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A critical review on the evolution and development of inland port research

Patrick Witte, Utrecht University,

Bart Wiegmans Transport and Planning, Delft University of Technology,
University of Manitoba

Adolf K.Y. Ng, University of Manitoba

1. Introduction

Over the past twenty-five years a considerable amount of literature has emerged that addresses inland
port development in a variety of ways and in different geographical and institutional contexts. For
instance, Ng et al. (2014) have considered the development of inland port facilities as a distinctive
dimension in port geography, viewing it mostly (but not always) as an extension of port studies.
Wiegmans et al. (2015) have discussed the diverging definitions of inland ports in North-America and
Europe respectively. And Witte et al. (2017) have addressed the multi-level nature of inland ports and
presented four analytical dimensions for studying inland ports, paying attention to infrastructure,
spatial structure, governance structure and economic structure. A recurring issue throughout most
papers focusing on inland ports is the wide diversity of definitions, actors, functions, levels and
geographies that are of relevance. Therefore, a literature review on inland port development
contributes to defining the most important streams in inland port research.

For a long time, inland ports were mainly studied from an operational and planning

perspective (e.q. Monios & Wilmsmeier, 2012), but in recent years we see attention shifting to

governance and management of inland ports, as well as their spatial and economic impacts to

surrounding regions. Also, because of the different definitions involved, the literature on inland ports

is rather scattered, referring to amongst others inland terminals (e.g. Rodrigue & Notteboom, 2009),
dry ports (Roso et al., 2009) or freight villages (e.g. Tsamboulas & Kapros, 2003), to name but a few.
Moreover, geographical differences (e.g. North-American vs. European inland ports) and the variety
of actors involved in inland port development (Rodrigue et al., 2010) are blurring our understanding of
this object of study.

This is not to say that no attempts have been made to conceptualize the evolution and
development of inland ports, with Notteboom and Rodrigue (2005) and Rodrigue and Notteboom
(2009)’s port regionalization and terminalization of supply chains, respectively, being notable

examples. However, as per latter research on inland ports, especially those that focused on developing
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countries (e.g. Ng & Guijar, 2009a, 2009b; Padilha & Ng, 2012), the concept of inland ports is clearly
much richer and more diversified than merely an extension of seaports or port logistics. However, as
much of the literature is still largely based on individual case studies, the conceptualization of inland
ports is particularly difficult.

Hence, it is very important to conceptualize the evolution and development of inland ports in a

more systematic way, as the lack of such a systematic approach implies that it would be much more

difficult for planners and policymakers, both in terms of inland port management and public

administration, to learn the pros and cons from any past lessons and effectively apply them into future

planning, management, and governance. Therefore, this review paper presents a systematic and

integrated review of inland port studies, covering most of the international peer-reviewed academic
journal papers on inland port development between 1992 and 2017. We aim to structure the empirical
insights concerning inland ports through different time periods, in different geographical settings and
by different analytical dimensions of inland ports. Based on this overview, the goal is to define gaps in
the literature, and to create an agenda for further research. While acknowledging the variety of

terminology found in the literature, we choose to use the following working definition of inland ports,

which in our view captures the broad understanding scholars have regarding this concept when

referring either to inland ports or to dry ports: “an inland facility with or without an intermodal

terminal and logistics companies, which is directly connected to seaport(s) with high capacity

transport mean(s) either via rail, road or inland waterways, where customers can leave/pick up their

standardized units as if directly to a seaport” (based on Roso et al.. 2009 and Wiegmans et al.. 2015).

The remainder of this paper is structured as follows. In the next section, the methodological
approach towards the literature review is explained, followed by descriptive statistics from our
analysis of the literature. Next, we review the literature according to different time periods: early stage
up to and including port regionalization (1992-2005); diversification (2006-2011) and

contextualization (2012-2017). Finally, the discussion and conclusion section highlights how our

findings contribute to a better understanding of the evolution of inland ports and an identification of

research gaps that inspires the research agenda for future inland port studies.

2. Methodological approach

In this paper, we aim to structure the empirical insights concerning inland ports through different time
periods, geographical settings and analytical dimensions. For this purpose, we have adopted a
systematic literature review. Different types of review papers exist (Van Wee & Banister, 2016). Our
primary goals are to define research gaps in the literature, and to create an agenda for further research.
Our review consists of the following steps. First, for the planning and execution of the review, we
defined different selection criteria for inclusion or exclusion of papers in this review. Second, we

conducted a systematic search of the scientific literature based on the criteria. Third, we analyzed the



papers and retrieved the relevant information for the review. Finally, data analysis and synthesis were
performed. The details of the data analysis and synthesis is presented in the remainder of the paper;
here we discuss in more detail our methodological approach.

We selected 1992 as the starting point of our review. The reasons for choosing this year are
first of all that this can roughly be considered as the start of the contemporary world after the Cold
War. In this year, the Maastricht Treaty was also signed, resulting in an opening up of the European
continental hinterland. Moreover, after 1992, a period of rising privatization and port restructuring
started and, finally, in this period academic attention to globalization and supply chain management
sharply increased. Based on this, we selected scientific journal papers over the timespan of the past 25
years (1992-2017). We selected a list of scientific journals based on three disciplines: transportation,
logistics and geography. This resulted in a list of 34 key journals (Annex 1). They are all scientific

journals, with publications written in English. Other sources such as: (refereed) conference

publications, books and book chapters, doctoral dissertations and other ‘grey’ literature such as official

publications and/or websites of scientific groups, international organizations or companies are not

considered in this literature review. The reason for this is the greater difficulty in systematically

collecting and categorizing the relevant contributions and objectively assessing the quality of the

respective contributions is almost impossible. We assembled a list of key words which were used to

search in abstract, title and key words of the well-established academic search engine Scopus
(www.scopus.com). The list of key words includes: inland port; inland terminal; dry port; intermodal

[freight] terminal; transport hub; logistics hub; transport node; hinterland and freight village.

