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ABSTRACT

Maritime transportation has played a huge and important role in connecting global
trade in goods. Such relevance has been evidenced by the outstanding increase of
containerized dry cargo transportation, which has putting enormous pressure to bear upon
container terminals’ efficiency. Particularly challenging are seaport-hinterland issues which
entail broader inland geographical distribution of seaport operations. In this context, dry ports
infrastructures have emerged as an option to fix efficiency problems in seaports, optimizing
the shipping network of goods. Despite the relevance of such logistic infrastructure, dry ports
facilities developments are not aware of failures, especially regarding the transitions from
‘project’ to ‘operations’ phases. Considering the perspective of importers/exporters, another
critical issue remains in the service provider choice decision-making, which may vary
according to specificities of each customer. Bearing this in mind, this thesis seeks to attend
three main topics: (i) to make an overall discussion on seaport-hinterland subject, especially
regarding dry ports developments; (ii) to assess the risk factors weighting and
interdependences in dry ports’ projects transition phase from multiple-stakeholders
perspective; and (iii) to propose a flexible cost model to aid customer to select their services
providers into the seaport-hinterland. Toward these objectives, the thesis was developed
aggregating multiple complementary articles, in which eight papers on the subject of seaport-
hinterland and dry ports were presented in adapted versions. As practical contribution, the
thesis presented a framework to enhance the efficiency of dry ports in the Brazilian context
and highlighted the main factors which could affect the shipping cost. Moreover, the results
also evidenced for managers and policy makers in which case dry ports or seaports seems to
become the best option in terms of cost. Academically, this thesis enhances the literature of
dry port developments, proposing a typology of risks for dry port ‘project’ to ‘operations’
transitions comprising eight interdependent risk factors. Lastly, the study also discusses the
competitiveness environment throughout the main actors in the seaport-hinterland in light of

the literature, bringing relevant insights for all stakeholders and practitioners.

Keywords: seaport-hinterland network; dry ports; risk management; container

shipping cost; cost model optimization.



RESUMO

O transporte maritimo tem exercido um importante papel na conexdo do comércio
global de mercadorias. Tal relevancia tem sido evidenciada pelo aumento notavel do
transporte de cargas em contéineres, o que tem colado enorme pressao sobre a eficiéncia dos
portos maritimos. Particularmente desafiadoras sdo as questdes relacionadas a rede porto-
interior, que implicam em uma distribuicdo geografica mais ampla das operacdes portuérias.
Neste contexto, 0s portos secos tem surgido como opgdes para solucionar problemas de
eficiéncia dos portos, otimizando a rede de transporte maritimo de cargas. Apesar da
relevancia deste operador logistico, o desenvolvimento de portos secos ndo esta isento de
falhas, especialmente em relacdo a fase de transicdo de ‘projeto’ para ‘operagdo’.
Considerando a perspectiva dos importadores /exportadores, outra questdo critica refere-se a
escolha do operador logistico, que pode variar de acordo com as especificidades de cada
cliente. Tendo isto em mente, esta tese busca atender trés principais topicos: (i) fazer uma
discuss@o geral sobre a rede porto-interior, especialmente no que diz respeito ao
desenvolvimento de portos secos; (ii) avaliar a ponderacdo dos fatores de risco e as
interdependéncias na fase de transicdo dos projetos dos portos secos a partir da perspectiva de
diferentes stakeholders; por fim, (iii) propor um modelo de custos flexivel para auxiliar a
tomada de decisdo dos clientes na selecdo de seus prestadores de servigcos ao longo da rede
porto-interior. Na direcdo destes objetivos, a tese foi desenvolvida agregando multiplos
artigos complementares, nos quais oito estudos sobre o tema porto-interior e portos secos
foram apresentados em versdes adaptadas. Como contribuicdo pratica, a tese apresentou um
framework para aumentar a eficiéncia dos portos secos no contexto brasileiro e destacou os
principais fatores que podem afetar os custos importacdo. Além disto, os resultados também
evidenciaram aos gestores e tomadores de decisdo de politicas publicas os cenarios em que
portos secos ou portos maritimos se tornam economicamente a melhor opcéo para os clientes.
Academicamente, esta tese aprimora a literatura sobre o desenvolvimento de portos secos,
propondo uma tipologia de riscos para a transicdio de ‘projeto’ para ‘operagdo’
compreendendo oito fatores de risco interdependentes. Por fim, o estudo também discute a
competitividade entre os principais atores da rede porto-interior a luz da literatura, trazendo

informag0es relevantes para os stakeholders envolvidos.

Palavras-chave: rede porto-interior; porto seco; gestdo de riscos; custo de transporte

de contéiner; modelo de otimizacdo de custos.
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1 INTRODUCTION

Maritime transportation has played a huge and important role in connecting global trade
in goods. A look at how the various market segments have evolved since 1990 shows that
growth in maritime trade over the past three decades has been sustained by bullish trends in
containerized trade volumes, coinciding with the wave of hyper globalization (UNCTAD,
2020). With the economy of scale resulted from the maritime transport, shippers/consignees
have broken distances barriers and started to seek providers that fulfill better their
expectations, enhancing the competitiveness throughout the world (HARALAMBIDES,
2019). Despite this grown of maritime operations, some complexities emerge when customers
expand their analysis from a ‘seaport to seaport’ to a ‘door to door’ perspective. In this

context, particularly challenging is the seaport-hinterland network.

Seaport-hinterland is a complex logistic network that exist in very different forms and
arrangements under different terms around the world, especially including multiple actors as
seaports, dry ports, carriers, and customers (shippers/consignees) that may differ in location,
functionality, maturity level, ownership, and initiation processes (KHASLAVSKAYA,;
ROSO, 2020). This step of international trade of goods is defined as all service/operation that
take place from the customer facility until the containerized cargo be loaded in the vessel
(from the export side) our since the container is discharged in the seaport yard until reach the
customer facility (from the import side) (BENTALEB; MABROUKI; SEMMA, 2015; FAZI;
ROODBERGEN, 2018; SARMADI et al., 2020; SONG; DONG, 2012; TSAO; LINH, 2018).
Considering that the portion of inland costs in the total import/export container shipping
would range from 40% to 80%, and it could be reduced by one third with appropriate
regionalization strategies, the interest of shippers and consignees about the hinterland
transport chain has been increasing (NOTTEBOOM; RODRIGUE, 2005).

The most important and indispensable actor in seaport-hinterland is the seaport, logistic
operator composed of a terminal facility with docks and yard, where containers are
positioned, temporarily stored and arrive/leave by means of vessel operation or inland
transportation (truck or rail) (FAZI; ROODBERGEN, 2018; HARALAMBIDES, 2019; YEO,;
THAI; ROH, 2015). In particular, seaports are ecosystems in which a large and heterogeneous
set of stakeholders interact and implement a variety of articulated and interconnected business
operations and processes (SIMONI et al., 2020). However, nowadays container terminals such
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as seaports are much more than places for transferring cargo between different modes of
transport as they offer a wide range of services to exploit potential economies of scale, acting
as gateways to access international markets which requires an alignment of seaside,
intermodal/multimodal and landside logistics to achieve an efficient movement of the physical
(goods) and non-physical (information) flows (HA et al., 2017). A recent report of
international maritime transportation reinforced that currently, seaports are showing more
interest in strengthening connections with the hinterland to get closer to the shippers and tap
the cargo volumes that could be committed to capture local market volumes (UNCTAD,
2020).

Following the increased international trade of goods, many issues started to affect the
seaports such operational and documental congestion, delays in the supply chain, increased
transport, logistics cost and environmental impacts. In this context dry ports have emerged
playing a key role, advancing seaport-hinterland connectivity, mitigating problems caused by
constraints related to land and others that limit seaports’ growth, coordinating the operation of
the seaport supply chain and supporting regional economic development (FENG et al., 2013;
ROSO; LUMSDEN, 2010). The most widely used definition is that dry port is an inland
intermodal terminal directly connected to seaport(s) with high capacity transport mean(s),
where customers can leave/pick up their standardized units as if directly to a seaport (ROSO;
WOXENIUS; LUMSDEN, 2009). More than that, dry ports extends the gates of the seaport
inland, offering services such as storage, consolidation, depot, maintenance of containers,
track and trace, customs clearance, and others additional services that should be available at
the dry port (ROSO, 2007).

As an effect of the global competition, customers are looking for the entire supply-chain
to optimize their operations, reducing the total logistic cost, ensuring reliability and avoiding
shortages (SAMSON; GLOET, 2018). Essentially, any failure or unreliability in a seaport-
hinterland services results in unhappy customers as a consequence of the disruption in the
smooth import/export process (YEO; THAI; ROH, 2015). As the competition in globalized
markets forces organizations to focus on their core competencies and outsource other
activities (RASOULL et al., 2019), the complexity of services required by the customers, not
only in flexible and customized operational services but also in real-time information and
smooth customs process, have opened opportunities for dry ports in the supply-chain. Despite
multiple actors in seaport-hinterland enhance the competitiveness of the entire supply-chain,
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such infrastructure make complex the customers’ choice in select their services providers,

requiring more deep analysis.

