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the flows (volumes of freight moving in the transportation system) (Manheim, 1979). The 
transportation system and the activity system and the flows were two separate loops. There 
was no direct relationship between the transportation system and the activity system. They 
were only connected via the flows. Manheim’s model captures the basic relationship in the 
transport system: transport demand and service supply, interacting with each other via the 
flows of freight or passengers. 

This layered approach has also led to the development of other transportation system models. 
Borg proposed five-layer model (Borg, 1991)see also (Wandel, 1992)). According to Borg, 
the transport system is comprised of transport infrastructure, transport operations, material 
flow, telecommunications infrastructure, and informatics operation. In this framework, the 
supply side of the transport system is subdivided into infrastructure and operations. This 
subdivision demonstrates that transport services actually operate as the media connecting the 
transport demand and the infrastructure supply.  

These layer frameworks are also applicable to the freight transport system. We propose a 
three-layer framework (see Figure 2.1) for the purpose of network design. It is modelled after 
Borg’s framework, but our framework focuses on the functions of each network and the 
actors who operate the network.  

 

Figure 2.1. Three-layer framework of freight transport 

We propose a new framework that is composed of an infrastructure network, a service 
network, freight flows, and regulatory policy. The infrastructure network includes: roads, rail, 
and navigable waters, as well as terminals which provide transhipment and connect the road 
network, the rail network, and the waterway network together. Services between various 
origins/destinations are developed on the basis of the demand for transport services and the 
availability of the infrastructure network. Service legs provide transport services between 
specific demand origins/destinations. A combination of two or more service legs forms a 
service network. Freight flows refer to the transport consigned from sender to receiver. 
Freight flows are routed over the infrastructure network via the service network. All of the 
three layers are impacted by the regulatory policies (e.g., pricing, taxation, and subsidization).
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Figure 5.5. Relationship between the total IWW throughput and the average handling 

costs of the Dutch IWW terminals  

Short summary 

CO2 pricing policy can lead to a modal shift and consequently a reduction in the total network 
CO2 emissions. It can also result in the lower total network internal costs, although extra 
handling costs are incurred in the intermodal transhipments. However, the costs saved from 
using intermodal transport cannot compensate the internalized costs of CO2 emissions. When 
the CO2 emissions are charged of higher prices, IWW transport takes more flows from road 
transport, and after a certain point rail transport takes the modal shares from both IWW and 
road. 

5.6.2 Terminal network configuration 

The findings presented in the previous subsection indicate that the costs saved from using 
intermodal transport cannot compensate for the internalized CO2 emission costs. In this 
subsection, contribution of reconfiguring the terminal network to improving the network 
performance is analysed. There is no charge for CO2 emissions, and the new 
hub-service-networks are assumed not to be available. Each scenario is based on the terminal 
network, where 42 terminals in the NL are assumed to be the candidate locations for container 
transhipment. The total costs in these scenarios are equal to the internal costs because of not 
charging CO2 emissions. 

The brief summary of the main findings of this scenario analysis is as follows: 
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configuration. In addition, if an optimal configuration of the terminal network could be 
achieved, and the transport operators would collaboratively provide appropriate 
hub-network-services to reduce CO2 emissions through CO2 pricing, an increase in total 
network costs may not happen. 

There is not one single optimal future infrastructure network. Instead, a good infrastructure 
network design mainly depends on the future demand, transport price, and development of 
new transport technology. Intermodal transport networks can take advantage of this recent 
strong growth of maritime freight transport. However, the demand for intermodal transport 
capacity depends not only on the growth of the economy. Also, the configuration of the 
terminal networks will have an impact on the way in which the demand is going to be 
distributed in the multimodal transport network. Meanwhile, the terminal networks will also 
have to adapt to changes in the flow patterns in terms of geography and commodity type. The 
appropriate terminal network configurations, technological innovations in handling equipment 
and information technology may result in the new network services and consequently 
translate into that improvements in the intermodal service quality able to attract additional 
transport demand. 

6.3 Recommendations for future research directions 

In this thesis, on the basis of the literature on freight transport network design, the research 
objective was to: Develop a model that supports intermodal freight network design, while 
taking into account design measures concerning transport infrastructure and services. This 
objective was realized by developing a new model, which optimized the freight transport 
network performance by using a scenario-based approach. It assigned multicommodity flows 
to the multimodal network by simulating the decisions of multiple actors involved in the 
freight transport activities. During the development, validation, and application of the model, 
new research directions were identified as follows.  

6.3.1 Further applications of the model 

The model is generically applicable to freight transport infrastructure network design in terms 
of architecture, methods, and algorithms. In this thesis, the model dealt with optimization of 
the transport costs and CO2 emissions by using the design measures of terminal network 
configuration, CO2 price, and specific service networks. However, the model is not limited to 
these three design measures. Similarly it can evaluate alternatives to CO2 pricing, fuel 
taxation, tolls, and tkm haulage tax. In addition, taxation, subsidization, alternative fuel, or 
electric vehicles, can also be considered as design measures. The measurement of externalities 
is not limited to CO2. The model is also applicable to NOx, noise, and traffic 
incidents/accidents with supplementary data. As mentioned earlier, the model users can set 
the design objectives in accordance with the model application. Evaluation of the network 
performance can be carried out at the link, terminal, regional, and/or network level, per mode, 
per commodity type, and/or a combination of the former. As a result, another not highlighted 
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functionality of the model is the assessment of effectiveness and efficiency of different design 
measures. For example, the effect of different taxation schemes with similar internalized costs 
on CO2 emissions can be compared.  

