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Abstract 

Containerization has revolutionized international freight transport. It makes possible to optimize port handling operations 

and offers multimodality. In addition, the construction of increasingly large container vessels allows economies of scale 

while smart logistics thanks to the development of the Internet of Things, increase companies’ flexibility and 

responsiveness. However, international multimodal transportation is subject to random events (risks) and suffers from 

lack of visibility which severely impacts the entire supply chain. In order to deal with these problems, research has been 

carried out in the field of supply chain risk management and the literature has been widely populated. This work deals 

with multimodal container supply chain risk management using traceability and visibility Data. The main objective of 

this paper is to analyze proposed solutions to improve the supply chains efficiency by acting on risk management in 

containers transportation, highlighting literature gaps and providing future research directions. Finally, a specific 

approach for real-time management of shipments by taking into account random events is proposed. 

Keywords: Smart container; Traceability; Risk management; multimodal container transportation. 

1. Introduction  

Container transport has revolutionized international freight transport, containerization makes it possible to optimize port 

handling operations and offers multimodality.  In addition, construction of increasingly large container vessels allows 

economies of scale. Container multimodal transportation consists of transporting the container from the departure 

warehouse to the final warehouse using different transport means (Figure 1) (combination of road rail and maritime 

transport). Multimodal transportation is one of the key factors of globalization, it represents 90% of international trades 

(Fruth and Teuteberg 2017).  In 2018, 160 millions of  Twenty-foot Equivalent Unit (TEUs) were transported by container 

and world traffic in containerized goods increased by 6.4% per year (Ouedraogo et al. 2020). The increase in the volume 

of containers transported and the multitude of actors involved in the transport process makes it become more and more 

complex and dynamic.  Multimodal and international container transportation can involve more than twenty 

actors(Ouedraogo et al. 2020), this study focuses on the four main actors (shipper, shipping line, container terminal and 

inland carrier): 

 The shipper is the company or legal person who owns the transported products. 

 The shipping line is the company that deals with the maritime transport of containers. 

 The carrier is the company that deals with inland container transportation. 

 The Container terminal” plays an instrumental role in the movement of containerized cargo from consignor to 

consignee.  Containers are intermodal by definition, and the terminals are the place where they change 

transportation modes” (UNECE, United Nations, 2020 ). 
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Container transportation is always being affected by hazardous events that can severely impact supply chain. During 

shipment, containers are exposed to risk events such as thief, mishandling, condition variation, extreme weather.  These 

events impact all stakeholders of the supply chain by causing delays, deterioration of products quality and enormous 

financial losses. Containers can often transport very sensitive products with high market values (foods, drugs, luxury 

products, etc.).   These products must be transported under very specific conditions and having visibility at each stage of 

the transport process limits the impact of risks associated with the deterioration of the products quality and products 

delivery delays.  For example, the recent pandemic world crisis caused a disruption in multimodal transportation. 

Disruptions due to multimodal supply chain risks have impacted the performances of the companies (Aboubakar 

Ouedraogo et al. 2020), this is why the multimodal supply chain risk management receives a great deal of attention in the 

literature (Agamez-Arias and Moyano-Fuentes 2017; Bălan 2020; Dua and Sinha 2019; L. Fan, Wilson, et Dahl 2012).  

These last year’s many research (Longo, Mirabelli, and Tremori 2009; Tran, Dobrovnik, and Kummer 2018; Heilig and 

Voß 2017; Mar-Ortiz, Gracia, and Castillo-García 2018; Sahnoun and Maamri 2015) have been published on supply chain 

risk management. These works offer solutions based on different techniques to optimize the risk management of 

multimodal transportation. Indeed, the development of technologies, Internet of Things and availability of vessel tracking 

data (AIS data) offer new possibilities in terms of traceability, visibility and enables to increase the performance of the 

supply chain.  Internet of things permits to track containers by using Intelligent tracking technologies.  A large number 

of technological and scientific solutions have been developed to track and trace containers in order to deal with risks 

encountered during shipments.  The main objective of this paper is to conduct a review of multimodal supply chain risk 

management techniques and tools.  In order to achieve article goals, the following research question will be answering: 

 What methods and solutions have been proposed in the literature for improving container supply chain risk 

management? 

 What kind of data do these solutions use? 

To address these questions, the survey will focus on the solutions of the state of the art that fulfill specific features that 

could implemented in a decision support system for supply chain decision-makers. This paper is structured in 5 sections 

and is based on the existing literature related to multimodal container supply chain risk management between 2000 and 

2020. After defining the supply chain risk management and traceability topic in multimodal transportation, section three 

presents the research methodology use to carry out this literature review.  Based on this, section four presents the selected 

above-mentioned features and details the analysis of the conducted literature review. Finally, a future approach to improve 

container supply chain risk management will be discussed in section five. 

 

 
 

Figure 1. Multimodal transportation process 

2. Multimodal transportation supply chain risk management and traceability 

” Supply chain is a network of facilities that assures the functions of supply of raw materials, their transformation into 

components and finished products, and distribution of finished products to customers” (Lee 1993).  Supply chain 

management can be defined as operations related to the supply chain, which take account flow management (physical and 

information), inventory management and supplier management. Multimodal container transportation is essential in an 

international supply chain.  In fact, containerization facilitates the change of transportation mode and ensures the integrity 

of transported products. That is why, the works carried out on the multimodal container transportation topic often inherit 

form those conducted in supply chain management. The aim of this section is to analyze relevant knowledge to this 

review.  Definition of important concepts will also be provided. 
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2.1. Supply chain risk 

Many authors in the literature have attempted to give a definition for risk. The ISO31000 (« ISO - ISO 31000 — Risk 

Management » s. d.) standard defines risk as the effect of uncertainty on objectives.  A risk can be defined as “the 

possibility that an event may occur whose occurrence would have impact (positive or negative) on the progress of the 

activity”(Gourc, 2006.).” Literature on supply chain risk management defines risk as purely negative and leading to 

undesired results or consequences” (J. Vilko, Ritala, and Hallikas 2019).  A common definition of supply chain risk is the 

product R = P * I, where P is the probability of occurrence and I is defined as the consequence of this event on supply 

chain. 

2.2. Multimodal container supply chain management 

Multimodal container transportation is exposed to various hazardous events that affect the supply chain of all the 

stakeholders involved in the transportation process.  Disruptions due to multimodal container supply chain risks have 

impacted the performances of the companies.   Supply chain risk management aims to manage risk presents in supply 

chain.  As the risk definition, there is no common definition of Supply Chain Risk Management (SCRM) in literature 

(Marquès 2010) but the researchers agreed on four most important steps in SCRM that are: 

1. Risk Identification:  the purpose of risk identification is to build a list of potential risks with their sources and 

their impact area. It can use classic tools such as: historical data, theoretical analyzes, opinions from experts and 

other competent people, brainstorming (Marquès 2010).  The works carried out in the risk identification on 

multimodal container transportation allow to define typologies and classes of risk. The authors in (Ouedraogo et 

al. 2020) proposed a classification of risks according to the nature of the flows.  The proposed classes are 

summarized in Table 1. 

