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Abstract 
The closer link between ports and supply chain leads to a growing research area - port 

hinterland intermodal development. Focusing on the literature with mathematical 

models, the purpose of this paper is to categorize and analyse earlier research 

contributions on intermodal container flow optimization, to identify the research 

trends and gaps, and to suggest future research directions. Results show that future 

research should focus on global intermodal container flow optimisation, addressing 

the approaches of ports integrating into such global intermodal chain taken green 

issues into account. There is substantial need for research addressing greening the 

intermodal network and sustainable development. Providing cost effective solutions 

alone in optimisation problem is rather traditional and one-sided. Those market 

players possessing commercially viable capabilities and also environmental 

responsibilities would gain a competitive advantage in future dynamic business 

environment. Bi-objective or multi-objective optimisation would be more suitable to 

actual situations. 

  

 

Keywords Intermodal transportation, intermodal network, container flow 

optimisation, port, hinterland, supply chain, green concern, sustainable development  

 

 

 

1. Introduction  

As operations in ports increase in their complexities and extensiveness, the role of 

ports has developed into one that is powerful enough to influence the performance of 

supply chains. This fact has been recognized and thus has resulted in increasing 

number of studies in analysing supply chain competitiveness in relation to ports. 

Hinterland being a key portion of the supply chain, there is also a close connection 

between hinterland connectivity and port performance. Some studies have shown a 

positive relationship between these two elements (Marlow and Paixao, 2003; Paixao 

and Marlow, 2003; Bichou and Gray, 2004; Rodrigue and Notteboom, 2009). Port, as 

a node in international intermodal chain, has to provide sustainable values to the chain 

in order to survive and thrive (Yap et al., 2006). Supply chains can achieve higher 

competitive advantage through efficiently integrated inland transportation by ports. It 

is through a collaborative effort within the supply chain that ports are able to deliver 

optimal performance and values to their customers. Thus the integration of ports into 

supply chains has become a basic requirement by shippers, and some inland shippers 

desire inland port services as their facilities (Harrington, 1991; Walter and Poist, 2003; 

Walter and Poist, 2004; Roso and Lumsden, 2010). It has been illustrated by some 

studies that concepts of supply chain when incorporated into port planning and 

management can enhance port performance (Carbone and Martino, 2003; Almotairi 



and Lumsden, 2009; Lam and Yap, 2011a). Relationship and types of collaboration 

between ports and supply chain nodes including inland transport connections have 

also been examined more extensively in recent studies (Lee and Song, 2008; 

Notteboom and Rodrigue, 2008; Fremont and Géographie, 2009). 

 

The closer link between ports and supply chain leads to a growing research area - port 

hinterland intermodal development, which is the focus of this study. Notteboom and 

Rodrigue (2005) revised the port spatial model by adding a new phase 

“regionalization”. The characteristic of the port regionalization phase is port 

functional integration and even joint development with hinterland logistics platforms 

in order to shape a regional transportation network to meet the demands of global 

supply chains. Intermodality with inland terminals and associated transport corridors 

which are recognized as cornerstones in port regionalization give incentives for 

gateway ports (maritime load centres) to expand their hinterland reach to the 

maximum in order to provide a seamless, synchronized and highly efficient 

integration between ocean shipping and inland transportation (Notteboom and 

Rodrigue, 2008; Rodrigue and Notteboom, 2009; Iannone and Thore, 2010). There is 

no consensus on the definition of intermodal freight transport (Bontekoning et al., 

2004). Intermodal container transportation is a major component of intermodal freight 

transportation (Dewitt and Clinger, 2003) and can be defined as container 

transportation in multimodal chains which link the original nodes of consignors to the 

destination nodes of consignees in order to offer door-to-door service to customers 

(Barnhart and Laporte, 2007). Container which was invented for standardization and 

safety concern to avoid loss and damage of freight in the mid-1900s has been a 

powerful vector of intermodal integration, enabling maritime and land transportation 

modes to interconnect more effectively (Thill and Lim, 2010). 

 

Therefore, intermodal development which can address integration and efficiency in 

facilitating cargo flow is fundamental. In addition to the economic perspective, 

intermodality with environmental concerns contributes to sustainable development 

and is increasingly preferable by stakeholders including shippers (Eng-Larsson and 

Kohn, 2012). Seaports linked with inland ports by railway especially double-stack 

train application, inland barge connections, employing foldable containers to tackle  

empty container repositioning issues and using shortest possible initial and final 

app:ds:especially


journeys by truck in intermodal container networks are being categorized into green 

profiles for sustainable development (Hayutha, 1991; Choong et al., 2002; Rahimi et 

al., 2008; Liao et al., 2009; Shintani et al., 2010). 

 

Through quantifiable means, issues about container flow optimisation were examined 

by a number of earlier published contributions with increasing interest so far. Key 

concepts include "Globalization", "Port regionalization", "Intermodality", 

"Sustainable development" and "Empty container repositioning" among others. After 

a thorough literature review, the authors uncover that there are an unexpectedly low 

number of research articles tackling intermodal container flow optimisation issues 

also with sustainable development concern. An earlier review by Macharis and 

Bontekoning (2004) did not include the environmental aspect and sea transportation 

or connection to ports. Hence it is timely and valuable to conduct a review on 

container flow optimisation research to cover a wider perspective and the latest 

development. This review paper aspires to present a holistic and detailed review about 

container flow optimisation issues with two main objectives. First is to classify 

research contributions in such issues according to different category labels as an 

informative guide for academics and practitioners, and another objective is to identify 

research trends and gaps thus recommend directions for future research, particularly 

focusing more on port hinterland intermodal development. 

 

The paper is organised as follows. The next section describes the methodology for 

summarizing and devising the overall review table. Section 3 presents the review 

table and sub-tables to provide a comprehensive analysis to illustrate the identified 

research trends and gaps, as well as addresses potential directions for future research. 

In Section 4, conclusions are drawn with research limitations enclosed. 

 

2. Review methodology   

In the following sections, the focus is on the literature relating to container flow 

optimisation with mathematical approaches. The scope is confined to those with 

intermodal connection. Those studies purely on shipping network design, routing and 

scheduling are excluded since they are outside the study focus of port hinterland 

intermodal container flow. The merit of this focus is to advance our understanding on 

the methodological aspect of the research topic. The study will also be able to provide 



a consistent and in-depth comparison among the research papers. Thus those studies 

only with qualitative analysis are not covered in the comparison. Within this scope of 

intermodal container optimisation with green concerns which will provide policy 

implication of integrative port hinterland development, some related keywords and 

strings are identified, such as: "container network optimisation", "intermodal 

container flow optimisation", “multimodal cargo flow”, “container assignment” and 

"green supply chain". A search was conducted by specifying these keywords and 

strings which appear in both the abstract and the paper's main body using library 

databases (e.g. Web of Science, Science Direct, SciVerse Scopus, IEEE Xplore, etc.). 

