
ScienceDirect

Available online at www.sciencedirect.com

Transportation Research Procedia 25 (2017) 1095–1108

2352-1465 © 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of WORLD CONFERENCE ON TRANSPORT RESEARCH SOCIETY.
10.1016/j.trpro.2017.05.481

www.elsevier.com/locate/procedia

10.1016/j.trpro.2017.05.481

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

2352-1465

 

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 

Behaviors of containerized freight shipments 

S. Ko  a,*, R. Shabanpour a, A. Mohammadian a 
aDepartment of Civil and Materials Engineering, University of Illinois at Chicago, 842 West Taylor Street, Chicago 60607, USA   

Abstract 

Recently recovered international trade status and initiated plans to increase capacities of maritime network facilities around the 
U.S. encouraged local governments and economic parties to attract international trading partners, especially in Asia where 
exports 60% or more of container freights to the U.S. Under the economic and facility condition changes, identifying attributes 
affecting port choice is important in policy and decision-making processes to attract more containerized freights from the Asian 
trading partner countries and to improve the sustainability of international trade flow into the U.S. This research, therefore, 
considers a port choice model into the U.S. at a disaggregate level. Model estimation results suggest that alternative ports show 
different attributes that can affect the probability of being chosen by shipments from the Asian countries. However, different 
trends were observed by alternative ports. 
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1. Introduction 

The recent economic recession has seen a decrease in containerized shipments in the United States since 2007, 
and these reduced container shipment volumes have somewhat recovered and reached 101 million metric tons during 
the first half of 2010; exceeding the record of 94 million metric tons during the same period in 2009. According to 
this report, the United States’ primary trade partner in terms of inbound container shipments is China, which 
accounted for 25% of the total containers imported by volume in 2000 and 48% in 2009. Furthermore, the top five 
partners for containerized import trading to the U.S. in 2009 were all in Asia: China, Japan, South Korea, Taiwan, 
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various commodity types as a function of geographic location, port characteristics, and characteristics of vessel 
schedules. They found that the most significant characteristic of a port is its location.  They also showed how the 
market share predicted for a port can be expected to vary with each commodity type and each carrier, and showed 
how the choice process varies for discretionary cargo. 

In Greece, freight mode choice analysis using stated preference data from surveys has been recently introduced 
by Moschovou. Statistical significance comparisons among variables were analyzed, and the authors suggested ten 
criteria for analyzing the mode choice process: reliability and quality of transport services, cost, damage, customer 
service quality, packaging size, lifetime of cargo, value, frequency, tracking availability, and loading/unloading of 
equipment. As an expansion of this research, they analyzed attribute relations using linear regression, and mode 
choice behavior between truck and rail using a binary logit model. From this research, he found that chosen 
attributes for mode choice behavior were different for different firm types. 

A macroscopic freight traffic model framework was introduced in Germany by Müller et al. in 2012. Based on 
various economic and transportation datasets including Gross Domestic Product (GDP), firm types, commodity 
types, truck types, etc., they proposed a framework which can be applied to the scale of freight analysis in Germany. 
The model was intended to calculate freight flows on a large scale, and scenario techniques can also be used to 
forecast the freight flows based on changes in any given conditions. The model development was assumed to extend 
knowledge in the use of the existing data, the understanding of the data in relation to the description of commercial 
traffic, and was an important step in a large-scale freight traffic modeling. 

Another macroscopic framework for freight movements was introduced in France by Combes. Combes 
empirically assessed national-scale freight shipments over heterogeneous populations using ECHO datasets of the 
French disaggregate commodity flow rate between shippers and receivers. The simple economic order quantity 
(EOQ) was applied in this analysis, and ordinary least squares was used to estimate the theoretical EOQ model. It 
concluded that shipment size and transportation mode choice were in an inter-dependent relationship occurring 
simultaneously when decisions are made. 

In Sweden, a revealed preference (RP) dataset was applied to mode choice estimates. Based on the datasets from 
FEMEX/COMVIC and VFU, a logit model was introduced and tried on decoupling shipments and agents in the 
choice models. The results found that the value of time varies by commodity types. 

Australian researchers also estimated mode choice behavior domestically based on their web-based survey results. 
Brooks et al. compared choice behavior between land-based transportation modes and coastal shipping. A 
multinomial logit (MNL) model was proposed to estimate the results, and found that respondents preferred surface 
transportation modes, and may change to short sea shipping mode when integrated service and/or carbon pricing 
exist. In addition, using time, cost, and punctuality of freight service attributes in Australia, risk attitudes were 
estimated using a mixed multinomial logit (MMNL) model. In this research, they suggested a framework to estimate 
choice models under risks such as on-time delivery, congestion, and road accidents with rank dependent utility 
theory. 

Comparison of cooperation among freight forwarders was analyzed vertically and horizontally in Norway, 
applying previous history data to results of a logit model. Vertical coalition between large truck-operating companies 
and ship-operating companies was determined to work most efficiently. This cooperation would generate better 
payoffs in the form of profit, not only to the members of this coalition, but also to the companies that have not joined 
the coalition. However, it was found that users do not significantly benefit from this kind of coalition. 

