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Freight Transport Modelling of Container 
Hinterland Supply Chains 

Verena Flitsch and Katrin Brümmerstedt 

Macroeconomic freight transport models serve as decision support for transport pol-
icy development. To evaluate infrastructure investments or policy measures these 
tools need to capture the underlying complexity of freight transport networks in a 
sufficient way. Recent developments in this field outline possibilities to combine ag-
gregated and disaggregated approaches in freight transport modelling in order to 
integrate more realistic freight agent behaviour. In contrast to aggregated models, 
disaggregated approaches are able to simulate the decision behaviour on the micro-
level of an individual decision maker.  
In maritime container supply chains liner carriers or their brokers/agents and freight 
forwarders face a variety of interconnected logistical choices such as carrier, port, 
mode, route, shipment, or inventory choice. Modelling at least parts of these choices 
in disaggregated way could be of high value for adequate maritime hinterland policy 
development.  
This paper provides both an overview of present freight transport models with and 
without a logistics step and applied methods to study maritime supply chain freight 
agents’ behaviour. A summarizing framework for behavioural freight transport mod-
elling in maritime container supply chains is introduced. Finally, the framework is 
applied to a container freight transport model under development.  

  

Keywords: Freight Transport Modelling, Maritime Container Supply Chain, 
Choice Modelling 
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1 Introduction 

Simulating present and forecasting future freight transport flows with 

macro-economic freight transport models serves as a strategic decision 

support for infrastructure investments or the evaluation of new policy 

measures. These models need to capture the underlying complexity of the 

examined freight transport networks at least in parts to present an accu-

rate as-is situation. Recent developments outline possibilities to combine 

aggregated and disaggregated approaches in freight transport modelling. 

The objective is to obtain a more realistic representation of freight flows 

and underlying freight agent behaviour. In contrast to aggregated models, 

disaggregated approaches are able to simulate the decision behaviour on 

the micro-level of an individual decision maker (or rather firm level). 

In maritime hinterland supply chains various decision makers interact (see 

figure 1). The market power has shifted from shippers being responsible for 

organising maritime and hinterland transport to liner carriers and freight 

forwarders. For instance, 60 percent of all liner carrier freight loaded or un-

loaded in German ports is controlled by sea freight forwarders (DSLV, 2015). 

Fransoo and Lee (2010) identify that in the Asia-Europe container trade 

even around 70% is contracted with carriers through freight forwarders. 

Notteboom (2008) agrees by asserting that on the European continent mer-

chant haulage has the higher market share with approximately 70-90% of 

landside sea container transports. Thus, it can be assumed that 30-40 per-

cent of German container hinterland transport is controlled by liner carri-

ers/their agents and shippers with own transport departments, and 60-70 

percent of German container hinterland transport is controlled by sea 

freight forwarders. 
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Economic choice situations in this environment are multifaceted and vary 

in terms of dependency, or frequency. Typical choices involve carrier and 

port choice but also mode and route choice. Decisions also vary in regard 

to one-time strategic or repetitive operational perspectives. In order to an-

alyse these decisions different modelling and analysing methods are avail-

able. It can be argued that choices are too much simplified in order to apply 

rational method. The decision problem is not structured in a process-ori-

ented way and connected situations are limited to a single decision. Con-

sidering this, one might also criticize that research stops prior to transfer-

ring new insights from the micro-level to macro-economic decision support 

tools. 

This paper provides both an overview of present freight transport models 

with and without a logistics step and applied methods to study maritime 

supply chain freight agents’ behaviour. Aim is to introduce a summarizing 

framework for behavioural freight transport modelling in maritime con-

tainer supply chains. Finally, the concept is applied to a container hinter-

land transport model under development.  

The paper is organised as follows. First, a literature review of present 

macro-economic freight transport models is performed. This is followed by 

a critical review of choice research in maritime supply chains. Second, a 

framework for container hinterland freight transport modelling is derived. 

Third, the framework is conceptually applied to a container freight 

transport model under development. Finally, the paper concludes with a 

discussion section. 
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Figure 1 Maritime container supply chain 

2 Literature Review 

The literature review is twofold. Initially, it draws the attention to selection 

and classification of macro-economic freight transport models. Then, 

choices in maritime container supply chain research are reviewed. 

2.1 Selection of Macro-Economic Freight Transport  
Models  

Previous reviews on macro-economic freight transport models by de Jong 

et al. (2013), Tavasszy et al. (2012), Chow et al. (2010), Abdelwahab (1998), 

and on urban and metropolitan freight transportation by Taniguchi et al. 

(2014), Zhou and Dai (2012) guide the selection of models and classification 
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criteria. Besides, the authors performed a review of scientific articles on 

freight transport models and identified 111 articles published from 1970 to 

February 2015. These articles were scanned concerning new model devel-

opments. 

Worldwide there are various transport models or separate (sub-) modules 

in operation. Developers are either academics and/or work for public or-

ganisations or private industries. As a result, model details can be confiden-

tial and are not published rigorously. Thus, selecting established and re-

cent regional and national macro-economic freight transport models for 

this review requires some limitations: 

— Sub-modules are not extra highlighted, e.g. models on mode and 

shipment choice. 

— Only models developed between 2005 and 2015 or earlier models 

which are named in previous reviews are chosen. 

— Freight transport models listed in past reviews and journal arti-

cles are only selected if information on classification criteria is re-

garded to be sufficient. 

Finally, 14 macro-economic freight transport models are selected for re-

view. 

2.2 Classification of Macro-Economic Freight Transport 
Models 

Figure 2 summarizes the 14 different macro-economic freight transport 

models according to the following classification criteria: client, geograph-

ical study area, years of development, modes, number of zones, number of 

commodities, modelling steps (generation G, distribution D, modal split M, 

 



238 Verena Flitsch and Katrin Brümmerstedt  

logistics L, assignment A), perspective (aggregated A, disaggregated D), and 

software. 

Clients of the macro-economic freight model developers are national 

transport authorities or the European Commission. The study area mainly 

corresponds to the authority’s’ geographical area of responsibility or inter-

est.  

The basic model takes at least one to two years to develop but this period 

may be extended to up to five years depending on the model’s features. All 

14 models consider the modes road and rail, nine models add inland wa-

terway, and seven models integrate sea, compared to six models including 

air. SCENES and SMILE+ contain all available transport modes including 

pipeline. 

The number of geographical zones varies from 69 in BASGOED to 3101 in 

the NGVM. The average number of zones is about 650. The number of com-

modities ranges from five to 542 with 10 as the most frequent.  