Such search method allows us to cover the major established international journals 

and conference papers in logistics and transportation, as well as management science 

and operations management, including Operations Research, European Journal of 

Operational Research, Annals of Operations Research, OR Spectrum, Transportation 

Research (Parts A,B,D,E), Transportation Science, Journal of Transport Geography, 

Maritime Policy & Management, Maritime Economics & Logistics, Decision Support 

Systems, and other relevant journals. From these comprehensive sources, forty-nine 

most relevant journal articles and one conference paper about intermodal container 

flow optimisation problems have been selected and thoroughly examined which span 

forty years in chronological order from 1972 to 2012.  

 

After reviewing the fifty research contributions, we differentiate and categorise them 

in a summary table based on eleven different elements, namely “Empty Container”, 

“Laden Container”, “Sea Leg in Sea-Land Intermodal (SI)”, “Land Leg in Sea-Land 

Intermodal (LI) or Land Leg  and Port Related (LP)”, “Green Concern”, 

“Geographical Area of Case Study”, “Model”, “Model Classification 

(stochastic/dynamic (A) or deterministic/static (B))”, “Objective”, “Algorithm” and 

“Algorithm Classification”. Explanations on these classification labels are as follows: 

(1) “Empty Container” and “Laden Container” classify these fifty papers into groups, 

only with empty container optimisation, only with laden container optimisation, or 

concerning both; (2) Same as above, “Sea Leg in Sea-Land Intermodal (SI)” and 

“Land Leg in Sea-Land Intermodal (LI) or Land Leg and Port Related (LP)” classify 

them into groups from the perspective of intermodal transport. Due to the scope of 

this review, all papers selected should be intermodal in nature. We can find out 

whether sea- or land-based intermodal transport is more researched. (3) “Green 



Concern” highlights the papers with environmental efforts to reduce carbon footprint 

generated by container transport; (4) “Geographical Area of Case Study” illustrates 

the territories of case study, from which one can be informed which areas have 

received more attention; (5) “Model”, “Model Classification (stochastic/dynamic(A) 

or deterministic/static(B))”, “Objective”, “Algorithm” and “Algorithm Classification” 

classify these papers clearly according to mathematical model used, model 

classification, objective in the optimisation model, algorithm to solve the model and 

the algorithm’s classification respectively.  

 

These eleven classification elements are selected in order to illustrate the content and 

methodology of the articles comprehensively. The fifty papers followed the same 

structure with three components: "Problem Definition", "Problem Solving" and 

"Numerical Example". Each component can be categorised by certain classification 

elements. "Problem Definition" can be classified by the elements of “Empty 

Container”, “Laden Container”, “Sea Leg in Sea-Land Intermodal (SI)”, “Land Leg in 

Sea-Land Intermodal (LI) or only Land Leg and Port Related (LP)”, and “Green 

Concern”. The "Problem Solving" component can be sorted by the elements: “Model”, 

“Model Classification (stochastic/dynamic (A) or deterministic/static (B))”, 

“Objective”, “Algorithm” and “Algorithm Classification”. "Numerical Example" uses 

different regions for case studies and hence we label it with “Geographical Area of 

Case Study”.  

 

3. Analysis for identifying research trends and gaps and directions for future 

research  

This section presents a comprehensive table (Table 1), in which we summarise and 

classify the selected fifty research contributions. The papers are listed in 

chronological order, indicating the evolution of intermodal container flow 

optimisation research over time. Each paper is documented in detail in this review 

which serves as an informative guide for researchers and practitioners interested in 

this area. Afterwards, five sub-tables (Table 2 to Table 6) are formulated to assist in 

analysing Table 1 thoroughly in terms of different perspectives. 



 

Paper 

 

Empty 

Container 

 

Laden 

Contain

er 

 

Sea Leg in 

Sea-Land 

Intermodal 

(SI)  

 

Land Leg in 

Sea-Land 

Intermodal 

(LI) or Land 

Leg and 

Port Related 

(LP) 

 

Green 

Concern 

 

Geographical Area 

of Case Study 

 

Model 

 

Model Classification 

(stochastic/dynamic(A) 

or  

deterministic/static(B)) 

 

Objective 

 

Algorithm  

 

Algorithm 

Classification 

1,(White, 

1972) 

Yes  No  SI LI No  Not specified Linear programming (single 

commodity) 

A Min cost  Inductive "Out-of-

Kilter" 

algorithm 

Exact algorithm 

2,(Min, 

1991) 

No Yes SI LI No Not specified Chance-Constrained goal 

programming model 

A Min cost+ Max 

on-time service 

Not specified * 

3,(Crainic 

et al., 

1993a)  

Yes  No  No  LP No  Not specified Linear programming (1)deterministic 

single commodity model 

(2)deterministic multicommodity 

model (3)two stage stochastic single 

commodity model 

A Min cost Not specified * 

4,(Crainic 

et al., 

1993b)  

Yes Yes No LP No Not specified Mixed integer programming 

(multicommodity) 

B Min cost 

 

Tabu Search Metaheuristics 

5,(Lai et 

al., 1995)  

Yes  Yes  SI LI  No  Ship routes from 

Europe to Far East 

Simulation model A Min cost with 

safety stocks 

Heuristic search Classical heuristics 

6,(Shen 

and 

Khoong, 

1995)  

Yes  No  No  LP No  Not specified Simulation model  

 

A Min cost Constraint relaxation  Classical heuristics 

7,(Miller et 

al., 1996) 

No Yes No LP No North America Mixed integer programming B Min cost Not specified * 

8,(Newma

n and 

Yano, 

2000)  

No  Yes  No  LP No  Not specified  Integer programming B Min cost decomposition procedure  Classical heuristics 

9,(Cullinan

e et al., 

2002)  

No Yes No LP No Mainland China Linear programming B Min cost +  

Min time 

Pareto optimal  Exact algorithm 

10,(Choon

g et al., 

2002)  

Yes No No LP Yes Mississippi River 

basin (USA) 

Integer programming 

 

B Min cost Not specified * 

11,(Jansen, 

Swinkels 

et al. 2004) 

Yes Yes No LP No Netherlands 

 

Simulation model A Min cost Not specified * 

12,(Karimi 

et al., 

2005)  

Yes  Yes  SI  LI  Yes  Not specified (tank 

container) 

Linear programming 

 

B Min-cost Two step, Event-Based, 

Demand-Driven, 

Deterministic 

methodology 

Exact algorithm 

 

 

 

13,(Parola 

and 

Sciomache

n, 2005)  

No  Yes  No  LP No  Italy Simulation model A Scenario 

capacity 

comparison 

analysis 

Not specified * 

14,(Erera 

et al., 

2005)  

 

Yes  Yes  SI  LI Yes  Not specified (tank 

container) 

Integer programming + Time-

Discredited 

B Min cost  

 

Not specified * 



 

Paper 

 

Empty 

Container 

 

Laden 

Contain

er 

 

Sea Leg in 

Sea-Land 

Intermodal 

(SI)  

 

Land Leg in 

Sea-Land 

Intermodal 

(LI) or Land 

Leg and 

Port Related 

(LP) 

 

Green 

Concern 

 

Geographical Area 

of Case Study 

 

Model 

 

Model Classification 

(stochastic/dynamic(A) 

or  

deterministic/static(B)) 

 

Objective 

 

Algorithm  

 

Algorithm 

Classification 

15,(Olivo 

et al., 

2005) 