2. Risk Assessment: it makes it possible to express quantitatively or qualitatively the probability of occurrence and 

consequences of each of the risks identified in step one. Conventionally, this step consists in establishing the 

level of risk, i.e. the importance of the risk. The goal is to provide a framework allowing to compare the risks 

and to distinguish those which will have to be treated from the others, on the basis of decision criteria (Marquès 

2010). 

3. Risk Treatment:  the process of risk treatment involves choosing a solution to address the risk and its 

implementation (Marquès 2010).  Risk treatment can be broken down into several possible strategies: (a) 

anticipating the risk, (b) avoiding the risk, (c)dealing with its consequences or (d) sharing the risk. 

 

a) Anticipating risk consists of putting in place a strategy that allows to predict its occurrence. 

b) Avoiding the risk involves applying a strategy to bypass the area where the risk event occurs.  For 

example, in the container supply chain, it will be a question of choosing a route to bypass a road where 

pirates are acting. 

c) Dealing with risk consequences consists of putting in place measures that prevent the risk of negatively 

impacting activities.  For example, for a company that works with just in time methods and imports its 

material, it is to have stock available even in case of transportation delays. 

d) Sharing the risk consists of sharing risk consequences with another party, for example shipper takes out 

a high insurance policy for sensitive products in order to minimize the financial loss on the supply 

chain. 

 

4. Risk Monitoring involves monitoring the level of risk to ensure that it remains at a manageable level. 

Starting from this step, SCRM can be characterized by its ability to identify first all the risks present in the supply chain, 

then evaluate and propose mitigation strategies in order to assess these risks. And finally SCRM is also be characterize 

by risks monitoring in order to ensure that risks stay within an acceptable level. 

 
Table 1. Risk class 

Risk class Risk events 

Supply risk 

Demand risk 

Business risk 

Environmental risk 

Organizational risk 

Infrastructural risk 

Congestion, Labor strike, Fire… 

Unexpected customer demand 

Fuel cost, Taxes changes, storage cost… 

Natural disaster, political conflict, uncertainty weather… 

Inappropriate planning estimation… 

Lack of visibility, lack of transportation mode… 
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2.3. Traceability and visibility in multimodal container transportation supply chain 

The large number of actors involved in the container transportation process reduces supply chain visibility and makes it 

difficult to manage uncertainties (risk events). In addition, due to the heterogeneity of information systems, the traceability 

of shipments is not complete. However, traceability and visibility are the bases of risk management in multimodal 

container transport (J. Vilko, Ritala, and Hallikas 2019). Indeed, the integration of traceability and visibility data makes 

it possible to offer better risk assessment solutions according to the actors involved in the supply chain and the decision-

making context. The following parts define traceability and visibility and then show their importance in multimodal 

container supply chain risk management. 

 

2.3.1. Traceability in multimodal container transportation supply chain 

According to ISO 9000-2005, traceability is defined as” the ability to determine the history, use or location of a specific 

entity”. Traceability is essential in transportation and distribution of temperature sensitive products.  For example, in 

drugs industry and cold chain industry, traceability of transportation is mandatory. It ensures the quality of transported 

products by keeping track of the crossing points. Definition of traceability depends on the studies context. Thus, in this 

paper, container traceability will be defined as the ability to follow and monitor the movements of a container and trace 

back information from its internal and external environment. 

2.3.2. Visibility in multimodal container transportation supply chain 

Supply chain visibility can be defined as” the extent to which actors within a supply chain have access to or share 

information which they consider as key or useful to their operation and which they consider will be of mutual benefit” 

(Papert, Rimpler, and Pflaum 2016).  Supply chain visibility allows supply chain stakeholders to follow shipments in near 

real-time. (J. Vilko, Ritala, and Hallikas 2019) argue that visibility is one the key of risk management.  Supply chain 

visibility provides transparency during container shipment, It’s also provide productivity and effective planning (J. P. P. 

Vilko and Hallikas 2012).  One solution proposed to improve multimodal container transportation visibility is smart 

container.  It is a normal container booster with technology to enable real-time tracking and locating of the container.  

Smart container ensures the following feature (Papert, Rimpler, and Pflaum 2016): 

 Container identification 

 Container locating 

 Sensors (temperature, accelerometer…) 

 Data transmission to supply chain actors 

 Traceability data storage 

2.4. Risk management Framework 

Figure 2 presents the framework in which risks are addressed in multimodal container transport on this 3 axes: (1) 

Traceability/ Visibility, (2) Supply Chain Actors, (3) Decision-making level.  The Traceability / visibility axis makes it 

possible to define the type of data required according to the risk management step, the supply chain actors’ axis list supply 

chain stakeholders affected by risk.  The decision-making level axis makes it possible to define the context in which 

supply chain actor place themselves for risk treatment.  Decision-making level is made up of the different decision levels 

found in the decision process, (1) Strategic decision, (2) Tactical decision and (3) Operational decision. 

1. Strategic decisions:  Strategic decisions engages decision-makers for a long period (more than 5 years)(S. 

Wattanakul et al. 2019).  These kind of decisions are taken by the highest hierarchical level and they are 

occasional. 

2. Tactical decisions:  Tactical decisions engages decision-makers over the medium term (2 to 5 years).  These 

decisions are frequently taken by senior managers. These decisions are not frequent and unpredictable. 

3. Operational decisions:  Operational decisions are short term decision (less than two years).  These decisions are 

made by the performers. These decisions are frequent, very predictable. 

Solution choice for risk treatment strongly depends on the actors involved in the transportation process and the risk class 

encountered during container transportation. The Table 2 which is inspired by the work of (S. Wattanakul et al. 2019) 

classifies the risk class according to the different decision levels for the actors considered in this study.  For example, for 

the shipping line, the risks associated with business (fuel cost, storage cost) and the environment (natural disaster) are 

identified and dealt with at a strategic level.  The Figure 3 gives relation between these 3 axis and general risk management 

step.  In fact, the risk identification depends on the actor involved in the transport process and on his decision level.  The 

risk assessment depends on the actor decision level and the data available.  Likewise, risk monitoring strongly depends 
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on the actor involved in the transportation process and on the data available.  The treatment of the risk, when it comes to 

it, strongly depends on the actors of the transportation process, their decision level and the data available. 