In addition to the alternative design measures and objectives, new implementations can be 
carried out by different measures on commodity categorization. In the presented application, 
the commodities (containers) were categorized by their trade values in order to capture the 
impact of freight value on the decisions of the network use. The model also supports other 
methods of commodity categorization. Taking containers as an example, when containers as 
being empty or loaded, the model can be used for container balance optimization by 
repositioning the empty containers. Another example is to categorize the containers by size, 
for cases when mode choice is strongly dependent on the size of a container. In practice, 
intermodal transport is more competitive in the market of transporting 20-feet containers, 
while the operators prefer road transport for 40-feet containers. The main reason is that the 
rates for transporting 40-feet and 20-feet containers by road are comparable, while the rate for 
shipping a 40-feet container by barge is almost twice as expensive as for 20-feet container due 
to the number of slots occupying the barge. Furthermore, the implementation of the model can 
be broadened to design of the multimodal transport network for mixed flow of the maritime 
and continental containers. This can be achieved by categorizing the commodity types by 
maritime and continental containers, and specifying their specific requirements for transport 
network use, and specifying these two types of containers in the transport demand database. 
Including the continental containers into the existing maritime container transport network 
broadens the scope of network use. By deploying the modified model, the network can be 
analysed and optimized taking into account economies of scope. This may bring new benefits 
to the transport system. 

6.3.2 Potential improvement of the model 
In addition to extending the model to other applications, the potential for improving the model 
in terms of the quality of evaluation, reliability of prediction, and computation capability 
exist. 

Reliable data and information are crucial for the large-scale simulations. Currently, there are a 
lot of data collected by new methods in addition to more traditional methods, such as, trade 
statistics, loop data, and border counts. Data collected by weight-in-motion devices provide 
the vehicles’ wheelbase and gross weights. By using these data, the passenger and freight 
flows on the road can be distinguished, and thus enabling obtaining the observations of freight 
flows, and the road capacity occupied by passenger transport over time. This data would be 
very useful in calibrating the road flows and quantifying the road capacity for freight 
transport. 

In addition, the data collected via tracking and tracing devices would provide OD 
demand-based information. Currently, trade statistics only provide information about the 
amount of freight moved from origin to destination, without information on the route or any 
possible transhipment. Tracking and tracing data identify the transport route. Although it is 



130                    A Freight Transport Model for Integrated Infrastructure, Service, and Policy Design 

 

not possible to track all freight, a sample of tracking and tracing data already enables 
validating specific assumptions on the mode, terminal, and/or route choice in the various 
situations and for different types of commodities. 

Computing time is a challenge for all large-scale simulation models. Models can be infeasible 
due to long computing time. This is not the case for this model with the presented application. 
However, computing time does become a challenge in the context of network optimization 
where a large number of scenarios are initiated and evaluated iteratively. Based on the 
architecture of the model, it is possible to compute multiple scenarios simultaneously (i.e., in 
parallel), as well as simultaneously process different procedures such as scenario initiation 
and evaluation. Therefore, multithreading and distributed computing procedures can be 
utilized. Reconstructing the computation process of this model in batch mode would shorten 
the computation time substantially.  

6.3.3 Extension of the model 
During the development and implementation of the model, a vision on the future freight 
transport network design models is also obtained.  

This model is a static model having advantages in the macroscopic analyses. However, some 
features of freight transport have to be ignored due to the fact that the static models are not 
able to capture the real-time dynamics in transport networks. A potential research direction is 
to incorporate time into the model. As a result, one would be able to capture dynamic demand 
(e.g., the transport demand variations throughout a day) and dynamic network supply (e.g., 
capacity limitations due to ship locks, rail capacity drop caused by prioritizing passenger 
trains, and limits on handling capacity due to time windows). Multiple actors would benefit 
from such model extension if the attributes of network dynamics are well captured. The 
shippers and transport operators would be able to use the model for tactical and operational 
planning. In case of shippers, this would, for instance, enable delivery planning incorporating 
inventory management. Another good example of the benefits from applying dynamic version 
of the model is the ability of transport operators to assess the scheduling of synchronized 
intermodal transport services. The terminal operators could predict the future demand, and the 
number of calls with estimation of the deviations of the actual time of arrival/departure from 
the scheduled time. Based on these accurate estimations at the operational level, a more 
realistic prediction would be possible at the system level for the strategic network design. A 
dynamic version of the model would furthermore enable more realistic estimations of 
transport emissions, and enable analyses of the network and/or service robustness. 
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Figure I.1 Examples of visualized information in GIS 
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