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Abstract. Synchromodal Transport is one of the most innovative concepts in logistics.
But, there is considerable ambiguity in existing literature over a common reference
point for SmT. In this paper we consolidate existing research domain of SmT, by
proposing a common reference point for pre-requisites, activities and effects of SmT.
Our research will benefit future researchers and logistic companies willing to move
towards Synchromodal Transport.
Keywords. Synchromodal, logistics, transport, multimodal, sustainable, intermodal,
co-modal.

1. Introduction
Logistics research has gradually seen an accumulation of different terms to describe the
current and future (desired) transport scenarios [1]. These terms are multimodal (MM),
intermodal (IM), co-modal (CM) and synchromodal transport (SmT). The underlying
concepts of these terms are summarized in [1],[2],[9] and [11]. Yet, as discussed in [1],[2]
and [9], all these terms have considerable overlapping features leading to confusion. In this
paper our focus is on SmT because, although, SmT is instrumental for attaining the EU goal
of sustainable logistics [17], yet there is an absence of a common understanding over SmT
and on activities to be performed in SmT [4].
Synchromodal transport (SmT) is one of the most innovative concepts in logistics. After
the term was first used in 2011 [3], researchers have been quick to recognize its applicability
and usefulness and thus it has gained ample interest [1],[8]. But, in the absence of a common
definition, different authors have attributed different features to it, which has led to an
overloading of the term, SmT [4]. Although, there surely are features of SmT on which the
authors agree, but a clear foundation and a common reference point is missing. This is not
ideal for future research on the topic. Our goal, in this paper is to propose a common
foundation for future research over SmT. We do this by a systematic literature review.
A common issue which exists in SmT research currently, is the prevalence of different
terms used to refer to identical concepts. E.g., demand consolidation is referred as bundling
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in [14] as consolidation of load in [10] and as aggregation of demand in [9]. The main
contribution of our paper, is a collection and categorization of all such terms from the
literature, to provide a better and consistent understanding of SmT. Furthermore, our
research would be instrumental for logistic companies in achieving the benefits of SmT.

2. Background
In this section we discuss some important publications over SmT. In [2] five different
definitions of SmT from various sources are mentioned. A detailed study of key enablers
for SmT based on 11 research publications is presented in [14]. A similar study on enablers
and barrier for SmT is done in [12]. These enablers are then divided into 4 categories,
Transactional, Governmental, Institutional and Cultural. A framework for SmT having 5
components is discussed in [15]. These components are, Infrastructure, Shipper, Control
and Co-operation, Dynamics and Network & Organization. Due to space constraints these
components are not discussed further. In [5] a comprehensive list of EU (and Dutch) funded
projects related to SmT is given. The findings and implementation of these projects (e.g.
[13]) will have a big impact on future research over of SmT. Wilhelmsson et al. in [16]
carried out a detailed literature research on logistic publications dealing with optimal
integration of different modes of transport. They concluded that despite continued push for
sustainable logistics by EU, “transport patterns have not changed much” [16].
A comprehensive literature research which incorporates different viewpoints over SmT
domain is missing. This lack of research coupled with the need for an unambiguous
definition, forces researchers to come up with their own definition while describing SmT in
their publications. Via a systematic literature review, we included the main results and
viewpoints from key researches in SmT domain, including most of those mentioned above.

3.

Research Methodology

To achieve our research goal we did a systematic literature review (SLR) based on
guidelines given in [19]. In this section we elaborate the methodology for our SLR. First,
we formulated research questions and chose the search terms. Then, we selected 10
databases (i.e. Google Scholar, IEEE Xplore, JSTOR, Springer Link, Web Of Science,
Emerald Insight, Science Direct, Scopus, EBSCO-Elite and DBLP) to search relevant
papers. Based on the search results from these databases we formulated our inclusion and
exclusion criteria. The review process was conducted by the authors working as a team.
Research questions. Our research questions are as follows;
R.Q 1. What are the characteristics of SmT?
R.Q 2. Which research institutes are most active in this field?
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R.Q 3. What is the publication trend over SmT in recent years?
RQ 1 is for the collecting definitions, terms and key viewpoints from all researches in
SmT domain. We formulated two additional research questions (RQ 2 and RQ 3) to evaluate
the proliferation of the term SmT and its research progress over the years.
Search strategy. At the start of the search process, our search string was Synchromodal*
but it resulted in false positives, e.g. papers over synchromodal learning environments and
optics. We then refined it as: Synchromodal* AND (transport* OR logistic*). Additional
constraint was language (i.e. English). Some online databases had restrictions on the
coverage of the search i.e., full text, abstract or/and title. In each of the databases we did
the most elaborate search possible. We got a total of 137 results. To retrieve relevant papers
from these results, 3 rounds of selection criteria were applied.
Round 1 – Inclusion. In first round, the inclusion criteria were (a) paper is about logistics,
and (b) paper is published in a peer reviewed publication.
(b) was more relevant for Google Scholar. In other online databases the search results were
by default from peer reviewed sources. In this round 87 papers were included.
Round 2 – Exclusion. If there did not exist an ample evidence to clarify what the
author(s) means by SmT, then the paper was excluded. This is done, to remove those papers
where the term is mentioned without any explanation. The list of excluded paper was then
reviewed by another researcher and any disagreements were solved by a meeting. After this
round, 31 papers were excluded, leaving a list of 56 papers.
Round 3 – Exclusion. We excluded duplicate papers, which left us with 30 papers.