The modelling steps differ but except WFTM all follow in essence the classi-

cal 4-step approach which was originally developed for passenger 

transport. Building on this, several models replace the modal split step with 

a logistics step or add an additional logistics step between modal split and 

assignment.  

Logistical choices diverge and may comprise shipment size choice, port 

choice, distribution centre choice, mode choice, vehicle type choice, or in-

ventory choice. De Jong and Ben-Akiva (2007) refer to the number of legs in 

the transport chain, the use of terminals, and the mode used for each leg 

(including choice of vehicle/vessel type and loading unit) as ‘transport 

chain choice’. 
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Figure 2 Overview of macro-economic freight transport models 
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The majority of models show a disaggregated perspective. Especially, ADA 

models are established. In principal, aggregation refers to zone-to-zone 

flows and disaggregation to firm-to-firm flows. But the term disaggregation 

also relates to the conversion of shipment flows into vehicle flows, or the 

split of commodity groups into single commodities. ADA is applied by the 

ADA model for Flanders, SAMGODS, the NGVM and others.  

Modelling steps and perspective are the logic behind the freight transport 

flow simulation. To integrate modelling steps and logic into geographical 

simulation different software tools are in available. Own programs are used 

frequently but also commercial freight transport modelling software like 

Visum and Nodus are deployed. Besides, commercial transport modelling 

software may be extended by own programs in external environments. 

2.3 Choices in Maritime Container Supply Chain Research 

Economics is about the choices individuals make, and micro-economics is 

the branch of economics that studies choice making (Krugman and Wells, 

2013). Mathematical models as simplified representations of reality sup-

port this social research field heavily.  

The root of choice modelling and analysis lies in two different decision the-

ories. Descriptive decision theory concentrates on the psychology of indi-

viduals. It is also named empirical or behavioural decision theory and an-

swers questions related to ‘what people do’. It is concerned with people's 

beliefs and preferences as they are, not as they should be (Kahneman and 

Tversky, 1984). Central research themes concentrate on how human 

choices derivate from rules of rationality. In contrast, normative or rational 

decision theory focusses on minimizing costs and maximizing benefits. It is 
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concerned with the nature of rationality and the logic of decision making 

(Kahneman and Tversky, 1984). Rational decision theory answers ques-

tions related to ‘what people should do’. Especially after the findings of 

Kahneman and Tversky (1979) a rethinking of normative models of rational 

choice for analysing decision making under risk took place. 

Today, rational choice models may be adapted to capture differences in 

decision weights and preferences of decision makers. Durbach and Stewart 

(2012) distinguish between analyses based on: probabilities, decision 

weights, explicit risk attributes, fuzzy numbers, and scenarios. To bridge 

the gap between micro-economic research and model application in the 

maritime transport business, the following questions guide the upcoming 

literature review: 

— What is the decision problem?  

— Who is the decision maker?  

— Which main method is used for data collection? 

— Which main method is used for decision modelling and data  

analysis? 

95 journal articles published between 1973 and 2014 are identified. 

2.3.1 Decision problem 

Dominant decision problem in maritime supply chain research is port 

choice (55 publications), followed by liner carrier choice (18 publications) 

and mode choice (six publications). Table 1 gives an overview of all articles 

and the decision problems. Starting point in theory is a well-structured de-

cision problem. 
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Table 1 Overview of decision problems in maritime supply chain research 

Decision 
problem References 

Port choice 
(55) 

Anderson et al., 2009; Bird and Bland, 1988; Bird, 1988; 
Brooks and Schellinck, 2013; Chang et al., 2008; Chou, 
2007, 2009; Chou et al., 2010; Chou, 2010; de Langen, 
2007; Ffrench, 1979; Fleming and Hayuth, 1994; Foster, 
1978; Garcia-Alonso and Sanchez-Soriano, 2009; Guy 
and Urli, 2006; Ha, 2003; Itoh et al., 2002; Kim, 2013; Lam 
and Dai, 2012; Lee et al., 2010; Lirn et al., 2003; Lirn et 
al., 2004; Loon Ching Tang et al., 2011; Magala and Sam-
mons, 2008; Malchow and Kanafani, 2001; Malchow and 
Kanafani, 2004; Mangan et al., 2002; McCalla, 1994; Mur-
phy et al., 1992; Murphy and Daley, 1994; Ng, 2006; Nir et 
al., 2003; Notteboom, 2011; Saeed, 2009; Sanchez et al., 
2011; Seo and Ha, 2010; Song, 2004; Starr, 1994; Steven 
and Corsi, 2012; Tavasszy et al., 2011; Tongzon and 
Heng, 2005; Tongzon and Sawant, 2007; Tongzon, 2009; 
Tran, 2011; Ugboma et al., 2004; Ugboma et al., 2007; 
Ugboma et al., 2006; van Asperen and Dekker, 2013; 
Veldman et al., 2011; Veldman and Bückmann, 2003; 
Wiegmans et al., 2008; Willingale, 1981; Yeo et al., 2014; 
Yeo et al., 2011; Yuen et al., 2012 

Carrier 
choice 
(liner, 18) 

Brooks, 1984; Brooks, 1985; Brooks, 1990, 1995; Chen et 
al., 2010; Chou and Liang, 2001; Collision, 1984; D'Este, 
1992; Gibson et al., 1993; Kannan, 2010; Kannan et al., 
2011; Kent et al., 1999; Lobo, 2010; Lu, 2003b; Nind et 
al., 2007; Pedersen and Gray, 1998; Saldanha et al., 
2009; Wen and Huang, 2007 
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Decision 
problem 

References 

Mode 
choice (6) 

Brooks et al., 2012; Feo et al., 2011; Feo-Valero et al., 
2011; Reis, 2014; Winston, 1981; Wong et al., 2008 

Other (16) 

Carrier choice (liner), port choice: D'Este and Meyrick, 
1992; Murphy et al., 1991; Slack, 1985; Tiwari et al., 2003; 
Freight transportation choice (land): Mangan et al., 2001; 
McGinnis, 1979; Wang et al., 2014; Freight transportation 
choice (maritime): Talley and Ng, 2013; Talley, 2014; 
Thai, 2008; Carrier choice (land): Bardi, 1973; Murphy et 
al., 1997; Carrier choice (liner, air): Matear and Gray, 
1993; Carrier choice (liner, land), mode choice: Meixell 
and Norbis, 2008; Logistics service choice: Lu, 2000; Mar-
itime firm choice: Lu, 2003a 

 

In practice, port and/or carrier choice problems are difficult to construct in 

a chronological and independent way due to, e.g. longer-term agreements, 

preferences of shippers, or different product life cycle stages (Flitsch and 

Jahn, 2014). Only three sources start their analysis by visually structuring 

the decision problem first. Mangan et al. (2002) highlight port choice as de-

cision making 'process model'. Brooks (1990) introduce a 'decision flow di-

agram' named as ocean carrier selection model, and Brooks (1984) display 

the decision process in liner carrier choice as ‘decision tree’. 

