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Introduction

In the light of port regionalization (Notteboom and Rodrigue, 2005), the evolution of dry ports plays a vital
role in boosting the port-hinterland integration. Such inland nodes might locate in the different positions

of the logistics chains to facilitate the movement of cargo between the hinterland and seaports
(Notteboom and Rodrigue, 2009, Roso et al,, 2009, Nguyen and Notteboom, 2016). A close dry port or

satellite terminal locates in the proximity of seaports and works as an extension of such maritime
terminals. A distant dry portload center is situated close to economic zones as a logistics hub for

consolidating/de-consolidating cargo. Lastly, a transmodal terminal is in the middle of the logistics chain
to transload cargo between two transport systems. The study of Nguyen & Notteboom 2018) have
proved that there exists the relations between dry port's characteristics and regional port-hinterland
settings. The role of dry ports in facilitating the logistics performance depends on different characteristics,
i.e.the size and performance of terminals and the connection between dry ports and seaports.

The purpose of this paper is to propose a conceptual model that evaluate the impact of dry ports on the
overall port hinterland logistics performance from the market driven approach. We built a criteria

hierarchy for the assessment based on three perspectives, ie. cost, time and reliability dimension
(Banomyong and Supatn, 2011). The framework will consider the characteristics of dry ports and the
integration between such terminals and maritime ports. Finally, we apply this framework to evaluate three
types of dry ports (satellite terminal, load center and transmodal terminal)to enrich the literature of inland
nodes.

Literature review

The concept of dry ports
The researches of inland nodes have been evolved and developed greatly over last decades (Witte et

al,, 2019). Such concept has been more diversified than only the logistics hub and maritime terminal’s
extension. There are a variety of terminologies used to refer to inland nodes, including dry ports, inland

clearance depot, inland container depot, inland terminal, inland port, logistics centers, logistics parks,
freight villages and the same name in the local languages (Rodrigue and Notteboom, 2009). Each term

focus on different functions of such inland nodes, of which dry port is the most popular (Nguyen and
Notteboom, 2018). As defined by UNESCAP (2013b), a dry port of international importance should be
located «in the vicinity of: @) inland capitals, provincialistate capitals; and.or (b) existing and/or potential
production and consumption centres with access to highways andor railways~ with connections to -other
dry ports, border postsland customs stationsintegrated check posts, seaports, inland waterway
terminals and,or airports~. A full concept of dry port is an inland terminal with a direct and high capacity
connection to seaports which provide interchangeable services with seaports (Nguyen and Notteboom,
2016).

The port-hinterland logistics

The hinterland of a specific seaport is the area over which such seaport provides its service and interact
with the inland customers (Rodrigue et al,, 2016). The hinterland implies the regional market of a seaport

where the import and export cargo of such region going through the seaport (Economic Commission for
Europe, 2009). The seaport therefore works as a convergence node for the inland transport coming by
roads, railways or inland waterways. Rodrigue et al. also classify port hinterland into the fundamental
hinterland and competitive hinterland. The former implies the market area are located in the proximity of
the seaport, where the seaport plays the dominant role in serving the majority traffic. The later refer to
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the overlapped hinterland of two or more seaports where the competition is intensive. The port hinterland

is contrast with the concept of port foreland, which refers to the other ports and oversea market
connected by maritime services from the port (Figure 1).

Hinterland Foreland
Main hinterland ° <
Competition
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Figure 1.Port foreland and hinterland (Rodrigue et al., 2016)

The port-hinterland connection refers to the logistics between the maritime terminals and their customer
in the hinterland. In terms of import cargo flow, the port-hinterland logistics implies the cargo movement
from the seaports to the inland market, such as big cities with concentrated consumption area. In
contrast, the port-hinterland logistics for the export goods are departed from the production bases, like
industrial zones, to the maritime terminals. According to De Langen 2008), the cost of port hinterland

logistics is more than the combination of maritime transport cost and port expenses, which stress out
the increasing importance of attention in terms of hinterland logistics. More specifically, Martinho (2008)

points out the hinterland transport costs could be as high is 5 to 30 times of maritime transport cost,
depending on the connecting inland transport mode, which led to the focus shift from port performance
to supply chain performance. This shares the similarities with Notteboom (2008), demonstrating that

shipping lines are paying more attention on improving the land connection with their inland clients.