4.

Results

In the final list of the candidate papers, only few papers discussed SmT in detail. Therefore,
we divided the papers based on their relevance, where relevance measures level of detail,
in which SmT is discussed. Papers, whose main topic is SmT are of high relevance and
were classified as Primary. In Secondary papers SmT is not the main topic of the paper but
the concept is sufficiently discussed. In tertiary papers, SmT was discussed but only briefly,
and thus they have the lowest relevance. Such a classification is prone to bias, so each of
the authors made a list of the papers based of the above classification, independently, and
then the lists were compared and combined to obtain, a final list. Any disagreements were
solved in a meeting. See Appendix A for the above classification of the papers.
In each of the 30 papers we searched for the definitions, features and properties of SmT.
We found a total of 55 terms (words and phrases) used to describe SmT, which were then
classified by each of the authors separately. They divided the terms into 8, 6 and 6 different
categories. These categories though not identical had considerable overlapping between
them. Consensus was reached in a meeting among the authors and a new and simple
categorization of terms was made. All the 55 terms were now divided into just three
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categories, Pre-requisites, Activities and Effects. Such a classification better suited our
research objectives. See Appendix B.
4.1 Research Question 1
Different researchers have used different terms to refer to the same underlying concept, e.g.
bundling, aggregation of demands, consolidation of load and synchronization of demand
all refer to the same concept. Moreover, we found that while describing SmT, researchers
rarely discussed the pre-requisites or effects of SmT. Therefore for a new reader, reading
about SmT gives a lot of disorganized information.
Prerequites

Effects

Activities

Effects

Activities
Pre-requisites

Fig. 1: Relationships

Fig. 2: Hierachy

Pre-requites. Successful implementation of SmT requires certain pre-requisites to be met.
Key pre-requisites (or enablers) for SmT include co-operation between stakeholders, IT
support and an advanced physical infrastructure [6], [14]. Additionally, logistic companies
have to identify which routes and corridors are best suited for SmT logistics owing to large
traffic volumes or frequency of disruptions [7]. Of the 69 terms found from literature, 17
were classified as referring to the pre-requisites of SmT. Further, these 17 terms were
divided into three broad categories, as follows:
Policies. Better policies are required at two levels, government level (i.e. infrastructure
development, tax incentives for sustainable logistics) and at company level (mutual trust
development, co-operation instead of competition [14]).
Infrastructure. Appropriate infrastructure is critical for SmT logistics. It concerns
development of hubs, inland waterways, improvement at key hubs, connections with smart
cities [8].
Technology. IT coordination is a critical pre-requisite for SmT, for enabling information
sharing, track and trace and access to real time information. Out of the 11 sources consulted
in [14], 7 considered Information/Data/ICT/ITS as a key enabler for SmT. Companies
frequently have constraints over data sharing, privacy and ownership of data. Policies
should be made to overcome these constraints to allow seamless data sharing.
Activities. Once the required pre-requisites are met, a logistics company can move towards
SmT activities, wherein, it should perform some new processes like real time modal shift
and some existing processes differently like better planning, better allocation of orders and
disruption handling [10]. 18 terms found from literature were classified as referring to the
activities of SmT, further divided into 4 categories i.e. Smart Planning, Disruption
Handling, Dynamic switching and Demand Aggregation.
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Effects. The positive effects of SmT are the reason for the interest it has received among
researchers and practitioners. It is an important contributor to EU goal of sustainable
mobility. SmT has benefits for environment (reduction in CO2 emissions and reduced
pressure on roads), for logistics companies (cost reduction) and the entire supply chain
(flexible, integrated) [17]. 20 terms were classified as referring to the effects of SmT and
were further divided into 4 categories, Environmental, Better resource utilization, Cost
Reduction, Supply chain improvements. See Appendix B.
As an example of possible usage of the categorization above, consider Fig. 3. To achieve
Better Resource Utilization (an effect), a logistic company must perform Demand
Aggregation and Smart Planning (activities). This can only be achieved when there are
advanced IS to use and analyze contextual information in real time like demand, delays,
disruptions etc. [10]. These in turn require better policies, contracts and service level
agreements with clients and partners. Thereby, making Policy making and Technological
support as pre-requisites. Similar relationships would exist between other elements also.
Fig.3 is meant to be just an example. These relationships will help logistic companies to
achieve benefits of SmT. Thus, SmT is a layered concept as shown in Fig. 2.