 

 
Figure 2. Risk management framework 

 

 

 

 
Figure 3. Relation between risk management process and risk management framework 
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Table 2. Risk Typology 

  Decision Level 

 

Actor 

Strategical Tactical Operational 

Risk class Risk events Risk class Risk events Risk class Risk events 

 

 

Shipping line 

Business Fuel cost 

Storage cost 

 

 

Organizational 

 

 

Shipment 

planning 

 

 

Supply  

 

Congestion 

Vessel 

breakdown 
Environmental Natural 

disaster 

Demand Uncertainty 

demand 

 

 

 

Carrier 

Demand Uncertainty 

demand 

Organizational Transport 

planning 

Environmental Uncertainty 

weather 

 

Business 

 

Fuel cost 

Storage cost 

 

Infrastructural 

Lack of 

visibility 

Information 

transmission 

 

Supply 

Congestion 

Unexpected 

condition 

change 

Container 

Terminal 

Demand Uncertainty 

demand 

 

Organizational 

 

Resource 

planning 

 

Supply 

Congestion 

Lack of worker 

Strike Environmental Uncertainty 

weather 

 

 

Shipper 

Supply Piracy 

Deviation 

 

 

X 

 

 

X 

Supply Congestion 

Bad handling 

 

Environmental 

Natural 

disaster 

 

Infrastructural 

Lack of 

visibility 

Lack of 

transport mode 

 

3. Research Methodology 

To achieve the objective of this work, a structured literature review on risk management in multimodal container 

transportation was achieved.  This section aims to present the methodology used to make the review.  The research 

methodology, presented in Figure 4, is composed of three mains steps that are used to capture important works done on 

multimodal container supply chain risk management and traceability: 

 Articles collection 

 Articles selection 

 Articles analysis 

 
Figure 4. Research methodology 

3.1. Articles collection  

This section (step 1 in research methodology Figure 4) details the article collection process.  Important keywords 

traceability, risk management, container and multimodal supply chain have been identified to shape the request to select 

the most relevant articles on the scientific databases.  The request” (traceability OR risk management) AND multimodal 

container supply chain” was applied to gather articles of all fields on the two most relevant bibliographic databases (Web 

of science and Scopus) and request was refined with “maritime” as key word. This request was made October 28, 2021 

and made it possible to recover 430 bibliographical references. 
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3.2. Articles selection 

In this section, article selection (step 2 in research methodology Figure 4) process will be detailed.  The selection step 

aimed to identify relevant papers matching with the research topic. An article was considered relevant when the topic 

addressed to it dealt with either the traceability of container or anomalies management in container multimodal transport. 

Firstly, duplicates articles were removed, in addition textbooks and book chapters and articles not written in English have 

been excluded.  Hence only journal, conference articles written in English were selected. To be sure to only keep relevant 

articles for full text analysis, abstract, introduction and conclusion of all collected articles were read and lead to exclude 

works only dealing with air transport and those not dealing with container multimodal transportation.  Since this paper 

aims to analyze methods for risk management in container multimodal supply chain, articles that do not propose methods 

or solutions to manage risk during container shipment were excluded as well. During the quick review (abstract, 

introduction and conclusion) of the articles we went back to interesting bibliographical references that we decided to add 

to our collection.  

Finally, 127 articles were kept for a full reading after the selection phase. 

3.3. Articles analysis 

In this section a full text reading of each selected article has been made.  The purpose of this article analysis step is to 

identify and gather solutions into the different features that are addressed to manage multimodal container transportation 

risk. The methods and data used to implement these solutions will also be analyzed and discussed. Container supply chain 

can be analyzed through several topics (route optimization, risk management, resilience...); in this article the analysis 

concerns the improvement of container transport performance through better risk management.  The section 4 presents 

more detailed solutions proposed in literature in order to better manage container supply chain. These solutions have been 

grouped into 6 features: 

1. Vessel path prediction 

2. Vessel Estimated Time of Arrival prediction 

3. Transportation monitoring 

4. Carbon footprint reduction 

5. Container terminal organization 

6. Risk event monitoring 

An analysis of the distribution of articles shows that there is a continuous growth in the number of articles focusing on 

traceability and multimodal container supply chain risk management published between 2000 and 2020 as seen in Figure 

5. The figure shows an evolution of the number of articles published from 2011 with the intensive use of RFID technology 

to ensure traceability and monitoring in the transport of sensitive products. 

 
Figure 5. Article distribution 
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4. Review of features 

In this section methods and solutions proposed in the literature for better multimodal container risk management have 

been reviewed and classified. There are several ways and different points of view to analyze the literature on supply chain 

risk management, but we are looking for literature in terms of features that can be integrated into a decision support 

system. All of the proposed methods, which aim to improve transportation performance and the security of transported 

products, provide features to stakeholders (shipping line, carrier, container terminal, shipper) involved in the 

transportation process. The Table 3 presents features addressed in the area of traceability and multimodal container supply 

chain risk management and the Figure 6 presents features distribution on collected papers. These following sections 

analyze the features addressed in the literature in terms of the methods and types of data used. Finally, an overview of 

industrial solutions that permit to ensure traceability and visibility of containers will be given. 

Table 3. Features addressed in literature 

Focus Number References 

 

 

Vessel path prediction 

 

 

13 

(Pallotta, Vespe, and  Bryan 2013; C. Zhang et al. 2020; Tu et al. 2020; Sahin and 

Soylu 2020; Alessandrini, Mazzarella, and Vespe 2019; Dorri, Kanhere, and Jurdak 

2018; Shibasaki et al. 2017; Hansut, David, and Gasparik 2017; Fruth and 

Teuteberg 2017; Guo et al. 2015; Onut, Tuzkaya, and Torun 2011; Miller-Hooks et 

al. 2009) 

 

 

Estimated time of arrival 

 

6 

(Alessandrini, Mazzarella, and Vespe 2019; Urciuoli 2018; Meijer 2017; Fruth and 

Teuteberg 2017; Parolas 2016; Qiao, Haghani, and Hamedi 2013) 

 

 

 

Transportation monitoring 

 

 

 

17 

(Wide 2020; Chang et al. 2020; Aghalari, Nur, and Marufuzzaman 2020; Park et al. 

2019; Giusti et al. 2019; Schoen et al. 2018; Mar-Ortiz, Gracia, and Castillo-García 

2018; Slaczka, Pietrusewicz, and Marcinek 2017; Gallo et al. 2017; Papert, 

Rimpler, and Pflaum 2016; Bendriss and Benabdelhafid 2011; Hu et al. 2010; Cai, 

Hu, and Liu 2009; Mueller 2008; Longo and Ören 2008; Bollen, Riden, and Opara 

2006) 

 

 

 

 

 

Carbon footprint reduction 

 

 

 

 

20 

(Tao et Wu 2021; Liu and Wang 2021; Zhao et al. 2020; Pinakpani et al. 2020; X. 

Li, Kuang, and Hu 2020; Heinold and Meisel 2020; Cominelli et al. 2020; Vallejo-

Pinto et al. 2019; W. Li, Hilmola, and Panova 2019; Hervas-Peralta et al. 2019; 

Baykasoğlu et al. 2019; Tsao and Linh 2018; Ma et al. 2018; D. Chen et al. 2017; 

Do et al. 2016; Cullinane, Tseng, and Wilmsmeier 2016a; Wong et al. 2015; Lack 

et al. 2011; Kontovas and Psaraftis 2011a; Matsukura et al. 2010) 

 

 

 

 

 

 

 

 

Terminal organization 

 

 

 

 

 

 

 

32 

(Allen, McLeod, and Hutt s. d.; Fri et al. 2021; Z. Zhang et al. 2020; Wide 2020; 

Potgieter, Goedhals-Gerber, and Havenga 2020; He et al. 2020; Chargui et al. 