Based on these selection criteria, we collected a gross list of 138 papers which seemed

relevant based on an initial screening of the title, abstract and key words. We used a broad view on

inland port development, and included aspects such as location, governance, management, operations,

institutions, etc. To narrow down the gross list, we read and assessed the abstract, introduction and

conclusion for relevance. The main consideration to include or exclude a paper was the guestion of

how important the inland port concept was to the central argument or focus of that particular paper. In

doing so, particularly papers focusing on regional port-, container- or terminal systems and -clusters,

and hinterland competition and -optimization studies were excluded, because these papers paid no

specific attention to the characteristics of inland ports, leaving but very little suitable material for the

purposes of our analysis. After data cleaning, a total list of 80 papers remained and was included in the

reviewing procedure. These papers were analyzed in detail and the relevant information was collected
in a data extraction form. This summary sheet included basic information of the publications (title,

authors, journal, publication details), as well as other more detailed features of this review study.

3. Descriptive analysis on results of the review



To analyze the results of the review, we first break-down the analysis of the 80 full papers into several

descriptive characteristics. We pay attention to: 1) papers published across journals over time, 2)

papers by geographical focus over time, 3) papers by type of methodology over time, 4) papers by

type of definition over time, 5) key authors and network collaborations and 6) key themes and

conceptual approaches over time.

3.1 Papers published across journals over time

First, when looking at papers across journals over time, the following picture emerges (Figure 1).

Figure 1: number of publications per time period (1992-2017)
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Up to 2000, little attention is paid to inland ports (3 publications). Leading towards 2005 and the port

regionalization publication by Notteboom and Rodrigue (2005), the number of papers is increasing to

9 publications cumulatively. This trend is ongoing in the 2006-2011 period with 24 additional

publications, but the sharpest increase is observed in the 2012-2017 period with 47 extra publications.

This increase is partly explained by a few special issues in this period, which aggregates a number of
papers in a particular year, but also by a number of contextualized case studies in key journals
(notably, Journal of Transport Geography).

Looking at the journals (Annex 2), the main debate on inland ports has been ongoing in the
Journal of Transport Geography since Slack’s publication on satellite terminals (1999). This journal
has captured the bulk of papers (20 in total), with especially in recent years a steady increase in the
number of publications dealing with inland ports. However, there is a range of journals in the broader

fields of transportation and geography that have paid recurring attention to inland ports as well. Other
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significant hosts for inland port studies include Maritime Policy & Management, Maritime Economics

& Logistics, World Review of Intermodal Transportation Research, Research in Transportation

Economics and Research in Transportation Business & Management. Especially Research in
Transportation Business & Management appears to be an upcoming journal. This might be partly
related to the thematic orientation of this journal, in which guest editors often work on a few issues

around a particular theme, resulting in an agglomeration of papers in a particular time period.

3.2 Geographical focus over time

Second, we can break the results down by looking at geographical focus over time (Table 1).

Table 1: geographical focus of papers over time (1992-2017)

Geographical focus 1992-2005  2006-2011  2012-2017  Total
Unknown / conceptual 2 5 8 15
North-west Europe* 1 1 12 14
Asia - 4 9 13
General Europe 2 2 3 7
Europe / North-America comparison - 4 2 6
North-America 4 1 1 6
Northern Europe / Baltic - 3 3 6
Mediterranean Europe - 2 3 5
Latin America - - 4 4
Pacific (Australia) - 1 2 3
Africa - 1 - 1
Total 9 24 47 80

* Including the United Kingdom

An important observation here is that alongside the absolute increase in numbers of papers over time,

we see a diversification of geographical focus. Up to 2011, we observe that conceptual studies and

studies with a dominant Europe or North-America focus and/or comparison are commonplace. After

2011, the geographical focus broadens to other contexts, with a notable growth and diversification

within Europe (North-west, Northern/Baltic, Mediterranean) but also a convincing worldwide

coverage (Latin America, Asia, Pacific). Remarkably, African countries remain understudied.

3.3 Differentiation by type of methodology

Third, we can differentiate the review papers by type of methodology being used (Table 2).

Table 2: differentiation of papers by type of methodology (1992-2017)

Type of study 1992-2005 2006-2011  2012-2017  Total
Case study 1.5 10.5 22,5 34.5
Conceptual study 35 75 75 18.5




Quantitative (modelling) 3 2 10 15
Quantitative (empirical) 1 2 2 5
Literature review 0 1 4 5
Editorial 0 1 1 2
Total 9 24 47 80

Note: papers that use two methods (e.q. conceptual + case study) have been counted as halves, e.g. attributing

0.5 to conceptual and 0.5 to case study.

We can confirm here what was mentioned before regarding the predominance of case study research

and anecdotal evidence regarding inland ports. The majority of contributions has a dominant case

study focus or combines a conceptual study with some case study evidence (n=34.5). Next to this, we

see a fair number of publications without any significant empirical foundation, either being fully

conceptual studies (n=18.5) or modeling studies (n=15). The number of quantitative empirical studies

is low with 5 publications. The distribution of papers over the various types of methodology shows

little variance over time, but we observe a general unbalanced attention favoring many conceptual

and/or case study-based contributions over few empirical studies.

Regarding the few literature studies that so far have been carried out, we have the modest

impression that this paper takes the most comprehensive approach to understanding how the inland

port debate has evolved over time. For instance, Roso and Lumsden (2010) limit their scope to

reviewing the dry port literature and Caris et al. (2014) narrow their view to inland waterway

transport, whereas in the case of Notteboom et al. (2013) inland ports are but a minor aspect of their

entire analysis on forty years of maritime port studies. In Notteboom et al. (2017) the term ‘inland

port’ seems to be disregarded altogether in favor of ‘logistics center’ as umbrella concept.

3.4 Definitions used over time

Fourth, we can look into the type of definition being used over time (Table 3), looking at the main

terminologies that are used by authors throughout the study period.

Table 3: terminologies used by authors throughout the study period (1992-2017)

Terminology 1992-2005  2006-2011 2012-2017 Total
Dry Port 0 9 135 225
Inland terminal 2 75 4.5 14
Inland Port 2 35 11 16.5
Inland Transport/Logistics Hub 1 1 1 3
Freight Village 2 0 2 4
Intermodal Terminal/Logistics 0 1 5 6
Platform

Thruport 0 1 0 1




Total 7 23 35 57

Note: terms that have been used simultaneously are counted as ‘0.5 which is the case for Notteboom (2010) and

Santos and Soares (2017).