Fig. 3: Causality

Fig. 4: Relationship with IM, CM and MM

MM (multimodal), IM (intermodal), CM (co-modal) and SmT are overlapping concepts
since they represent a continuous maturity model for logistics. In [2] the relationship
between these concepts is brought out clearly. We further improve the conceptualization of
the relationships among them in Figure 4. Fragment A represents IM transport, which also
involves SmT activities, like dynamic switching and real time disruption handling. B
represents SmT where 2 transport modes are used simultaneously (thus co-modal also). E.g.
use of both barge and truck based on demand aggregation. Fragment C consist of SmT
where the loading unit is opened (thus not intermodal) and D, consists of SmT which
involves 2 identical modes of transport (e.g. dynamic switching between trucks loads)
4.2 Research Question 2
We tabulated author affiliations of all papers, to investigate current and upcoming institutes
conducting research in SmT domain. Such a table also allowed us to evaluate proliferation
of the term SmT outside NL, keeping in mind that it is relatively a new concept. The most
important conclusions were. Firstly, most of the research over SmT, is still concentrated in
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NL. TUDelft has the most publications i.e. 6 (1 primary, 3 secondary, 2 tertiary), followed
by Erasmus University, Rotterdam and TNO (NL) i.e. 4 each (1 primary, 1 secondary and
2 tertiary, also for each). Secondly, there is considerable collaborations between universities
working on SmT. But, Dutch universities are not collaborating among themselves. Thirdly,
SmT is discussed in detail in primary papers from Poland and Austria and in secondary
papers from Germany, Denmark and UK. Thus, our research has reinforced the belief that
awareness and research over SmT is growing within Europe.
4.3 Research Question 3
Of the 30 papers used for this literature review, 16 were journal papers and 14 were
conference papers. We divided the sources of the papers into 4 classes, namely, (a)
Transport or Logistics (e.g. Journal of Shipping and Transport, European Transport Law,
etc.), (b) Information Systems (e.g. IFIP IWEI, Networking Sensing and Control, etc.), (c)
IS for Logistics and Transport (e.g. Computational Logistics, Information Systems
Logistics and Supply Chain, etc.), (d) Others (e.g. Chain and Network Science, Electronic
Government Research, etc.). 15 papers were from Transport or Logistics publications, 3
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Fig. 6: Publications vs Years

Fig. 5: Publication Sources

were from Information Systems publications, while 4 were from IS for Transport and
Logistics publications. 8 of the papers were did not belong to any of the above categories
(Fig. 5). Such a classification showed us the prominent research communities involved in
SmT research. Additionally, as can be seen from Fig. 6, there has been a slow but consistent
increase in research publications discussing SmT. For 2015, publications till the first half
of 2015 are counted.

