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Abstract 

This paper describes a study to improve understanding of the decision-making process of New Zealand firms, freight shippers and 
agents when making freight transport mode choice decisions. Such studies, despite their importance, are relatively scarce due to 
issues related to data confidentiality, restraining firms from taking part in such studies. To achieve the objective, we use latent class 
(LC) modelling, which postulates that firms’ behaviour depends on two components: 1) some observable attributes, such as travel 
distance and size of operations; and 2) unobserved latent heterogeneity. The latter is taken into account by sorting firms into a 
number of classes based on similarities in their characteristics. Subsequently, the behaviour of firms in each class is explained by 
a set of parameter estimates, which differs from the sets assigned to other classes. In this study, data were gathered using stated 
preference surveys from 190 NZ firms, freight shippers and agents. Based on their freight operations, participants were grouped 
into: 1) long-haul and large shipments and 2) long-haul and small shipments. Furthermore, as each participant evaluated 18 choice 
scenarios, the data set contains 3,420 choice records. The results of the LC modelling allow policy makers to design more 
appropriate strategies and policies for different segments of the population to improve intermodal transport and to attract the largest 
latent class for both cases. In addition, the LC model indicates that the potential improvement in modal shift, which can be achieved 
by applying different policy options, varies with both transport distance and the size of shipments. Furthermore, in order to promote 
sustainable freight transport, one policy would be to increase the reliability of both the rail and sea freight transport services. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of WORLD CONFERENCE ON TRANSPORT RESEARCH SOCIETY. 

Keywords: freight transport; mode choice; stated preference survey; latent class model 

 

 

 
* Corresponding author. Tel.: +64-7-834-8800; fax: 64-7-834-8823. 

E-mail address: chan.kim@wintec.ac.nz 

 

Available online at www.sciencedirect.com 

ScienceDirect	
Transportation Research Procedia 00 (2017) 000–000  

 www.elsevier.com/locate/procedia 

 

2214-241X © 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of WORLD CONFERENCE ON TRANSPORT RESEARCH SOCIETY.  

World Conference on Transport Research - WCTR 2016 Shanghai. 10-15 July 2016 

Analysing freight shippers' mode choice preference heterogeneity using latent 
class modelling 

Hyun-Chan Kima*, Alan Nicholsonb, Diana Kusumastutib  
aWaikato Institute of Technology, Private Bag 3036, Hamilton 3240, New Zealand 

bUniversity of Canterbury, Private Bag 4800, Christchurch 8140, New Zealand  

Abstract 

This paper describes a study to improve understanding of the decision-making process of New Zealand firms, freight shippers and 
agents when making freight transport mode choice decisions. Such studies, despite their importance, are relatively scarce due to 
issues related to data confidentiality, restraining firms from taking part in such studies. To achieve the objective, we use latent class 
(LC) modelling, which postulates that firms’ behaviour depends on two components: 1) some observable attributes, such as travel 
distance and size of operations; and 2) unobserved latent heterogeneity. The latter is taken into account by sorting firms into a 
number of classes based on similarities in their characteristics. Subsequently, the behaviour of firms in each class is explained by 
a set of parameter estimates, which differs from the sets assigned to other classes. In this study, data were gathered using stated 
preference surveys from 190 NZ firms, freight shippers and agents. Based on their freight operations, participants were grouped 
into: 1) long-haul and large shipments and 2) long-haul and small shipments. Furthermore, as each participant evaluated 18 choice 
scenarios, the data set contains 3,420 choice records. The results of the LC modelling allow policy makers to design more 
appropriate strategies and policies for different segments of the population to improve intermodal transport and to attract the largest 
latent class for both cases. In addition, the LC model indicates that the potential improvement in modal shift, which can be achieved 
by applying different policy options, varies with both transport distance and the size of shipments. Furthermore, in order to promote 
sustainable freight transport, one policy would be to increase the reliability of both the rail and sea freight transport services. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of WORLD CONFERENCE ON TRANSPORT RESEARCH SOCIETY. 

Keywords: freight transport; mode choice; stated preference survey; latent class model 

 

 

 
* Corresponding author. Tel.: +64-7-834-8800; fax: 64-7-834-8823. 