Yes  No  No  LP No  Mediterranean 

basin 

Integer programming A Min cost  linearization technique  * 

16,(Chean

g and Lim, 

2005) 

Yes  No  No  LP No  Singapore Simulation model A Min cost Not specified * 

17,(Jula et 

al., 2005) 

No  Yes  No  LP No  Not specified Linear programming B Min cost (1)two phase dynamic 

programming(DP) 

(2)hybrid the DP with 

GA 

(3)heuristic 

 

Exact algorithm+ 

Metaheuristics + 

Classical heuristic 

18,(Coslov

ich et al., 

2006)  

Yes  Yes  No  LP No  Italy  Integer programming A Min cost  Lagrangian relaxation+ 

Decomposition method 

Classical heuristics 

 

19,(Jula et 

al., 2006)  

Yes  No  No  LP Yes USA Integer programming A Min cost 

 

Two dynamic 

optimization strategies 

Exact algorithm 

 

20,(Imai et 

al., 2007)  

No  Yes  No  LP No  Not specified Linear programming B Min cost 

 

Lagrangian relaxation Classical heuristics 

21,(Wang 

and Wang 

2007) 

Yes No SI LI No Not specified Integer programming B Min cost Not specified  

 

* 

22,(Deidda

, Francesco 

et al. 2008) 

Yes Yes No LP Yes Not specified Integer programming B Min cost Not specified  

 

* 

23,(Rahimi 

et al., 

2008)  

No Yes No LP Yes USA Truck VMT(vehicle-miles travelled) 

model to reduce the truck miles 

B Min truck 

distance+  

Min cost 

Pure calculation Exact algorithm  

24,(Feng 

and Chang, 

2008)  

Yes Yes SI LI No Intra-Asian 

(Taiwan shipping 

company) 

First stage (safety stock)+ Second 

stage(linear programming) 

B Min cost Not specified * 

25,(Chang 

et al., 

2008)  

Yes  No  No LP No  USA Mixed Integer programming+ 

Container substitution 

(multicommodity) 

 

B Min cost  Decomposing problem 

into independent and 

dependent(heuristic and 

branch-and-bound are 

used separately) 

Classical heuristics+ 

Exact algorithm 

26,(Kim et 

al., 2008) 

 

No  Yes SI  LI No  Korea Integer programming B Min cost Not specified  

 

* 

27,(Leach

man 2008) 

 

No Yes SI LI No From Asia to USA Special model concerning the safty 

stock 

B Min cost Pure calculation * 

28,(Caris 

and 

Janssens, 

2009)  

No  Yes  No  LP No  Not specified Mixed Integer programming B Min cost  Two phase local search 

in three neighborhoods 

 

Metaheuristics 



 

Paper 

 

Empty 

Container 

 

Laden 

Contain

er 

 

Sea Leg in 

Sea-Land 

Intermodal 

(SI)  

 

Land Leg in 

Sea-Land 

Intermodal 

(LI) or Land 

Leg and 

Port Related 

(LP)  

 

Green 

Concern 

 

Geographical Area 

of Case Study 

 

Model 

 

Model Classification 

(stochastic/dynamic(A) 

or  

deterministic/static(B)) 

 

Objective 

 

Algorithm  

 

Algorithm 

Classification 

29,(Sun et 

al., 2009) 

(conferenc

e paper) 

Yes No No  LP No Mainland China Mixed Integer programming + Price 

with Quantity-Discount inventory 

model 

B Min cost  Dynamic programming Exact algorithm 

30,(Bandei

ra et al., 

2009)  

Yes Yes  No  LP No  Not specified Mixed integer programming A Min cost  Decomposing problem 

into static model and 

dynamic model 

Simulation based on  

heuristics 

31,(Imai et 

al., 2009)  

Yes  Yes  SI  LI No  Asia-Europe and 

Asia-North 

America lanes  

Mixed integer programming  B Min cost  Comparing Multi-Port 

and Hub-and-Spoke with 

Genetic Algorithm 

Metaheuristics 

32,(Liao et 

al., 2009) 

No  Yes  SI  LI Yes  Taiwan  Linear programming  B Min CO2 

emission 

Simple calculation 

comparison 

 

Exact algorithm 

33,(France

sco et al., 

2009) 

Yes  No  Yes  LP No  Mediterranean 

region 

Integer programming B+A Min cost  Multi-Scenario policies+ 

Stochastic Simulation 

Simulation 

34,(Infante 

et al., 

2009) 

No  Yes  SI  LI No  Not specified Linear programming B Min cost Three phase heuristic 

algorithm  

Classical heuristics 

 

35,(Chen 

and Yang 

2010) 

No Yes No LP No Mainland China Nonlinear programming B Min cost Genetic Algorithms Metaheuristics 

36,(Fan, 

Wilson et 

al. 2010) 

No Yes SI LI No Europe Linear programming B Min cost Not specified * 

37,(Iannon

e and 

Thore, 

2010)  

Yes Yes No LP No Southern Italy Deterministic linear programming 

(multicommodity) 

B Min cost Not specified  * 

38,(Thill 

and Lim, 

2010)  

No Yes No LP No USA GIS-Based mapping B Min cost Accessibility analysis 

 

* 

39,(Fan et 

al., 2010)  

No  Yes  SI  LI No  USA Linear programming  B Min cost  Not specified * 

40,(Zhang 

et al., 

2010)  

Yes  Yes  No  LP No  Not specified Linear programming B Min time Window-Partition 

Based(WPB)method(heu

ristic) is better than Tabu 

Search 

(Metaheuristics) 

Classic heuristics + 

Metaheuristics 

41,(Shinta

ni et al., 

2010)  

Yes  No  No  LP Yes  Europe 

(foldable container) 

Integer programming B Min cost  Not specified  * 

42,(Jula 

and 

Leachman, 

2011a) 

No Yes SI LI No From Asia to USA Mixed integer non-linear 

programming(long run); mixed integer 

non-linear programming 

model+Queuing model(short run) 

B Min cost Heuristics  Classical heuristics 



 

Paper 

 

Empty 

Container 

 

Laden 

Contain

er 

 

Sea Leg in 

Sea-Land 

Intermodal 

(SI)  

 

Land Leg in 

Sea-Land 

Intermodal 

(LI) or Land 

Leg and 

Port Related 

(LP) 

 

Green 

Concern 

 

Geographical Area 

of Case Study 

 

Model 

 

Model Classification 

(stochastic/dynamic(A) 

or  

deterministic/static(B)) 

 

Objective 

 

Algorithm  

 

Algorithm 

Classification 

43,(Jula 

and 

Leachman, 

2011b) 

No Yes SI LI No From Asia to USA Mixed integer non-linear programming B Min cost Comparing heuristics to 

commercial solver and 

heuristics is better. 

Classical heuristics 

44,(Meng 

and Wang 

2011) 

No Yes SI LI No Mainland China Mixed integer non-linear programming B Min cost Hybrid Genetic 

Algorithm 

Metaheuristics 

 

45,(Wang 

and Yun 

2011) 

Yes Yes No LP No Not specified Mixed integer programming B Min cost A Hybrid Tabu Search Metaheuristics 

 

46,(Yang 

et al., 

2011) 

No Yes SI LI No From Mainland 

China to India 

Mixed integer programming (goal 

programming) 

B Min cost+Min 

transit 

time+Min 

transit time 

variability 

Not specified  

* 

47,(Zhang, 

Yun et al. 

