencies. 
Although it describes in detail the road and the rail network in Europe, it poorly describes the 
maritime network. Also, it only provides unimodal simulation of the freight flows without 
being able to simulate intermodal corridors. This is considered problematic especially in cases 
such as the Adriatic-Ionian Euroregion where MOS links with their various RORO and small 
LOLO feeder lines are forming a dense multimodal freight transport network. Correcting the 
model of the supply network in Cube software and updating the demand side using the 
technique of transport logistic nodes in Cube Cargo, we improve the approach of Transtools 
for freight simulation in the study area achieving simulation of transshipment from road and 
rail to the maritime network in the Adriatic sea. 
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1 Introduction  

The main objective of the paper is presenting a multimodal freight transport model with the 
combined use of Transtools, which is a tool developed by EU funds widely used by the 
European Commission and Cube with its module Cube Cargo, which is a tool developed by 
Citilabs for “transport chain matrices”.  

Transtools provides very detailed transport flows at Origin-Destination pairs level for a wide 
area of all European countries, Russia and Turkey. Nevertheless, it has been developed on the 
basis of unimodal assignment network modeling with no possibility of modeling freight 
chains of different transport modes. Also, there is a disadvantage of very limited maritime 
network coverage and integration in the Transtools model. Cube Cargo has been used in this 
paper to remove the abovementioned disadvantages of Transtools with introducing transport 
logistic nodes as possible modal interchange hubs in the network. The method has been tested 
in modeling the short sea shipping transport in the logistics chains crossing the Adriatic Sea 
focusing at the better facilitation and promotion of intermodal rail-sea and road-sea transport 
between the ports and their respective hinterlands. 
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The Transtools model developed by the EU for the 2005 transport network, upgraded for 
2010, includes a very detailed freight model both for the supply and the demand side [1], [2]. 
Nevertheless, we have identified a number of deficiencies in the proposed freight transport 
modeling introduced by Transtools. The most important of them is that Transtools freight 
model, although it describes in detail the road and the rail network in the whole European 
continent, it poorly describes the maritime network. Also, it can only provide unimodal 
simulation of the freight flows as the abovementioned network model does not take into 
account transshipment options, does not connect in special transshipment nodes and it cannot 
form freight supply chains. It cannot model adequately the existing situation especially in 
such cases as the Adriatic Ionian Euroregion where MOS links with their various RORO and 
small LOLO feeder lines form a dense and multimodal freight transport network which 
services not only a significant number of countries of direct influence but also countries of 
indirect influence. By correcting and updating the supply network model in Cube we propose 
a way of solving the abovementioned problems and improve the freight model of the study 
area in order to correctly simulate transshipment from road to the maritime and from rail to 
the maritime network in the area of the Adriatic sea. More specifically the approach is based 
on a combined simulation of the demand and supply side of the study area in Cube Cargo 
using the technique of transport logistic nodes.  
 

The combined use of Transtools and Cube cargo has been tested using the Adriatic-Ionian 
region as a case study [13], [14]. Specifically, the question explored was whether new 
intermodal rail-sea transport links between ports of the study area (such as Ancona, Venice, 
Igoumenitsa, Levante, Bar, Ploce and other Croatian ports with their respective hinterlands) 
could attract critical masses of freight flows. We identified origin/destination of the freight 
flows passing through the ports involved, focusing on Motorways of the Sea (SSS, 
RORO/ROPAX) freight traffic and secondarily on feeder LOLO container traffic. The 
findings of the analysis allow the estimation of the ports’ traffic flows regarding containers 
and truck traffic (truck combinations, unaccompanied trailers), and at a next research stage, 
exceeding the scope of this paper, the identification of necessary upgrades of the transport 
infrastructures required either in the port areas, or in the port hinterlands. 

In the context of this model we identify and simulate the detailed routes of the major freight 
flows from the origin hinterland locations to the Adriatic ports and from the specific ports to 
the destination hinterland location. Furthermore, we identify the ports level of integration with 
the TEN-T and the core transport networks of the region. 

 

2 Main Text   

2.1 Using Transtools as a base for the model  

The modeling of the road and railway network of the study area is based on the Transtools 
modeled network. Various models have been considered for intermodal freight traffic, 
developed in the past for study areas in the wider European region and neighboring countries. 
Among these, the Transtools model contains the most useful information because of its 
density and level of detail in terms both of demand and supply of the transport system 
modeled.  
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Transtools is a tool developed by EU funds and is widely used by the European Commission. 
Furthermore, it has a public and free of charge use and an open architecture that makes it 
easily transferable to the CUBE model. The Transtools network has been developed for the 
entire European continent including Russia and Turkey, and consists of the international road 
and railway corridors and the major highways in this area (TEN-T network) as well as the 
national roads and railway lines for port accessibility, connections to major cities, etc. 