2020a; Castelein, Geerlings, and Van Duin 2020; Andrews et al. 2020; Aghalari, 

Nur, and Marufuzzaman 2020; Park et al. 2019; He, Tan, and Zhang 2019; Cao and 

Lam 2019; Bhatti and Hanjra 2019; Baykasoğlu et al. 2019; Swieboda 2016; Mar-

Ortiz, Gracia, and Castillo-García 2018; Expósito-Izquierdo, Melián-Batista, et 

Moreno-Vega 2018; C.-Y. Chen et al. 2018; Heilig and Voß 2017; Fotuhi and 

Huynh 2017; Agbo et al. 2017; Yang et al. 2016; Munuzuri et al. 2020; Folinas et 

al. 2015; Bentaleb, Mabrouki, and Semma 2015; Alyami et al. 2014; Coppolino et 

al. 2011; Mueller 2008; Mennis et al. 2008; Longo, Mirabelli, and Tremori 2009; 

Longo, Mirabelli, and Bruzzone 2005) 

 

 

 

 

 

 

 

 

 

Risk events monitoring 

 

 

 

 

 

 

 

 

41 

(Hsu, Huang, and Wu, s. d.; Gunes, Kayisoglu, and Bolat 2021; Wide 2020; Tadic 

et al. 2020; Potgieter, Goedhals-Gerber, and Havenga 2020; Nguyen 2020; Jiang 

and Lu 2020; He et al. 2020; Filina-Dawidowicz, Możdrzeń, and Stankiewicz 2020; 

Y. Fan, Behdani, and Bloemhof-Ruwaard 2020; Chang et al. 2020; Yan, He, and 

Trappey 2019; J. Vilko, Ritala, and Hallikas 2019; Tseng et al. 2019; Shen et al. 

2019; Šakalys et al. 2019; Mahmood et al. 2019; Hossain et al. 2019; Alessandrini, 

Mazzarella, and Vespe 2019; Nguyen and Wang 2018; Mar-Ortiz, Gracia, and 

Castillo-García 2018; C.-Y. Chen et al. 2018; Slaczka, Pietrusewicz, and Marcinek 

2017; Lam, Liu, and Gou 2017; Gallo et al. 2017; Emenike, Eyk, and Hoffman 

2016; Harris, Wang, and Wang 2015; Güller et al. 2015; Pallotta, Vespe, and Bryan 

2013; J. P. P. Vilko and Hallikas 2012; L. Fan, Wilson, and Dahl 2012; L. Fan and 

Wilson 2012; Pant et al. 2011; Lättilä and Saranen 2011; Hu et al. 2010; Amador, 

Emond, and Nunes 2009; Mueller 2008; Mennis et al. 2008; Bukkapatnam and 

Komanduri 2007; T. C. Chen 2005) 
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Figure 6. Features distribution 

 

4.1. Features for improving multimodal container supply chain risk management 

The traceability and visibility of the supply chain have enabled researchers to investigate solutions and methods to 

improve the performance of containerized transport. For example, end-to-end traceability and visibility of the supply 

chain makes it possible to optimize time spent in port by vessel for container load and unload.  

These features and methods used to set them up will be discussed in sections below. 

 

4.1.1. Vessel path prediction 

Unlike road and rail traffic there is not topography or database representing the network on which sea vessels move 

(Urciuoli 2018).  A vessel path can be assimilated as a graph where the nodes represent the ports and the links are the 

possible routes between a port A and a port F (Figure 7).  Fortunately, in container maritime shipment, the majority of 

shipping lines use regular routes.  This allow an identification of the routes thanks to the traceability data.  It is possible 

to find all vessel passage points from its port of departure to the port of arrival. Vessel route prediction frameworks use 

vessel historical AIS data (traceability) to discover vessel behavior and then vessel location (visibility) is used to detect 

optimal route between vessel origin and destination. The famous framework use to predict vessel path is the Traffic Model 

and Knowledge Discovery proposed by (Parolas 2016).  This framework automatically learns a statistical model from 

AIS data in order to extract routes.  Vessel route prediction is a necessary condition for the implementation an ETA 

prediction feature and it also permit to improve real-time risk assessment during container shipment. Indeed, the majority 

of the authors who have proposed methods for the prediction of the ETA of vessel in the port proposed or used methods 

to predict or know the vessels path. In addition, knowing vessel path makes it easier to predict hazardous events that can 

occur during container transportation. (C. Zhang et al., 2020) write that” the research on predicting global vessel 

destinations would be of great value for the industry to make timely and efficient decisions and ensure a safe and efficient 

maritime traffic environment”.  For example, by knowing a vessel path, a shipper can decide for a higher insurance policy 

in order to share thief of damage risk if the vessel passes by a congested (Dorri, Kanhere, and Jurdak 2018) route or one 

that is highly frequented by pirates. Many authors (Tu et al. 2020; S. Wattanakul et al. 2019; Sahin et Soylu 2020) in 

multimodal supply chain management proposed frameworks and methods to predict vessel paths based on vessel tracking 

data, fuzzy data processing in order to optimize transportation cost and time. For example, (Tu et al. 2020) test different 

machine learning approaches in order to find a vessel path with better accuracy.  The authors in (Alessandrini, Mazzarella, 

and Vespe 2019) proposed a path finding algorithm in order to find optimal route between two geographical locations 

while minimizing travel cost. The Table 4 gathers these methods. 
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Table 4. Methods for Vessel route prediction 

Method used Data Accuracy Reference 

 

Optimization algorithm 

 

AIS 

 

Depending of 

Data quality    

(Alessandrini, Mazzarella, and Vespe 2019; 

Pallotta, Vespe, and Bryan 2013; Sahin v 

Soylu 2020; Onut, Tuzkaya, and Torun 

2011) 

K-nearest neighbor regression AIS Depending of 

Data quality    

(Meijer 2017; Tu et al. 2020) 

Neural Network 

 

AIS  0.6 (Meijer 2017; Z. Zhang et al. 2020) 

Support Vector Machines AIS and 

weather 

 

Depending of 

Data quality    

(Meijer 2017; Parolas 2016) 

Random Forest 

 

AIS 0.81 (C. Zhang et al. 2020) 

Simulation N/A N/A (Dorri, Kanhere, and Jurdak 2018; Shibasaki 

et al. 2017) 

 

 

 
Figure 7. Vessel Path 

4.1.2. Vessel Estimated time of arrival prediction 

The prediction of the estimated time of arrival (ETA) of a vessel is a subject which is of great interest to the majority of 

actors in the international transport chain.  A better estimate of the arrival time allows the carrier and the shipping line to 

guarantee the delivery time of containers and to provide a high level of service to their customers. It allows the port 

authorities to improve the organization in the port terminals and thus to minimize the processing times at the port and the 

costs associated therewith. In addition, a better estimation of the ETA allows the customs authority, the freight forwarder 

and the customers, to better organize themselves to receive the containers. The stakes are high around ETA’s prediction.  