Despite the relevance of seaport-hinterland, to establish an effective network node for
global trade depends upon not just its geographical context but also many further potentially
interdependent contextual factors. These relate for example to the national and broader
regional economy, central and local public policy and regulation, and financial opportunities
for funding seaports, dry ports and multimodal transport infrastructure development,
especially on a large scale and over the longer term (DO; NAM; LE, 2011; MURAVEYV;
RAKHMANGULOV, 2016; WANG; CHEN; HUANG, 2018). All of this entails drawing
from the literature (CHIPULU et al., 2019), that the multi-stakeholder contexts for
collaborative working towards making an effective hinterland network may be highly
complex. This accomplishment is relatively difficult due to the existence of many different
sources of risk that vary by stakeholder exposure, experience and perception (BENTALEB;
MABROUKI; SEMMA, 2015). With the above context in mind, many research

problems/opportunities emerge, which are described in next section.

1.1 RESEARCH PROBLEM

The outstanding increase of dry cargo transportation in international trade of goods has
putting enormous pressure to bear upon seaports, experienced commonly as co-emergent
challenges related to terminal capacity, fairway drafts, equipment to handle vessels and their
cargo. Particularly challenging are hinterland issues which entail broader inland geographical
distribution of seaport operations (KHASLAVSKAYA; ROSO, 2020; NGUYEN;
NOTTEBOOM, 2019). In this context, dry ports have played a strategic role in the seaport-
hinterland structure, which makes decision making regarding dry ports developments a
critical factor that can positively or negatively impact the stakeholders involved. With this in
mind, it stated as the first research problem the criticality of dry ports developments decision
making as an option to improve the seaport-hinterland network, requiring a deep

investigation.

Despite the benefits, investments on dry ports depend very much on existing logistic
network connection infrastructure, political, social and financial regulations besides multiple
stakeholder interests (DADVAR; GANJI; TANZIFI, 2011; KHASLAVSKAYA; ROSO,
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2020). Achieve the best benefits of dry ports remains more difficult in countries with a poor
railway connection, losing the scale economy generated through direct connections between
the seaport and the hinterland. This is the current scenario of many developing economies as
the case of Brazil. Just few dry ports in Brazil operate through a railway connection, as
requested by the main definitions in the literature (ROSO; LUMSDEN, 2010;
KHASLAVSKAYA; ROSO, 2020). Beyond the poor railway connection and a transportation
network based on road modal, dry ports in Brazil also face challenges with bureaucratic
customs process, the lack of legislation, and the competitive environment between seaport and
dry ports, requiring improvements (RODRIGUES et al., 2021). However, it is not possible to
change the characteristics of dry ports in Brazil to meet the best benefits in a short time. In
this way, it stated as the second research problem the current context/challenges of dry ports
in Brazil and the lack of definition regarding the role of this logistic player in the studied

seaport-hinterland.

As complex logistic projects, dry ports facilities are not aware of failures, especially
regarding the transitions from ‘project’ to ‘operations’ phases, which suggests that complex
multi-stakeholder infrastructure projects frequently experience ‘disastrous openings’
(BRADY; DAVIES, 2010). This expression refers narrowly and precisely to serious and
reputational compromising operational failures on the first day, following project delivery,
when operations commence (AL-MAZROUIE et al., 2020; MARSHALL et al., 2020). The
previous literature has reported many cases of ‘disastrous openings’ in dry port projects as,
for example, the Multan dry port project in Pakistan that has failure to integrate the rail link,
resulting in capacity underutilization and operational inefficiencies that preclude significant
further development (ALAM, 2016). The same happened with Amal dry port in Sweden, that
has recorded a longstanding low volume of container throughput since 2005, due to poor
transport integration. Other examples of failed dry port ‘project’ to ‘operations’ phase
transitions include the My Dinh dry port in Vietnam, facing overcapacity challenges due to
poor strategic location, and the Cikarang dry port in Indonesia which has experienced
extended cargo inspection durations (JEEVAN, 2016). Both the Codapar and Maringa dry
ports (both in Brazil), were not able to continue operations due to very low handling volume
(CATVE, 2020; MARINGAPOST, 2018). In sum, the consequences of risk in complex multi-
stakeholder infrastructure projects can be quite negative and severe. Hence, risk factors that
may cause ‘disastrous openings’ in dry port projects is stated as the third research problem.
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The complexity of the seaport-hinterland actors/functions may affect shippers and
consignees in choice their services providers. A wrong decision may result in operational
disruption, delivery delays, and excessive costs throughout the import/export process. Some
recent events have touched the relevance of some factors as predictability, reliability and
supply chains disruption for customers’ decision-making in selecting their services providers
as evidenced during the Covid-19 pandemic and the blockade of the Suez’ channel in Egypt in
2021, which brought import/export instabilities and shortages around the world (UNCTAD,
2021). Therefore, choosing the wrong service provider in seaport-hinterland network is stated

as the fourth and last research problem.

1.2 RESEARCH DESIGN

This thesis is designed as a multi article approach (JEEVAN, 2016; LIMA, 2020). For
each research problem discussed in Item 1.1, there is research questions and specifics
objectives discussed in order to bring theoretical and practical contributions. Each article was
built under a distinct method and the context of the study was the case of dry ports and
seaport-hinterland in Brazil. Given the research design stated, the research questions and
objectives, the theoretical and practical justification, the research context and methods are

described next.

1.2.1 Research questions and objectives

The research questions and objectives are defined in order to contribute fixing the

research problems stated above. The main objective of the thesis is stated as follows.

e Main objective: Making an overall discussion on seaport-hinterland subject,
especially regarding dry ports, highlighting the risk factors weighting and
interdependences in projects transition phase, and proposing a cost model to aid

customer to select their services providers throughout the seaport-hinterland.

As the criticality of dry ports development decision making requires a deep
investigation, it is defined as the first specific objective identify the critical factors that affect

dry ports developments. Toward this objective, the first research question seeks to identify the



19

main topics of dry ports discussed in the literature, working as a typology for next studies,
while the second research question aim to find the main criteria that should be considered in
dry ports’ development decision making. With that in mind, the specific objective and

research questions follow.

e Specific objective 1: Identify critical factors that affect dry ports developments.
o Research question 1: How was the development of dry ports’ literature
and the main topics discussed?
o Research question 2: Which are the main criteria that should be

considered in dry ports’ developments?

The second research problem brings the thesis to the specific case of dry ports in Brazil.
Focusing on define the role of this logistic operator, the main issues, challenges and
opportunities as the second specific objective, the third and fourth research questions are

defined as follow.

e Specific objective 2: Defining the role, main issues, challenges and
opportunities of dry ports in Brazil.
o Research question 3: What is the role of dry ports in Brazil and how it
could be assessed?
o Research question 4: Which are the main characteristics, issues,

challenges and opportunities related to dry ports in Brazil?

The third research problem evidenced the relevance of risk analysis/assessment in dry
port projects in order to avoid ‘disastrous openings’, especially in the transition phase from
‘project’ to ‘operations’. Regarding this problem it was stated as the third objective to assess
the risk factors and interdependences for dry ports’ transition phase from a multi-stakeholder

perspective. Hence, the fifth and sixth research questions follow.

e Specific objective 3: Assessing the risk factors and their interdependence for dry
port’s transition from ‘projects’ to ‘operations’ from a multi-stakeholder
perspective.

o Research question 5: What are the similarities and differences between
the stakeholder groups, in their selections and weightings of risk factors

for dry port projects, and what implications arise as a result, both for
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stakeholder-collaborative project risk management in general and for
operational readiness transitions in particular?

o Research question 6: What are (and the nature of interdependence) of the
most commonly experienced risk factors impacting upon the success of

phase transition from ‘projects’ to ‘operations’ of dry port projects?

The complexity of choosing the right service provider throughout the seaport-hinterland
network was highlighted in the fourth research problem. To overcome this problem, it was
stated as fourth specific objective to discuss the customer’s choice in selecting the service
provider in terms of ‘cost’ and ‘time’, offering a flexible tool to assess the container shipping
cost throughout seaport-hinterland. Toward this objective, first the ‘cost’ factors were
identified, then the cost model was proposed and tested following the customers’ specificities,
lastly it was discussed the effect of these factors on seaport-hinterland competitiveness.

Therefore, the last specific objective and research questions follow.

e Specific objective 4: Discussing the customer’s choice in selecting the service
provider in terms of ‘cost’ and ‘time’, offering a flexible tool to assess the
container shipping cost throughout seaport-hinterland network.

o Research question 7: Which are the cost factors that customers should
consider in choosing the service provider in seaport-hinterland network?

o Research question 8: How do customer’s specificities drive the joint
seaport-hinterland network decisions in terms of total container shipping
cost?

o Research question 9: How ‘cost’ and ‘time’ influence the seaport-
hinterland customer’s choice and what is the effect of these factors on

competitiveness.

In general, this thesis works as a tool to aid customers, policy-makers and seaport-
hinterland actors in making decisions. The defined problems were discussed from multiple
perspectives, and various methods and tools was applied in order to bring relevant insights for
all stakeholders in the seaport-hinterland. The scheme to achieve the main objective, starting
from the problems stated is detailed in Figure 1.