2.3.2 Decision Maker 

Historically, the shipper was the main decision maker in maritime supply 

chains. With 17 publications it is still a highly researched area starting with 
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Bardi (1973) up to van Asperen and Dekker (2013). In addition, the shipper’s 

agents carriers with 16 publications (Yeo et al., 2014; Willingale, 1981), car-

riers and freight forwarders with 14 publications (Chen et al., 2010; Brooks, 

1984), and freight forwarders with 9 publications (Reis, 2014; Bird and 

Bland, 1988) are important research objects.  

In 11 articles also shipments serve as a proxy for the group of all decision 

makers (Steven and Corsi, 2012; Winston, 1981). This refers to a revealed 

preference context where analysis of past choice and historical data takes 

place.  

Other decision makers are named as carrier-shipper (Lobo, 2010), carrier-

freight forwarder-shipper (Brooks and Schellinck, 2013), carrier-shipper-

port (Talley, 2014), or as other actors and combinations (Sanchez et al., 

2011). 

2.3.3 Data Collection 

Either no empirical data is collected or a questionnaire survey is conducted. 

Gathering statements of decision makers with (semi-) structured question-

naires is by far the most widespread main empirical data collection method 

with 37 papers, for instance see Brooks and Schellinck (2013) or Foster 

(1978). 

15 articles concentrate on interviews for getting data (Yuen et al., 2012; 

Willingale, 1981), five current publications use discrete choice experiments 

(Brooks et al., 2012; Feo et al., 2011; Feo-Valero et al., 2011; Nind et al., 2007; 

Wen and Huang, 2007). 

Kannan et al. (2011) and Kannan (2010) organize focus groups. No empirical 

data collection takes place in 36 papers (see Reis, 2014; Ffrench, 1979). 
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2.3.4 Decision Modelling and Data Analysis 

Table 2 lists the main methods for decision modelling and data analysis ap-

plied in maritime supply chain research. Statistical analysis (descriptive, in-

ferential) directed towards the identification of main decision attributes is 

applied in 37 publications. Theoretical contributions are made in 18 pa-

pers. Discrete choice models are of relevance in 16 articles. Additionally, 

the Analytical hierarchy process (AHP) is a popular analysis method applied 

in 8 publications. 

Prior to 2003 research concentrated mainly on decision attribute identifi-

cation and weighting with descriptive statistical analysis methods. Since 

2003 further application of identified decision criteria and preference 

weights takes place, e.g. to estimate market share changes of carriers (Wen 

and Huang, 2007; Tiwari et al., 2003), to derive a demand function for traffic 

forecasting (Veldman and Bückmann, 2003), to formulate a optimization 

programming model for the port choice of shippers (Chou, 2009), or a com-

bined fuzzy MCDA / optimization programming model (Chou et al., 2010), 

and to propose a web-based decision support system for port selection 

(Lam and Dai, 2012). 
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Table 2 Overview of main method for data analysis in maritime supply 
chain research 

Decision 
problem References 

Statistical 
analysis 
(descriptive, 
inferential) 

Bardi, 1973; Brooks, 1984; Brooks, 1985; Brooks, 1990, 
1995; Brooks and Schellinck, 2013; Chang et al., 2008; 
Chen et al., 2010; de Langen, 2007; D'Este and Meyrick, 
1992; Foster, 1978; Gibson et al., 1993; Ha, 2003; Kent 
et al., 1999; Kim, 2013; Lee et al., 2010; Lobo, 2010; Lu, 
2000, 2003a, 2003b; Mangan et al., 2002; Matear and 
Gray, 1993; McGinnis, 1979; Murphy et al., 1991; Mur-
phy et al., 1992; Murphy and Daley, 1994; Murphy et 
al., 1997; Ng, 2006; Pedersen and Gray, 1998; Saeed, 
2009; Sanchez et al., 2011; Slack, 1985; Thai, 2008; 
Tongzon, 2009; Ugboma et al., 2004; Ugboma et al., 
2007; Yeo et al., 2011 

Theoretical 

Chou, 2007, 2009; Chou et al., 2010; Chou, 2010; Chou 
and Liang, 2001; Ffrench, 1979; Loon Ching Tang et al., 
2011; Magala and Sammons, 2008; Notteboom, 2011; 
Seo and Ha, 2010; Talley and Ng, 2013; Talley, 2014; 
Tavasszy et al., 2011; Tongzon and Heng, 2005; 
Tongzon and Sawant, 2007; Tran, 2011; Wang et al., 
2014; Yeo et al., 2014 

Discrete 
choice 

Anderson et al., 2009; Brooks et al., 2012; Feo et al., 
2011; Feo-Valero et al., 2011; Garcia-Alonso and 
Sanchez-Soriano, 2009; Itoh et al., 2002; Malchow and 
Kanafani, 2001; Malchow and Kanafani, 2004; Nind et 
al., 2007; Nir et al., 2003; Steven and Corsi, 2012; Tiwari 
et al., 2003; Veldman et al., 2011; Veldman and Bück-
mann, 2003; Wen and Huang, 2007; Winston, 1981 
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Decision 
problem 

References 

Analytical 
hierarchy 
process 

Kannan, 2010; Kannan et al., 2011; Lirn et al., 2003; Lirn 
et al., 2004; Song, 2004; Ugboma et al., 2006; Wong et 
al., 2008; Yuen et al., 2012 

Other 

Descriptive analysis: Bird, 1988; D'Este, 1992; Wieg-
mans et al., 2008; Willingale, 1981; Simulation: Guy and 
Urli, 2006; Reis, 2014; Saldanha et al., 2009; van 
Asperen and Dekker, 2013; Literature review: Mangan 
et al., 2001; Meixell and Norbis, 2008; Market analysis: 
McCalla, 1994; Starr, 1994; Case study analysis: Colli-
sion, 1984; Conceputal analysis: Lam and Dai, 2012; 
Content analysis: Bird and Bland, 1988; Spatial analy-
sis: Fleming and Hayuth, 1994 

3 Framework for container hinterland freight 
transport modelling 

It can be stressed that a long experience in passenger transport modelling 

in academia is a good starting point for modelling freight transport flows. 