Within export freight mode choice behavior, the relationships between increased containerization and inland 
terminal facilities for shipment clearance was highlighted in India. Ravibabu structured and sent questionnaires to 
124 export firms and supplemented the results with data from transportation firms and terminal operators in India, 
then estimated a nested logit model with rail container and road truck modes. Total cost and transit time were found 
to be influencing the mode choices significantly. The study however did not find the effects of reliability, loss, or 
damage to be significant. In addition, the model also predicted that non-transport attributes, the percentage of letters 
of credit that materialized with inland waybills, and the value of export benefits that materialize after export, are 
important in the mode choice decision. 

When a scope is narrowed down to the intermodal containerized shipments, two types of approaches are 
observed: an optimization model based on simulation and a discrete choice model. Due to the ease of data 
acquisition, an optimization model is much preferred for international trade analysis. However, the advantages of a 
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Singapore, and Hong Kong. The report also details that the weights of ocean freight from these six Asian countries 
made up 10% of the total U.S. imports between 2007 and 2010. However, the values amount to 40% of the total 
ocean freight values coming into the U.S. from 169 countries. 

It is also important to note that more than half of the imported container shipments originate in Asia and then are 
distributed throughout the U.S. mainly by rail or truck. Since the container shipments change transportation modes at 
the receiving port, various factors such as dwelling time on the ocean, shipping costs, congestion expectancy, rail or 
trucking costs, etc. are very important to determine the best route from several alternatives. When the path of a 
containerized shipment to a location in the U.S. is considered, it almost always utilizes a connection between the port 
and a rail or highway system. Depending on the U.S. arrival port, alternate routes would be different. Currently, the 
most popular connection routes are between ports on the Pacific coast and the interstate rail and/or highway systems. 
The second most popular connection is between ports on the Gulf coast and rail and highway systems, while the 
third connection is between ports in Canada and rail systems into the United States. Through these connection ports, 
international trade deals between trading partner countries and the U.S. are carried out.     

When the maritime shipments are narrowed down by the mode of containerized cargos, weights and volumes of 
container shipments from the six Asian countries become a significant portion of the total weights and volumes of 
container cargos into the United States. Chinese shipments make up almost 40% of the weight and 50% of the 
volume of the total imported container shipments into the U.S. and the volumes of shipments originating in Asian 
countries reaches over 50%, meaning that one in two containers imported into the U.S. is from one of the six Asian 
countries. 

From the viewpoint of the U.S. ports, the top 10 busiest ports handled more than 85% of the containerized 
shipments from 2007 to 2010. Those include five ports on the West Coast (Los Angeles, CA, Long Beach, CA, 
Oakland, CA, Seattle, WA, and Tacoma, WA) and five ports on the East and Gulf Coasts (New York, NY, 
Savannah, GA, Norfolk, VA, Houston, TX, and Charleston, SC). The two ports of Los Angeles and Long Beach 
handled more than 40% of the total container freight volumes that came into the U.S. and the inbound containers are 
distributed to destinations throughout the U.S. by rail or truck. Among them, there are smaller shares that are locally 
distributed by trucks from the port, but relatively voluminous containers are loaded on rail and moved through the 
highly populated rail routes.   

Thus, considering the current trade circumstances and international containerized freight movements, it is 
important to find the attributes affecting port choice behaviors on the containerized shipments coming from the 
major Asian trading partner countries. In this research, factors that affect the decision processes for containerized 
freights will be reviewed by estimating port choice behaviors of the shipments into the U.S. 

2. Literature Review 

In the U.S., an international trade good should be transported from a port to a destination in the import case or 
from an origin to a port in the export case. For the import case, in one example, the choice analysis of modes 
between rail and truck has been researched using binary logit and probit models by Samimi et al. (2011).  Based on a 
survey for freight companies, they concluded that the rail mode is primarily sensitive to shipping costs and the truck 
mode to haul time between a port and a destination. 

For export shipments, representative freight choice analysis from an origin to a port in the U.S. was proposed by 
Tae Hoon Oum et al, using an elasticity method. In their study, port selection was subjected to exporters’ 
preferences, and they measured port competitiveness among alternatives. They found that freight demand differed by 
market, and noted that each market had to be individually considered due to a port’s unique conditions. In 2006, port 
choice models using a conditional logit approach were suggested by Blonigen et al. They included trade flow in 
addition to port choice analysis, and used a gravity model for trade flow estimation. In their study, import volumes 
were obtained from the National Data Center (NDC) of the Army Corps of Engineers (ACE) and market size was 
estimated using the World Bank’s World Development Indicators data. In their findings, distance and transport 
prices were very significant factors with elastic responses by shipments. Another port choice analysis was proposed 
by Malchow and Kanafani (2004). They listed alternative ports and tried to measure port competitiveness among 
them based on volumes and distance datasets from the Journal of Commerce and MaritimeData.com. Malchow 
assumed that vessel schedules are fixed in the short-term and examined the assignment to ports for exports of 
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