21

Figure 1 — Problems, research questions and objectives of the thesis
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1.2.2 Theoretical and practical justification

Shipping is a global service industry that provides the connection among international
markets. Suffice it to say that, due to the morphology of our planet, 90% of international trade
takes place by sea (HARALAMBIDES, 2019). Looking at how the various market segments
have evolved since 1990 shows that growth in maritime trade over the past three decades has
been sustained by bullish trends in containerized trade volumes starting in the 2000s,
expanding the trade volume in 129% since then, coinciding with the wave of hyper
globalization (UNCTAD, 2020). Considering that, the relevance of maritime transportation
for international trade of goods, especially regarding the containerized cargo is the first

justification of this thesis.

With the increased international trade of goods and the consequent effect of it in the
seaport zones, shippers and logistics practitioners started to watch out to optimize the
transport of goods, focusing mainly in the seaport-hinterland (HARALAMBIDES, 2019;
NOTTEBOOM; RODRIGUE, 2005). This movement is evidenced in UNCTAD (2020),
showing that seaports are currently more interest in strengthening connections with the
hinterland to get closer to the shippers and tap the cargo volumes that could be committed,

providing intermodal access, warehousing and other logistics services. This is illustrated by
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the large development of dry ports and rail connections projects, building a network that may
bring a set of 37 benefits for the supply-chain as described by (KHASLAVSKAYA; ROSO,
2020). Therefore, the vital importance of seaport-hinterland network and the growing

development of dry ports facilities are the second justification of this thesis.

Focusing on the theoretical justification, while studies of seaport choice has been
strongly discussed in maritime cargo transportation literature (MOYA; VALERO, 2016;
SLACK, 1985), the seaport-hinterland choice has remained neglected. What emerges from the
above sketch of seaport-hinterland, especially in dry ports infrastructure, is that there are
significant potential opportunities for research developments. While studies about dry ports
have become more significant, the main research was applied in countries of Asia, Europe and
North America (RODRIGUES et al., 2021). However, this scenario of growth on dry port
research is not the same in Latin-America, especially in Brazil. Only a few studies have
described the context of dry ports in Brazil over the last years, despite the relevance of the
country to the international trade market (PADILHA; NG, 2012; NG; PADILHA; PALLIS,
2013; RODRIGUES et al., 2021). Considering that, the literature gap is defined as the third

justification of this thesis.

Despite some gaps in the literature, in the last 10 years, several authors have proposed
models to support decision making in dry ports environment. Among the main problems
approached in the literature were the dry port location-allocation decision (CHANG;
NOTTEBOOM; LU, 2015; KOMCHORNRIT, 2017; NGUYEN; NOTTEBOOM, 2019;
WANG,; CHEN; HUANG, 2018; WEI; SHENG, 2017); the network between dry port,
hinterland and seaport (CHEN et al., 2018; KRAMBERGER et al., 2018; TSAO; LINH,
2018; WEI; SHENG; LEE, 2018); the dry port performance (HARALAMBIDES; GUJAR,
2012; JEEVAN et al., 2017; NG; TONGZON, 2010); evaluation about the transportation
system (LATTILA; HENTTU; HILMOLA, 2013; QIU; LAM, 2018); analysis of the viability
of dry ports (DADVAR; GANJI; TANZIFI, 2011) and its environmental impact
(MURAVEV; RAKHMANGULOV, 2016; ROSO, 2007). The recent interest of scholars on

dry port subject, making it a hot topic, is the fourth justification of this thesis.

Dry port developments are complex multi-stakeholder infrastructure projects associated
with financing design, construction and ongoing management and maintenance (WANG;
CHEN; HUANG, 2018; KHASLAVSKAYA; ROSO, 2020). The management challenges on
such projects deserve to be considered through the view of risk in complex multi-stakeholder
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infrastructure projects (AL-MAZROUIE et al., 2020; MARSHALL et al., 2020). Considering
the range of interdependence risk factors that could affect the operational success/failure of
dry ports projects (BENTALEB; MABROUKI; SEMMA, 2015), and the evidence of dry port
‘disastrous openings’ detailed in Item 1.1, it is imperative to further explore these issues.
Hence, the necessity for a deep understands of risk in dry port projects transition phase is the

fifth justification of this thesis.

Lastly, as dry port works as a seaport in the hinterland (BENTALEB; MABROUKI,
SEMMA, 2015), one of the most important decisions of shippers and consignees concern in
choosing their services providers. As mentioned by Lattila, Hentu and Hilmola (2013), in
order to a dry port to be successful, customers need to be able to operate with lower (or at
least equal) costs compared to a seaport. However, this decision may vary according to many
factors. These includes the value and type of cargo (consolidated or deconsolidated), the
distance of the delivery route, the kind of transportation mode to be employed, the dwell-time
of the container stored, the amount of additional-services required, and so on. This complexity
is enhanced by the competitiveness among the main actors of the seaport-hinterland, each one
struggling to enlarge their market-share. Despite the relevance of customers decision-making,
this topic still remains a literature gap requiring more clarification, as evidenced in two recent
systematic reviews covering dry port’s researches (KHASLAVSKAYA; ROSO, 2020;
RODRIGUES; MOTA; SANTOS, 2021). Therefore, explore these issues in order to aid
customers to choose the logistic operator that best fit their requirements is the sixth

justification of this thesis.

1.2.3 Research context

The study is set within the context of dry port and seaport-hinterland in Brazil, covering
the risk and container shipping cost assessment. Brazil is the largest country in South America
and the world’s fifth-largest country by area. With a population estimated at over 211 million,
it is also the sixth most populous country in the world (IBGE, 2020). Economically, Brazil is
the 9th economy in the world, with a GDP of US$7.4 trillion, exporting US$209 billion and
importing US$158 billion in 2020 (MDIC, 2021; WORLD BANK, 2020). Furthermore,
Brazil is the 20th largest container-handling economy in the world, handling more than 10
million TEUs per year, where only Santos seaport hub in S8o Paulo state is responsible for
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34% of this volume (ANTAQ, 2021; UNCTAD, 2019). Given the above factors, Brazil very

clearly plays a major role in global international trade and maritime cargo transportation.

The configuration of seaports in Brazil is as follows. There are a little over 134 seaports
currently operational in Brazil. Approximately 34 of these are publicly owned, with the rest
privately owned (GOVERNMENT OF BRAZIL, 2017). Focusing on container terminals,
there are currently 29 operational seaports, being 14 of that responsible for 95% of the volume
handled in 2019 (ANTAQ, 2021). Santos seaport highlights as the most important container
terminal in Brazil, responding for 37% of the total volume of TEUs handled in 2019, followed
by Paranagué seaport (8.3%) and Itapoa seaport (7%) (ANTAQ, 2021). Most volume of
containerized cargo is handling in public seaports (69.6%), while the private seaports respond

for 30.4%. The geographical distribution of seaports in Brazil follows in Figure 2.

Figure 2 — Logistic infrastructure of seaports (container terminals) and dry ports in Brazil
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From the hinterland side, there are currently 56 dry ports in Brazil (ECONOMY
MINISTRY, 2020), characterized by handling especially import cargo (RODRIGUES et al.,
2021) and mainly located in the southeast (29) and south (17) of the country. The connection
between seaports and hinterland is dominated by road (65% of the transport share). With15%
participation in the transport matrix and focused on transport commaodities as iron ore and
grains (80% of total volume), Brazil has a low density of rail network compared to continental
countries such as Canada, India, USA, China and even other developing countries in Latin
America, such as Mexico and Argentina (ANTF, 2019). The geographical distribution of dry
ports in Brazil is presented in Figure 2. What emerges from this brief sketch of dry port and
seaport-hinterland infrastructure in Brazil is that there are significant potential opportunities

for logistic project developments.

1.2.4 Research method

This thesis approach is divided in three main groups: (i) exploratory research; (ii) risk
assessment; and (iii) seaport-hinterland choice and shipping cost as presents Figure 3. In order
to achieve the main objective stated, specifics methods was applied in each step of the
research. Fulfilling the first specific objective and the seventh research question, two
systematic review were conducted following the 3-stage and 9-phase model described by
NHS Centre for Reviews and Dissemination (2001), adapted by Tranfield, Denyer and Smart
(2003). As result of this method, two databases were built, one with the critical factors for dry
ports’ developments and the other with the seaport-hinterland cost and service level factors
for customers’ decision making. Completing the exploratory research group, two case studies
were carried on in Brazilian context based on Voss, Tsikriktsis and Frohlich (2002), applying
the Value-Focused Thinking approach (KEENEY, 2001) to attain the second specific
objective.

The methods in second research group aim to reach the third specific objective. First,
answering the fifth research question, the critical factors for dry ports’ developments
identified previously were analyzed by the view of risk and assessed through a survey
approach with logistics experts in Brazil. The inputs were aggregated using the Exploratory
Factor Analysis method and tested statistically. Second, to reach the sixth research question,
the Fuzzy-based DEMATEL approach, following Si et al. (2018), was applied to identify the

interrelationship among the risk factors in dry ports project transition phase.