2011) 

Yes Yes No LP No Not specified Mixed integer programming B Min time Tabu Search Metaheuristics 

 

48,(Davids

on and 

Leachman 

2012) 

No Yes SI LI No From Asia to USA Mixed integer non-linear programming B Min cost Heuristics Classical heuristics 

49,(Iannon

e 2012) 

Yes Yes No LP No Southern Italy Deterministic linear programming 

(multicommodity) 

B Min cost Not specified * 

50,(Dang, 

Yun et al. 

2012) 

Yes No SI LI No Not specified Simulation model B Min cost Simulation-based 

Genetic Algorithms  

Metaheuristics 

 

Table.1 Summary and classification of literature on intermodal container transportation 

Notes:  “*” denotes no algorithm classification  



3.1 Overview of selected papers according to journal domains  

By using "Logistics and Transportation", "Operations Research/Management" and 

"Maritime" to classify domains of these selected forty-nine journal papers as shown in 

table 2, we find that the domain of "Logistics and Transportation" has the largest share 

of 42.9% (21 papers), which indicates that container flow optimisation issues are in 

accordance with the editorial objectives of journals in the logistics and transportation 

domain. Such researches are also widely accepted by “Operations 

Research/Management” and other journals. This study area is contemporary and 

popular receiving considerable attention from the international research community.  

 

 

Journal Domain 

Classification 

 

 

Journals (totally 49 journal papers) 

 

Number (%) 

 

Logistics and 

Transportation 

Transportation Research Part A (1), Transportation Research Part B 

(1), Transportation Research Part D (1), Transportation Research 

Part E (12), Location Science (1), Transportation Science (1), 

International Journal of Transport Economics (2), Journal of 

Transport Geography (2). 

21 (42.9%) 

 

Operations 

Research/Management 

Networks (1), Operations Research (1), Annals of Operations 

Research (1), Journal of the Operational Research Society (1), 

European Journal of Operational Research (3), International 

Journal of Production Economics (3), OR Spectrum (1), 

Computers & Operations Research(1). 

12 (24.5%) 

Maritime 
Maritime Policy & Management (4), Maritime Economics & 

Logistics (5). 

9 (18.4%) 

 

Other Journals 

Decision Support Systems (2), AIChE Journal (1), International 

Journal of Computer Applications in Technology (1), Journal of 

Transportatiom Systems Engineering and Information 

Technology(1), Journal of Marketing Channels(1), Computers 

&Industrial Engineering(1). 

7 (14.3%) 

 
Table 2 Classification according to journal domains 

 

 

3.2 Discussion according to research problem categories 

Table 3 is derived to help us explore the research gaps through categorizing research 

problems and analysis perspectives. Row (1) combines "SI" and "LI" in Table 1, 

labeling as intermodal container transportation to differentiate such sea-land 

intermodal papers from the others. Likewise, Row (2) selects "LP" only in Table 1, 

identifying those studies on land transport related to seaports to distinguish such 

papers from sea-land intermodal container transportation. Row (3) integrates "Empty 

Container" and "Laden Container" columns in Table 1 together to show which papers 

deal with the more complicated and realistic situation in optimizing the flows of both 

laden containers and empty container repositioning. Row (4) is based on the "Green 



Concern" column in Table 1 to discover the insufficiency of environmental protection 

concern in container flow optimisation research. Based on the "Objective" column in 

Table 1, Row (5) summarises such papers with two or more objectives as "bi/multi-

objective optimisation" scope. Finally, Row (6) joins the above five rows together to 

devise a research niche accordingly.  

 

In general terms, Rows (1) to (5) in table 3 classify the selected research studies from 

five different analysis perspectives on the research issues and row (6) integrates these 

five perspectives to narrow down the research issue to "Intermodal container flow 

considering both empty and laden containers with green concern using bi/multi-

objective optimisation" as a research gap. No previous paper is found under this 

classification. Hence we conclude that this research area is under-represented with 

insufficient study, which would be attributed to the problem’s higher level of 

complexity.  

 

Although intermodal container transportation is increasingly important in practice as 

discussed in the Introduction section, most papers have examined only sea leg 

container transportation or only land leg container transportation optimisation thus far. 

Research involving a larger span of the supply chain with both sea and land 

transportation optimisation is quite limited with only twenty (40 %) papers among the 

fifty papers. Seaport, as an essential interface, links up these two separate networks 

together to shape an international/regional intermodal container network. In 

traditional concept, port is a node in seaborne network while voyage between two 

nodes carried out by ships is called an arc in such a network (Imai and Rivera, 2001). 

Under this background, academic researches focus on container network optimisation 

issues in sailing voyages. However, port is obliged to enter the new stage of 

regionalization which is driven by market demand. Integrative intermodal 

transportation and port regionalization development conform to market demand, thus 

more efforts should be made to tackle such sea-land intermodal optimisation issues.  

 

In recent years, research articles which concern environmental protection are still 

relatively limited, although progressively increasing. There are only eight papers 

(16 %) classified into the "With green concern" category with the aim to cut down 

carbon footprint. Research involves using greener modes of transportation like inland 



barge connections and innovative solutions such as double-stack train application and 

employment of foldable containers. Future research about intermodal container flow 

optimisation issues should be embedded with green concern to keep pace with the 

times and regulatory requirements to protect our planet. Noting this imminent trend, 

those ports and transport providers which can be both commercially viable and 

environmentally responsible would gain a competitive edge. 

  

 

Research problem 

categories 

 

Papers (totally selected 50 papers) 
 

 

Number (%) 

 

(1) Concerning 

intermodal freight 

transportation (both 

sea leg(SI) and land 

leg(LI)) 
 

 

1,(White, 1972), 2,(Min, 1991), 5,(Lai et al., 1995), 12,(Karimi et al., 2005), 14,(Erera et al., 

2005), 21,(Wang and Wang 2007), 24,(Feng and Chang, 2008), 26,(Kim et al., 2008), 

27,(Leachman 2008), 31,(Imai et al., 2009), 32,(Liao et al., 2009), 34,(Infante et al., 2009), 

36,(Fan, Wilson et al. 2010), 39,(Fan et al., 2010), 42,(Jula and Leachman, 2011a), 43,(Jula and 

Leachman, 2011b), 44,(Meng and Wang 2011), 46,(Yang et al., 2011), 48,(Davidson and 

Leachman 2012), 50,(Dang, Yun et al. 2012). 