Starting from ‘freight villages’ (Tsamboulas & Dimitropoulous, 1999), the concept was mainly

introduced in the early 2000s, with researchers like Walter and Poist (2003; 2004), Rodrigue and/or

Notteboom termed them as ‘inland terminals’ or ‘inland ports’. The term ‘dry port’ did not come into

place until the 2006-2011 period with researchers such as Ng and Roso actively promoting the term
through their consecutive publications (e.g. Ng & Gujar, 2009a,b; Ng & Tongzon, 2010; Roso, 2007;

Roso, 2008; Roso et al., 2009; Roso & Lumsden, 2010). During the same period, several alternative

terms were introduced (although they never really took off), such as ‘inland transport/logistics hub’. In

the second decade of the 21st century, the terms ‘intermodal terminals’ and ‘logistics platforms’ were

proposed as a way to highlight the intermodal nature of transportation and its (important) roles in

logistics and supply chains. Nevertheless, the general academic community has seemed to fully adopt

‘dry ports’ and ‘inland terminals/ports’ for research purposes.

A point of interest is that ‘inland terminals/ports’ have been nearly exclusively used for

research that focuses on North-America, North-west Europe and/or Mediterranean Europe. Among the

30.5 papers that use ‘inland terminals/ports’, the only exceptions are Wood (2006), Monios and Wang

(2013) and Wilmsmeier et al. (2015), which focus on Africa, Asia, and Latin America, respectively.

On the contrary, the use of ‘dry ports’ is much more popular among works that focus on Asia,

Russia/Baltic Europe and Latin America. Among the 22.5 papers that use ‘dry ports’ (note that 5

papers using ‘dry ports’ have no specific geographical focus), only 2 of them focus on North-America,

North-west Europe and/or Mediterranean Europe. It seems that some kind of split exists between ‘the

west’ and ‘the rest of the world’.

3.5 Key authors and network collaborations

Fifth, the use of terminologies largely depends on the key authors (Table 4). The key authors that use

‘inland terminals/ports’ include Rodrigue, Notteboom, Monios, Wilmsmeier, Witte and Wiegmans,

while the key authors that use ‘dry ports’ include Roso, Ng. Lumsden, Henttu, and Hilmola.

‘Defection’ of terminologies is rather rare. In this regard, there are two cases where the key author(s)

have ‘defected’ from ‘inland terminals/ports’ to ‘dry ports’ (Wilmsmeier & Monios, 2016; Rodrigue &

Notteboom, 2012), while Ng has used ‘inland ports’ once (Ng et al., 2015). Hence, it seems that the

use of terminologies depends a lot on the style and preference of the key authors.

Table 4: key authors and main network collaborations

Key author Publications Top co-author*
Notteboom, T. 13 Rodrigue, J.P. (6)




Monios, J. 12 Wilmsmeier, G. (7)

Rodrigue, J.P. 12 Notteboom, T. (6)
Roso, V. 8 Lumsden, K. (2)
Wilmsmeier, G. 8 Monios, J. (7)

Ng, A.K.Y. 6 Gujar, G.C. (2)
Wiegmans, B. 6 Witte, P. (4)
Langen, P. de 4 Berg, R. van den (2)
Witte, P. 4 Wiegmans, B. (4)
Bergqvist, R. 3 Monios, J. (1)
Hilmola, O.P. 3 Henttu, V. (2)

* Number of shared publications with top co-author in brackets

The rare defection of terminologies is also visible in the main network collaborations (Table 4), which

shows that authors who share the same terminology also often work together. This table also clearly

shows that the inland ports debate is dominated by 10-15 key authors who write reqularly on this

topics. Besides this, there are 80-90 authors who published on this topic just once or twice.

3.6 Key themes and conceptual approaches over time

Sixth and finally, we want to assess how the previous differences (i.e. in time period, journal type,

geography, methodology, definitions and authors) is shaping the key themes and conceptual

approaches that are visible over time. We observe three major time periods: early stage up to and

including the port regionalization paper (Notteboom & Rodrigue, 2005) (1992-2005), diversification
stage up to and including the first directional development paper (Wilmsmeier et al., 2011) (2006-
2011) and contextualization stage up to and including 2017 (2012-2017).

In the first period, 1992-2005, research mainly investigates: 1) if an inland port is needed and

2) if needed, how to construct it and how different methods would affect the inland port as an

infrastructural setting, and 3) some initial discussions about the linkage between inland ports and other

components of the logistical/supply chains. Key words in this period include freight village,

construction, appraisal, viability and feasibility.

The second period (2006-2011) is a period where research puts much more emphasis on 1)

how the development of maritime logistics led to the development/need for inland ports, and the

linkage and importance of inland ports on logistics and supply chains, 2) introduces (conceptually)

what an inland port is, 3) the attempt (and competition between authors) to build theories on the

characteristics of inland ports (e.g. ‘outside-in vs. inside-out’, the locational characteristics of inland

ports) and, 4) how the operation and governance of inland ports should be implemented. Most of the

discussions are rather ‘macro’, that aim to occupy a significant impact in the theoretical discussions of

inland port development. During this period, even for studies that have case studies, there is a strong

tendency to link the lessons from the case to a macro perspective. The focus during this period is about

the operation of the ‘logistical system’ rather than the impacts (externalities) of inland ports. Key




words for this period include dry port, inland terminal, inland port, supply chain, logistical system,

locational characteristics, port regionalization, implementation, operation, outside-in, inside-out.