Figure 3 — Research method approach

| Systematic
: Review
—_——— Specific —
% ’,-'— Objective 1 o — ).—
-
ket Article 1
Objetive Critical factors for
dry ports' developments
—
2
§ Exploratory research
2 -{ Case studies
= i | Value-Focused Thinking
z :
T Specific N
_g Objective 2 v B
fal Articles 2and 3
Specific
Objegtive 4 [ Systematic
il Review
: —
Research . —
»  Question 7 >-
Article 6
Seaport-hinterland cost factors
for custoomer's decision making
Survey approach
] --{ Exploratory Factor Analysis
2 i | Statistic analysis
= :
= i
T |
515 Research N
w|g Question 5 d
o |m;
Lk Article 4
[} 2 |
S 4 --[Fuzzy-based DEMATEL
o Specific H
Objective 3 = .
esearc! .
Question 6 '.
Article s |
@ [ Cost model
=] A simulation Y
L&) ;
2 A
'g Research
= Question 8 i >
o Article 7
o
g . 4
2 Spé(-:.iﬁc [ Stochastic simulation
é Objective 4 ¢ | Statistic analvsis
< Research h 4
= Question g
[
€
=
& Article 8 Main Objective
2 Achieved
[+]
L]
w

Source: This thesis (2022).

26

The last group of articles aims to reach the fourth specific objective. Answering the

eight research question, a cost model approach was proposed and simulated in a case study in

Brazil. Then, the cost model was simplified and simulated stochastically (Monte-Carlo

approach) in another case study in Brazil. Answering the ninth research question, statistical

analysis was run and the results were discussed. The process in Figure 3 shows the thesis
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approach from a holistic view, stating the main methods required to develop the thesis. The

details of the method applied are described in the next chapters.

1.3 THESIS STRUCTURE

The structure of the thesis follows in Figure 4.

Figure 4 — Thesis structure
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The first chapter contextualized the research, defining the problems addressed, the main
objective, stating the research questions and the methods applied. Working as the basis of the
thesis, the second chapter details the theoretical background, highlighting topics of dry ports
literature, risk management in complex infrastructure projects and the seaport-hinterland

literature.

The first result of the thesis is presented in Chapter 3. Through a systematic review of
the literature, the critical factors for dry ports’ developments were presented in a revised
version of the first article. Focusing in the Brazilian case, the Chapter 4 presents a revised
version of the articles 2 and 3, discussing the main role, challenges and opportunities for dry
ports in a developing country. Chapter 5 and 6 start to discuss dry ports’ projects through the
view of risk. First, a revised version of the article 4 presents risk assessment in dry ports’
project transition phase from multiple stakeholders’ perspective. Second, the interrelationship

among the risk factors is discussed.

Chapters 7 and 8 approach the seaport-hinterland network, mainly the customers’ choice
in selecting their services providers. Chapter 7 highlights the main cost factors regarding the
choice between dry ports and seaports, proposing a cost model for container shipping
considering multiples delivery routes and actors. Lastly, Chapter 8 analyses the customer’s
choice in terms of cost and time, discussing the competitiveness throughout the seaport-
hinterland. Hence, the last Chapter concludes the thesis emphasizing the practical and
theoretical contributions, the economic, social and environmental impact, as well the

limitations and suggestions for future researches.
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2 THEORETICAL BACKGROUNDS

This chapter introduces the theoretical foundations of this thesis divided in three main
sections. First, dry port literatures are detailed, presenting the development of this logistic
operator in some countries, highlighting the main functions and classification approach.
Second, dry ports is discussed in light of risk management literature, especially regarding
complex infrastructure projects from a multi-stakeholder perspective and the transition phase
from ‘project’ to ‘operation’. Lastly, the literature is extended to the seaport-hinterland
subject, focusing on the customers’ choice in selecting the service provider and in previous

optimization models that served as basis for the cost model proposed in this thesis.

2.1 DRY PORT LITERATURES

Dry port was originally defined as an inland terminal to and from which shipping lines
can issue their bills of lading (UNCTAD, 1982), but the most widely used definition is that
dry port is an inland intermodal terminal directly connected to seaport(s) with high capacity
transport mean(s), where customers can leave/pick up their standardized units as if directly to
a seaport (ROSO; WOXENIUS; LUMSDEN, 2009). Existing in very different forms and
arrangements under different terms around the world, they are sometimes called Inland Ports,
Inland Container Depots (ICDs) and, in a limited number of cases, Container Freight Stations
(CFS) (NGUYEN; NOTTEBOOM, 2019; UNESCAP, 2015). Despite some controversy
regarding the dry port definition, the term ‘dry port’ is becoming more popular worldwide,

assuming a prominent position in the international logistic network.

2.1.1 Dry port functions

As the name implies, a dry port provides all of the services of a seaport except for the
loading of cargo to and from seagoing ships. The concept of dry port thus denotes logistics
centers established inland, offering core service functions of customs declaration, inspection
declaration and insurance on bills of lading (KA, 2011). Further added services such as
storage, consolidation, depot, maintenance, track and trace, customs clearance, etc., should
also be available at dry ports, simplifying the import and export procedures (ROSO, 2007).
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Dry ports can serve a number of unique functions. The most obvious is containerization
(onward transport of sea cargo via containers) (RODRIGUE et al., 2010). When located
approximately less than 100km from the seaport, a dry port can also be used as a satellite
terminal (WAKEMAN, 2008). Satellite terminals are basically extensions of a main seaport,
which allows for extra loading and unloading at lower cost. Dry ports can also serve as load
centers and hubs (WAKEMAN, 2008). These are primarily deemed intermodal, in that they
provide a hub for the loading and unloading of cargo across road, inland water and rail within
a reasonable distance from major production hubs. Finally, and extending this notion of inter-
modality, dry ports can also serve as trans-modal centers (BERESFORD et al., 2012),
providing a source of interchange for cargo that is transported between road, inland water, air

and rail.

Noting the various functions mentioned above, dry ports provide a number of logistical
advantages for global supply chains (WAKEMAN, 2008). For example, they offer points of
cargo consolidation (achieved from loading) and deconsolidation (unloading). Furthermore,
they also offer warehousing, so as to relieve seaports from capacity challenges and allow for
more efficient end customer order fulfillment. Additional benefits of dry ports include relief
of storage and customs space limitations. Other services such as, depot, maintenance of
containers, track and trace, customs clearance, and others additional services should be
available at the dry port. Focusing on security and control by the use of information and
communication systems (ROSO, 2007), dry ports not only expand seaport hinterland areas
and increase its cargo sources, but also simplify import and export procedures. The smooth
coordination between a seaport and its dry ports directly impacts the effective operation
throughout the logistics supply chain. Driven by global economic integration and inland-
oriented logistics services, the cooperation between seaports and their dry ports is getting
increasingly close, changing the dynamics of interaction between seaports and hinterlands
(CHEN et al., 2018).

2.1.2 Dry port development

The development of dry ports are most advanced in Europe (NOTTEBOOM;
RODRIGUE, 2009). Currently, a wide array of rail operators makes up the supply of rail
products out of European container seaports. From a network perspective, intermodal rail

transport in Europe has undergone a transition from a meshed network to a hub-and-spoke
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network based on intermediate rail hubs and then finally the replacement of the network by a
system of direct lines (RODRIGUE; NOTTEBOOM, 2012). In the United States there are
large inland terminals, commonly around metropolitan areas, commanding a regional
manufacturing base and distribution system through the double stack train (NOTTEBOOM,;
RODRIGUE, 2009; RODRIGUE; NOTTEBOOM, 2012). Compared to Europe, North
American’s dry ports tend to be larger and cover a much more substantial market area.
Another characteristic regarding the setting of a dry port, or at least the intermodal terminal
component, is mostly in the hands of rail operators due to a different ownership and
governance structure (RODRIGUE; NOTTEBOOM, 2012).

On the other hand, China started to build dry ports later and many of them were
developed to improve local economies in central and western China, consistent with the ‘Go
West’ strategy produced in 2000 (LI; DONG; SUN, 2015; KA, 2011). In Russia, the
construction of inland terminals was at a very early stage of development due to a lack of
infrastructure development in seaport cities and existing regulations which impeded container
seaport development and their inland connections (KOROVYAKOVSKY; PANOVA, 2011).
Other studies detailed the development of dry ports in India (HARALAMBIDES; GUJAR,
2011; HARALAMBIDES; GUJAR, 2012); Vietnam (NGUYEN; NOTTEBOOM, 2016;
NGUYEN; NOTTEBOOM, 2017) and Malaysia (JEEVAN; CHEN; CAHOON, 2018;
JEEVAN, 2016), discussing challenges, government policies, location-decision and

investment strategies.

Initially called ‘Depositos Alfandegados Publicos’ (Public Bonded Warehouses) and
later ‘Estagdo Aduaneira do Interior’ (Inland Customs Station), dry ports were introduced in
Brazil in 1976 at secondary zones, which are zones without foreign direct contact as seaports,
airports or boundaries zones (PADILHA; NG, 2012). However, the term ‘Porto Seco’ (Dry
Port) was only adopted in 2002 (PADILHA; NG, 2012). In the same year, the use of dry ports
for industrial operations was introduced by the Normative Instruction 241/02. In 2006,
responding to the protracted legal disputes, the Provisional Measure 320 (MP320) was
introduced, attempting to allow dry ports to operate by means of licenses issued by the
Brazilian Federal Revenue, expanding the scope of dry port to the Logistic and Industrial
Customs Centre (CLIA) (PADILHA; NG, 2012). However, that provisional measure was
considered unconstitutional and rejected by the Brazilian Senate (NG; PADILHA; PALLIS,
2013). In 2013 another Provisional Measure (MP 612/13) brought this subject to the

discussion again and several companies that were under the dry port regime requested to



32

change to CLIA, but the MP 612/13 also expired without being converted into a law (NG;
PADILHA; PALLIS, 2013). Therefore, there is no standard normative for the creation of new
CLIAs in Brazil and, in this thesis the terms CLIA and dry port are considered the same

logistic operator.