However, the ETA communicated by shipping lines during international shipment is estimated by the vessel’s captain 

and entered manually into Auto-Identification System (AIS).  This ETA is not always reliable because of potential human 

errors (entry errors, omissions ...) and it does not consider hazardous events. However, many processing industries work 

just in time in order to keep storage costs down. In order to allow the containerized transportation to work just in time, 

authors in the literature have proposed methods that are mostly time-based on traceability data and artificial intelligence 

for a better estimated vessel ETA. 

ETA prediction consists in estimating the time of arrival of vessel at the port of arrival based on the vessel path, its speed, 

the distance remaining to be covered and other parameter such as weather. Several works have been identified in this 

systematic literature review. For example, (Alessandrini, Mazzarella, and Vespe 2019) used vessel traceability and 
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visibility data (AIS data and Long Range Identification and Tracking) to propose an optimization algorithm to find vessel 

path and speed in order to predict vessel ETA. These authors used vessel traceability data (historical AIS data) vessels 

behavior and motion patterns. Then, they used optimization algorithm to find vessel path based on vessel extracted 

behavior, vessel location and vessel final destination while minimizing a cost feature. Vessel location is determined thanks 

to the visibility data (real-time AIS data).  To calculate ETA, these authors used vessel speed and distance to the next 

point in the vessel path. The result of this proposed method depends on estimation on vessel speed and the performance 

of optimization algorithm to find vessel path. The authors in (Meijer 2017; Parolas 2016) discuss different techniques of 

AI that can be used in ETA prediction. These AI techniques take vessel traceability and visibility such as AIS data, 

navigation environment condition and vessel path as input. The authors in (Meijer 2017) test different AI techniques 

(Regression, Neural Network, support vector machines ...)  for ETA prediction and choose K-nearest neighbors regression 

because it was easy to use and understand in their use cases.  Other authors (C. Zhang et al. 2020) proposed an ETA 

prediction model based on traceability data (141 million AIS records data) and random forest algorithm. The authors in 

(Urciuoli 2018) proposed a framework a for better ETA prediction.  Six modules are usually developed in ETA prediction 

framework: 

 Navigation Path identification 

 Collect historical information: Traceability data 

 Collect Real-time information: Visibility data i.e. vessel location, vessel speed, wind speed and direction. 

 Merge with historical information: Correlate the information collected on the risks, the meteorological conditions 

with the performance of the vessel thanks to the visibility data. 

 Delay times estimation: Estimate the delay for both routes and port waiting time.” The analyst initially computes 

the risk-free travelling times of vessels along the route, thereby he/she proceeds by combining the risk-based 

travelling time estimations (Urciuoli 2018). 

 Compute ETA 

The table 5 gathers methods proposed in literature to predict ETA. 

Table 5. Methods for ETA prediction 

Method Data Accuracy References 

Historical Average Model Traffic data Fail to deal with variation (Qiao, Haghani, and Hamedi 

2013) 

Time-series Traffic data Fail to deal with variation (Qiao, Haghani, and Hamedi 

2013) 

Optimization algorithm AIS Depending of vessel speed 

prediction 

(Alessandrini, Mazzarella, and 

Vespe 2019) 

Neural networks AIS and Weather Depending of the number 

of neuron 

 

(Meijer 2017) 

K-nearest neighbor regression AIS Depend on the route 

 

(Meijer 2017) 

Decision Trees AIS NA 

 

(Meijer 2017; Parolas 2016) 

Random Forest AIS 0.81 

 

(C. Zhang et al. 2020) 

Support Vector Machines AIS and Weather Depending of the location (Meijer 2017; Parolas 2016) 

 

4.1.3. Container transportation monitoring 

Multimodal container transportation is a complex process; indeed, container transportation can involve more than twenty 

stakeholders. This complexity creates a loss of visibility and information for shipper, buyer and for carrier during maritime 

shipment.  In addition, containerized transportation is often found subject to random events which cause a drop in the 

performance of the entire supply chain. Rail, sea and road transportations are affected by congestion, bad weather 

conditions, security and strikes at seaports (Urciuoli 2018). These random events are the cause of severe delays and quality 

loss for transported products.  In order to permit supply chain managers to be more reactive, researchers design monitoring 

system based on different technologies and methods which permit to give end to end visibility. Monitoring systems are 

designed by using different types of sensors (temperature, pressure, light...) to capture container internal and external 

environment variation and different types of technologies to collect data.  For example, Amador et al (Amador, Emond, 

et Nunes 2009) studied the use of RFID in temperature monitoring in order to increase temperature monitoring 
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performance in pineapple supply chain. (Bukkapatnam and Komanduri 2007) used vibration sensor to monitoring 

operating conditions of a container during transshipment process.  The development of technology makes it possible to 

build a smart container based on internet of thing.  The Table 6 summarizes sensors use to capture container environment 

variation and Table 7 summarizes technologies use to gather data during shipments. 

Table 6. Sensors use for transport monitoring 

Sensors Data Reference 

Temperature Temperature variation (Alessandrini, Mazzarella, and Vespe 2019; Emenike, Eyk, and Hoffman 2016; 

Pallotta, Vespe, and Bryan 2013; Sahin and Soylu 2020) 

 

RFID tags Temperature variation (Amador, Emond, and Nunes 2009; T. C. Chen 2005; Emenike, Eyk, and 

Hoffman 2016) 

 

Accelerometer Vibration (Bukkapatnam and Komanduri 2007) 

 

GPS Location (Bukkapatnam and Komanduri 2007) 

 
Table 7. Technologies for data transmission 

Technologies Advantages Disadvantages References 

 

 

GSM 

 

 

Highly developed 

telephony   

 

 

Interdependent to 

telecoms networks   

(Alessandrini, Mazzarella, and Vespe 2019; 

Emenike, Eyk, and Hoffman 2016; Pallotta, 

Vespe, and Bryan 2013; Sahin and Soylu 2020) 

 

 

 

RFID 

 

 

Passive tag 

 

 

Dedicated infrastructure 

(Amador, Emond, and Nunes 2009; T. C. Chen 

2005; Emenike, Eyk, and Hoffman 2016) 

 

Wi-Fi Good precision Coverage area to be 

established 

(Bukkapatnam and Komanduri 2007) 

 

Satellite Good precision High price (Bukkapatnam and Komanduri 2007) 

 

Sigfox Good coverage Low adaptability (Bukkapatnam and Komanduri 2007) 

 

4.1.4. Carbon footprint estimate and reduction 

Pollution has significant effects on health and the environment and transportation industry is largely responsible for this 

pollution, indeed container vessel is the top fuel-consuming categories of ships and hence air polluters (Kontovas et 

Psaraftis 2011a) because they have a large shipping tonnage and their voyage speed is relatively high compared to other 

ship types (Matsukura et al. 2010).  Many authors have been interested in estimating the Co2 produced by the ship during 

container transportation.  Two approach are often time used to estimate Co2 emission during shipment (Tao and Wu 2021): 

(1) energy based method and (2) activity based method. 