Modelling practices are transferred. However, freight transport is far more 

complex than passenger transport. Decision makers and their power to act 

vary due to contractual and non-contractual relationships, e.g. freight for-

warders may chose a port corresponding to a shipper's preference or be-

cause they have long-term volume agreements with liner carriers departing 

from that port. Transported goods differ in volume, urgency, or value. 

Empty loading units and vehicles require capacity, too. Further, container 
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hinterland transport and mainland transport face different risks; say ship 

delays are not in the forwarders sphere of influence. In summary, it is pos-

sible to transfer passenger modelling practices to container hinterland sup-

ply chains. But realistic models of the as-is situation need to be capable to 

consider at least parts of the system's complexity.  

The main research objective is to determine (1) how decision problems in 

container hinterland supply chains can be structured according to decision 

maker and freight category, (2) how identified decision problems may be 

modelled and analysed, (3) how to apply the results in a freight transport 

model under development and, (4) how the final freight transport model 

output may be validated. 

By taking the literature review of both macro-economic freight transport 

models and choices in maritime container supply chain research into ac-

count, a simple framework for container hinterland freight transport mod-

elling is proposed (see figure 3). 

 STRUCTURE MODEL
& ANALYSE

APPLY

Methods Business 
process 

modelling

Value 
functions

Preference 
weights

Discrete 
choice

Analytical 
hierarchy 
process

... ...

Soft system 
methodology

System 
dynamics 

...

VALIDATE

Sensitivity 
analysis

Case study

...

Figure 3 Framework for container hinterland freight transport modelling 
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3.1 Structure 

Graphical representation of decision situations is an accepted method for 

problem structuring and segmentation of decision makers. 

As highlighted previously, three publications in supply chain choice re-

search start their analysis by visually structuring the decision problem first. 

Mangan et al. (2002) depict a process model, Brooks (1990) introduces a de-

cision flow diagram, and Brooks (1984) applies a decision tree. 

Apart from this, the business process modelling method is selected in sev-

eral PhD dissertations in maritime logistics research. Advantage is that not 

only choice dependencies but also decision makers can be visualised. Wolff 

(2014) models different business processes in empty container logistics. 

Will (2011) concentrates on RFID implementation to maritime container lo-

gistics and transshipment process optimisation. Zuesongdham (2010) 

models a reference process for project and heavy-lift cargo. Schwarz (2006) 

simplifies process models in tri-modal hinterland transport chains. 

Other advanced problem structuring methods have been developed prag-

matically and are own research fields in operations research (Mingers and 

Rosenhead 2004). Potential drawback is that in contrast to business pro-

cess modelling decision makers in maritime supply chains are usually not 

acquainted to methods like soft system methodology, or system dynamics. 

This could hinder empirical data collection. 

3.2 Model & Analyse 

After reviewing the literature on methods to model and analyse choices in 

maritime container supply chain research, the acceptance of discrete 
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choice models and the AHP in empirical research became apparent. Espe-

cially, after 2003 research moved further than identifying significant deci-

sion attributes to calculating preference weightings of rational decision 

makers.  

The AHP is rooted in multi criteria decision analysis (MCDA) which is a sub-

discipline of OR. Main idea is to aid subjective decision making by integrat-

ing objective measurement with value judgement (Belton and Stewart, 

2002). The AHP is a structured MCDM technique for organizing and analys-

ing complex decisions quantitatively based on qualitative human judg-

ment (pairwise comparison of choice attributes). It supports the identifica-

tion of the relative value of a previously identified choice attribute set in 

hierarchical order to reach a final decision. 

By contrast, discrete choice models calculate choice probabilities derived 

from utility maximizing behaviour of the decision maker. Different models 

(e.g. the most popular multinomial logit MNL) start their analysis with an 

underlying rational decision process displayed in a functional form - the 

utility function consisting of a value function and an error term. Key 

thoughts are that the decision maker tries to maximize the individual value 

function, makes trade-offs between attributes and that an error term cap-

tures all other influences.  

3.3 Apply 

Results of the AHP are absolute values of preference weights for single de-

cision attributes which can be ranked accordingly. Previously AHP helped 

to explore the relative importance of factors that determine container port 
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competitiveness and to rank them (Yuen et al., 2012), to examine predomi-

nant factors for port choice (Ugboma et al., 2006), or to assist ocean con-

tainer carriers in benchmarking their service quality (Kannan, 2010). 

The outcomes of discrete choice analysis are preference estimates of the 

choice attributes and corresponding probability weights of two or more 

choice alternatives. Both help to predict future choice behaviour. Ben-

Akiva and Lerman (1985) introduced the method to travel demand analysis.  

Today, discrete choice analysis assists to model the modal choice between 

door-to-door road transport and short sea shipping (Feo et al., 2011), to es-

tablish a demand function for container port services (Veldman et al., 

2011), or to estimate market shares of freight agents (Wen and Huang, 2007; 

Tiwari et al., 2003). Additionally, discrete choice analysis may result in ded-

icated cost functions for transport flows which also include a quantification 

of qualitative choice criteria (see most comprehensive values of time and 

values of reliability for shippers and freight forwarders determined by de 

Jong et al. in 2014). 

3.4 Validate 

Sensitivity analysis and case studies supported by historical data analysis 

are possible methods to validate container hinterland freight transport 

model outputs. Changes in variable levels on output impact may be exam-

ined to adjust the model design in an iterative way. A prevailing risk is that 

data to validate the model cannot be or has not been collected by the re-

searcher/others or that access to historical data is denied (confident, or no 

interest to share).  
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4 Application of the Framework to a Container 
Freight Transport Model 

Client of the macro-economic container freight transport model under de-

velopment is the Ministry of Science and Research of the City of Hamburg. 

Study area is the regional, national and international hinterland area of the 

Port of Hamburg. For the base model a two year development period with 

start in 2014 is anticipated. All modes of relevance for container hinterland 

transport are considered, thus, road, rail and inland waterway. The classi-

cal 4-stage model of transport modelling (generation, distribution, modal 

split, assignment) is enlarged by transferring the modal split choice into a 

combination of supply chain choices under the umbrella term 'logistics 

choice'. The previously proposed framework for behavioural freight 

transport modelling sets in here. Figure 4 displays the methods which are 

considered for application based on the previous framework. 