Deficiencies of the Transtools model have been identified and solved by transferring the 
model to Cube and upgrading it. The most important deficiency of the Transtools model are 
that it is referring to the network situation of 2010. Another problem is that the maritime 
network is poorly modeled in Transpools. A third problem that has been identified is the fact 
that in many cases the modeled land network of Transtools bypasses ports without a special 
intermediate node that would give access to the port while such access exists. An intermediate 
node like that would give the opportunity for modeled freight flows to be transshipped to the 
maritime network, which in the case of the Adriatic sea plays an important role in the 
transport market of the area forming in reality multimodal chains using maritime links. In 
Figure 1 we present a case like this for the port area of Ancona.  

 

 

Figure 1: Example of rail link of Transtools crossing Ancona without giving access to the port 

2.2 Using Cube to improve the model 

2.2.1 Modeling the supply side in Cube 
The network of Transtools has been transferred to Cube. The abovementioned deficiencies of 
the Transtools network have been corrected in Cube. All access to ports via rail and road links 
has been added properly in order to allow simulation of multimodal chains from road and rail 
to the maritime network using the ports as gateways to the Adriatic sea. The network has been 
completed with the maritime RORO lines of the Adriatic sea and some LOLO feeder lines. 
The road and rail network of the study area has been checked and updated with the latest 
changes in the infrastructure since the Transtools network refers to the year 2010.    

2.2.2 Modeling the demand side in Cube Cargo  
Cube Cargo, employed for the purpose of the present analysis, is a model of demand for the 
transport of goods. It is a standalone module in the Cube suite software, a modeling tool 
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developed by the company Citilabs consisting of a set of modules that support transportation 
planning. The key advantages of Cube are that it is a powerful and efficient modeling tool 
with a broad range of easy to use capabilities and advanced flexibility for the comprehensive 
modeling of transportation systems. 

In many ways, the Cube Cargo model is similar to traditional travel demand models employed 
widely to model passenger transport. In such models, the four-step demand modeling includes 
the trip generation, trip distribution, modal split, and network assignment. Cube Cargo is a 
special module for transport logistic nodes (terminals, freight villages). This module is 
applied after the trip distribution step, in order to determine the cases where trip chaining 
occurs. Cube Cargo uses the transport logistic nodes (TLNs) in its trip-chaining model.  

2.2.3 Transport Logistic nodes in CUBE Cargo  
The goods in the “transport chain matrices” in Cube Cargo travel via TLNs. These trips are 
divided into sections: from origin to TLN and from TLN to destination. Of these sections, one 
is classified as long-haul and the other is classified as short-haul. 

This prompts a modified interpretation of paths: distribution trips, where the trip to the TLN 
is long-haul (and the trip from the TLN is short-haul) and collection trips, where the trip to the 
TLN is short-haul (and the trip from the TLN is long-haul). Weights are introduced to 
determine how the trips are divided among the TLNs and respective paths. 

The model outputs are reported in the report file and in a matrix file. The mode based 
matrices contain the direct flows between the production zones and the final destination zones 
and the trips going through the logistic nodes. [4] 

To this end, the matrices are defined as: 
 

 [o – d] Direct flows, that is, those that do not run via any logistic node 

 [o - tln] Flows from production zones to the logistic nodes 

 [tln - d] Flows from the logistic nodes to destination zones 

These freight chains via TLNs as modeled in Cube Cargo are presented schematically in 
Figure 2. 



 

- 5 - 

 
Figure 2: Role of Transport logistic nodes in the freight transport model of Cube 

With this simple technique the divided paths  from each zone of production to the TLN 
(which in our case is an Adriatic port) and from each TLN to each zone of consumption are 
unimodal. A set of partial unimodal paths form a bigger combined intermodal path that can 
simulate the transport chains of RORO, RARA1 and LOLO, wherever a service like that 
exists between the Adriatic ports and whenever it is competitive to a unimodal land mode 
path. 
 

2.3 Case study: Area, Zoning System and Logistic nodes 

2.3.1 Core study area and zoning system   
The zones are the origins and destinations of trips, representing areas with common 
characteristics related to transportation and socio-economic data, such as countries, NUTS 
regions, etc. The study area together with its direct region of influence around the Adriatic 
Sea is considered as the core study area of the present analysis. This consists of the following 
countries: Albania, Croatia, Greece, Italy, Montenegro and Slovenia. The core study area is 
divided and examined in a NUTS 3 level where availability of data allows it, and, in NUTS 2 
level elsewhere. 