 

20(40%) 

 

(2) Concerning land 

leg and port 

related(LP) 

 

3,(Crainic et al., 1993a), 4,(Crainic et al., 1993b), 6,(Shen and Khoong, 1995), 7,(Miller et al., 

1996), 8,(Newman and Yano, 2000), 9,(Cullinane et al., 2002), 10,(Choong et al., 2002), 

11,(Jansen, Swinkels et al. 2004), 13,(Parola and Sciomachen, 2005), 15,(Olivo et al., 2005), 

16,(Cheang and Lim, 2005), 17,(Jula et al., 2005), 18,(Coslovich et al., 2006), 19,(Jula et al., 

2006), 20,(Imai et al., 2007), 22,(Deidda, Francesco et al. 2008), 23,(Rahimi et al., 2008), 

25,(Chang et al., 2008), 28,(Caris and Janssens, 2009), 29,(Sun et al., 2009) (conference paper), 

30,(Bandeira et al., 2009), 33,(Francesco et al., 2009), 35,(Chen and Yang 2010), 37,(Iannone 

and Thore, 2010), 38,(Thill and Lim, 2010), 40,(Zhang et al., 2010), 41,(Shintani et al., 2010), 

45,(Wang and Yun 2011), 47,(Zhang, Yun et al. 2011), 49,(Iannone 2012). 

 

 

30(60%) 

 

(3) Concerning both 

empty and laden 

container 

transportation 
 

 

4,(Crainic et al., 1993b) , 5,(Lai et al., 1995) , 11,(Jansen, Swinkels et al. 2004), 12,(Karimi et 

al., 2005), 14,(Erera et al., 2005), 18,(Coslovich et al., 2006), 22,(Deidda, Francesco et al. 

2008), 24,(Feng and Chang, 2008), 30,(Bandeira et al., 2009), 31,(Imai et al., 2009), 37,(Iannone 

and Thore, 2010), 40,(Zhang et al., 2010) , 45,(Wang and Yun 2011), 47,(Zhang, Yun et al. 

2011), 49,(Iannone 2012). 

 

15(30%) 

 

(4) With green concern 
 

 

10,(Choong et al., 2002), 12,(Karimi et al., 2005), 14,(Erera et al., 2005), 19,(Jula et al., 2006), 

22,(Deidda, Francesco et al. 2008), 23,(Rahimi et al., 2008), 32,(Liao et al., 2009), 41,(Shintani 

et al., 2010). 

 

 

8(16%) 

 

(5) Bi/Multi-objective 

optimisation 
 

 

2,(Min, 1991), 9,(Cullinane et al., 2002), 23,(Rahimi et al., 2008), 46,(Yang et al., 2011). 
 

4(8%) 

 

(6) Intermodal 

container flow 

considering both 

empty and laden 

containers with green 

concern using bi/multi-

objective optimisation 
 

 

None. 

 

0(0%) 

 

Table 3 Classification according to research problem categories 

 

 

Most research papers focus only on single-objective optimisation. The share of papers 

with bi/multi-objective optimisation is 8% (4 papers). It is observed that most selected 

papers concern cost optimisation only. However, to deal with practical problems, 



attention should also be paid on time consumption, carbon footprint and time 

variation. Hence multi-objective optimisation would have wider application in 

upcoming optimisation models to consider trade-offs among multiple objectives. In 

the diversified markets of today, including merely cost objective in optimisation 

model is insufficient since some customers require a fast and on time delivery service 

with less carbon footprint such as those adopting environmental policies as part of the 

business strategy and shippers transporting products with higher value and demand 

uncertainty like computers (Eng-Larsson and Kohn, 2012).  

 

3.3 Analysis according to mathematical models 

Turning to research methodology, table 4 illustrates that there are three main 

classifications on the type of mathematical models in this domain, which are: linear 

model (35 papers or 70%), nonlinear model (5 papers or 10%) and simulation model 

(6 papers or 12%). Under the classification of "Linear model", there are three 

subdivisions: linear programming (14 papers), integer programming (11 papers) and 

mixed integer programming (10 papers). Among them, linear programming is more 

popular with higher frequency of occurrence. Linear programming (LP) is a 

mathematical method for determining a way to achieve the best outcome (such as 

maximum profit or lowest cost) in a given mathematical model for some requirements 

represented as linear relationships. More formally, LP is a technique for the 

optimisation of a linear objective function, subject to linear equality and linear 

inequality constraints. If the unknown variables are all required to be integers, then 

the problem is called an integer programming (IP). If only some of the unknown 

variables are required to be integers, then the problem is called a mixed integer 

programming (MIP) problem. The decision to use linear programming, integer 

programming or mixed integer programming may depend on the scale of the problem 

and the authors’ preferences. Generally speaking, if the variable which represents the 

quantity of container has a high order, such as 1,000,000, there is no significant 

difference between 1,000,000 and 1,000,000.5. Hence the decision variables about 

container numbers in large scale problem could be fractional values. However, the 

nature of container quantity should be integer value. Different authors have different 

preferences and designs on their model selection. For example, Iannone (2012) 

applies a linear programming model in his paper, while Shintani et al. (2010) design 

an integer programming model to fix their problem, even the problem scales are very 

http://en.wikipedia.org/wiki/Mathematical_model
http://en.wikipedia.org/wiki/Optimization_(mathematics)
http://en.wikipedia.org/wiki/Linear
http://en.wikipedia.org/wiki/Objective_function
http://en.wikipedia.org/wiki/Linear_equality
http://en.wikipedia.org/wiki/Linear_inequality
http://en.wikipedia.org/wiki/Linear_inequality
http://en.wikipedia.org/wiki/Constraint_(mathematics)
http://en.wikipedia.org/wiki/Integer_programming


similar. When some papers use binary variables (0 or 1) or some papers involve both 

vehicle quantity (integer value) and container quantity (fractional value) in their 

models, mixed integer programming models are employed. Beside linear model, 

nonlinear model and simulation model are also created to present some cases which 

do not exhibit linear characteristics or have a more dynamic relationship. Which 

model would be applied depends on the actual problems to be solved. Together with 

table 1, our review provides a technical reference for researchers in considering the 

applicability of various models. 

 

According to another classification about the mathematical model, among the selected 

50 papers, 13 papers are included in A (dynamic/stochastic) while 37 papers are 

counted in B (deterministic/static). The dynamic/stochastic math model is more 

suitable for container flow optimisation problem according to its dynamic nature. 

However, dynamic/stochastic math models are often difficult to solve. This explains 

why a much lower percentage (26%) of studies attempted the stochastic approach. 

 
 

Model Classification I 

(linear, nonlinear or 

simulation) 

 

 

Papers (totally selected 50 papers) 

 

Number (%) 

 

(1) Linear model 

 

 35(70%) 

 

Linear programming 

 

 

1,(White, 1972), 3,(Crainic et al., 1993a), 9,(Cullinane et al., 2002), 12,(Karimi et al., 2005), 

17,(Jula et al., 2005), 20,(Imai et al., 2007), 24,(Feng and Chang, 2008), 32,(Liao et al., 

2009), 34,(Infante et al., 2009), 36,(Fan, Wilson et al. 2010), 37,(Iannone and Thore, 2010), 

39,(Fan et al., 2010), 40,(Zhang et al., 2010), 49,(Iannone 2012). 

 

 

14/35 

 

Integer programming 

 

 

8,(Newman and Yano, 2000), 10,(Choong et al., 2002), 14,(Erera et al., 2005),  15,(Olivo et 

al., 2005), 18,(Coslovich et al., 2006), 19,(Jula et al., 2006), 21,(Wang and Wang 2007), 

22,(Deidda, Francesco et al. 2008), 26,(Kim et al., 2008), 33,(Francesco et al., 2009), 

41,(Shintani et al., 2010). 