In the third period (2012-2017). after the first ‘academic battles’ (e.g. theorizing on inland

port development), the research focuses on 1) ‘sectoral’ issues that can affect the efficient governance

of inland ports (e.g. relationship with port authorities, impacts of institutions on inland port

governance), 2) ‘global’ issues that can impact on the operation and governance of dry ports (e.q.

green portfolios), 3) impact-related topics, i.e., inland ports and the surrounding urban/regional

environments (e.g. inland port-city relationships, inland ports and regional economic growth, inland

ports as a challenge for planning and metropolitan governance), 4) more ‘micro’ perspectives, that is,

more geographically focused, especially on the emerging economies (e.g. India, Russia, China) and/or

regions that are ‘not as central’ in the global market (e.g. Portugal, Australia, Malaysia). Key words

for this period include institutions, green portfolio, impact, planning, regional growth, inland port-city

relationship, emerging economies, developing countries.

Through the different time periods, we identify four main conceptual approaches (Figure 2).

In this, we see that each subsequent approach is building on the foundations of its predecessor and that

over time, the ‘older’ approaches seem to lose interest relative to the ‘newer’ ones. The period up to

2005 is dominated by papers using a globalization / supply chain management perspective. This

culminates into the port regionalization paper of Notteboom and Rodrigue in 2005, which is attracting

considerable interest in the following years. This period of diversification of the port regionalization

concept is finalized by the directional development idea of Wilmsmeier and Monios. Their inside-

out/outside-in perspective dominates the discussion in the years after 2011. In this period, however,

attention to the contextualization of inland port development is also growing, which is reflected in a

growing interest in institutional and/or governance approaches in the most recent years.

Figure 2: key conceptual approaches over time (1999-2017)
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4. Inland ports: from supply chain component to stand-alone research

area?

Ever since the publication of Slack (1999), who first introduced the idea of satellite terminals as a
local solution to hub congestion, attention to what we refer to as ‘inland ports’ has been growing. A
commonality running over the entire period of observation is that even after nearly twenty-five years,
a uniform definition of inland ports is still missing. We observe that in many articles — especially in
the early years since Slack’s publication and running roughly until Notteboom and Rodrigue’s (2005)
paper on port regionalization — inland ports are not the central unit of study in the analyses of the
papers. In many publications, maritime ports or terminals are at the center of attention, and inland
ports are reflected upon mainly as part of the wider supply chains and transport networks, or as a
dedicated case study area to illustrate a specific aspect or phenomenon of hinterland strategies of
maritime ports.

With the publication of the first article on port regionalization (i.e. Notteboom & Rodrigue,
2005), we observe that in the years following this article there is a rise of publications in which the
(role of the) inland port is more central. This is especially reflected in the publication of Wilmsmeier
et al. (2011) who draw attention to the directional development of inland ports (Outside-In vs. Inside-
Out). Yet, we still have to conclude that the emphasis on Outside-In driven development (ranging
from the seaports towards the inland ports) remains, also in the years after 2011. After that, we mainly

see a diversification of interpretations of inland port development, in which the attention to the spatial

and institutional dimension of inland ports is becoming more prominent. In this, geographical context

— and hence context-sensitive governance approaches — is also growing in importance.
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In the remainder of this section we will discuss our findings in more detail. First, we dive in
the early stages of inland port development and discuss how inland ports via the port regionalization
concept became embedded in the wider debates on port system evolution. Next, we explain how this
debate has diverged over the years, in which attempts have been made to understand this. After that,
we delve into our main point, which is that inland ports have mainly been studied as undervalued
components of the ‘transport/logistics/supply chain’ systems (follower), while their roles as important
components of the ‘regional’ systems (leader) are largely overlooked. This may have resulted in a
limited and one-sided continental and/or operational understanding of inland ports, whereas there is
also much to be learned from how inland ports might influence spatial and institutional
transformations and have economic impacts on the local to regional scale. Therefore, we draw
attention to the spatial, institutional and economic dimensions of inland ports (especially reflected in
the Outside-In vs. Inside-Out discussion) and argue for the importance of a context-sensitive
understanding of inland ports, and the implications this has for governing them. We finalize our
analysis by pointing out gaps and future research directions.

4.1 Early stage (1992-2005): from port congestion to port regionalization
In this first period, the number of papers is relatively limited and the inland ports are not very central
in the papers concerned. Two important trends in the evolution of port systems can be identified in this

period: de-concentration of seaport traffic and decentralization (inclusion of inland port governance

into seaports) of port governance. The increasing volumes in seaports brought about ‘overloaded

seaports resulting in the de-concentration of port traffic and the development of dry ports’
(Wilmsmeier et al., 2015). Congestion at seaport terminals led to a move towards the extended gate
concept to relieve the container terminals in the ports and to replace seaport functions towards inland
ports and terminals (Rodrigue & Notteboom, 2009).

The growing interest in inland ports originating from this point of view is also reflected in the
initial focus of the research so far on Outside-In driven port development (cf. Wilmsmeier et al.,
2011). Initially, the inland ports are not very central in the research but the focus is more on networks,
supply chains and seaports. In port governance, short term gains in efficiency in individual ports
contrast with a long term loss of power from the public to the private sector and the lack of integrated
transport and logistics polices necessary to support ongoing port development (Wilmsmeier &
Monios, 2016). An exemplifying paper in this respect is by Tsamboulas and Dimitropoulos (1999): the
goal is to identify the underlying factors that influence the choice of an appraisal method. In this
paper, it is found that the choice of appraisal method and the decision criteria for the investment are
linked primarily to the nodal center’s size, catchment area, and the support or absence of political
approval for the investment.

Other characteristics of this time period are that the main geographical focus is limited to

North-America or Europe, and that the nature of the contributions is mainly conceptual. Examples of
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North-America focused papers are Walter and Poist (2003, 2004), who mainly put the differences in
preferences and perceptions of port stakeholders (i.e. shippers, carriers, etc.) central and Rodrigue
(2004) who defines inland ports as regional articulation points as part of wider supply chains. In the
European context, the focus is mainly on freight villages (Tsamboulas & Dimitropoulos, 1999;
Tsamboulas & Kapros, 2003). This period is concluded by the influential paper on port regionalization

(Notteboom & Rodrigue, 2005). This paper has been cited 458 times (as of September 2018, according

to Scopus) and can be seen as agenda-setting for many inland port papers. It offers a plea for
governance to avoid the oversupply of inland facilities, in particular on the European mainland.