 

                                                 
1 The road-water subsystem has very widely developed the use of analogous roll-on roll-off vessels (Ro-Ro) and 
recently, in the Mediterranean, of superbarges travelling over very long distances. Such rail-water sub-systems 
may by analogy be called 'rail-on rail-off' (Ra-Ra) operations.[9]  
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2.3.2 Logistic nodes system  
In addition to the core study area zones, the selected Adriatic Ports are modeled as transport 
logistic nodes (TLNs) in CUBE. These ports are special points of interest in the transport 
logistic chain and they are assumed to be the gateways for the freight flows to/from the 
hinterlands serviced by MOS or for feeder container lines. Table 1 presents the system of the 
Adriatic Ports selected for the purpose of this analysis as the outer/external catchment areas.   

 

Table 1: Adriatic Ports as logistic nodes in the case study model 

Major Adriatic ports as Transport Logistic Nodes  Country 

Durres Albania 

Split, Zadar, Rijeka, Dubrovnik Croatia 

Igoumenitsa, Korinthos, Patra, Pireus Greece 

Ancona, Bari, Brindisi, Ravenna, Trieste, Venice, Taranto Italy 

Bar Montenegro 

Koper Slovenia 
 
Figure 3 depicts the selected Adriatic ports as logistic nodes, which are considered as the 
gateways to the hinterlands of the affected area.   

 

 

Figure 3: Supply network and Adriatic ports as logistic nodes in the case study area 

These transport logistic nodes can be located either directly on each seaport or on its 
corresponding dry port. A dry port or freight village is an inland intermodal terminal usually 
directly connected by road or rail to a seaport and operating as a center for the transshipment 
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of sea cargo to inland destinations. In addition to their role in cargo transshipment, dry ports 
may also include facilities for storage and consolidation of goods, maintenance for road or rail 
cargo carriers and customs clearance services. [18] 

2.4 Sources of useful data 

2.4.1 Use of Marine traffic 
A useful source of information for the maritime services in the study area is the Marine 
Traffic project and its website. This particular website is part of an open, community-based 
project, dedicated to collecting and presenting data, which are exploited in research areas 
related to marine traffic. It provides free real-time information to the public on ship 
movements and ports, across the coast-lines of many countries in the world. The initial data 
collection is based on the Automatic Identification System (AIS). As from December 2004, 
the International Maritime Organization (IMO) requires all vessels over 299 Gross Tonnage 
to carry an AIS transponder on board, which transmits their position, speed and course, 
among some other static information, such as vessel’s name, dimensions and voyage details. 
As an example, a snapshot from the Marine traffic webpage is presented in Figure 4 with the 
vessel activity in the northern Adriatic area (Cargo vessels: green, passenger ships: blue) and 
information on a selected RORO cargo vessel heading to the port of Koper. [17] 
 

 
 

Figure 4: Marine Traffic snapshot with vessel activity in the northern Adriatic area and selected 
vessel information 

2.4.2 Use of Eurostat source 
Another source is Eurostat a Directorate-General of the European Commission. Its main 
responsibilities are to provide statistical information to the institutions of the European Union 
(EU) and to promote the harmonization of statistical methods across its member states and 
candidates for accession as well as EFTA countries [12]. With its historical data, its tables and 
maps on transport accumulated statistics and indicators for freight flows in major ports and 
other statistical entities it is a very useful tool for the demand modeling and calibration of our 
freight model. Figure 5 visualizes volumes of 2013 by gross weight of goods handled for 
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main cargo ports in the Adriatic Ionian area. The blue bars present RORO volumes while red 
bars present large containerized volumes.  
 

 
 

Figure 5: Main cargo ports in the area for 2013 by gross weight of goods handled  

Table 2 presents numerical values of the abovementioned volumes of 2013 by gross weight of 
goods handled for main cargo ports in the Adriatic Ionian area. The table has been extracted 
from the Eurostat database, table [mar_sg_am_pw] for Short Sea Shipping - Gross weight of 
goods transported to/from main ports.[12] 

 

Table 2: Freight flows in main cargo ports of the area for 2013 by gross weight of goods handled 
(source Eurostat) 

Port 

Gross weight of goods 
transported to/from 
_2013 1000t 
Large containers 

Gross weight of goods 
transported to/from 
_2013 1000t 
RORO 

Summary large 
containers and 
RORO_2013 in 1000t 

Ancona 1464 2405 3869

Augusta 196 94 290

Bari 2 1533 1535

Brindisi 16 904 920

Corinth 1 575 576

Igoumenitsa 0 2288 2288

Koper 3398 422 3820

Patras 0 2919 2919

Piraeus 6923 4215 11138
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Ploce 179 12 191