E-mail address: chan.kim@wintec.ac.nz 



1110	 Hyun-Chan Kim et al. / Transportation Research Procedia 25 (2017) 1109–1125
 Kim, Nicholson, Kusumastuti / Transportation Research Procedia 00 (2017) 000–000 3 

recreational trip demand to a forest site in Spain, using revealed preference (RP) data. Although the nature of RP data 
made it difficult to identify the correlation among observations common to respondents, the goodness-of-fit of the 
LCML model outperformed all models that were tested (i.e. conditional logit, mixed logit/ML and LCMNL model) 
and the model produced the best in-sample predictions (Bujosa et al., 2010). More recently, Green and Hensher (2013) 
used a similar approach to analyse stated preference (SP) data, using freight trip data collected from Sydney in 2005. 
Similar to the results of a study by Bujosa et al. (2010), the results of the study by Green and Hensher (2013) also 
show that the LCML approach has a better model fit compared to all models that were tested (i.e. MNL, ML and 
LCMNL). The results further reveal the existence of heterogeneous preferences in freight trip distribution. 

The remainder of this paper is structured as follows: the literature review on freight mode choice and NZ freight 
studies will be described in Section 2 and 3; the latent class modelling approach will be presented in Section 4; the 
stated preference survey design will be described in Section 5; the modelling results will be described and discussed 
in Section 6; at last, conclusions will be presented in Section 7. 

2 Literature Review on Freight Mode Choice  

McKinnon (1989) stated that the allocation of freight among transport modes, often called mode choice, has been 
one of the most controversial topics in the field of transport logistics. He suggested that this is because many mode 
choice decisions are not always based upon a full and rational appraisal of options available, nor does a commercial 
approach take into account the full cost of each mode or modal service, especially with respect to external costs related 
to safety and environmental impacts.  

The choice of transport mode has a direct impact on the efficiency of logistics channels and systems (Banomyong 
and Beresford, 2001). Each transport mode possesses different characteristics, and different strengths and weaknesses. 
Depending on the mode chosen, the overall performance of the logistic system will be affected (Liberatore and Miller, 
1995). The transport decision-maker chooses the transport mode within a logistic system, and depending on the 
decision-maker’s requirements, uni-modal, multi-modal or integrated transport logistics will be utilized. It is important 
to recognize the impact of the decision-maker’s perception of the mode selection decision.  

The perceptual approach assumes that the explanatory variables influencing choice are determined by the transport 
user’s subjective perception of the situation rather than by objective measurements. This approach treats transport as 
a product purchased like any other product. The contributions of Gilmour (1976), McGinnis (1990), Murphy and 
Daley (1994), Murphy and Hall (1995) and Evers et al. (1996) are good examples of the perceptual approach. Gilmour 
(1976) analysed the modal choice decisions of distribution and transport managers for freight movement between 
Melbourne and Sydney. He examined the attitudes of shippers towards modal choices based upon their perception of 
particular modes of transport offered. He concluded that cost was the most important factor. 

The shipper’s decision to use a certain transportation mode is generally based on several factors. A number of 
studies, mostly based on surveys and data analyses, have been conducted to identify the specific service attributes 
often considered important in the shipper decision process. 

McGinnis (1990) reviewed mode choice and carrier selection literature from the 1970~80’s and identified that the 
transport decision is typically affected by at least six factors: (1) freight rates, including cost and charges; (2) delivery 
time reliability; (3) transit times; (4) over, short and damaged goods; (5) shipper market considerations, and (6) carrier 
considerations. According to the study, U.S. shippers’ overall perceptions are more greatly affected by timeliness and 
availability than rates, which is often the last criterion for selecting a transport service provider. In some market 
segments, though, freight rates were more important than all other service factors. 

Murphy and Hall (1995) reviewed a range of empirical studies from the 1970s to 1990s with the same factors as 
the earlier McGinnis study, and arrived at essentially the same conclusions, that shippers value service and reliability 
higher than cost or any other factors. They also recognised that rankings were different between different studies of 
carrier selection. Murphy and Hall (1995) identified that the importance of freight rates has increased in the 1980s but 
that reliability was always ranked first. Transit time was the second most important factor in the 1970s, but has steadily 
declined in importance, and was ranked fifth in the 1990s. Carrier considerations have shown a substantial increase, 
from sixth ranked in the 1980s to second in the 1990s.   

The decision-maker’s own perception is a major input to the decision-making process in mode selection. Evers et 
al. (1996) found, based upon a survey of shippers in the state of Minnesota in the U.S., that this overall perception is 
driven largely by six perceptual factors. They used a questionnaire to collect shipper ratings for three transportation 
modes, based on characteristics that included timeliness, availability, suitability, firm contact, restitution for loss and 
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1 Introduction 

Freight transportation has become an important issue in logistics and supply chain management, due to the 
increasing concern about congestion, environmental impacts and safety. However, despite these concerns, shippers 
and logistics providers cannot easily change their transport mode choice because they feel constrained by the logistics 
trade-offs, such as the trade-off between the levels of transport cost and time. Due to market globalisation, the demand 
for more reliable, flexible, cost-effective, timely and visible door-to-door freight services has increased, not only in 
New Zealand (NZ) but also around the world.  