With the advent of dry ports, the competitiveness between the main actors along the
seaport-hinterland has increased, forcing seaports to implement various means to control the
container flow and gain competitiveness (CHEON; SONG; PARK, 2018). Recently, a new
strategy used by seaports is extending the terminal gate to include selected hinterland
locations, enabling the movement of containers into those locations without prior involvement
of the shipping company, the ship- per/receiver or customs (VEENSTRA; ZUIDWIJK; VAN
ASPEREN, 2012). This inland terminals managed by the seaports is called extended gate.
Implementation of the extended gate concept is seen as a good solution for ports in East
Africa, but it would require a joint effort by multiple stakeholders, both private and
governmental (KHASLAVSKAYA; ROSO, 2020).

Developing a dry port requires a high investment level and there could be many options
for obtaining funds. Some countries adopted the concession policy, as applied in China
(BERESFORD et al., 2012). Another option is the public and private cooperation through
Public—Private-Partnership (PPP) agreements, as discussed by (HARALAMBIDES; GUJAR,
2011) in India, (PANOVA; HILMOLA, 2015) in Russia and (NGUYEN; NOTTEBOOM,
2017) in Vietnam. In Brazil, dry ports operate under the concession regime, after a bidding
process managed by the Brazilian Federal Revenue (NG; PADILHA; PALLIS, 2013). Until
now, there is no record of PPPs applied to dry port development in Brazil.

2.1.3 Dry port classification

Considering the different developments of dry ports around the world, classify dry ports
becomes a difficult mission. Regarding the distance between the dry port and the seaport,
Roso, Woxenius and Lumsden (2009) proposed to classify dry ports as long distance (>500
Km), midrange (between 100-500 Km) and close distance (<100 Km). The long distance is
the most conventional of the three and the main reason for implementing it is simply that the
distance and the size of the flow make rail viable from a strict cost perspective; a midrange
dry port is then situated within a distance from the seaport generally covered by road transport
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and serves as a consolidation point for different rail services, implying the use of
administration and technical equipment specific for sea transport; the close dry port
consolidates road transport to and from shippers outside the city area offering a rail shuttle

service to the seaport relieving the city streets and the port gates.

Despite the above classification, the size and logistics infrastructure will vary in
different countries, making vast the difference of distances involved. Some of the major
inland manufacturing and commercial centers of China and India are 1,400 — 1,800 km from
the seaports, while the international trade of Central Asia must travel between 1,000 and
8,000 km to find an outlet to the sea. By contrast, in other countries, such as the Republic of
Korea and those of Southeast Asia, distances between trade origins or destinations and
seaports are comparatively short, in some cases being in the range of 100-300 km
(UNESCAP, 2015).

Also in relation to the location function, China’s dry ports are classified into three
groups, namely seaport-based, city based and border dry ports (BERESFORD et al., 2012).
Seaport-based refer to facilities which are sited at the coast with a major function of pre-
customs clearance and find to capture more cargo flowing along the inland supply chain and
to relieve capacity constraints at the seaport. The city-based is typically positioned within a
larger logistics cluster which serves production and consumption besides offering a wider
range of value-added logistics services than the seaport-based. On the other hand, a border dry
port refers to one located in the border area, with the major function of being a transshipment
center or custom clearance service. In another view, Notteboom and Rodrigue (2009)
proposed seven dimensions characterizing inland nodes as transport modes served, ranging
from unimodal, when it is connected only by road; bimodal, when there are another options as
railways or barge; and trimodal, when the dry port is connected with the seaport by three

transportation modes.

2.2 RISK MANAGEMENT IN COMPLEX INFRASTRUCTURE PROJECTS

The success or failure of a project may well be determined by the quality of its risk
management (WRIGHT, 2018). According to Marshall et al. (2019), risk management needs
to be concerned with building corporate nervous systems along which information can flow,

not primarily to drive strategy and agility per se, but more pressingly to engage complex
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threats that often have some social and reflexive aspect. This idea has profound general
implications for stakeholder-collaborative management on projects; specifically, it implies
that conceivably any spontaneous or planned interaction on projects between interested
internal and/or external stakeholders might constitute an occasion where risk information is
either generated for, or pushed through, the corporate nervous system upon which effective

risk management depends.

Most academic guidance on project risk management also emphasizes a need to identify
risk and underlying uncertainty early in the process (CHAPMAN; WARD, 2003). This
principle is especially apt for risk management in complex projects where there are many
planning matters to be addressed both at the outset and iteratively throughout, en route
towards achieving clarity on what specific project activities and associated risks might require
management prioritization at different points in time. In this thesis, we consider these
challenges as pertaining to a ‘complex system’ of dynamically interrelated project activities
and associated risk and uncertainty issues, recognizing that the characteristics and behavior of
the whole system can be extremely difficult to deduce from its various parts when these are
framed in isolation as system inputs (SIMON, 1982). This problem is widely recognized as
making the evaluation of risk in real projects difficult (WILLIAMS, 2017). Notably, the
problem is not just that risks synergize, but also that the activities that require risk
management are themselves changing and also subject to ongoing re-framing, such that
associated risk can then be viewed differently. The thesis contend, accordingly, that these
challenges are sufficiently fraught as to explain much of the widely recognized problem
whereby complex multi-stakeholder infrastructure projects frequently experience ‘disastrous
openings’ (BRADY; DAVIES, 2010), as stated before. Beyond the cases of ‘disastrous
openings’ in dry ports already pointed, the literature also presents such occurrence in other
complex infrastructure projects, as for London Heathrow’s Terminal 5 airport (BRADY;
DAVIES, 2010), and for the underground rail projects in Singapore (HWANG; ZHAO; YU,
2016).

In order to avoid ‘disastrous openings’ amidst complexity in project-to-operations
transition phases, some formal risk analysis can be helpful , recognizing of course that
systemicity challenges may often limit what is achieved (WIILLIAMS, 2017,
ROTHENGATTER, 2019); furthermore, the subjectivity and heterogeneity of risk factors
may impede stakeholder collaboration within such endeavor (CHIPULU et al., 2014).

Moreover, the approaches generally used for such risk analysis are mono-criterion, which
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means that risks are considered as if they were independent, while in practice they often
present interdependencies. More specifically, we contend that an understanding of pertinent
risk categories and their tendencies to interrelate, offers the prospect of a more structured
approach to exploring the complexity and fluidity of risk issues in circumstances where
stakeholders are often likely to hold diverging perceptions. In effect, this entails collaborative
stakeholder co-working where an agreed set of categories together with a common
understanding of their key interdependencies, can constitute a distinctive ‘top down approach
to risk identification’” (MARSHALL et al., 2019), which forms the basis thereafter for more
focused and coordinated collaborative risk management practice (TESTORELLI; LIMA,
VERBANO, 2020).

2.2.1 Risk management from a multi-stakeholder perspective

Managing risk in complex infrastructure projects is commonly understood as requiring
great integration of effort and careful sensitivity to, as well as management of, stakeholders’
interests (NGUYEN; SKITMORE; WONG, 2009). Some management challenges, e.g. (i)
multidimensional and asymmetric constructs of risk employed; (ii) stakeholder multiplicity,
which amplifies the first challenge; and (iii) the contradictory individual logics that must also
be addressed, can present significant obstructions to successful multi-stakeholder project risk
management (AL-MAZROUEI et al., 2021). Furthermore, Chipulu et al. (2014) found that
the level of importance that stakeholders assign to project outcomes was dependent on a
number of individual demographic factors such as age, gender and national cultural identity.
This heterogeneity emerges because within project and operational contexts, individual
stakeholders focus on different socially constructed parameters of outcomes, depending on a
number of individual factors that may include their individual perceptions of risk and the
degree to which they may ascribe priority to individual project success and/or failure
dimensions (CHIPULU et al.,, 2019). Crucially, divergent views on preferred outcomes

strongly imply divergent views on the risks that threaten the outcomes.

Project success is also well known to depend very much on fulfilling stakeholders’
needs and expectations (NGUYEN; SKITMORE; WONG, 2009). This significantly
complexifies the classic project management practice which frames project success in terms
of preferred trade-offs between cost, time and quality (CHIPULU et al., 2014). Such

subjectivity in risk perception, complexified both by variance along the life-cycle of the
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project, and by the coming-and-going of stakeholders over that life-cycle, creates a range of
unexpected and novel risks that require constant re-evaluation through the simplifying lens of
project readiness (AL-MAZROUEI et al., 2021). Project managers must therefore identify
stakeholders, giving thought to how they may rotate in and out of projects, understand their
expectations/interests, and be accurately aware of their potential influences on the project
(NGUYEN; SKITMORE; WONG, 2009). As an alternative risk management approach, the
recent framework proposed by Testorelli, Lima, and Verbano (2020) explicitly incorporates
stakeholder perspectives, focusing more particularly on control-of-bias pertaining to risk
perception and evaluation, understanding of stakeholders’ needs and expectations, and
providing for continuous, systematic and transparent communication and consultation

between interested stakeholders at all steps in the process.