 

 

11/35 

 

Mixed integer 

programming 

 

4,(Crainic et al., 1993b), 7,(Miller et al., 1996), 25,(Chang et al., 2008),  28,(Caris and 

Janssens, 2009), 29,(Sun et al., 2009), 30,(Bandeira et al., 2009), 31,(Imai et al., 2009), 

45,(Wang and Yun 2011), 46,(Yang et al., 2011), 47,(Zhang, Yun et al. 2011). 

 

 

10/35 

 

(2) Nonlinear model 

 

 

35,(Chen and Yang 2010), 42,(Jula and Leachman, 2011a), 43,(Jula and Leachman, 2011b), 

44,(Meng and Wang 2011), 48,(Davidson and Leachman 2012). 

 

5(10%) 

 

(3) Simulation model 

 

 

5,(Lai et al., 1995), 6,(Shen and Khoong, 1995), 11,(Jansen, Swinkels et al. 2004), 13,(Parola 

and Sciomachen, 2005), 16,(Cheang and Lim, 2005), 50,(Dang, Yun et al. 2012). 

 

6(12%) 

 

(4) Other models 

 

 

2,(Min, 1991), 23,(Rahimi et al., 2008), 27,(Leachman 2008), 38,(Thill and Lim, 2010). 
 

4(8%) 

 

Model Classification II 

(dynamic/stochastic or 

deterministic/static) 

 

 

Papers (totally selected 50 papers) 

 

Number (%) 



 

dynamic/stochastic(A) 

model 

 

 

1,(White, 1972), 2,(Min, 1991), 3,(Crainic et al., 1993a), 5,(Lai et al., 1995), 6,(Shen and 

Khoong, 1995), 11,(Jansen, Swinkels et al. 2004), 13,(Parola and Sciomachen, 2005), 

15,(Olivo et al., 2005), 16,(Cheang and Lim, 2005), 18,(Coslovich et al., 2006), 19,(Jula et 

al., 2006), 30,(Bandeira et al., 2009), 33,(Francesco et al., 2009). 

 

13(26%) 

 

deterministic/static(B) 

model 

 

4,(Crainic et al., 1993b), 7,(Miller et al., 1996), 8,(Newman and Yano, 2000), 9,(Cullinane et 

al., 2002), 10,(Choong et al., 2002), 12,(Karimi et al., 2005), 14,(Erera et al., 2005), 17,(Jula 

et al., 2005), 20,(Imai et al., 2007), 21,(Wang and Wang 2007), 22,(Deidda, Francesco et al. 

2008), 23,(Rahimi et al., 2008), 24,(Feng and Chang, 2008), 25,(Chang et al., 2008), 26,(Kim 

et al., 2008), 27,(Leachman 2008), 28,(Caris and Janssens, 2009), 29,(Sun et al., 2009), 

31,(Imai et al., 2009), 32,(Liao et al., 2009), 33,(Francesco et al., 2009), 34,(Infante et al., 

2009), 35,(Chen and Yang 2010), 36,(Fan, Wilson et al. 2010), 37,(Iannone and Thore, 2010), 

38,(Thill and Lim, 2010), 39,(Fan et al., 2010), 40,(Zhang et al., 2010), 41,(Shintani et al., 

2010), 42,(Jula and Leachman, 2011a), 43,(Jula and Leachman, 2011b), 44,(Meng and Wang 

2011), 45,(Wang and Yun 2011), 46,(Yang et al., 2011), 47,(Zhang, Yun et al. 2011), 

48,(Davidson and Leachman 2012), 49,(Iannone 2012), 50,(Dang, Yun et al. 2012). 

 

 

37(74%) 

 
Table 4 Classification according to mathematical models  

 

 

3.4 Analysis according to algorithms 

After analysing the type of mathematical models, which algorithm would be proposed 

and used to solve the model can be addressed in Table 5. Exact algorithms are usually 

proposed to solve instances involving limited variables and power degree (vertices). 

But in some real cases, when the size of vertices exceeds the limitation, heuristics 

algorithms would be the preferred algorithms to be utilized especially with 

Metaheuristics’s recent powerful and speedy development. Simulation method is used 

in such cases as a last resort when exact algorithm or heuristic algorithm is not 

applicable to get the optimal solution or sub-optimal solutions especially in some 

stochastic problems. But simulation method cannot find an optimal solution and is not 

inherently an optimisation tool. It is often the only means to approach complex 

systems analysis.  

 

Here, we highlight the difference between “Classical Heuristics” and “Metaheuristics”. 

“Classical Heuristics” does not have any mechanisms to allow the objective function 

changing from one iteration to the next one while "Metaheuristics" owns these 

mechanisms on the contrary. Metaheuristic algorithm is a heuristic method to solve 

computation problems using black-box procedures in a more efficient way. 

Metaheuristic algorithms are used for combinatorial optimisation in which an optimal 

solution is sought over a discrete search-space. Popular and common Metaheuristic 

algorithms for combinatorial optimisation problems include Simulated Annealing, 

Tabu Search, Genetic Algorithms and Ant Colony Optimisation (Yang, 2008). 

 

From the algorithm classifications in Table 5, there is no conclusion suggesting which 

http://en.wikipedia.org/wiki/Combinatorial_optimization
http://en.wikipedia.org/wiki/Discrete_mathematics


algorithm is more prevailing than others. Which algorithm would be approached 

depends on the scale and difficulty level of the given math model. If the scale of the 

given math model is not so large, it can be solved through designing exact algorithm 

to get the optimal solution. Although exact algorithm can only solve relatively small 

scale problems, 14% of the papers create some sophisticated exact algorithms to 

increase the difficulties and contributions of their research. Exact algorithm is more 

challenging in a mathematical sense, which means higher sophistication from the 

methodological perspective.  When the scale of the given math model is large and it is 

difficult or impossible to use exact algorithm, then heuristics algorithm would be 

suitable to search the near optimal solution instead. Metaheuristics (16%) develop 

rapidly standing out from classical heuristics recently because of their computational 

effectiveness and general applicability. In other words, unlike classical heuristics, 

metaheuristics require much less work than developing a specialized heuristic for a 

specific problem. Metaheuristics have their standard mechanisms to guide the search 

from an initial solution set to near optimal solutions. Many problems can implement 

metaheuristics via using general purpose software.  But it also means that the user 

must understand and specify their complicated mechanisms.  

 

Three papers (6%) use more than two classes of algorithm in their paper to solve or 

compare the solutions. Researchers can consider this approach if the problem is 

complex and achieving optimal results is their primary aim. Adopting hybrid approach 

has become more popular in recent years and is a rising trend since multi-objective 

optimisation and tackling larger scale practical problems as discussed above would 

increase the level of complexity. 

 

Twenty-one (42%) papers do not specify algorithms which is the most common 

approach. They use commercial software, for example, CPLEX and LINGO revealing 

such softwares’ good performance in linear optimisation. Problem solving method 

benefits from the development of computer technology. Many optimisation softwares 

are updated and embedded with some common algorithms which become powerful 

optimisation platforms. This is considered as a positive phenomenon since such 

optimization platforms can assist scholars using their models to optimise practical 

problems efficiently.  