As a result of cargo massification and containerization, the port development has approached the phase
of regionalization with high port-hinterland integration (Notteboom and Rodrigue, 2005). In the

conventional system, the separate activities of the port-hinterland logistics are carried out by a wide
range of parties, i.e.shipping lines, inland transport companies, forwarders, shipping agents.In the phase

of the port regionalization, such activities are nhow within the scope of few or even a single player to
increase the logistics integration and hence reduce the inland cost. This requires dedicated transport

port hinterland network with the development of inland terminal and high capacity corridor linking them
with maritime terminals (Figure 2). The port regionalization is supported by the concept of dry port and

extended gateway (Roso and Lumsden, 2009, Nguyen and Notteboom, 2015, UNESCAP, 2013a,
Veenstra et al, 2012). From the seaports, the import cargo is moved directly to the inland terminal

through a dedicated transport leg with high capacity and reliability, preferred by railway or inland
waterway. The inland customers then could collect their cargo from the inland port as if they are delivered

at seaports. In terms of export flow, cargo is gathered at the inland port and forwarded to the maritime
terminals through the same corridor.



Figure 2. Port regionalization (Notteboom and Rodrigue, 2005)

The role of dry ports in the port-hinterland logistics

As synthesized by Witte et al. 2019), the inland port research have been evolved and developed rapidly
over recent decades. The important role of dry port in the port-hinterland logistics is well recognized in
the literature. Roso & Lumsden (2009) define the potential benefits of dry port according to the
stakeholder group of inland logistics. From the maritime side, port operators benefit from the dry port
implementation at less congestion, increased capacity and extend their hinterland. Seaport cities also
enjoy less amount of trucks and have more land saving from seaport land substituted by inland terminals.

Rail and barge operators will probably expand their market as they play the vital role in intermodal
connection between dry ports and seaports. Although losing markets to other transport mode, road

operators still benefit from lest congestion at road and terminal as dry ports evolve. From the hinterland
side, shippers gain better access to maritime services by sending their cargo to nearby dry port. Finally,
the whole society benefit from the greener logistics by shifting from road to intermodal inland transport.

UNESCAP (UNESCAP, 2015) access the dry port operation and sustainability in a three perspectives
as follows. First, dry port evolvement contributes to the reform of customs and border control procedures
which reduce the dwell time of importiexport containers at terminals and therefore expand the terminal
throughput. Second, the development of dry port minimizes the total logistics cost between seaports and
the inland cargo origindestination. Such logistics cost includes local pick-up/delivery, terminal handling,
cargo storage, linehaul transport and customs clearance cost. Third, the study access dry port according
to the adoption of mechanized cargo handling technology.

Another study of UNESCAP (n.d) evaluate the role of dry port from the economic and environmental &
social benefit views. In the former point of view, dry port development could (i) promote the growth of
special economic zones; (i reconciliate transport infrastructure and supply chain management; diii
shifting distribution activities from maritime terminals to inland ones; (iv)add value to the market parties
and (v facilitate intermodality. In terms of the later viewpoint, dry ports help reduce the congestion at
road and seaports, minimize the pollution and risk of accidents and increase job opportunities for society.

Wei et al. 2018) in the study of hub-and-spoke network under Belt and Road Initiative evaluate the
logistical quality of dry port according to four factors, i.e. social and economic development, providing
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and demanding state of logistics marketing and infrastructure construction, customs clearance
condition, and financial support for local cargo movements. They set a number of index with regards to

each factor as show in the Table 1 for such assessment.