In sum, this period can be characterized by de-concentration of port traffic and
decentralization of port governance. A main feature of this period is that the inland port is not (yet)
central to the analysis, but the focus is mainly on establishing the hinterland as a distinctive dimension
of port system development.

4.2 Diversification stage (2006-2011): beyond port regionalization

This period can be characterized by diversification of the subject, which means that different research
tracks are developed and the scope of inland port research in general broadens. A particular research
track that is rising up in this period relates to dry port development (Roso, 2007, 2008; Roso et al.,
2009), which mainly evaluates the usefulness of the dry port concept by looking at environmental
aspects such as emission reduction, congestion reduction and waiting time reductions at the terminal,
looking at implementation factors of dry ports such as direct rail connections and looking at the

connection of dry ports with seaport systems. In the American context, this is also known as the

‘Thruport’ system by Rodrigue (2008).

Within this time period, we observe that many papers lean theoretically and conceptually on
the regionalization concept as per Rodrigue and Notteboom (2005). This is reflected for instance in
attention to containerization (Notteboom & Rodrigue, 2009; Notteboom, 2010), in which inland ports
are positioned in seaport networks via corridors, and attention to the terminalization of supply chains
(Rodrigue & Notteboom, 2009), in which inland ports (i.e. inland terminals) are viewed as extended
gates. Overall, the inland port is not (yet) central to the analysis, with the notable exception of
Rodrigue et al. (2010), who outline a first taxonomy of inland ports. They acknowledge the conceptual
confusion in labelling (e.g. dry ports, inland terminals, satellite terminals, load centers, transmodal
centers) and they stress the variety of geographical settings, functions and actors. The geographical
focus in this period grows and now also includes Asia (e.g. Ng & Gujar, 2009a,b), the Pacific (e.g.
Roso, 2008) and Africa (e.g. Wood, 2006), and first overview papers analyzing concepts and types of
inland ports are introduced (e.g. Roso & Lumsden, 2010). This period is finalized by the publication of

Wilmsmeier et al. (2011) on the directional development of inland ports.

4.3 Contextualization stage (2012-2017): directional development of inland ports
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This period can be characterized by the development of two main streams: Qutside-In and Inside-Out

driven inland port development, following the paper by Wilmsmeier et al. (2011). In this, the Outside-

In approach remains focused on operational aspects of inland port development from a dominant
supply chain focused perspective (e.g. Veenstra et al., 2012; Wilmsmeier et al., 2015). In contrast,
especially in the Inside-Out approach (see Monios & Wilmsmeier, 2012; 2013) we also observe a

quickly developing diversification of subjects, also paying increased attention to the spatial and

institutional dimensions of inland ports (e.g. Witte et al., 2014; Wiegmans et al., 2015; Raimbault et

al., 2015). The Inside-Out focus from the point of view of the inland port is all the more important as
inland port development does not only have advantages but also disadvantages such as congestion,
emissions, nuisance, etc. in seaports that are exported inland. In this respect, there seems to be
developing a trend to look at actor-relational aspects of inland ports (e.g. inland port-city challenges).
This is nuancing the supply chain focused perspective on inland ports and puts more emphasis on the
position of inland ports as leader in regional systems.

Parallel to the Outside-In, Inside-Out discussion there is ongoing attention to the dry port

concept, mainly from a modelling perspective (e.g. Lattila et al., 2013). We also see that in this period

many issues for future research are raised, but so far, few empirical answers are provided. Also, we

see that the directional development literature is over time paying more specific attention to inland

ports as a planning/governance challenge, although there is still some uncovered ground there. For

instance, in terms of understanding the actor constellations which are at place within inland ports; who
is involved and why, and who is in charge, is very differentiated. An exemplifying paper in this
respect is by Ng et al. (2015), who investigate the dynamics between institutions and the governance

of transport infrastructure projects. Another example of governance, albeit at the terminal level, is by

Monios (2015). He concludes that if policy goals of modal shift are to be achieved, intermodal

transport can no longer be considered in isolation from logistics strategies. This means that

government money spent on intermodal infrastructure and operational subsidies (usually on terminals

in the inland port) must be aligned with an understanding of how intermodal flows are embedded

within internal and external relationships, and with other logistics decisions. This expanded notion of

governance can be taken forward in future research.

Furthermore, we see a quickly growing diversification of contributions to other geographical
contexts, notably Mediterranean Europe (Monios, 2016; Santos & Soares, 2017), Northern
Europe/Baltic (Lattila et al., 2013), Latin America (Wilmsmeier et al., 2015; Wilmsmeier & Monios,

2016), Asia (Beresford et al., 2012; Monios & Wang, 2013) and also a focus on specific developing
countries, such as Brazil (Ng et al., 2013). Within Northwestern Europe it can be observed that
research increasingly focuses on case studies and empirical studies and is slowly moving away from
merely conceptual contributions (Van den Heuvel et al., 2013; Wiegmans et al., 2015). In general, we

can see more attention paid to the impacts of institutions in country-specific contexts on for instance
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transportation systems and regional economic development (Ng et al., 2013), at the expense of
conceptual advancements on port regionalization and/or directional development (Bask et al., 2014).

In recent years, we observe a decreasing interest in advancing the regionalization concept, but
still, the operational perspective remains covered in some contributions (e.g. Smid et al., 2016, Jeevan
et al., 2017). There is also a growing interest in the incorporation of other disciplines into inland port
research, such as an integrated spatial perspective (e.g. Debrie & Raimbault, 2016) or an evolutionary
and institutional economics perspective (e.g. Notteboom et al., 2017). Most contributions now take a
case study and/or empirical approach (e.g. Witte et al., 2016; 2017). In this period, the geographical
focus has fully developed into a global one and all continents are involved in inland port research.

When considering the ‘move away’ from the regionalization concept (see Santos & Soares,
2017), the opening up towards other theoretical perspectives, the growing body of empirical
contributions and the wide variety of geographical contexts covered, it can be argued that inland port
research is maturing into a more ‘stand-alone’ research area. In the next paragraph, it is therefore

explored what gaps can be identified to inspire future research on inland ports.