Main parts of the model’s logic are supported by the software environment 

Visum but the disaggregation logic of the followed ADA perspective is pro-

grammed externally. These external calculations are passed back to Visum 

for final simulation of freight transport flows onto the geographical road, 

rail and inland waterway network. 

Input data consisting of structural data, transport networks, and produc-

tion/distribution/consumption figures is enlarged by the generated deci-

sion process models of the maritime hinterland supply chain. The process 

models are essential for modelling and analysing freight agents' prefer-

ences in different maritime hinterland supply chains with discrete choice 

models. Altogether, the steps 'structure' and 'model & analyse' are key for 
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integrating behavioural differences of freight agents container hinterland 

transport flows. 

The model's output comprises transport matrices and network loads. In or-

der to validate the quality case studies with freight agents enable the re-

searcher to compare results with historical data.  

On the one hand, further research relates to base model extension. On the 

other hand, model application stimulates further research, exemplary, in 

the domain of transport forecasts and scenario analysis, location and po-

tential analysis, environment and safety analysis as well as infrastructure 

and policy measure planning. 
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Figure 4 Conceptual representation of the container freight transport 
model 
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5 Discussion and Conclusion 

Compared to the sophistication of passenger transport models, their un-

derlying decision logic and supporting practices, freight transport models 

lag behind. This paper does not strive for radical innovations but for stress-

ing the importance to combine established methods in a structured way. 

Apart from high demands on mathematical choice models to consider un-

certainty, risk and decision power other issues complicate research pro-

gress. Getting data access is one major hindrance in the logistics environ-

ment and collecting the data can be costly. If decision makers do not un-

derstand why or how to supply their input for freight transport modelling 

projects the validity of realistic transport flows is likely to be low. 

To conclude, this paper provides an overview of both recent freight 

transport models, and on accepted methods for choice analysis in mari-

time supply chain research. As a next step the researchers have the oppor-

tunity to use and evaluate the framework while working on the container 

transport freight model under development. By this, research would not 

stop prior to transferring new insights from the micro-level to macro-eco-

nomic decision support tools. 

 



256 Verena Flitsch and Katrin Brümmerstedt  

References 

Abdelwahab, W.M., 1998. Elasticities of mode choice probabilities and market elas-
ticities of demand. Transportation Research Part E: Logistics and Transporta-
tion Review 34 (4), 257–266. 

Anderson, C.M., Opaluch, J.J., Grigalunas, T.A., 2009. The Demand for Import Ser-
vices at US Container Ports. Maritime Economics & Logistics 11 (2), 156–185. 

Bardi, E.J., 1973. Carrier Selection From One Mode. Transportation Journal 13 (1), 
23–29. 

Belton, V., Stewart, T.J., 2002. Multiple criteria decision analysis: An integrated ap-
proach. Kluwer Academic Publishers, Boston.  

Ben-Akiva, M.E., Lerman, S.R., 1985. Discrete choice analysis: Theory and applica-
tion to travel demand. MIT Press, Cambridge, Mass. 

Bird, J., Bland, G., 1988. Freight forwarders speak: the Perception of Route Competi-
tion via Seaports in the European Communities Research Project.Part 1. Mari-
time Policy & Management 15 (1), 35–55. 10.1080/03088838800000042. 

Bird, J., 1988. Freight forwarders speak: the Perception of Route Competition via 
Seaports in the European Communities Research Project.Part 2. Maritime Policy 
& Management 15 (2), 107–125.  

Brooks, M.R., 1984. An alternative theoretical approach to the evaluation of liner 
shipping. Part 1: Situational factors. Maritime policy and management 11 (1), 
35–43. 

Brooks, M.R., 1985. An alternative theoretical approach to the evaluation of liner 
shipping Part II. Choice criteria. Maritime Policy & Management 12 (2), 145–155. 

Brooks, M.R., 1990. Ocean carrier selection criteria in a new environment. The logis-
tics and transportation review 26 (4), 339–355. 

Brooks, M.R., 1995. Understanding the ocean container market - A seven country 
study. Maritime policy and management 22 (1), 39–50. 

Brooks, M.R., Puckett, S.M., Hensher, D.A., Sammons, A., 2012. Understanding mode 
choice decisions: A study of Australian freight shippers. Maritime Economics & 
Logistics 14 (3), 274–299. 

 



Freight Transport Modelling of Container Hinterland Supply Chains 257 

Brooks, M.R., Schellinck, T., 2013. Measuring port effectiveness in user service deliv-
ery: What really determines users' evaluations of port service delivery? Re-
search in Transportation Business & Management 8, 87–96.  

Chang, Y.-T., Lee, S.-Y., Tongzon, J.L., 2008. Port selection factors by shipping lines: 
Different perspectives between trunk liners and feeder service providers. Ma-
rine policy 32 (6), 877–886. 

Chen, K.-K., Wang, J.-S., Chu, C.-W., Chiu, Rong-Her, 2010. Improving service perfor-
mance for an international container shipping company using index approach: 
A method and applications. Journal of Marine Science and Technology 18 (5), 
759–770. 

Chou, C.-C., 2007. A fuzzy MCDM method for solving marine transshipment con-
tainer port selection problems. Applied Mathematics and Computation 186 (1), 
435–444.  

Chou, C.-C., 2009. An Empirical Study on Port Choice Behaviors of Shippers in a Mul-
tiple-Port Region. Marine Technology Society journal 43 (3), 71–77. 

Chou, C.-C., Kuo, F.-T., Gou, R.-H., Tsai, C.-L., Wong, C.-P., Tsou, M.-C., 2010. Applica-
tion of a combined fuzzy multiple criteria decision making and optimization 
programming model to the container transportation demand split. Optimisa-
tion Methods & Applications in Decision-Making Processes 10 (4), 1080–1086. 

Chou, C.-C., 2010. Application of FMCDM model to selecting the hub location in the 
marine transportation: A case study in southeastern Asia. Mathematical and 
Computer Modelling 51 (5), 791–802. 

Chou, T.-Y., Liang, G.-S., 2001. Application of a fuzzy multi-criteria decision-making 
model for shipping company performance evaluation. Maritime Policy & Man-
agement 28 (4), 375–392. 

Chow, J.J., Yang, C., Regan, A., 2010. State-of-the art of freight forecast modeling: 
lessons learned and the road ahead. Transportation 37 (6), 1011-1030. 

Collision, F.M., 1984. North to Alaska: Marketing in the Pacific Northwest-Central 
Alaska liner trade. Maritime policy and management 11 (2), 99–112. 