Clearly, therefore, risk management in infrastructure projects depends on multiple
stakeholder interactions within a complex network which the earlier mentioned ‘corporate
nervous system’ metaphor (MARSHALL et al., 2019) helps us to explore in terms of the
critical risk deliberation and risk knowledge transfer that is continually at issue. All
participating stakeholders may have discordant categorically structured views of what the

risks are, why they matter, and how they should be prioritized for management purposes.

2.2.2 Project phase transitions

Logistic infrastructures like dry ports and seaports, like most complex multi-stakeholder
infrastructure projects, are delivered over a finite period of time, by temporally and uniquely
organized teams consisting of multiple actors and stakeholders that are likely to be dispersed
on project completion (GRABHER, 2004; VAN MARREWIJK et al., 2016; MCGIVERN et
al., 2018). Typically, an input-process-outcome view of project delivery suggests that on
completion of the ‘front end’ project, a process of transition commences leading to the
commencement of a distinct ‘back end’ operations phase. Herein, transitions entails the
process of bridging two very distinct architectures of organizing (VAN MARREWIJK et al.,
2016). Drawing from Maylor et al. (2018), such transitions involves the bridging of work
which is temporary, unique and novel (projects) and work which is repetitive, permanent and
ongoing (operations). Organization studies point to significant tensions in terms of how to
adequately balance the likely contradictory needs for different forms of organizing;

management flexibility, learning, governance and strategizing that are simultaneously
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applicable to the temporality of projects and permanence of operations. Thus, the literature
espouses the susceptibilities of complex multi-stakeholder infrastructure projects to phase
transition failures (BRADY; DAVIES, 2010; MARSHALL et al., 2020; WHYTE;
NUSSBAUM, 2020; AL-MAZROUIE et al., 2021).

Various specific reasons have been advanced in the literature to explain why such
failures do occur. Marshall et al. (2020), for example, contend that these failure emanate from
the uncertainty associated with need to constantly make adjustments to the back end of
projects (to which operations falls within), in light of gradual knowledge and awareness of
specific risks at the front end of the project. Their work is drawn in part from Whyte and
Nussbaum (2020) who observe the need for management to constantly vary and refocus
priorities, processes, procedures and forms of managing. Phase transition failures in complex
multi-stakeholder infrastructure projects will therefore often occur due to their long planning
durations (which inevitably will mean changes original requirements and complex

independencies between the various facets of the projects and the desired operations).

2.3 SEAPORT-HINTERLAND NETWORK LITERATURE

The traditional flow of goods, where shippers and consignees could leave and pick their
products from and to a seaport directly by road transportation is changing. The advent of dry
ports in the last 40 years has modified the traditional network to a new structure, as presents
the Figure 5. A generic description of the different stages of cargo flow considering dry ports
is based on Bentaleb, Mabrouki and Semma (2015), Tsao and Linh (2018), Fazi and
Roodbergen (2018), and Sarmadi et al. (2020) as follows: (i) inland leg: in export and import,
the shippers and consignees has the option to deliver or pick their containers to/from a dry
port or directly to a seaport by road transportation; using a dry port, this container could be
deliver/pick to/from seaport by rail or road transportation; in this step, the inland
transportation, cargo storage, customs clearance process and additional services take place.
(i) Vessel operation: this step begins when the container is planned and loaded/discharged
to/from a vessel, depending only of the seaport operator and shipping line. (iii) Sea leg: this

step portrays the deep-sea transport, connecting the international trade of goods.

Taking into account the new transportation network, customers and freight forwarders
are looking for supply chain effectiveness, reducing the total logistic cost with a high service
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level (NOTTEBOOM; RODRIGUE, 2005). This new structure enhance the competitiveness
among the main actors in seaport-hinterland network and brings complexity in customer’

choice. Such issues are discussed in this section.

Figure 5 — Containerized import/export network
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Source: (RODRIGUES et al., 2020).

2.3.1 Seaport-hinterland network choice

The preference among different stakeholders for seaport-hinterland to operate through
either a dry port or a seaport may involves numerous considerations (CASTELEIN;
GEERLINGS; VAN DUIN, 2019). In general, there are two viewpoints in terms of how the
preference for seaport-hinterland to operate through either a dry port or a seaport is usually
decided. The first viewpoint involves shippers selecting an ocean carrier and turning over the
route and seaport choice decisions to that ocean carrier. That means that the shippers in this
instance will not be involved in making the final decisions about individual seaports (carrier
haulage). As relates to the second viewpoint, the ultimate decision about the route, landside
transportation including the dry port and seaport choice will reside with the customer
(merchant haulage) (CASTELEIN; GEERLINGS; VAN DUIN, 2019).

Customers in seaport-hinterland networks tend to be grouped against priorities or size.

For example, based on priorities, customers can be grouped into three consisting of the first
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group, in effect, those who maintain long-term contracts with shipping lines. These groups of
customers are generally very committed to a particular carrier. They would have maintained a
high level of customer interaction spanning a number of years to a particular carrier and are
therefore dependent on the shipping lines’ chosen of seaport and hinterland transport/services.
The second group of customers is those who use freight forwarders and in the process, tend to
delegate the responsibility for route selection to the freight forwarders. The final group of
customers is those who are independent shippers. This group of customers are usually
engaged in the route selection (TONGZON, 2009). Customer in seaport-hinterland networks
may also be grouped based on size. For example, studies by Slack (1985) suggest that smaller
customers appear to be influenced by price differentials while for the larger customers
undertaking regular shipments the question of quality of service is more relevant.
Furthermore, Steven and Corsi (2012) found that large shippers emphasize the factors

affecting speed of delivery more than the freight charges compared to small shippers.

A review of prior research on dry port and seaport choice conducted by Rodrigues et al.
(2020) suggest that research on seaport choice that touches upon parameters such as seaport
effectiveness and maritime line optimization are well established in the literature. Examples
of this literature being Talley and Ng (2013), Moya and Valero (2016) and Hsu, Lian, and
Huang (2020). In addition to studies focused on seaport effectiveness and maritime line
optimization, other studies have examined intermodal connection decision and network
optimization (TRAN; HAASIS; BUER, 2017). However, despite these studies, little attention
has been given to the entire seaport-hinterland network choice. More especially, such studies
that takes into consideration not only multimodal transportation and dry port as an option, but
also the choice among a set of dry ports the one that best fit the customers’ perspective have
been neglected. The thesis, however, acknowledge that there are some relevant studies in
these areas. For example, Onwuegbuchunam and Ekwenna (2008) found that the service
level, security, efficiency, infrastructure and proximity to market are the most important
factors influencing choice of dry ports by shippers. Léttila, Henttu, and Hilmola (2013)
undertook studies focusing on assessing whether cargo should be channeled through dry ports
or should be channeled directly to the seaport. Most recently, Jiang et al. (2020) formulated a
model to describe the joint choice of shippers on seaport, transport mode and dry port. Their
study found evidence that the competitiveness of a hinterland transport chain is jointly
determined by seaports, transport modes, dry ports, and the services that are provided by

shipping lines at seaport and dry port.
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Despite the vast literature about seaports (from a sea leg perspective), many costs and
service level factors are related to the hinterland side, making it possible for dry ports and
seaports to be compared as services providers. A number of studies undertaken in this area
have found that factors such as total logistics cost, responsiveness, satisfaction with previous
service, reputation of the logistics operator, intermodal connectivity, and speed are the most
important factors in choice the service operator from the hinterland side (BASK et al., 2014;
REZAEI et al., 2019; VALLS et al., 2020). As customers are looking for reduce their total
logistics cost (TALLEY, 2019), in order for a dry port be successful and competitive, it
should be able to offer customers a lower or at least equal total logistics costs compared to
those operated through seaports (CULLINANE; BERGQVIST; WILMSMEIER, 2012). Some
of these logistics costs that should be considered include storage cost, transportation cost,
handling cost, inventory cost, and demurrage and detention cost (NUGROHO; WHITEING,;
JONG, 2016; REZAEI et al., 2019; JIANG et al., 2020). A recent study by Rodrigues et al.
(2020) has synthesized the above literatures.

2.3.2 Seaport-hinterland network competition

Competitiveness is an aspirational attribute of operations because it enables firms to
survive and thrive (OLIVEIRA; CARIOU, 2015; DURUGBO et al., 2021). The competition
in fact occurs based on the competitive priorities, which are goals and choices that reflect
aspirational, conditional and preferential emphasis in manufacturing and operations strategy
to select, develop and use competitive capabilities in reinforcing competitive advantage and
satisfying customer and market demands (DURUGBO et al., 2021). There are a range
competitive priorities, or factors, that determine the choice behavior of customers; the core
dimensions described in the literature are cost, quality, time and flexibility (DURUGBO et al.,
2021).