  



 
 

Algorithm 

Classification 

 

 

Papers (totally selected 50 papers) 

 

Number (%) 

 

Exact algorithm 

 

 

1,(White, 1972), 9,(Cullinane et al., 2002), 12,(Karimi et al., 2005), 19,(Jula et al., 2006),  

23,(Rahimi et al., 2008), 29,(Sun et al., 2009), 32,(Liao et al., 2009). 

 

7(14%) 

 

Classical heuristics 

 

 

5,(Lai et al., 1995), 6,(Shen and Khoong, 1995), 8,(Newman and Yano, 2000), 18,(Coslovich et 

al., 2006), 20,(Imai et al., 2007), 34,(Infante et al., 2009), 42,(Jula and Leachman, 2011a), 

43,(Jula and Leachman, 2011b), 48,(Davidson and Leachman 2012). 

 

 

9(18%) 

 

Metaheuristics 

 

4,(Crainic et al., 1993b), 28,(Caris and Janssens, 2009) , 31,(Imai et al., 2009), 35,(Chen and 

Yang 2010), 44,(Meng and Wang 2011), 45,(Wang and Yun 2011), 47,(Zhang, Yun et al. 2011), 

50,(Dang, Yun et al. 2012). 

 

8(16%) 

 

 

 

Simulation 

 

30,(Bandeira et al., 2009), 33,(Francesco et al., 2009). 
 

2(4%) 

 

 

No specified algorithm 

just using commercial 

software 

 

2,(Min, 1991), 3,(Crainic et al., 1993a), 7,(Miller et al., 1996), 10,(Choong et al., 2002), 

11,(Jansen, Swinkels et al. 2004), 13,(Parola and Sciomachen, 2005), 14,(Erera et al., 2005), 

15,(Olivo et al., 2005), 16,(Cheang and Lim, 2005), 21,(Wang and Wang 2007), 22,(Deidda, 

Francesco et al. 2008), 24,(Feng and Chang, 2008), 26,(Kim et al., 2008), 27,(Leachman 2008), 

36,(Fan, Wilson et al. 2010), 37,(Iannone and Thore, 2010), 38,(Thill and Lim, 2010), 39,(Fan et 

al., 2010), 41,(Shintani et al., 2010), 46,(Yang et al., 2011), 49,(Iannone 2012). 

 

 

21(42%) 

 

With more than two 

algorithm classes 

 

 

17,(Jula et al., 2005), 25,(Chang et al., 2008), 40,(Zhang et al., 2010). 
 

3(6%) 

 
Table 5 Classification according to algorithms 

 
 

3.5 Discussion according to case study areas 

Table 6 is formulated to analyse the geographical locations of case studies in the 

selected papers. It is found that case studies centred around three major areas, namely 

Asia, North America and Europe. Major ports and maritime countries are located in 

these areas. It implies that research interest is driven by the demand for practical 

application.   

 

To have a more thorough analysis, we continue to classify each area into countries 

and sub-regions. Although Mainland China and Taiwan are considered parts of China, 

they are differentiated in this paper because they have their own administrative 

independencies. Among the Asian countries and sub-regions, Mainland China might 

be a relatively popular sub-region in such optimisation issues, with five publications. 

It is not surprising that the world economy is affected by the “China effect”. Many 

foreign corporations have relocated their production and distribution networks to 

Mainland China. The volume of intermodal freight movement in Mainland China has 

increased dramatically in recent years and would maintain a high growth rate in the 



following years. There are great potentials in China's distribution and logistics 

development (Frankel, 1998; Jiang and Prater, 2002; Lam and Yap, 2011b). However, 

there are only five research contributions using Mainland China as case study area to 

test the container flow optimisation model and algorithm among these fifty selected 

papers. There is also a pressing need for more research to be conducted for another 

fast growing country – India. Integrated intermodal transportation network which 

translates to high quality management of cargo flows with low inventory costs, more 

reliable delivery time and distribution will enhance Indian merchandizes’ 

competitiveness within the global market (Ng and Gujar, 2009). Only one container 

flow optimisation study has been done for India’s case, thus presenting great potential 

for future research.  

 

Concerning North America, USA is the most researched country (ten papers out of 

totally twelve papers). USA is a major trading nation with long coastline and 

extensive land bridge transportation infrastructures. Corresponding research for USA 

would continue to grow with higher sophistication. It would be interesting to model 

the port hinterland intermodal network in consideration of Panama Canal’s upgrading 

work in future studies.   

 

With respect to Europe, Italy might be the country with more case studies conducted 

(four papers out of eleven) in such optimisation issues. There are many countries each 

with a small territory in the European continent. Six out of the eleven papers 

conducted case studies on container network optimisation relating to a large range of 

European area, not to an individual country owing to the territory limitation. Since 

European ports’ hinterland involves more than one country in most cases, researching 

intermodal network with multiple countries aligns with such practical situation. This 

approach is also recommended for other regions with active or growing cross-border 

intermodal transport, for example, between China and Southeast Asia peninsula 

including countries like Vietnam and Thailand. 

 

 

 

 

 



 

Case Study Area 

 

 

Papers (totally selected 50 papers) 

 

Number (%) 

 

(1) Asia   

 16(32%) 

 

Mainland China 

 

9,(Cullinane et al., 2002), 29,(Sun et al., 2009), 35,(Chen and Yang 2010), 44,(Meng and Wang 

2011), 46,(Yang et al., 2011). 

 

5/16 

 

Taiwan 

 

32,(Liao et al., 2009). 1/16 

 

India 

 

46,(Yang et al., 2011). 
 

1/16 

 

Singapore 

 

16,(Cheang and Lim, 2005). 1/16 

 

Korea 

 

26,(Kim et al., 2008). 
 

1/16 

 

No specified country 

or sub-region just 

Asian area   

5,(Lai et al., 1995),  24,(Feng and Chang, 2008), 27,(Leachman 2008), 31,(Imai et al., 2009), 

42,(Jula and Leachman, 2011a), 43,(Jula and Leachman, 2011b), 48,(Davidson and Leachman 

2012). 

7/16 

 

 

(2) North America 

 12(24%) 

 

USA 

 

10,(Choong et al., 2002), 19,(Jula et al., 2006), 23,(Rahimi et al., 2008), 25,(Chang et al., 2008), 

27,(Leachman 2008), 38,(Thill and Lim, 2010), 39,(Fan et al., 2010), 42,(Jula and Leachman, 

2011a), 43,(Jula and Leachman, 2011b), 48,(Davidson and Leachman 2012). 

10/12 

No specified country 

just North America 

area  

 

7,(Miller et al., 1996), 31,(Imai et al., 2009). 

 
2/12 

 

(3) Europe  

 11(22%) 

 

Netherlands 

 

11,(Jansen, Swinkels et al. 2004). 
 

1/11 

 

Italy 

 

13,(Parola and Sciomachen, 2005), 18,(Coslovich et al., 2006), 37,(Iannone and Thore, 2010), 

49,(Iannone 2012). 
 