 



258 Verena Flitsch and Katrin Brümmerstedt  

de Jong, G., Ben-Akiva, M., 2007. A micro-simulation model of shipment size and 
transport chain choice. Transportation Research Part B 41 (9), 950–965. 
10.1016/j.trb.2007.05.002. 

de Jong, G., Kouwenhoven, M., Bates, J., Koster, P., Verhoef, E., Tavasszy, L., 
Warffemius, P., 2014. New SP-values of time and reliability for freight transport 
in the Netherlands. Transportation Research Part E: Logistics and Transporta-
tion Review 64 (0), 71–87. 10.1016/j.tre.2014.01.008. 

de Jong, G., Vierth, I., Tavasszy, L., Ben-Akiva, M., 2013. Recent developments in na-
tional and international freight transport models within Europe. Transportation 
40 (2), 347–371. 10.1007/s11116-012-9422-9. 

de Langen, P., 2007. Port competition and selection in contestable hinterlands; the 
case of Austria. European Journal of Transport and Infrastructure Research 7 
(1), 1–14. 

D'Este, G.M., Meyrick, S., 1992. Carrier selection in a RO/RO ferry trade Part 1. Deci-
sion factors and attitudes. Maritime Policy & Management 19 (2), 115–126. 

D'Este, G.M., 1992. Carrier selection in a RO/RO ferry trade Part 2. Conceptual 
framework for the decision process. Maritime Policy & Management 19 (2), 127–
138.  

DSLV, 2015. Zahlen, Daten, Fakten aus Spedition und Logistik. 

Durbach, I.N., Stewart, T.J., 2012. Modeling uncertainty in multi-criteria decision 
analysis. European journal of operational research 223 (1), 1–14.  

Feo, M., Espino, R., García, L., 2011. An stated preference analysis of Spanish freight 
forwarders modal choice on the south-west Europe Motorway of the Sea. Urban 
transport initiatives 18 (1), 60–67.  

Feo-Valero, M., García-Menéndez, L., Sáez-Carramolino, L., Furió-Pruñonosa, S., 
2011. The importance of the inland leg of containerised maritime shipments: An 
analysis of modal choice determinants in Spain. Transportation Research Part 
E: Logistics and Transportation Review 47 (4), 446–460.  

Ffrench, R.A., 1979. Competition among selected eastern Canadian ports for foreign 
cargoes. Maritime Policy & Management 6 (1), 5–13.  

 



Freight Transport Modelling of Container Hinterland Supply Chains 259 

Fleming, D.K., Hayuth, Y., 1994. Spatial characteristics of transportation hubs: cen-
trality and intermediacy. Journal of Transport Geography 2 (1), 3–18.  

Flitsch, V., Jahn, C., 2014. Maritime supply chain choices by freight forwarders in 
container shipping, in: IAME Conference 2014. IAME Conference 2014, Norfolk, 
USA. July 15-17, pp. 1–24. 

Foster, T., 1978. Ports: What shippers should look for. Distribution Worldwide 77 (1), 
40–48. 

Fransoo, J.C., Lee, C.-Y., 2010. Ocean Container Transport: An Underestimated and 
Critical Link in Global Supply Chain Performance. Unknown. 

Garcia-Alonso, L., Sanchez-Soriano, J., 2009. Port selection from a hinterland per-
spective. Maritime Economics & Logistics 11 (3), 260–269. 

Gibson, B.J., Sink, H.L., Mundy, R.A., 1993. Shipper-Carrier Relationships and Carrier 
Selection Criteria. The logistics and transportation review 29 (4), 371–382. 

Guy, E., Urli, B., 2006. Port selection and multicriteria analysis: An application to the 
Montreal-New York alternative. Maritime Economics & Logistics 8 (2), 169–186. 

Ha, M.-S., 2003. A comparison of service quality at major container ports: implica-
tions for Korean ports. Journal of Transport Geography 11 (2), 131–137. 

Itoh, H., Tiwari, P., Doi, M., 2002. An analysis of cargo transportation behaviour in 
Kita Kanto (Japan). International journal of transport economics 29 (3), 319–
336. 

Jahn, C., Flitsch, V., 2012. Improving truck arrival information at North Range con-
tainer terminals, in: Pioneering Supply Chain Design - A Comprehensive Insight 
into Emerging Trends, Technologies and Applications. Eul Verlag, Lohmar, pp. 
115–130. 

Kahneman, D., Tversky, A., 1979. Prospect theory: An analysis of decision under risk. 
Econometrica 47 (2), 263–291. 

Kahneman, D., Tversky, A., 1984. Choices, values, and frames. American Psycholo-
gist 39 (4), 341–350. 10.1037/0003-066X.39.4.341. 

Kannan, V., 2010. Benchmarking the service quality of ocean container carriers us-
ing AHP. Benchmarking 17 (5), 637–656. 

 



260 Verena Flitsch and Katrin Brümmerstedt  

Kannan, V., Bose, S.K., Kannan, N.G., 2011. An evaluation of ocean container carrier 
selection criteria: an Indian shipper's perspective. Management research review 
34 (7), 754–773. 

Kent, J.L., Parker, R.S., Parker, R., 1999. International containership carrier selec-
tion criteria: Shippers-carriers differences. International Journal of Physical Dis-
tribution & Logistics Management 29 (5-6), 398–408. 

Kim, J.-Y., 2013. Port user typology and representations of port choice behavior: A 
Q-methodological study. Maritime Economics & Logistics 16 (2), 165–187. 

Krugman, P.R., Wells, R., 2013. Economics, 3rd ed. Worth Publishers, New York, NY. 

Lam, J.S.L., Dai, J., 2012. A decision support system for port selection. Transporta-
tion Planning and Technology 35 (4), 509–524.  

Lee, S.-Y., Chang, Y.-T., Lee, P.T.-W., 2010. Container Port Selection Factors: Hetero-
geneity Among Major Market Players., 8(2), 73–90. Journal of International Lo-
gistics and Trade 8 (2), 73–90. 

Lirn, T.-c., Thanopoulou, H.A., Beresford, A.K.C., 2003. Transhipment Port Selection 
and Decision-making Behaviour: Analysing the Taiwanese Case. International 
Journal of Logistics Research and Applications 6 (4), 229–244.  

Lirn, T.C., Thanopoulou, H.A., Beynon, M.J., Beresford, A.K.C., 2004. An Application 
of AHP on Transhipment Port Selection: A Global Perspective. Marit Econ Logist 
6 (1), 70–91.  