NZ is a country heavily dependent on international trade, particularly in agricultural products. Exports account for 
around 24% of NZ’s output, which is a relatively high figure compared with small EU (European Union) countries. 
NZ's economy was also built upon on a narrow range of primary products, such as wool, meat and dairy products. In 
2000, NZ's production in the primary sector, which encompassed agriculture, forestry and fishing, was 8.7 percent of 
its total production. Of the then 30 OECD member countries, only Turkey and Iceland had a higher percentage for the 
primary sector than NZ (OECD, 2004). In terms of its accessibility to inter-national markets, NZ is also one of the 
two most geographically isolated countries in the world (Shangquin et al. 2009). NZ is remote from major international 
markets; the trade-route between Australasia and the west coast of the U.S. is about 8,000 miles and is one of the 
longest in the world (Byrne et al, 1994). Despite this, many NZ industries are oriented towards exports, because of 
the small domestic market. NZ is the third smallest national market in the OECD, with a total national market which 
is equivalent in scale to only a medium sized urban market in the U.S. As at 2009, 97% of firms in NZ were SMEs 
(Small and Medium Enterprises) and the proportion has remained relatively constant over time. The small size of NZ 
firms makes it very difficult to include all components of the supply chain. Boehme et al. (2007) found that most NZ 
companies face high uncertainty, with weakly integrated and inefficient supply chains. The Ministry of Transport 
(2010) shows that NZ firms spend 8.4% of annual turnover on total logistics cost and the major component is the 
direct transport cost (about 60% for both international and domestic transport). The Ministry of Transport (2011) has 
estimated that the domestic portion of freight charges for exporting a 20-foot container between the two largest cities 
in NZ (about 1,060km from Christchurch to Auckland, prior to exporting to an overseas port) is NZ$1,515 for coastal 
shipping and NZ$2,070 for rail. These freight charges are considerably higher than the NZ$1,476 for ocean freight 
charges from NZ (Auckland) to Singapore and $694 from NZ (Auckland) to Sydney or Melbourne. The Ministry of 
Transport (2011) study did not identify why the domestic coastal shipping rate is nearly twice the international 
shipping rate charged for shipments to Australia and Singapore. Due to the unique business environment, NZ firms 
are under pressure to lower domestic logistics costs. 

Market globalisation and developing service economies have increased the demand for reliable, flexible, cost-
effective, timely and viable door-to-door freight services by the shippers in NZ and around the world. Freight transport 
demand in NZ has grown by more than 32% during the last decade and is expected grow about 70% by 2020 (Richard 
Paling Consulting, 2008). At the same time, road transport has become a more dominant mode of freight transport. 
To reduce the negative impacts of the dependency on road transport (e.g. congestion, pollution), innovative actions, 
policies and technologies should be introduced. Thus, insight into factors considered when making freight transport 
decision becomes more important. However, only a few studies have been done in the NZ to investigate the 
relationship between the shipper’s mode choice and their logistics characteristics. Three recent studies, done by 
Bolland et al., (2005), Richard Paling Consulting (2008), and Rockpoint (2009), have attempted to develop freight 
demand models to understand the reasons behind the recent declines in rail and coastal shipping and the rise in road 
freight movements. However, none of those studies have used modelling approaches to find the weights attached to 
factors influencing shippers’ mode decisions. 

Hence, this study aims to improve understanding of the decision-making process of NZ firms, freight shippers and 
agents when making a freight transport mode choice decision, and to find the weights attached to factors influencing 
their decisions. For this, the study involved a stated preference (SP) survey which was given to a sample of NZ freight 
shippers and agents. The respondents provided a relatively large spectrum of information regarding firms’ 
characteristics, freight operations, and factors and constraints affecting their mode choice. Data were obtained from 
190 respondents and they were analysed using two latent class (LC) modelling approaches. 

The LC model is an efficient method when analysts do not know the distribution of taste heterogeneity in the 
sample. The most common form of LC model is the latent class multinomial logit (LCMNL) model. Recently, Bujosa 
et al. (2010) examined alternative approaches for incorporating heterogeneity in LC models, and thus extended the 
LC model to give a latent class mixed logit (LCML) model. They applied that modelling approach in the context of 
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