Integrating the same supply-chain, dry ports and seaports may build a competitive cargo
shipping environment, depending on the objectives and the relationship among various
stakeholders (actors). The literature reinforces the notion that the efficiency of supply chains
may be impacted by conflicting objectives among stakeholders. For example, (i) while
shipping lines design their service network in a manner that makes most of the scale
economies, (ii) the aim of freight forwarders is to provide value-added services to their final

customers, (iii) seaports and dry ports seek to maximize their hinterland chain throughputs,
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while (iv) intermodal carriers generally focus on maximizing their hinterland chain profits
while importers and exporters focus on minimizing the hinterland chain logistics costs of their
cargoes (TALLEY; NG, 2017; TALLEY; NG, 2018).

Competition within the cargo shipping environment may also exist within steps that are
carried out during the import/export process. First there is intra competition, which is the
competition inside the same seaport-hinterland network, concerning the competition (i)
among dry ports in the hinterland, (ii) among seaports, (iii) among dry ports and seaports, and
(iv) among road and rail carriers. Second exist the inter competition, concerning the
competition among different seaport-hinterland networks, which may happen in the same
country (among states) or among countries. The intra competition may be expressed as the
example of seaports and dry ports competing to store the container cargo, which happens
mainly when the throughput of containers in the seaport is low, having yard capacity to store
containers available (RODRIGUES et al.,, 2021). Going beyond, an example of inter
competition between countries or seaport-hinterlands will exist where different ones offers tax
benefits to attract the import/export service (CHEON; SONG; PARK, 2018; RODRIGUES et
al., 2020).

With increased competition in the global market, companies are required to be efficient
not only within their organization but throughout their supply chains (MASKEY; FEI;
NGUYEN, 2020; RASOULLI et al., 2019). Empirical studies on seaports in the United States
find evidences that the competition between seaport-hinterland actors is associated with high
efficiency, since it provides incentives for companies to improve their operation (OLIVEIRA,;
CARIOQU, 2015; WAN; YUEN; ZHANG, 2014). With this in mind, while importer/exporters
are looking to reduce their logistic cost, the actors in the seaport-hinterland network struggle
to improve their services to first gain the intra competition and enlarge their actuation zone.
The intra competition may be stated in terms of ‘cost’ and ‘time’. Some evidences of this are
found in the studies of Lirn and Wong (2013), that defined ‘cost’ as the most important
service dimension influencing freight transport choice behavior for import/export of grains;
Alonso, Monios, and Pinto (2017) and Moura, Alonso, and Olmedo (2017) delimited the
seaport competition through hinterland accessibility based on cost and distance, which is
therefore often a determinant of ‘time’; lastly, Rezaei et al. (2019) defined ‘cost’ and ‘time’

along the transport chain as the dominant factors for seaport competitiveness.
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Despite that, it was observed that the sole efforts to improve service quality or reduce
the logistic cost by an unique actor in the supply chain looks ineffective and, despite the
challenging task due the interest conflicts of different stakeholders, higher integration and
coordination between the players in supply chains lead to a higher competitiveness of the
entire hinterland (HA; AHN, 2017). In this way, seaport-hinterland collaboration may
significantly enhance seaports’ competitiveness, especially through information and risk
sharing, improving the reliability and, coordination among stakeholders (JEEVAN; CHEN;
CAHOON, 2019). Despite the benefits, this integration is not an easy task and is not only
limited to setting up systems and processes but also on the functional activities (HA; AHN,
2017). The results from the index of cooperation performance evaluation system developed by
Li and Jiang (2014) identified weakness between dry port and seaport cooperation related to
shared information, cargo throughput and regional policy restriction. Other examples of lack
of information and collaboration emerges in India and Brazil (NG; GUJAR, 2009;
RODRIGUES; MOTA; OJIAKO, 2020). A strategy that seaports are taking to overlapping
hinterland and to gain competitive edges is developing their own dry port (JIANG et al.,

2020), called “extended gate” as stated before.

2.3.3 Previous optimization models

Previous research have contributed to the discussion of the seaport-hinterland network
as lannone and Thore (2010) which built a model to minimizes the sum of all container
related logistic costs throughout the entire seaport-hinterland distribution network in Italy
context, subject to balancing conditions at all nodes and capacity constraints over railway
links. The results confirmed the importance of dry ports and inland logistic systems for the
distribution of international maritime containers. Based on the same model, lannone (2012)
demonstrated how the competitiveness of the regional container seaport cluster can be
boosted by an dry port-based extended gateway system with adequate customs facilities and
improved railway connections. The author highlighted that the future competitiveness of the
regional seaports and their hinterland distribution system will depend on a further improved

supply of dry port services.

Important highlights for the dry port-seaport network literature came from Tran, Haasis
and Buer (2017) that proposed a model to optimize container flows between two continents

via an end-to-end service minimizing total costs. The authors identified that inland/feeder
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transport costs are the highest among supply chain costs and they are influenced much by the
selection of ports. Taking into account the importance of the hinterland network, the majority
of previous studies have focused on transport optimization. The study of Janic (2007)
developed a model considering internal and external costs of intermodal and road freight
transport networks. The results have shown that intermodal transport cost has benefits of
economies of scale for large distances. Moreover, Kapetanis, Psaraftis and Spyrou (2016)
have presented a parameterized model to continuously assess, even during the transportation
event, all the alternative transportation modes for a given destination in terms of time, cost
and emissions. In other approach, Qiu and Lam (2018) have proposed a shared transportation
system that could bring significant profit improvement to the dry port and cost savings to
shippers, compared with the direct transportation system. Lastly, Crainic et al. (2015) have
defined optimal routes and schedules for the fleet of vehicles providing transportation services
between terminals of a dry port intermodal system, minimizing the overall logistic cost.
Despite the relevance of transportation cost in shippers’ hinterland network decision, the
different transport modes should not only be optimized separately, but they should also be
attuned to the entire hinterland and consider multiple and, sometimes, conflicted criteria
(CARIS; MACHARIS; JANSSENS, 2013).

Going beyond the transportation cost, hinterland networks composed by dry ports and
multimodal transportation also have effects on CO2 emissions. This subject also has been
covered in previous studies. From hypothetical dry port facilities simulations, Henttu, Lattila
and Hilmola (2011) estimated the quantity of dry ports which optimizes the transportation
network in Finland context. Furthermore, the authors identified that replacing road transport
with rail transport the environmental impacts can be lowered considerably. From the same
perspective, Lattila, Henttu and Hilmola (2013) analyzed the option to deliver the cargo
directly to a seaport compared to using a dry port. The authors have found that by
implementing dry ports network the CO2 emissions decreases and the transportation cost
savings are about 4-16%. This result is aligned with Oey and Setiawan (2017), that compared
dry ports and seaports in terms of cost and time for the shipper and concluded that cost saving

is possible when using a dry port.

Other subjects were also carried in previous researches. Related to the storage cost, Kim
and Kim (2007) discussed a method of determining the optimal price schedule for storing
inbound containers proposing three analytic models for the free-time-limit and the storage

price for the storage beyond the free-time-limit. Going beyond, Qiu, Lam and Huang (2015)
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proposed a theoretical basis for guiding shippers in choosing dry port or seaport for storing
outbound containers and have found that the seaport’s storage pricing strategy has significant
influence on the performance of dry port and shippers. The authors also observed that dry
port’s profit may decrease with the increase of container delivery frequency from shippers
when the frequency is high, since the storage duration of containers at the dry port is
significantly reduced. Assessing the impact of different demurrage and detention regimes on
the inland transport systems, Fazi and Roodbergen (2018) have shown how these variables do
not motivate shippers to move containers out of the seaport. Furthermore, they have suggested
that dry ports associated with combined demurrage and detention fees can be a major solution
to relieve seaports from congestion and promote the use of high capacity means of transport.
Also considering the empty containers problem, Sarmadi et al. (2020) have proposed a dry
port network design model that integrates strategic and operational decision making. The
results have shown that the direct transportation of laden containers between the seaport and
manufacturers was mostly performed by rail, whereas road was mainly employed for the
movement of empty containers between the seaport and manufacturers through dry ports,
confirming the pivotal significance of dry ports relevant to empty container reposition in the

container shipping networks.

The literature background stated in this chapter worked as the base for the thesis
development. More specific literature follows in the adapted version of the articles in next

chapters.
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3 CRITICAL FACTORS FOR DRY PORT’ DEVELOPMENT

A reviewed version of the paper: RODRIGUES, T.; MOTA, C.; SANTOS, I.
Determining dry port criteria that support decision making. Research in Transportation
Economics, v. 88, p. 1-10, 2021. DOI: https://doi.org/10.1016/j.retrec.2020.100994.

3.1 CONTEXTUALIZATION

Integrating a complex environment with multiple actors, many criteria can impact the
development of dry ports. Some well-known issues that arise are the intensity and irregularity
of the input freight flows and vehicles; the dry port size, capacity and location; the seaport-
hinterland network transport capacity; the costs related to dry port construction; the operation
cost throughout the seaport-dry port system; and the social and ecological impact for seaport
and city zones (MURAVEV; RAKHMANGULOQOV, 2016). Considering the relevance of dry
ports development and the growth interest of scholars in this subject, such criteria may be
identified from the relevant literature on this topic. With that in mind, this chapter aims to
fulfill the first objective of the thesis, identifying the critical factors that affect dry ports’

developments.