4/11 

 

No specified country 

just European area  

 

5,(Lai et al., 1995), 15,(Olivo et al., 2005), 31,(Imai et al., 2009), 33,(Francesco et al., 2009), 

36,(Fan, Wilson et al. 2010), 41,(Shintani et al., 2010). 
 

6/11 

 

(4) No specified area 

 

1,(White, 1972), 2,(Min, 1991), 3,(Crainic et al., 1993a), 4,(Crainic et al., 1993b), 6,(Shen and 

Khoong, 1995), 8,(Newman and Yano, 2000), 12,(Karimi et al., 2005), 14,(Erera et al., 2005), 

17,(Jula et al., 2005), 20,(Imai et al., 2007), 21,(Wang and Wang 2007), 22,(Deidda, Francesco et 

al. 2008), 28,(Caris and Janssens, 2009), 30,(Bandeira et al., 2009), 34,(Infante et al., 2009), 

40,(Zhang et al., 2010), 45,(Wang and Yun 2011), 47,(Zhang, Yun et al. 2011), 50,(Dang, Yun et al. 

2012). 

19(38%) 

 
Table 6 Classification according to case study areas 

 
 

3.6 Further discussion on green concerns and research directions 

When tables 3 and 6 are analysed together, among the scant literature with 

environmental concerns (eight papers), three studied the case of USA, one studied 

about Europe and one was about Taiwan  and the other thee did not specify any region. 

There is no application on the two fast growing economic giants – China and India. 



As discussed above, more research should be devoted to study intermodal 

development in these two countries. China and India’s speedy economic growths, 

huge potential demands for consumption and ever-rising pressure from the global 

production and distribution, have all granted a strong support for the development of 

their transportation and logistics industries, including the port intermodal 

development due to their wide hinterland ranges. Nevertheless, pollution would also 

be increased with such rapid growth in economic development and transport volume. 

Intermodal development offers great potential to improve sustainability because 

railway and inland barge transport incurs much lower carbon emissions than trucking 

which is now dominant in inland transport (Rahimi et al., 2008; Liao et al., 2009; 

Shintani et al., 2010).  

 

In addition to the suggestions in the previous sections, we recommend more scientific 

research to be conducted on sustainable port hinterland intermodal development in 

order to fulfill the industry needs. In particular, the identified research gap 

"Intermodal container flow considering both empty and laden containers with green 

concern using multi-objective optimisation" can be explored for China, India and 

other countries especially with large continent. For example, given the closer scrutiny 

on the environmental performance of the transport sector, optimization model can be 

developed to consider the various carbon footprint restriction scenarios for the 

planning of intermodal container flows. Such model can achieve optimal cost and 

transit time given a certain level of carbon emission requirement suggesting the most 

desirable modal split. Sensitivity analysis can be done to find out the effect on cost 

and time with tighter carbon emission control. To plan intermodal development and 

monitor its environmental impact, the change in carbon emission generated by the 

transport network can also be modeled in relation to infrastructure expansion and 

cargo volume growth. There is no research effort made in these topics so far 

according to the published research papers. It would be meaningful and beneficial if 

future studies can fill up this research gap to address the challenges for various 

countries’ port hinterland development. 

  

 

4. Practical Significance and Conclusions 

In this original review paper, totally fifty earlier research articles on intermodal 



container flow optimisation issues which are published between 1972 and 2012 with 

forty years' time span are selected and examined. Our contributions are twofold: 

firstly, we build an overall summary table (Table 1) and relevant sub-tables (from 

Table 2 to Table 6) to provide a structured and classified review and insightful 

analysis on the growing and contemporary subject of container transport optimisation; 

secondly, through such tables and detailed analyses from various perspectives, the 

trends and gaps in this research area are identified and future research directions are 

suggested accordingly, and thereby assisting scientific and practical efforts in port 

hinterland intermodal development. 

 

Future research should focus on global intermodal container flow optimisation, 

involving both laden containers and empty containers taken green issues into account, 

addressing the approaches of port integrating into such global intermodal chain.  

Research concerning environmental impacts is progressively increasing but 

inadequate. There is substantial need for research addressing greening the intermodal 

network and sustainable development. We discover that providing cost effective 

solutions alone in optimisation problem is rather traditional and one-sided. In practice 

nowadays, those market players possessing commercially viable capabilities and also 

environmental responsibilities would gain a competitive advantage in future dynamic 

business environment. Multi-objective optimisation would be more suitable to actual 

situations. Our findings and suggestions would guide intermodal transport operators 

and integrators in their network design.  

 

Relating to case study areas, the identified research gaps in this article would be 

explored for China, India and regions with intermodal network involving multiple 

countries. It would be beneficial if future studies can address the pressing demand for 

the emerging countries’ port hinterland development. It would also be interesting to 

analyse the effects brought by upcoming changes such as the upgrading of the 

Panama Canal. Optimisation and simulation models not only aid tactical and 

operational planning, but also intermodal infrastructure development and policy 

making. Through quantifying commercial and environmental impacts, more optimal 

intermodal transport network can be planned and built according to the desirable 

economic objectives and environmental performance. Correspondingly, intermodal 

development will affect the industry and market players due to, for example, the 



number of concessions granted by the government to truckers, rail operators, barge 

operators and dry port operators. Such strategic decisions should be supported by 

analytical tools rather than by intuition only. In this paper, observations in research 

methodology and algorithm classifications have also been drawn. In short, adopting 

hybrid approach in combining two algorithms in one problem could be an uprising 

tendency since multi-objective optimization and tackling larger scale practical 

problems as discussed above would increase the level of complexity. Therefore, this 

review serves as a practical guide assisting future efforts in developing analytical 

tools. 

 

As a whole, the paper has provided a comprehensive review of earlier research 

contributions in a growing and contemporary subject. The insightful analysis in 

Section 3 helps channel future research efforts along the identified paths to be both 

practical and forward-looking. While endeavours were carried to be all-inclusive and 

holistic, same as other literature review studies, some research activities and efforts 

might have been unconsciously neglected. However, this review paper should be a 

comprehensive representation of the body of research on intermodal container 

transport optimisation published in international outlets during the specified time span.  

 

Before closing this paper, we would like to highlight the ongoing opportunity for the 

development of global intermodal container network approaches and related studies 

including supply chain and policy perspectives in the future. Issues such as the surge 

of port-hinterland container transportation flows in major exporting/importing 

countries, the shortage of corresponding infrastructure capacity and environmental 

concerns about the emission of greenhouse gas are up and coming. If there is a 

potential that someone would be the leader in supply chain integration between sea 

and land transportation, the seaport could have a try to play the leading role by its 

unique status. It has the natural feature as the interface between the sea and the land. 

Port regionalization concept gives seaports opportunities to realize the complex and 

dynamic integration especially focusing on container transportation flows. This 

integration’s objective should be versatile in coping with supply chain dynamics. 

Multiple factors along the supply chain including economic, social and environmental 

aspects are very important to be considered. Trying to find and deal with the trade-

offs among these multi-objectives would be paramount and can be achieved by the 



reviewed mathematical models in future research.  
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