Ravenna 1623 577 2200

Rijeka 794 0 794

Split 48 599 647

Taranto 3522 3438 6960

Trieste 2686 7272 9958

Venice 2577 1024 3601
 
 

2.4.3 Use of Etis plus source 
Etis plus is the European Transport Policy Information System aiming at the development and 
implementation of data collection methodology for EU Transport Modelling. The main 
objectives of this project is to develop a framework for the collection and dissemination of 
data and network information related to transport including the use of new data collection 
methods; to provide a central repository to be used by transport support policy tools at EU 
level; to implement and validate the database, updating and extending the ETIS database both 
geographically and by adding additional variables, adding new reference years 2005 and 2010 
and including the newest member states and neighboring countries in more detail [16]. The 
Etis Plus database 2010 provides very useful information on freight flows in tons per 
commodity group not only for road and rail but also for seaports. 
 
The database of the Etis plus project allows calculation of the freight volumes in each port 
with the information of origin as imports to the port and destination as exports from each port. 
This set of data is ideal for the calculation of the flows entering and exiting the transport 
logistic nodes in the area that are necessary for the formulation of submatrices in Cube Cargo.  
Additional information also exists on the land mode for transshipment in each port with the 
table ERIS_plus_FreightChains. 
 
An example like that of freight flows of containerized and RORO traffic handled in the port 
of Koper in Slovenia is presented schematically in Figure 6. In this figure we present the 
flows that are reported in the Etis plus database as imports to the port of Koper. We have 
aggregated the flows from the distant zones that are considered as external zones at continent 
level.   
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Figure 6: Desire lines to the port of Koper 2013 for containerized and RORO traffic 

Table 3 presents numerical values of the abovementioned volumes of 2010 by gross weight of 
freight flows imported in the port of Koper in Slovenia. The table has been extracted from the 
Etis plus Eurostat database, table [f_estat_eu27_mar]. 

Table 3: Freight flows of containerized and RORO traffic from the port of Koper in 2010 

Country/Continent
Imports via port of 
Koper 

Summary Large 
containers and 

RORO_2013 in 1000t 
Albania 4 

Austria 1 

Belgium 1 

Greece 62 

Italy 144 

Malta 124 

Spain 5 

Turkey 90 

Russian Federation 2 

Africa 366 

America 4 

Asia 987 

Latin America 38 

Gran Total 1828 
 

2.5 Network Assignment  

The network assignment is the final step of the methodology, where the tons transferred by 
various modes were assigned on the existing transport network. A cost function is used for the 
selection of the transport route, accounting for the cost of trip and the travel time by using 
appropriate adjustment factors.  
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This function in the case study model uses parameters of distance and cost per km (or nautical 
mile) per mode, time and value of time per mode, border crossing penalties for customs and 
non EU countries and delays in ports connected also to value of time.   

The Assignment method used for the purpose of the present analysis is based on multi-class 
equilibrium Assignment algorithms in Cube. Every modal network is assigned a special 
modal matrix; this is succeeded by allowing specific flows to use specific link types of three 
categories Road, Rail, Sea. The parameters of the minimum cost function have been 
mentioned above. The completion of the multi-class assignment in Cube result in freight 
transport modeled volumes for each link and furthermore allows calculation of selected link 
analysis. The selected link analysis is very useful in identifying the hinterlands of the 
maritime links of interest.  It also allows testing of scenarios and forecasts of upgrades in the 
accessibility to the ports infrastructure and new maritime services. An example of selected 
link analysis is presented in Figure 7 for the maritime connection between Bari in Italy and 
Bar in Montenegro.  

 

 

Figure 7: Selected link analysis for the maritime link Bari-Bar (Italy- Montenegro) in Cube showing 
the serviced hinterlands 

 

3 Conclusions 

This paper presents a multimodal freight transport model with the combined use of Transtools 
and Cube Cargo. The paper identifies the advantages of the use of Transtools as a basic tool 
for freight transport modeling of wide range European networks. It also identifies the 
disadvantages of Transtools in modeling transport chains, multimodal assignment and 
maritime services. Furthermore, it provides some solutions to overcome the weaknesses of 
Transtools with the combined use of another tool, Cube Cargo, and introducing the terms of 
transport logistic nodes as possible modal interchange hubs in the network. The method is 
tested in modeling the short sea shipping transport in the logistics chains crossing the Adriatic 
Sea focusing at the better facilitation and promotion of intermodal rail-sea and road-sea 
transport between the ports and their respective hinterlands. 
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