4.5 Research gaps and challenges for practice

We observe some remaining research gaps focusing on the spatial, institutional and economic

dimensions of inland port development. These mostly result from impediments still experienced in
development and operations regarding land use, infrastructure, finance, environment and
institution/regulations (Roso, 2008; Roso & Lumsden, 2010). In the economic dimension, although
some attempts have been made (Witte et al., 2014; Raimbault et al., 2015; Monios, 2016), little

systematic local and regional attention is conducted on the regional-economic dimension of inland
port development. This especially concerns local and regional economic development opportunities
originating from inland ports benefitting inland port hosting municipalities and regions.

From a spatial perspective, very few local governments have specific spatial development

plans for their inland ports. Although for instance Witte et al. (2016) already pay attention to the

governance of inland ports, much more can be done in an Inside-Out approach, where municipalities
and inland ports develop their inland ports based on a clear and shared vision. All elements that come
back in the Outside-In approach are then dealt with, but from the point of view of the inland location.
At the same time, there often is a lack of expertise at local and regional levels. This is for instance
reflected in the poor attention paid to inland ports in governmental policy documentation on the local
to regional level (see Witte et al., 2014; 2016). This means that private actors (consulting agencies,
transport operators, and proposed customers) often take the lead in setting the agenda for

developments (Berggvist, 2008). Analyzing in a reliable number of cases how local and regional

authorities deal with inland port development and what are successes or failures is an interesting area

for further research, also outside of the academic realm.
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From the institutional dimension, competition between different regional inland ports could be
regarded a research gap. If national policies are not implemented well on regional and local levels it
could lead to the uncoordinated development of inland ports in the wrong places decided upon based

on the wrong arguments and evaluation frameworks (Bergqvist et al. 2010). Involvement of seaports

in inland port ownership is also a more recent development that might be regarded as a research gap.
Following the suggestions of Caris et al. (2014) on research challenges for inland waterway
terminals, we can develop some challenges for the operational side of the inland port environment.
Studying efficient inland port operations could be encouraged. This encompasses good intermodal
connections (bulk and containers) for the inland port. Efficient operations of more tailor-made models
could be developed for inland ports that focus on location determination, and also on the added value
of the inland port for the inland port hosting municipality and region. External cost modeling is
interesting. From a total transport system perspective and maybe also from a seaport perspective,
inland port development can be perceived as environmentally friendly. However, external effects
(emissions, congestion, nuisance, etc.) are also exported into the hinterland. So, from the perspective
of the inland port hosting municipality, these developments might not be as beneficial as sketched in
most Outside-In approaches. Data are an important issue for inland ports. Not much data is available
and this is also reflected in the research study objects. More data gathering on the inland port
municipality and regional level should be encouraged to be able to perform more quantitative oriented

studies into inland ports.

5. Conclusion and Discussion

The past twenty-five years of research on the topic of inland port development have shown that the
concept is clearly much richer and more diversified than merely an extension of seaports or port
logistics. However, a recurring issue is also the difficulty of grasping the different definitions, actors,
functions, levels and geographies that are of relevance. This literature review paper has therefore

systematically analyzed 80 international peer-reviewed academic journal papers on inland port

development between 1992 and 2017. The paper has structured the empirical insights concerning
inland ports through different time periods, in different geographical settings and by different

analytical dimensions (including key definitions, themes, authors, and conceptual and methodological

approaches). The results show that the attention to inland ports in academic literature has been rising

since the early 2000s, with a sharp increase in the 2012-2017 period (47 publications) owing to

agglomeration of papers in some special issues and in key journals. Within this trend, attention to
inland ports is diversifying both looking at the range of journals covered, as well as geographically
speaking. Up to now, the research designs of the analyzed papers have been dominated by conceptual
studies or case studies. As the identified research gaps also show, more ground could be covered in

terms of additional empirical studies on the topic of inland ports.
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The literature review has revealed three different periods in which the debate on inland ports

has evolved alongside various conceptual, methodological and geographical lines. In the early stages

from 1992 to 2005 the inland port concept gradually became embedded in the wider debates on port

system evolution, which is captured at the end of this period by the influential article on port

regionalization by Notteboom and Rodrigue (2005). In this period, the inland port is not central to

most analyses and the geographical focus is mostly limited to the North-American and European
context. This is changing in the second period from 2006 to 2011, where a diversification of the
subject can be observed. The dry port concept (Roso, 2007) is gaining more prominence, as is the
theoretical and conceptual advancement of port regionalization, which also broadens up the
geographical focus towards Africa, Asia and the Pacific. Here we also see that the early
conceptualizations of inland ports (e.g. port regionalization) might have consolidated a ‘tweaked’
focus on the perception of inland ports as just being a component of the transport/logistics system, and
not much else.

The contextualization stage (2012-2017), characterized by the implementation of the

directional development perspective, i.e. the Outside-In, Inside-Out discussion (Wilmsmeier et al.,

2011), is slowly changing this pattern. It nuances the dominant transport/logistics/supply chain

systems perspective in which inland ports were mainly ‘followers’ and in contrast puts more emphasis

on the spatial and institutional dimension of inland ports, were inland ports can also have more leading

roles in regional systems. Clearly, we see more attention to institutional/governance perspectives

especially after 2012 (Figure 2). This observation is further supported by a geographical focus that

keeps shifting away from the traditional North-American and European cases towards a wide array of
empirical examples in various geographical contexts over the whole world, in particular

Mediterranean Europe, the Baltics, Latin America and Asia. This is largely at the expense of the port

regionalization idea, which was also observed in the conceptual advancements presented in Figure 2,

where it was shown that ‘older’ concepts gradually give way to ‘newer’ ones, while these newer once

are building on the conceptual foundations of the older ones.