1. In energy based-method, Co2 emission are calculating” by summing the multiplied energy consumption by 

energy type and the energy-specific Co2emission factors, where the energy specific Co2emission are provided 

par IMO”. 

2. Activity-based method calculates Co2emission” by summing the multiplied freight turnover per energy type, the 

energy consumption by energy type per turnover, and the energy specific Co2emission factor”. 

For example, (Cullinane, Tseng, and Wilmsmeier 2016a; Do et al. 2016; Cominelli et al. 2020; Wong et al. 2015; Zhao et 

al. 2020; Pinakpani et al. 2020) proposed a mathematical model to estimate vessel carbon footprint impact based on the 

following criteria:  Departure and destination port to calculate the distance to be covered by vessel, vessel speed and 

vessel waiting times on hub ports.  Some group of authors also investigate on the reduction on carbon footprint during 

multimodal transportation.  The authors in (Kontovas and Psaraftis 2011b; Lack et al. 2011) investigate on the impact on 

Co2 of vessel speed reduction and fuel quality.  The authors in (Heinold and Meisel 2020; Matsukura et al. 2010) design 

an optimization model for selecting the best road that minimizing vessel emission during shipment. (Do et al. 2016) 

proposed a model based on discrete event simulation and genetic algorithm in order to minimize emission (Co2 and Nox) 

in container terminal. Estimation and reduction of emissions along the container multimodal transportation is one the 

subject that literature of supply chain risk management address in order to build sustainable transportation system 

(Beškovnik and Golnar 2020a).  Indeed, a better emission estimation allow container supply chain actors to consolidate 

their carbon impact and to determine which method they can choose to reduce their carbon footprint. Among the methods 
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proposed to reduce the carbon footprint of vessels, we commonly find the reduction of vessel speed (Kontovas and 

Psaraftis 2011b; Do et al. 2016), simulation to choose routes that consume less energy (Beškovnik and Golnar 2020b).  

The Table 8 summarizes the methods proposed in the literature to estimate and reduce the carbon footprint during 

shipment. 

 
Table 8. Methods for carbon footprint reduction 

Method Focus Reference 

 

Mathematical model 

 

Co2 estimation 

(Beskovnik and Golnar 2020 ; Zhao et al. 2020 ; 

Ma et al. 2018 ; Vallejo-Pinto et al. 2019) 

Genetic algorithm Co2 reduction (Do et al. 2016) 

 

Simulation Co2 estimation (Beskovnik and Golnar 2020; Liu and Wang 

2021) 

Reduce service time Co2 reduction (Kontovas and Psaraftis 2011b) 

 

Support Vector Machin Co2 reduction (Kontovas and Psaraftis 2011a) 

 

Analytic Hierarchy Process (AHP) Co2 reduction (Hervas-Peralta et al. 2019) 

 

4.1.5. Container terminal operation optimization 

Port terminals are strategic points for multimodal container transportation. Indeed, the performance in transport is directly 

dependent on the efficiency of the operations carried out on the terminals.  Optimization of operations at the terminals 

makes it possible to reduce the waiting time for vessels during the loading and unloading of containers. It’s also permit 

to be more precise on the estimation of ETA and thus increase the performance of the entire transportation chain. End to 

end supply chain visibility allow to improve organization in container terminal. The author in (Munuzuri et al. 2020) 

highlight three operational benefit that traceability and visibility data can bring to container terminal: 

 A traceability system represents a competitive advantage for the terminal.  This will allow it to gain additional 

traffic compared to its competitors. 

 The traceability system also reduces costs. Indeed” train management and guidance, navigation planning, crane 

and workforce scheduling or customer management are essential tasks that will see a reduction in the amount of 

resources that need to be devoted to them” (Muñuzuri et al. 2016). 

 ” Finally, the third source of positive effects for the terminal is the increase inefficiency resulting from the 

implementation and appropriate use of management the system, particularly in all the aspects related to the 

sequencing of vessels (due to an improved navigation system) and trains (due to better train scheduling, internal 

guidance and incidence management)”(Muñuzuri et al. 2016). 

Some authors (Chargui et al. 2020a; Hervas-Peralta et al. 2019) have been proposed methods for container terminal 

organization in order to reduce congestion and carbon footprint during container multimodal transportation (Hervas-

Peralta et al. 2019).  For example, (Chargui et al. 2020a) proposed a predictive model for quay crane rate in maritime 

logistics operations based on artificial neural network in order to improve the performance of transportation supply chain.  

The Table 9 summarizes the methods proposed in the literature to optimize organization in container terminal. 

 
Table 9. Methods for container terminal operations optimization 

Methods Focus Reference 

Neural Network Operation optimization (Chargui et al. 2020a; Expósito-Izquierdo, Melián-Batista, and Moreno-

Vega 2018) 

AHP Terminal organization (Hervas-Peralta et al. 2019; Sahin and Soylu 2020; Bentaleb, Mabrouki, 

and Semma 2015; Alyami et al. 2014; Bhatti and Hanjra 2019) 

Conceptual model Economic efficiency (Allen, McLeod, and Hutt s. d.; Fri et al. 2021; Park et al. 2019) 

Optimization algorithm Operation optimization (Aghalari, Nur, and Marufuzzaman 2020; C.-Y. Chen et al. 2018; Fotuhi 

et Huynh 2017; Mennis et al. 2008) 

Simulation Risk mitigation (Cao and Lam 2019; Longo, Mirabelli, and Tremori 2009; Longo, 

Mirabelli, and Bruzzone 2005) 
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4.1.6. Risk events monitoring and detection 

Multimodal container transportation is exposed to various hazardous events that affect the supply chain of all the 

stakeholders involved in the transportation process. Container security and transported products quality depend on the 

right conditions of packaging, a secure energy supply for sensitive cargoes, and adequate handling of the container at 

various transfer points (Chargui et al. 2020b).  Cargo lost occur due to technical failure during container transportation 

and organization error caused severe quality and financial impact on supply chain. A review of the literature shows that 

many authors have been interested in how to ensure the quality of the transported products and the safety of the containers 

especially in the transportation of sensitive products where there is a need for continuous transport condition control 

cargoes (Castelein, Geerlings, and Van Duin 2020) proposed methods and design system based on traceability and 

visibility data in order to monitor and detect. The monitoring phase in the risk management process consists of monitoring 

and ensuring that the risk remains at a manageable level. The methods used in risk event monitoring during container 

transportation are the same used for transportation monitoring. Risk event monitoring system are design by added sensors 

to container in order to detect container environment variation during shipment. If the variation exceeds the tolerance 

threshold, an alert is generated to warn the supply chain manager. Monitoring and detection system are well documented 

for sensitive good transportation. Hasan et al (Heinold and Meisel 2020) proposed solution using smart container to 

monitor container inside environment and smart contract to track and manage automate payments.” Smart containers 

equipped with Internet of Things (IoT) sensors that can be used to track and monitor predefined shipping conditions 

related to temperature, geographical location, humidity, pressure, light exposure, sudden fall, broken seal” (Heinold et 

Meisel 2020) and smart contract use Blockchain technology. 