5. Discussion and future work.
In this section we further discuss some key results from our research. In round 1 of our
selection criteria (Sec. 3), we included only peers reviewed papers. MSc. thesis, online
publications and project reports were excluded. Nevertheless, they contain important
developments and results related to SmT. Study of these sources are for future research.
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The validation of the pre-requisites, activities and effects must be done with
representatives of logistics companies. Do the effects of SmT mentioned in literature align
with those which the companies seek? Are some benefits of SmT more lucrative/important
than others? These are some important questions which still need to be answered. We plan
to conduct interviews with companies to answer these. One important question which has
not be addressed, is, about the short (and long)-term demerits of SmT, if any. If they exist,
they could be a reason for companies being resistant towards SmT. Furthermore, none of
the papers, we studied, have discussed the relationships among SmT, Intelligent Transport
Systems (ITS) and Smart Logistics (SL) [8]. These terms could be used by authors unaware
of SmT for specifying logistic activities similar to SmT activities. We are of the view that
concepts, learnings and results from ITS and SL, should be used in SmT research and
implementation to avoid duplicity of research. We are hopeful that future researchers will
address this open issue.
Advanced IS is a pre-requisite for SmT [6],[8],[10], essential for data exchange, smart
planning and co-ordination between different logistic partners. In our research, we found
that most researchers are aware of the IS challenges of SmT, but only 7 out of 30 papers
mentioning SmT were published in sources over IS (or IS for logistics). Although, there is
ample research over ICT support for logistics [1], in general, it is important for the SmT
research progress that it receives more attention from the IS community. Results from
previous implementations of ICT support for advanced logistics (e.g. [18]) must be studied
and used for SmT. Although the word SmT has not been used but the result of such
researches have to be applied to SmT to avoid duplicity of research. Some examples of EU
projects are, DiSCwise, Euridice, e-Freight, ALICE and Smart-CM [18]. A review of EU
projects in ICT developments for multimodal transport is given in [11].
We started our paper, by mentioning that numerous overlapping definitions for SmT
exist. This is the precise reason, why we don’t give a new definition in this paper. But, none
of the existing definitions found in the papers were complete. We propose that future
researcher build upon and add new elements to the list of pre-requisites, activities and
effects of SmT proposed by us. Causal relationships between elements (as in Fig. 3) have
to be investigated and verified.

5. Conclusion
SmT is the future of transport, having benefits for logistic companies, consumers and
environment. Therefore, an unambiguous and consistent terminology of SmT, is required.
We clarified the concept of SmT and made an exhaustive list of pre-requisites, activities
and effects of SmT. This would make the road towards SmT easier for logistic companies.
We have contributed towards a theoretical foundation for future research over SmT. An
overview of publication trends for SmT was also discussed. Our research can be a common
reference point for future studies.
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Appendix A: List of candidate papers.
Primary

P1. Synchromodal Container Transportation: An Overview of Current Topics and Research
Opportunities (2015)
P2. Interoperability challenges for context-aware logistic services-The case of synchromodal
logistics (2015)
P3. Identifying Key Enablers for Synchromodal Transport Chains in Central Europe (2015)
P4. Developing a service oriented IT platform for Synchromodal Transportation (2014)
P5. Control Tower Architecture for Multi–and Synchromodal Logistics with Real Time Data (2015)
P6. Multi−Variant Configurations of Supply Chains in the Context of Synchromodal Transport (2012)
P7. Synchromodality for enabling smart transport hubs (2014)

Secondary

S8. Multimodal freight transportation planning: A literature review (2013)
S9. Service network design for an intermodal container network with flexible transit times and the
possibility of using subcontracted transport (2015)
S10. Smart logistics corridors and the benefits of Intelligent Transport Systems (2014)
S11. Future Logistics - Challenges, Requirements and Solutions for Logistics Networks (2013)
S12. Enhancing visibility in international supply chains: The data pipeline concept (2012)
S13. A Web-Based Data Pipeline for Compliance in International trade (2011)
S14. Advanced logistics and supply chain management for intelligent and sustainable transport
(2012)
S15. Should we keep on renaming a+ 35-year-old baby (2015)
S16. How green are the TEN-T core network corridors? (2014)

Tertiary

T17. Intermodal Transport Research: A Law and Logistics Literature Review with EU Focus (2014)
T18. ICT in multimodal transport and technological trends: Unleashing potential for the future
(2014)
T19. Impact and relevance of transit disturbances on planning in intermodal container networks
using disturbance cost analysis (2014)
T20. An efficient genetic algorithm to solve the intermodal terminal location problem (2014)
T21. Driving forces and challenges for the Flemish-Dutch Delta for 2040: a multi-actor analysis
(2012)
T22. Floricultural supply chain network design and control: industry needs and modelling
challenges (2015)
T23. An exploratory analysis of the effects of modal split obligations in terminal concession
contracts (2014)
T24. Maritime policy in the North Sea region: Application of the cluster approach (2014)
T25. Roadmap towards a smart logistics ecosystem (2014)
T26. The Railway System Transformation – Implementation Of The Interoperability Requirements
On The Rail Network (2014)
T27. Towards a vision of goods transport in 2040: Dealing with volatility (2013)
T28. Cooperation between Waterways and Railways, an Unnatural Alliance Rail Strategic
Development of River Ports in the Greater Paris Region (2014)
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T29. Hybrid control of supply chains: a structured exploration from a systems perspective (2013)
T30. Challenges of the New Urban World (2015)

Appendix B: Categorization of terms.
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