Overall, it is striking to find that over time much attention has been paid on inland ports as

undervalued components of the maritime ‘transport/logistics/supply chain’ systems (‘follower’), while

their roles as components of the ‘local and regional’ transport systems (‘leader’) are only in the most

recent period attracting more attention. It could be argued that the early conceptualizations of inland

ports (e.qg. port regionalization) have even consolidated this focus on the importance of the maritime

supply chain. This has pushed researchers, planners and policymakers to perceive inland ports as ‘just’

being a component of these maritime-oriented transport/logistics system. Such a tweaked focus is

likely to pose significant impacts on planning, management, and governance of inland ports. In fact,

this might also affect how the management structure of inland ports is designed and implemented.

Needless to say, many conceptual, methodological and empirical questions still lay ahead as

also discussed in the identified research gaps throughout the paper and especially in the previous
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section. The move away from the regionalization concept opens up new directions for planning,

management, and governance of inland ports, both in terms of research and practice. A look outside of

the academic fences into the ‘grey’ literature (professional literature, policy reports, etc.) might further

enhance our understanding. In particular, studying efficient inland port operations, tailor-made models

for development and operation of inland ports, regional-economic development opportunities, specific

localized, contextualized spatial development plans and institutionalization of inland ports governance

could further substantiate the consistently growing body of literature on inland port development.

References

Bask, A., Roso, V., Andersson, D. & Hamalainen, E. (2014). Development of seaport—dry port dyads: two cases from
Northern Europe. Journal of Transport Geography 39, pp. 85-95.

Beresford, A., Pettit, S., Xu, Q. & Williams, S. (2012). A study of dry port development in China. Maritime
Economics & Logistics 14 (1), pp. 73-98.

Berggvist, R., (2008). Realising logistics opportunities in a public-private collaborative setting: the story of
Skaraborg. Transport Reviews, 28 (2): 219-237.

Berggvist, R., Falkemark, G., Woxenius, J. (2010). Establishing intermodal terminals. World Review of Intermodal
Transportation Research. 3 (3): 285-302.

Caris, A., Limbourg, S., Macharis, C., Van Lier, T. & Cools, M. (2014). Integration of inland waterway transport in

the intermodal supply chain: a taxonomy of research challenges. Journal of Transport Geography 41, pp.
126-136.

Debrie, J. & Raimbault, N. (2016). The port—city relationships in two European inland ports: A geographical
perspective on urban governance. Cities 50, pp. 180-187.

Jeevan, J., Chen, S. & Cahoon, S. (2017). Determining the influential factors of dry port operations: worldwide
experiences and empirical evidence from Malaysia. Maritime Economics & Logistics. DOI
10.1057/s41278-017-0063-y.

Lattila, L., Henttu, V. & Hilmola, O. (2013). Hinterland operations of sea ports do matter: Dry port usage effects on
transportation costs and CO2 emissions. Transportation Research Part E 55, pp. 23-42.

Monios, J. & Wang, Y. (2013). Spatial and institutional characteristics of inland port development in China.
GeoJournal 78, pp. 897-913.

Monios, J. & Wilmsmeier, G. (2012). Giving a direction to port regionalisation. Transportation Research Part A 46
(10), pp. 1551-1561.

Monios, J. & Wilmsmeier, G. (2013). The role of intermodal transport in port regionalisation. Transport Policy 30,
pp. 161-172.

Monios, J. (2015). Identifying governance relationships between intermodal terminals and logistics platforms.
Transport Reviews. 35 (6): 767-791.

Monios, J. (2016). Intermodal transport as a regional development strategy: the case of Italian freight villages.
Growth and Change. 47 (3): 363-377.

Ng, A.K.Y. & Gujar, G. (2009a). The spatial characteristics of inland transport hubs: evidences from Southern India.

Journal of Transport Geography 17, pp. 346-356.
Ng, A.K.Y. and Gujar, G.C. (2009b). Government policies, efficiency and competitiveness: the case of dry ports in
India. Transport Policy 16(5), pp. 232-239.

17



Ng, A.K.Y. & Tongzon, J. (2010). The transportation sector of India’s economy: dry ports as catalysts for regional

development. Eurasian Geography and Economics 51 (5), pp. 669-682.

Ng, A.K.Y., Padilha, F. & Pallis, A. (2013). Institutions, bureaucratic and logistical roles of dry ports: the Brazilian
experiences. Journal of Transport Geography 27, pp. 46-55.

Ng, A.K.Y., Ducruet, C., Jacobs, W., Monios, J., Notteboom, T., Rodrigue, J., Slack, B., Tam, K. & Wilmsmeier, G.
(2014). Port geography at the crossroads with human geography: between flows and spaces. Journal of
Transport Geography 41, pp. 84-96.

Ng, A.K.Y., Velasco-Acosta, A. & Wang, T. (2015). Institutions and the governance of transport infrastructure
projects: Some insight from the planning and construction of the CentrePort Canada Way. Research in
Transportation Business & Management 14, pp. 25-33.

Notteboom, T. & Rodrigue, J. (2005). Port regionalization: towards a new phase in port development. Maritime
Policy & Management 32 (3), pp. 297-313.

Notteboom, T. & Rodrigue, J. (2009). The future of containerization: perspectives from maritime and inland freight
distribution. GeoJournal 74, pp. 7-22.

Notteboom, T. (2010). Concentration and the formation of multi-port gateway regions in the European container port
system: an update. Journal of Transport Geography 18, pp. 567-583.

Notteboom, T., Pallis, A., Langen, P. de & Papachristou, A. (2013). Advances in port studies : the contribution of 40

years Maritime Policy & Management. Maritime Policy & Management 40 (7), pp. 636-653.

Notteboom, T., Parola, F., Satta, G. & Risitano, M. (2017). A taxonomy of logistics centres: overcoming conceptual
ambiguity. Transport Reviews 37 (3), pp. 276-299.

Padilha, F. & Ng, A.K.Y. (2012). The spatial evolution of dry ports in developing economies: The Brazilian
experience. Maritime Economics & Logistics 14 (1), pp. 99-121.

Raimbault, N., Jacobs, W. & Dongen, F. van (2015). Port regionalisation from a relational perspective: the rise of
Venlo as Dutch international logistics hub. Tijdschrift voor Economische en Sociale Geografie 107 (1), pp.
16-32.