Lobo, A., 2010. Assessing the service quality of container shipping lines in the inter-
national supply chain network - shippers' perspective. International journal of 
value chain management 4 (3), 256–267. 

Loon Ching Tang, Low, J.M.W., Shao Wei Lam, 2011. Understanding port choice be-
havior: A network perspective. Networks and spatial economics 11 (1), 65–82. 

Lu, C.-s., 2000. Logistics services in Taiwanese maritime firms. Transportation Re-
search Part E: Logistics and Transportation Review 36 (2), 79–96.  

Lu, C.-s., 2003a. An Evaluation of Service Attributes in a Partnering Relationship be-
tween Maritime Firms and Shippers in Taiwan. Transportation journal 42 (5), 5–
16. 

 



Freight Transport Modelling of Container Hinterland Supply Chains 261 

Lu, C.-s., 2003b. The impact of carrier service attributes on shipper-carrier partner-
ing relationships: a shipper's perspective. Transportation research / E 39 (5), 
399. 

Magala, M., Sammons, A., 2008. A New Approach to Port Choice Modelling. Maritime 
Economics & Logistics 10 (1), 9–34. 

Malchow, M., Kanafani, A., 2001. A disaggregate analysis of factors influencing port 
selection. Maritime policy and management 28 (3), 265–278. 

Malchow, M.B., Kanafani, A., 2004. A disaggregate analysis of port selection. Trans-
portation research 40 (4), 317–338. 

Mangan, J., Lalwani, C., Gardner, B., 2001. Identifying Relevant Variables and Mod-
elling the Choice Process in Freight Transportation. Maritime Economics & Lo-
gistics (3), 278–297. 

Mangan, J., Lalwani, C., Gardner, B., 2002. Modelling port/ferry choice in RoRo 
freight transportation. International Journal of Transport Management 1 (1), 
15–28.  

Matear, S., Gray, R., 1993. Factors Influencing Freight Service Choice for Shippers 
and Freight Suppliers. International Journal of Physical Distribution & Logistics 
Management 23 (2), 25–35. 

McCalla, R.J., 1994. Canadian container ports: how have they fared? How will they 
do? Maritime Policy & Management 21 (3), 207–217.  

McGinnis, M.A., 1979. Shipper Attitudes Toward Freight Transportation Choice: A 
Factor Analytic Study. International Journal of Physical Distribution & Logistics 
Management 10 (1), 25–34. 

Meixell, M.J., Norbis, M., 2008. A review of the transportation mode choice and car-
rier selection literature. The international journal of logistics management 19 
(2), 183–211.  

Murphy, P.R., Daley, J.M., Dalenberg, D.R., 1991. Selecting Links and Nodes in Inter-
national Transportation: An Intermediary's Perspective. Transportation Journal 
(American Society of Transportation & Logistics Inc) 31 (2), 33–40. 

 



262 Verena Flitsch and Katrin Brümmerstedt  

Murphy, P.R., Daley, J.M., Dalenberg, D.R., 1992. Port selection criteria: An applica-
tion of a transportation research framework. The logistics and transportation 
review 28 (3), 237–255. 

Murphy, P.R., Daley, J.M., 1994. A comparative analysis of port selection factors. 
Transportation journal 34 (1), 15–21. 

Murphy, P.R., Daley, J.M., Hall, P.K., 1997. Carrier selection: Do shippers and carriers 
agree, or not? Transportation Research Part E: Logistics and Transportation Re-
view 33 (1), 67–72.  

Ng, K.Y., 2006. Assessing the Attractiveness of Ports in the North European Con-
tainer Transhipment Market: An Agenda for Future Research in Port Competi-
tion. Maritime Economics & Logistics 8 (3), 234–250. 

Nind, D., McAtamney, M., Matear, S., 2007. Industrial service design in the Asia-Pa-
cific shipping industry: A strategic paradox? International journal of logistics 
systems and management 3 (4), 419–428. 

Nir, A.-S., Lin, K., Liang, G.-S., 2003. Port choice behaviour-from the perspective of 
the shipper. Maritime policy and management 30 (2), 165–174. 

Notteboom, T., 2011. An application of multi-criteria analysis to the location of a 
container hub port in South Africa. Maritime policy and management 38 (1), 51–
80. 

Notteboom, T.E., 2008. Bundling of Freight Flows and Hinterland Network Develop-
ment, in: Priemus, H., Konings, J.W., Nijkamp, P. (Eds.), The future of intermodal 
freight transport: operations, design and policy. Edward Elgar, Cheltenham, pp. 
66–88. 

Pedersen, E.L., Gray, R., 1998. The transport selection criteria of Norwegian export-
ers. International Journal of Physical Distribution & Logistics Management 28 
(2-3), 108–120. 

Reis, V., 2014. Analysis of mode choice variables in short-distance intermodal 
freight transport using an agent-based model. Transportation Research Part A: 
Policy and Practice 61, 100–120.  

Saeed, N., 2009. An analysis of carriers’ selection criteria when choosing container 
terminals in Pakistan. Maritime Economics & Logistics 11 (3), 270–288. 

 



Freight Transport Modelling of Container Hinterland Supply Chains 263 

Saldanha, J.P., Tyworth, J.E., Swan, P.F., Russell, D.M., 2009. Cutting logistics costs 
with ocean carrier selection. Journal of business logistics 30 (2), 175–195. 

Sanchez, R.J., Ng, Adolf K Y, Garcia-Alonso, L., 2011. Port Selection Factors and At-
tractiveness: The Service Providers' Perspective. Transportation journal 50 (2), 
141–162. 

Schwarz, F., 2006. Modellierung und Analyse trimodaler Transportketten für Seeha-
fenhinterlandverkehre. Univ., Diss.--Dortmund, 2006. Verl. Praxiswissen, Dort-
mund. 

Seo, J.-S., Ha, Y.-S., 2010. The Role of Port Size and Incentives in the Choice of Loca-
tion by Port Users: A Game-Theoretic Approach. The Asian Journal of Shipping 
and Logistics 26 (1), 49–65. 

Slack, B., 1985. Containerization, inter-port competition, and port selection. Mari-
time policy and management 12 (4), 293–303. 

Song, D.-W., 2004. A competitive analysis of Chinese container ports using the ana-
lytic hierarchy process. Maritime Economics & Logistics 6 (1), 34–52. 