Source: Wei et al,, 2018)
FDT 2007, points out that the most advantages of dry port implementation are avoiding traffic bottleneck
and realizing multimodality, followed by connecting cargo handling, reducing land use at ports, reducing

environmental and transport cost, ensuring quality and integrating port areas with cities.

Building the conceptual framework for evaluating the role of dry port

We develop the conceptual framework for evaluating the role of dry port in port-hinterland logistics
following a number of steps. First, we define the horizontal and vertical approach in evaluating dry ports.
The vertical approach includes all the activities of which a cargo unit experience between hinterland-port
logistics. The horizontal approach is used to assess the logistics performance of each activity from
different perspectives, i.e. time, cost and reliability. We then indicate the key performance criteria for each
activity in the matrix created by the horizontal and vertical approaches.

Vertical evaluation with activity-based approach
The significance of activity-based approach is well synthesized by Mcnally & Rindt 2007

Conventionally, there are two popular approaches in explaining the travel behavior of people and goods,
i.e. trip-based and activity-based approach. Trip-based approach is appropriate in analyzing the whole

framework of transport system from the travel demand location and current transport network. The
approach is exemplified in the four-step model, i.e. trip generation, trip distribution, mode choice and
route choice. Macnally & Rindt points out a number of limitations of this approach, i.e.ignoring the activity

participation decision as transport is a derived demand; lack of spatial and temporal interconnection
among all trips and activities; and can not explain the behavior generating the trip. In contrast, the activity-

based approach explains the travel behavior based on a collection of activities including in the
participating schedule. The main theme of activity-based approach that fit our evaluating framework's

scope is that it explains the transport demand derived from the logistics activity demand and reproduce
the schedule of port-hinterland logistics activities in spatial and temporal approach.

As discussed before, shippers have options to send their cargo directly to seaports, or use services of
dry ports instead. In order to evaluate the role of dry ports in the logistics performance, we need to

compare the performance of the system with dry ports and the one without dry ports. The study of
Nguyen & Notteboom (2018) noted that dry ports provide services which could be interchangeable with
seaports. In other words, the main contribution of dry ports in the port-hinterland logistics is to provide



the interchanged services of seaports with higher utility for inland clients. We then develop our evaluating
framework from the activity-based approach, which assess the performance of each activities in the port

hinterland logistics to define the differences between the system with dry ports and the one without dry
port.

According to Vietnam Ministry of Transport (2016), there are three options to move the container cargo
from the inland customers warehouse to the vessels. First, containers could be sent directly to the
container yard of seaports for customer clearance and loading on board. Second way is transport bulk
cargo to the container freight station at seaports for containerization and customs clearance. The third
option is moving cargo in containers or in bulk to the inland terminals for containerization with bulk
cargo) and customs clearance. The cleared containers are then shipped to seaports for loading on board
or storage at maritime container yard (Figure 3).

Figure 3. Options for sending export cargo to seaports (Vietnam Ministry of Transport, 2016)



Figure 4. Diagrammatic representation of import flows for a dry port UNCTAD, 1991
UNCTAD (1991) describe the export and import flow for a dry port as follows (Figure 4 & 5). Dry port
operators’ activities of import cargo include: (1) reception of transport means from seaports truck, train
or barge); 2)unloading and stacking containers; FCL containers are loaded from stacks to road vehicles
while LCL containers are taken to CFS unpacked, returned to stacks; (3) removal of container,cargo for
delivery to final destination. Operator's activities of export cargo at dry ports are consist of (1) reception
of cargoscontainer from shipper; 2) stacking FCL or breakbulk cargo to CFS; (3)load container onto
transport means to seaports. Within the hinterland-port logistics, the freight includes:

Railbarge freight rate

Container lifting

Storage of containers

Consolidation and organization of cargo

Storage of cargo

Customs inspection and duties

Road transport

Ancillary operation, e.g. sorting and internal shifting of containers



Figure 5. Diagrammatic representation of export flows for a dry port UNCTAD, 1991
Based on main dry port activities pointed out by UNCTAD (1991) and UNESCAP (UNESCAP, 2015
we define the main value added components of dry port to the port hinterland logistics (Table 2

No. | Dry port activities Dry port value added to port hinterland logistics
1 Inland transport actual transport activity between customers: warehouse and
the designated seaport. Instead of moving directly by road,

cargo could be bundled and transshipped to rail or inland
waterway before moing to seaports. Over long distance, the

total transport cost and time should be saved thanks to the
advantage of multimodality. The dedicated corridor linking dry

port - seaport could improve the reliability of such shipment as
well.

2 Cargo handling Going through dry ports would add more handling cost and time
as cargo pass one more transport node. Unless these are trade-
off by other benefits of dry ports, customer would choose
sending cargo directly to seaports.

3 Warehousing Thanks to the land abundance, dry port could offer better cargo
storage and warehousing service to their customers than
seaports, where capacity is limited. Different types of
warehouses, bonded and unbonded, are found at dry ports.

4 Container stripping | As dry port has depot function, it is also convenient for
& stuffing customers to do these activities where the empty containers
are stored.




5 Customs inspection | Having cargo cleared at dry port could save time waiting at
& clearance congested seaports. This is also convenient for cargo owner to
deal with arising customs problems at a dry port close to their
location.
6 Container This is one of the dry port core services.
maintenance &
repair
7 Freight forwarding As an inland hub, dry ports offer freight forwarding service to
and their surrounded customers and save cost from cargo bundling.
cargo consolidation
services
8 Banking/insurance; | These services could be co-located at the same place with dry
financial services port to approach the customers.
10 | Value-added As a logistics center, dry port could provide a wide range of
services value-added services to the customers, such as inventory
management, labelling, assembling and packaging.
11 Customer service & | Locating close to cargo owner, dry ports have potential to offer
support good customer service and support for their customers than
seaports.

Table 2. Main dry port value added to the port-hinterland logistics

Horizontal approach
In the horizontal approach, we define a set of perspectives to evaluate the performance for each activity
of the port hinterland logistics. As synthesized by Banomyong & Supatn 2011), a number of studies have

proposed the framework to assess logistics and supply chain performance. Neely et al. (1995) and
Shepherd and Gunter (2010) assess the supply chain performance according to the effectiveness and
efficiency of the activity. The former refers to the level of meeting the customer's requirement, and the
later implies the utilization of existing resources in carrying out the activity. More specifically, Caplice &
Sheffi (1994) use three performance dimensions, i.e. utilization, productivity and effectiveness. In which,

utilization metric assesses the use of input resources, such as financial resources, physical assets or
inventory assets, while productivity metric refers to the ratio of actual output quantity to the actual input
quantity in the process. Other evaluation would base on the quantitative approach, which try to quantify

the performance like benchmarking techniques. Foggin et al. 2004) points out that such approach would
require a lot of data which might not be available in the logistics and supply chain practice.

In line with Banomyong & Supatn 2011), we measure the performance of the port-hinterland logistics
from three perspectives, i.e.cost, time and reliability. As logistics services is market driven, we argue that
the implementation of dry ports should be taken from the customers’ perspectives. Since the inland
shippers have the option to go directly to seaports, they will only use the dry port's service if that provide
higher utility for them. While direct charge for services seems to be the first priority of the customers

choice, fast and timeliness are also another crucial factors which influence the hinterland logistics
performance. In this sense, dry ports and seaports are competing to attract the customers at the

interchangable services, i.e.lift on lift off, storage and value added services. The one that provide lower
cost, faster and more reliable services will get more market share of the port-hinterland logistics.