4.2. Industrial solution for multimodal supply chain risk management 

The containerized transport sector has taken advantage of the development and advances in technology and data 

processing techniques to improve transport performance and offer more visibility to the various stakeholders. The 

proposed solutions are based on the Internet of Things (IoT) and web service technologies to ensure tracking and safety 

of the transported products.  There are mainly two types of solutions: solution proposed by transport service provider and 

solution proposed by logistic service provider. 

4.2.1. Solution proposed by transport service provider 

Transport service provider (TSP) can be defined as a company that takes care of transporting the container from point A 

to point B e.g. shipping line or inland carrier are TSP. Thanks to Electronic Data Interchange (EDI) and the Automatic 

Identification System (AIS), the shipping line are able to calculate with some accuracy the exact location of a container.  

The EDI permits to improve communication between stakeholders in maritime area by giving real-time data transfer 

standard. This allows to create a web-EDI that gives the container location by using container identification number.  

Inland carrier use Transportation management system (TMS) to improve transportation performance. A Transport 

Management System is a tool that help to manage transport. The TMS mainly addresses the needs of traceability of 

deliveries and optimization of transport (schematics and assignment of carriers) and makes it possible to improve the 

organization of the transport.  These improvements translate into a reduction in the transport budget (Schoen et al. 2018).  

The main features of TMS are: 

 Optimization engine 

 Real-time tracking 

 Carrier contracts management 

 Reports and Business Intelligence 

4.2.2. Solution proposed by logistic service provider 

The logistic service provider (LSP) can be defined as a company which organizes and manages containers transportation 

for shipper. LSP selects the carriers and the shipping lines for shipper while optimizing transportation cost.  In order to 

improve their service level agreement and guarantee the safety of the containers transported, the LSPs offer, in 

collaboration with tracking companies, solutions for the real-time monitoring of shipments. These solutions are composed 

either of a web platform which aggregates AIS data to track the vessel on which the container is located, or of a cyber-

physical system composed of a smart container and a web platform which allows to visualize in near real time the position 

of the container and follow the variation of the internal environment of the containers. The concept of smart container has 

been put in place to overcome the traceability problem encountered in the container transportation.  Indeed, the knowledge 

of the paths and the real-time position of the container allows to protect against theft, loss and other risk during shipment. 

Building a smart container means using technological and scientific advances to ensure traceability and safety of 

container. 
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5. Discussion 

These sections aim to answer to the research questions based on the analysis of section 4. 

5.1. Reviews Critical analysis 

Multimodal supply chain risk management has been the subject of extensive research over the past 20 years.  This research 

aims to improve transportation performance by proposing methods can implement as a features in decision system 

support. The way we analyze solutions proposed in the literature to ensure optimality and safety in container transportation 

allow us to classify the set of works following 6 main features. Use of Internet of Things offer better traceability and 

visibility in port operation and during multi-modal container transportation. Research also reveal the existence of lot of 

work trying to optimize supply chain risk management.  These works are based on AIS data, artificial intelligence (Yan, 

He, and Trappey 2019), big data (Fruth and Teuteberg 2017), simulation (Hilmola and Lättilä 2013) and other mixed 

techniques.  However just few of these methods integrate real-time data in their process (Güller et al. 2015; Siraprapa 

Wattanakul et al. 2018). Thanks to various technological advances, TSP and LSP propose commercial solutions ensuring 

container tracking. These solutions help to monitor containers environment and send reactive events alerts during 

shipment. But these solutions find their limits in terms of doing analytical processing of data and prediction in transport 

condition. 

5.1.1. Features Analysis 

5.1.1.1. Vessel path and ETA prediction feature analysis 

Vessel route path and ETA prediction are well documented in literature. The sections 4.1.1 and 4.1.2 present works based 

on different artificial intelligence techniques in order to improve risk management during shipment. However, these 

techniques are essentially based on vessel traceability data. Therefore, these methods are only interested in the prediction 

of ETA and the route plan from port to port, door-to-door ETA estimate is not provided.  In addition, other factors like 

weather and social events can impacts supply chain network need to be considered in vessel path and ETA prediction. 

5.1.1.2. Container transportation and risk events monitoring feature analysis 

Container transport monitoring system is the most documented subject in container multimodal supply chain risk 

management.  The articles falling in this center of interest represent more than half of the articles studied.  Most of 

solutions proposed in literature to monitoring risk event during container transit are based on used of smart devices 

(sensors) in order to capture inside container environment variations. Then this variation is compare to normal state in 

order to generate alerts.  These monitoring system are mostly design for foods transportation, the Figure 8 give products 

supply chain where these systems are used. These monitoring solutions find their limit in the fact that during maritime 

transport the transmission of data is interrupted. 

 
Figure 8. Monitoring of products supply chain 

 

5.1.1.3. Container terminal operation and carbon footprint estimation and reduction feature analysis 

Many authors have taken an interest in the optimization of container terminals and container carbon footprint estimation 

and reduction.  Methods used for container terminal operation optimization aims to avoid congestion, long waiting time 

in container terminal. 
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A container operation optimization also permits to reduce Co2 emission at port.  Carbon footprint estimation and reduction 

aims to calculate Co2 emission of transport (road, rail and vessel) mode during multimodal transportation in order to build 

a green sustainable container supply chain by reducing emission.  Literature analysis allows us to identify that all the 

authors have focused on estimating and / or reducing carbon footprint of container transport modes while abandoning 

container’s carbon footprint itself.  Only two articles have proposed ways to calculate multimodal container carbon 

footprint, but no case study has been done on a single container transportation.  The Figure 9 shows the distribution of 

Co2 emission estimation works according to the transportation mode, we note that the majority of work relates to the Co2 

emissions estimation at containers terminal and on sea transportation. 

 
Figure 9. Distribution of carbon footprint estimation 

5.1.2. Data 

The various techniques proposed by the authors to improve the performance of container transportation are essentially 

based on transport traceability data (AIS data and historical data).  For example, some authors used Automatic Information 

System (AIS) data to predict vessel path and estimate vessel ETA (Bollen, Riden, and Opara 2006; Parolas 2016). Indeed, 

since 2005 the majority of container ships are obliged to have Automatic Information System installed, which is an 

excellent source of information for vessel visibility. AIS messages communicate statistic information (IMO, vessel type, 

antenna position…) and dynamic information (vessel position, time, vessel speed...) to other vessels, inland stations and 

also to satellites (Meijer 2017).  Information provided by AIS is essential and widely used for monitoring the external 

environment of vessel during multimodal container transportation. The Table 10 gives references which used AIS data to 

propose features in order to improve risk management during shipment.  However, for monitoring internal environment 

of the container for sensitive transport, AIS data is not very effective.  To overcome this problem, other authors have 

proposed systems using sensors attached to the containers to retrieve information on container inside condition variations.  