Starr, J.T., 1994. The mid-Atlantic load centre: Baltimore or Hampton Roads? Mari-
time Policy & Management 21 (3), 219–227.  

Steven, A.B., Corsi, T.M., 2012. Choosing a port: An analysis of containerized imports 
into the US. Transportation Research Part E: Logistics and Transportation Re-
view 48 (4), 881–895.  

Talley, W.K., Ng, M., 2013. Maritime transport chain choice by carriers, ports and 
shippers. International journal of production economics 142 (2), 311–316.  

Talley, W.K., 2014. Maritime transport chains: carrier, port and shipper choice ef-
fects. Sixteenth internationalworkingseminaronproductioneconomics, Inns-
bruck, 2010 151 (0), 174–179.  

Taniguchi, E., Thompson, R.G., Yamada, T., 2014. Recent Trends and Innovations in 
Modelling City Logistics. Transportation: Can we do more with less resources? – 
16th Meeting of the Euro Working Group on Transportation – Porto 2013 125 (0), 
4–14. 

 



264 Verena Flitsch and Katrin Brümmerstedt  

Tavasszy, L., Minderhoud, M., Perrin, J.-F., Notteboom, T., 2011. A strategic network 
choice model for global container flows: specification, estimation and applica-
tion. Journal of Transport Geography 19 (6), 1163–1172.  

Tavasszy, L.A., Ruijgrok, K., Davydenko, I., 2012. Incorporating Logistics in Freight 
Transport Demand Models: State-of-the-Art and Research Opportunities. 
Transport reviews 32 (2), 203–219.  

Thai, V.V., 2008. Service quality in maritime transport: Conceptual model and em-
pirical evidence. Asia Pacific journal of marketing and logistics 20 (4), 493–518. 

Tiwari, P., Itoh, H., Doi, M., 2003. Shippers' port and carrier selection behaviour in 
China: A discrete choice analysis. Maritime Economics & Logistics 5 (1), 23–39. 

Tongzon, J., Heng, W., 2005. Port privatization, efficiency and competitiveness: 
Some empirical evidence from container ports (terminals). Transportation re-
search. Part B: methodological 39 (5), 405–424. 

Tongzon, J.L., Sawant, L., 2007. Port choice in a competitive environment: From the 
shipping lines' perspective. Applied economics 39 (4/6), 477–492. 

Tongzon, J.L., 2009. Port choice and freight forwarders. Transportation research / E 
45 (1), 186–195. 

Tran, N.K., 2011. Studying port selection on liner routes: An approach from logistics 
perspective. Container Transport Operations 32 (1), 39–53.  

Ugboma, C., Ibe, C., Ogwude, I.C., 2004. Service quality measurements in ports of a 
developing economy: Nigerian ports survey. Managing service quality 14 (6), 
487–495. 

Ugboma, C., Ogwude, I.C., Ugboma, O., Nnadi, K., 2007. Service quality and satisfac-
tion measurements in Nigerian ports: an exploration. Maritime Policy & Man-
agement 34 (4), 331–346.  

Ugboma, C., Ugboma, O., Ogwude, I.C., 2006. An Analytic Hierarchy Process (AHP) 
Approach to Port Selection Decisions – Empirical Evidence from Nigerian Ports. 
Marit Econ Logist 8 (3), 251–266.  

van Asperen, E., Dekker, R., 2013. Centrality, flexibility and floating stocks: A quanti-
tative evaluation of port-of-entry choices. Maritime Economics & Logistics 15 
(1), 72–100. 

 



Freight Transport Modelling of Container Hinterland Supply Chains 265 

Veldman, S., Garcia-Alonso, L., Vallejo-Pinto, J.Á., 2011. Determinants of container 
port choice in Spain. Maritime policy and management 38 (5), 509–522. 

Veldman, S.J., Bückmann, E.H., 2003. A Model on Container Port Competition: An 
Application for the West European Container Hub-Ports. Marit Econ Logist 5 (1), 
3–22. 

Wang, X., Kopfer, H., Gendreau, M., 2014. Operational transportation planning of 
freight forwarding companies in horizontal coalitions. European journal of op-
erational research 237 (3), 1133–1141.  

Wen, C., Huang, J., 2007. A discrete choice model of ocean carrier choice. Journal of 
the Eastern Asia Society for Transportation Studies 7, 795–807. 

Wiegmans, B., van der Hoest, A., Notteboom, T., 2008. Port and terminal selection 
by deep-sea container operators. Maritime policy and management 35 (6), 517–
534. 

Will, T., 2011. RFID in maritime container logistics: Participant-specific benefits and 
process optimization. Josef Eul Verlag, Lohmar, Köln. 

Willingale, M.C., 1981. The port-routeing behaviour of short-sea ship operators; the-
ory and practice. Maritime Policy & Management 8 (2), 109–120. 

Winston, C., 1981. A multi-nomial probit prediction of the demand for domestic 
ocean container service. Journal of transport economics and policy 15 (3), 243–
252. 

Wolff, J., 2014. Stakeholder management along maritime container transport 
chains: Development of a framework and exemplified application in empty con-
tainer logistics, in: Flämig, H., Gertz, C. (Eds.), Schriftenreihe des Instituts für 
Verkehrsplanung und Logistik. Harburger Berichte zur Verkehrsplanung und Lo-
gistik, vol. 11. 

Wong, P.C., Yan, H., Bamford, C., 2008. Evaluation of factors for carrier selection in 
the China Pearl River delta. Maritime Policy & Management 35 (1), 27–52.  

Yeo, G.-t., Ng, A.K., Lee, P.T.-W., Yang, Z., 2014. Modelling port choice in an uncertain 
environment. Maritime Policy & Management 41 (3), 251–267.  

Yeo, G.-t., Roe, M., Dinwoodie, J., 2011. Measuring the competitiveness of container 
ports: Logisticians' perspectives. European journal of marketing 45 (3), 455–470. 

 



266 Verena Flitsch and Katrin Brümmerstedt  

Yuen, C.-l.A., Zhang, A., Cheung, W., 2012. Port competitiveness from the users' per-
spective: An analysis of major container ports in China and its neighboring 
countries. Research in Transportation Economics 35 (1), 34–40. 

Zhou, J., Dai, S., 2012. Urban and Metropolitan Freight Transportation: A Quick Re-
view of Existing Models. Journal of Transportation Systems Engineering and In-
formation Technology 12 (4), 106–114.  

Zuesongdham, P., 2010. Process modeling in project and heavy-lift cargo., Dr. Ko-
vac, Hamburg.

 