As discussed before, dry ports add values to the port hinterland logistics thanks to the utilization of
multimodality, the abundance of land and the proximity of the customers. In the advanced dry port

system, dry ports become an inland hub to consolidate and deconsolidate cargo for surrounded
customers. In other words, cargo is bundled at dry ports before moving tofrom seaports using a

dedicated transport leg of rail or inland water way. While intermodality is not necessary beneficial in the

short distance, it might save huge transport cost and time over long movement with higher consistency,
especially with an effective transport corridor. Second, many seaports are facing capacity constrains due

to the fast increase in the maritime transport demand (Nguyen and Notteboom, 2016). That results in the
diseconomies of scale caused by the congestion and delay at maritime terminals. Dry ports then offer a
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solution for customers to save their time waiting at maritime terminals for customs clearance or container
services. With the advantage of land abundance, dry ports could provide cheaper price for land

consuming services, i.e. cargo storage, than seaports. Being in the proximity of economic bases, dry

ports could offer the distribution service for their customers which give them more convenient and control
over their cargo. The key for this service is collating the inland terminal with the logistics center to form

a full advance dry ports.

Conceptual model for evaluating dry portimpact to the port hinterland logistics
From the horizontal and vertical approach, we develop the metric matrix of conceptual framework to
evaluating the role of dry port in the port-hinterland logistics. The framework is summarized on the Table

3 as below showing 20 criteria to define the impact of dry ports on the traditional seaport hinterland

logistics.

Port-hinterland
logistics activity

Cost dimension

Time dimension

Reliability dimension

Inland transportation

Saved transport cost
when using dry port

Saved transport time

Improved delivery rate
in full and on time

Cargo handling

Increased handling
cost at dry port

Increased handling
time at dry port

Warehousing

Different warehousing
cost between dry port
& seaport

Saved warehousing
time

Reduce damage rate
at warehouses

Container stripping &
stuffing

Differences in CFS
charge between dry
port & seaport

Saved time at dry port
CFS

Variability of working
time at CFS

Customs inspection
and duty

Saved time when
clearing at dry port

Variability of customs
clearance time

Container
maintenance & repair

Freight forwarding and | Saved cost increased time for

cargo consolidation cargo bundling

services

Bankingsinsurance/ Saved time

financial services

Value-added services Saved cost Improve accuracy

Customer service &
support

Saving time in
customer services

Improvement at
success rate

Table 3: Proposed metrics for evaluating dry port impact to the port hinterland logistics

Conclusion
This paper aims at developing a conceptual framework to evaluating the role of inland nodes in port-

hinterland logistics performance. We first review the literature of port-hinterland settings and point out
the imperative role of dry port and dedicated corridor in high integration logistics system. The conceptual
framework then is built according to the vertical and horizontal approach. The former implies the main
components and activities reproducing the schedule of port-hinterland logistics activities in spatial and
temporal approach. The later approach refers to three perspectives for assessing the action
performance, i.e.time, cost and reliability. The proposed framework includes 24 metrics, which is the
combination of 8 port-hinterland logistics components and three performance perspectives.

This framework provides a number of potential implications for different stakeholders. First, it could be

used as an analytical tool for seaport and inland terminals operators to understand the behavior of
customers in choosing the seaward path. By using proposed metrics, terminal operators could define

their service strength and weakness for improvement. As dry port system provides a lot of benefits for

society through facilitating modal shift, the central government might consider the customer behavior to
better promote dry port development by subsidies and other supports. The inland customers could also

use the framework to compare and contrast different options of moving their cargo from warehouses to
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seaports. Last but not least, other studies could be carried out to benchmark different port-hinterland
systems or different models of inland nodes.

The limitation of this research lies on the lack of empirical studies where all data and analyzes are based
on secondary data. A future study in this domain could be applying this framework to evaluate the role

of dry ports in a specific case or a specific system of a country. This will help demonstrate the applicability
of the conceptual framework and identify the collaborative mechanism to optimize the port - hinterland
logistics.
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