Rodrigue, J. (2004). Freight, gateways and mega-urban regions: the logistical integration of the Bostwash corridor.
Tijdschrift voor Economische en Sociale Geografie 95 (2), pp. 147-161.

Rodrigue, J. (2008). The Thruport concept and transmodal rail freight distribution in North-America. Journal of
Transport Geography 16, pp. 233-246.

Rodrigue, J. & Notteboom, T. (2009). The terminalization of supply chains: reassessing the role of terminals in
port/hinterland logistical relationships. Maritime Policy & Management 36 (2), pp. 165-183.

Rodrigue, J.P., Debrie, J., Fremont, A. & Gouvernal, E. (2010). Functions and actors of inland ports: European and
North-American dynamics. Journal of Transport Geography 18 (4), pp. 519-529.

Rodrigue, J.P. & Notteboom, T. (2012), Dry ports in European and North-American intermodal rail systems: Two of

a kind? Research in Transportation Business & Management 5, pp. 4-15.

Roso, V. (2007). Evaluation of the dry port concept from an environmental perspective: A note. Transportation
Research Part D 12, pp. 523-527.

Roso, V. (2008). Factors influencing implementation of a dry port. International Journal of Physical Distribution &
Logistics Management 38 (10), pp. 782-798.

Roso, V., Woxenius, J. & Lumsden, K. (2009). The dry port concept: connecting container seaports with the
hinterland. Journal of Transport Geography 17 (5), pp. 338-345.

Roso, V. & Lumsden, K. (2010). A review of dry ports. Maritime Economics & Logistics 12 (2), pp. 196-213.

Santos, T. & Soares, G. (2017). Development dynamics of the Portuguese range as a multi-port gateway system.

Journal of Transport Geography 60, pp. 178-188.

18



Slack, B. (1999). Satellite terminals: a local solution to hub congestion? Journal of Transport Geography 7 (4), pp.
241-246.

Smid, M., Dekker, S. & Wiegmans, B. (2016). Modeling the cost sensitivity of intermodal inland waterway
terminals: A scenario based approach. Transportation Research Part A 85, pp. 112-122.

Tsamboulas, D. & Dimitropoulos, 1. (1999). Appraisal of investments in European nodal centres for goods — freight
villages: A comparative analysis. Transportation 26, pp. 381-398.

Tsamboulas, D. & Kapros, S. (2003). Freight village evaluation under uncertainty with public and private financing.
Transport Policy 10, pp. 141-156.

Van den Heuvel, F., De Langen, P., Van Donselaar, K. & Fransoo, J. (2013). Spatial concentration and location
dynamics in logistics: the case of a Dutch province. Journal of Transport Geography 28, pp. 39-48.
Veenstra, A., Zuidwijk, R. & Van Asperen, E. (2012). The extended gate concept for container terminals: Expanding

the notion of dry ports. Maritime Economics & Logistics 14 (1), pp. 14-32.

Walter, C. & Poist, R. (2003). Desired Attributes of an Inland Port: Shipper vs. Carrier Perspectives. Transportation
Journal 42 (5), pp. 42-55.

Walter, C. & Poist, R. (2004). North-American inland port development: international vs domestic shipper
preferences. International Journal of Physical Distribution & Logistics Management 34 (7), pp. 579-597.

Wee, B. van & Banister, D. (2016). How to write a literature review paper? Transport Reviews 36 (2), pp. 278-288.

Wiegmans, B., Witte, P. & Spit, T. (2015). Characteristics of European inland ports: A statistical analysis of inland
waterway port development in Dutch municipalities. Transportation Research Part A: Policy and Practice
78, pp. 566-577.

Wilmsmeier, G., Monios, J. & Lambert, B. (2011). The directional development of intermodal freight corridors in
relation to inland terminals. Journal of Transport Geography 19 (6), pp. 1379-1386.

Wilmsmeier, G. & Monios, J. (2016). Institutional structure and agency in the governance of spatial diversification of
port system evolution in Latin America. Journal of Transport Geography 51, pp. 294-307.

Wilmsmeier, G., Monios, J. & Rodrigue, J. (2015). Drivers for Outside-In port hinterland integration in Latin
America: The case of Veracruz, Mexico. Research in Transportation Business & Management 14, pp. 34-
43.

Witte, P., Wiegmans, B., Oort, F. van & Spit, T. (2014). Governing inland ports: a multi-dimensional approach to
addressing inland port—city challenges in European transport corridors. Journal of Transport Geography 36,
pp. 42-52.

Witte, P., Wiegmans, B., Braun, C. & Spit, T. (2016). Weakest link or strongest node? Comparing governance
strategies for inland ports in transnational European corridors. Research in Transportation Business and
Management 19, pp. 97-105.

Witte, P., Wiegmans, B. & Rodrigue, J. (2017). Competition or complementarity in Dutch inland port development:
A case of overproximity? Journal of Transport Geography 60, pp. 80-88.

Wood, G. (2006). Tanzanian coastal and inland ports and shipping: crises and policy options. Maritime Policy &
Management 31 (2), pp. 157-171.

19



Annex 1: List of journals (sorted alphabetically)

A. Journals analyzed with papers used in the literature review
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International Journal of Urban and Regional Research

Journal of Transport Geography

Maritime Economics and Logistics

Maritime Policy & Management

Regional Studies

Research in Transportation Business and Management

Research in Transportation Economics

Tijdschrift voor Economische en Sociale Geografie

Transport Policy

Transport Reviews

Transportation

Transportation Journal

Transportation Research Part A: Policy and Practice
Transportation Research Part B: Methodological

Transportation Research Part D: Transport and Environment
Transportation Research Part E: Logistics and Transportation Review
World Review of Intermodal Transportation Research

B. Journals analyzed, but without relevant publications on inland ports
Economics of Transportation

Environment and Planning A

Environment and Planning C: Government and Policy
Environment and Planning D: Society and Space
European Journal of Transport and Infrastructure Research
International Journal of Shipping and Transport Logistics
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Marine Policy

Transportation Letters
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