For example, in order to improve cold chain management, the authors in (Amador, Emond, and Nunes 2009; Castelein, 

Geerlings, and Van Duin 2020; Emenike, Eyk, and Hoffman 2016) used temperature sensor to monitor temperature 

variations inside the container during foods shipment and alert in case of abnormal variation.  The authors in 

(Bukkapatnam and Komanduri 2007) used accelerometer to capture vibration during container transportation in order to 

detect mishandling during containers transportation. 

It is important to note that most of the features proposed for improving the performance of containerized transport (ETA 

prediction, vessel path prediction) are based on AIS data, which means that results of the different algorithms are highly 

dependent on quality of input AIS data. AIS messages contain a lot of variables and the ETA prediction depends on the 

variables considered.  In order to have better prediction of ETA or vessel path AIS data need to be improve before using 

them.  For example, (Meijer 2017) analyze AIS messages in order to choose best variables in order to improve ETA 

prediction.  The authors in (Munuzuri et al. 2020) conclude that weather data does not influence ETA prediction.  Few of 

studies (Alessandrini, Mazzarella, and Vespe 2019; Meijer 2017; Munuzuri et al. 2020) name the variables considered in 

their methods. The Table 11 gives authors references who have proposed solutions to ensure inside environment 

traceability and visibility of container during shipment. 
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Tables 10. Studies using AIS data 

Focus References 

Vessel path prediction (Alessandrini, Mazzarella, and Vespe 2019; Pallotta, Vespe, and Bryan 2013; Tu et al. 2020) 

 

Vessel destination prediction (C. Zhang et al. 2020) 

 

ETA prediction (Alessandrini, Mazzarella, and Vespe 2019; Meijer 2017; Pallotta, Vespe, and Bryan 2013; 

Parolas 2016; Urciuoli 2018) 

Co2 emission reduction (D. Chen et al. 2017; Cullinane, Tseng, and Wilmsmeier 2016b; Lack et al. 2011; Lim et al. 

2018) 
 

Tables 11. Studies using IoT data 

Focus References 

Traceability (Siraprapa Wattanakul et al. 2018; Chang et al. 2020; T. C. Chen 2005; Lam, Liu, and Gou 2017; Mueller 2008; 

Potgieter, Goedhals-Gerber, and Havenga 2020; Slaczka, Pietrusewicz, and Marcinek 2017; Hu et al. 2010) 

Visibility (Mahmood et al. 2019; T. C. Chen 2005; Bukkapatnam and Komanduri 2007; Castelein, Geerlings, and Van 

Duin 2020; Guo et al. 2015; Munuzuri et al. 2020; Papert, Rimpler, and Pflaum 2016) 

Scheduling (Guo et al. 2015; Emenike, Eyk, et Hoffman 2016) 

5.2. Recommendation and suggestion 

Complexity of multimodal container transport process and large number of actors involved in this process increase 

disruption and lack of visibility on container supply chain. However, traceability and visibility are the bases of risk 

management in multimodal container transport. Container supply chain risk management literature analysis shows that 

studies focused on proposing methods and framework (AI, mathematical model) that integrate vessel traceability and 

visibility data (AIS) in order to better manage risk.  Another group of studies focused on designing systems that integrate 

sensors into container, it’s a concept of smart container. These containers make it possible to capture traceability and near 

real-time visibility data during shipment by monitoring the internal environment of the containers and by tracing the exact 

location of the container. However, we didn’t find any studies using jointly vessel’s traceability/visibility data and smart 

container data at the same time to ensure a complete visibility on the container transportation conditions.  The review also 

shows that thanks to scholar research and technological advance, industrial solutions ensuring container tracking have 

been proposed. These solutions help to monitor containers environment and send reactive alerts on the events during its 

transit. But these solutions find their limits when it comes to apprehend analytically risk impact on the supply chain and 

its prediction.  SCRM analysis shows that new Predictable Risk Management Approach by using AIS data and smart 

container data in multimodal container transportation is necessary.  Indeed, the author in [18] argue that real-time data 

integration will permit to be more proactive in decision-making process. On this basis, (Güller et al. 2015) proposed a 

simulation-based decision support system for the real-time management of disruptions and mitigation of risks in supply 

chains, in the same way (Zou et al. 2016) introduce a new method, which uses field programmable gate array (FPGA) to 

design embedded device in order to reduce risks which caused by time delay in supply chain network (SCN) and 

(Siraprapa Wattanakul et al. 2018) proposed a framework using historical and real-time sensor data to improve reactivity 

and pro-activity in container shipment.  However, none of these proposed methods or framework take vessel AIS data 

into account, this show that the potential of use traceability and visibility data to realizing proactive and predictive SCRM 

hasn’t completely explore by researchers.  Indeed, authors in (Yan, He, and Trappey 2019) came to the same conclusion 

when they carried out a review on risk-aware supply chain intelligence and argued by research can leverage on the 

development of artificial intelligence and other intelligent techniques to achieve better results. 

To overcome the limitation on container supply chain risk management, it will therefore be relevant to focus on a AI 

techniques based on traceability and visibility data for automating decision making in supply chain risk management.  

Learning and prediction algorithm will be use in future works for: 

 Detecting risk 

 Evaluate their occurrence and impact 

 Choosing best response strategy 

6. Conclusion 

6.1. Review limitation 

This paper has some limitations like other scientific papers. All relevant articles may not have considered in this review. 

Indeed, only articles published between 2000 and 2020 have been selected, in addition there is a lack of alternative concept 

words in keys works choice, e.g. hazardous events, disruption or uncertainties are alternative concept names for risk.  
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Then articles classification in different features requires a particularly analysis, author misconception cannot be totally 

excluded. Despite these limitations, this article presents a strong analysis of literature on multimodal container supply 

chain risk management and give some recommendation for future works. 

6.2. Closing and future works 

Supply chain risk management has been widely documented over the past twenty years. The objective of this study was 

to propose a state of the art of features and solutions (scientific and industrial) in the field of multimodal container supply 

chain risk management. A structured literature review was performed on 127 articles published between 2000 and 2020. 

Articles analysis show that many authors based on shipment traceability and visibility data proposed methods in order to 

better manage risk events encountered on container supply chain. These methods used various techniques (artificial 

intelligence, simulation, formal safety assessment...), different data parameters and can be brought under the scope of 6 

main features. This review also analyzes data (AIS data and container inside variation data) used in supply chain risk 

management.  

This article highlights a lack of integration of traceability and visibility data on container supply chain risk management. 

Indeed, there is a real need to integrate simultaneously vessel and container traceability and visibility data into multimodal 

container supply chain management in order to have end to end visibility on supply chain and to be more reactive and 

proactive in decision making process. In fact, container visibility data provides container inside environment variations. 

These data thank to analytical analysis and IA model will permit to detect and evaluate risks impact on transported 

products (temperature variation, door opening...). Vessel traceability data (AIS data) allows to predict with more accuracy 

vessel ETA and vessel path. These two types of data are complementary for predictive risk management. Predictive risk 

management will help supply chain stakeholders to be more reactive to disruption and to make proactive mitigating 

decisions by taking into account risk predictive occurrence. 
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