In order to aggregate the criteria from multiples cases and answer the first and second
research questions of the thesis, a systematic review was performed with papers published
from 2000 on found in the Scopus and Web of Science databases. Looking from a holistic
perspective, 76 papers that reported research on dry ports were analyzed to identify gaps in
the literature and to build a framework composed by the criteria which should be considered
in the dry port development/decision making. The next items of this chapter details the

systematic review process, the main results and the insights from the aggregated factors.

3.2 MATERIALS AND METHODS

The systematic review followed the 3-stage and 9-phase model described by NHS
Centre for Reviews and Dissemination (2001), adapted by Tranfield, Denyer and Smart
(2003), and was supported by the PRISMA Statement information flow (MOHER et al.,
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2009). The data collection and analysis period was from December 10, 2018 to April 8, 2019,
limited to published research from the year 2000-2018. The databases used in this review
were Scopus and Web of Science, in surveys published in English or Spanish. For a wide
coverage, key terms referring to the dry ports used were those described by (NGUYEN;
NOTTEBOOM, 2016; ROSO, 2007; ROSO; WOXENIUS; LUMSDEN, 2009): Dry Port,
Inland Clearance Depot (ICD), Intermodal Freight Centre, Intermodal Freight Terminal,
Freight Nodal Terminal, Inland Port and Container Freight Station (CFS). The search for
keywords was limited to the title of the paper, using only articles and reviews of the databases
defined.

The flowchart detailed in Figure 6 describes the different phases of the systematic
review, mapping the number of records identified, included, excluded, as well as the reasons
for exclusion. The criteria selection included articles that focused on dry ports developments,
models to support decision making, research relating to dry port-seaports connection and
hinterland. The exclusion criteria were papers that focused on seaports, hub ports, container
terminals, which were not considered; papers including the inland port keyword, which

referred to inland waterway and inland river port only were not included in this review.

Figure 6 — Steps of systematic review
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- 'Full-text articles assessed for eligibility L Full-text articles excluded, with reasons
= (n=76) (n =20)
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Studies included in qualitative synthesis
(n=76)
Studies included in quantitative synthesis (meta-analysis)
(n=38)

Source: (RODRIGUES; MOTA; SANTOS, 2021).
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The search in the Scopus and Web of Science databases resulted in 157 and 97 articles
respectively. After filtering all articles resulting from the search and removing duplicates, 168
papers were obtained. At the Screening stage of the 168 articles, 96 were selected after
reading the title and abstract. In this phase, the goal was to select articles that focused on dry
ports, following the previously defined selection criteria. At this stage, 72 articles were
eliminated, since they were not part of the scope of the research, addressing topics such as
Dry Bulks, Container Security, Rail Transport, Inland Waterway, Inland River Port, among
others. The process followed with the Eligibility stage, in which 96 articles were read. This
stage resulted in the selection of 76 articles that fit the criteria of the papers focusing on dry
ports, composing the qualitative analysis of the review, while 20 were excluded. Out of the 76
articles, 38 refer to models to aid the decision making and address the more specific scope of

the research, being included for the quantitative analyses.

3.3 RESULTS

After consolidating the data of the systematic review, a concentration of publications in
the last decade was observed, which evidences that the research in this area is still in the
initial phase with increasing importance. Figure 7(a) shows the evolution per year of the
articles on the stated scope, while Figure 7(b) shows the accumulated amount of articles every
five years. Additionally, the articles were categorized into two types of studies for further
comparison: (i) papers concerned with the general context of dry ports development, when the
focus was dry port concept, definitions and main characteristics for instance; and (ii) papers
that present models to support the decision making process, dealing with location and
allocation problems, network system, dry port performance and so on. Accompanying this
evolution, it was observed that papers in the general context of dry ports were mainly
published between 2010 and 2014 (21 papers) and models to support the decision making
since 2015 (25 papers), which shows that researches on dry ports are changing towards
quantitative models. Furthermore, 67 out of 76 articles were published since 2010, mainly in
the year 2017 and 2018 when 10 papers were published each year, which means that
researchers are more interested in problems that evolve dry ports, looking for solutions and

improvements in the supply chain network.
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Figure 7 — Evolution of researches on dry port subject
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One of the most relevant papers in the dry ports literature was developed by Roso,
Woxenius and Lumsden (2009) that extend the theory behind the dry port concept to define
three dry port categories: (i) distant, (ii) midrange and (iii) close. Another important study was
put forward by Rodrigue et al. (2010), who explored how the transport and supply chain
functions and the various actors involved in their setting and operations are filtered and
materialized in inland ports, as shown in Table 1. Regarding models that support decision
making, the highlights are for Roso (2007), who performed a comparison between two
logistic models, one with a dry port and the other without dry port, evidencing, through
simulations the benefits that the use of a dry port can bring to the system as a whole; and
Rahimi, Asef-Vaziri and Harrison (2008) measured the current scenario of road freight
transport and proposed a second scenario with dry port, verifying a reduction in the number of
miles transported. Table 1 also shows that the most cited authors in the papers selected (cross-
reference) were Violeta Roso, Theo Notteboom and Jean-Paul Rodrigue as the main
researchers on dry ports. Among the articles in the database, 57 are case studies conducted
mainly in China and India. In addition, the concentration of case studies in Asia and Europe
was evident, while American and African countries had low representativeness. This result is
in line with UNCTAD (2020) that presents Asia and Europe with the highest container

handling and a developed port and rail structure.
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Table 1 — Most cited papers, authors and case studies

n . n [

General papers s Decision models § Mainauthors , S  Case Studies E Case E
= papers =1 oo c  Studies c
© [ o © [+ [+
= = 2 S S
(®) O oe o] o]

(ROSO; WOXENIUS; 187 (ROSO, 2007) 65 Violeta Roso 81 China 10  Asia 29

LUMSDEN, 2009)

(RODRIGUE et al., (RAHIMI; ASEF- 52  Theo 47 India 6 Europa 18

2010) 109  VAZIRI; HARRISON, Notteboom

2008)

(VEENSTRA,; (LATTILA; HENTTU; 42 Jean-Paul 45 Finland 4 Oceania 4

ZUIDWNK; VAN 71 HILMOLA, 2013) Rodrigue

ASPEREN, 2012)

(ROSO, 2007) 65 (NG; CETIN, 2012) 31  Johan 40 Spain 4 North 2

Woxenius America

(ROSO, 2008) 58 (KA, 2011) 29  Kenth Lumsden 36 Australia 3 Africa 2

(NG; GUJAR, 2009) 55 (HARALAMBIDES; 27 AdolfKY.Ng 28 Italy 3 South 2

GUJAR, 2012) America

(RAHIMI; ASEF- (NG; TONGZON, 2010) 20 Teodor Crainic 26 Sweden 3

VAZIRI; HARRISON, 52

2008)

(ROSO; LUMSDEN, 48 (DOTOLI et al., 2016) 18  Ville Henttu 24 Vietnam 3

2010)

(JARZEMSKIS; 46 (HENTTU; HILMOLA, 18 Brazil 2

VASILIAUSKAS, 2007) 2011)

(LATTILA; HENTTU,; 1 (NGUYEN; 15 Netherlands 2

HILMOLA, 2013) NOTTEBOOM, 2016)

(BERESFORD et 38 (CRAINIC et al., 2015) 14 Thailand 2

al.,2012)

(HANAOKA; REGMI, 36 (QIU; LAM; HUANG, 10 United States 2

2011) 2015)

Source: (RODRIGUES; MOTA; SANTOS, 2021).

The VOSViewer tool was applied to the keywords and abstracts of the 76 papers in
order to portray the main topics covered in the research database. The keywords with more
than 4 occurrences are presented in Figure 8, where dry port (51), intermodal transport (10),
inland port (8) and logistic (8) were the most cited. This output also confirms the relationships
among important topics as the network between the dry ports, seaports, and hinterland, as
well as the logistic factors as location and transportation mode. As the concept of dry ports is
connect the seaport with the hinterland through high capacity transportation mode, mainly rail
(ROSO; LUMSDEN, 2010), this result is aligned with the main topics discussed in
theoretical background. The intermodal transport is the way to reduce transportation cost
through scale economy, making dry ports attractive to shippers and consignees. However,

achieve an intermodal infrastructure requires high level of investments in long terms projects
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as well the cooperation of several stakeholders, which is not the reality mainly in developing
countries, which have a poor transport infrastructure, challenging the benefits of dry ports
implementation (NG; PADILHA; PALLIS, 2013; NGUYEN; NOTTEBOOM, 2016;
PADILHA; NG, 2012).

Figure 8 — Keywords most cited in systematic review
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Source: (RODRIGUES; MOTA; SANTOS, 2021).

By analyzing the abstract of the papers, it was revealed four (4) clusters of terms most
used in dry port studies. Figure 9 shows the relationship between the main terms that had
more than 12 occurrences. In addition to the term dry port, with 181 occurrences, seaport (59),
model (59), transport (46) and inland port (42) also had relevance. Going deep into cluster
analysis, cluster red shows relationship among dry port development, mainly in China, dry
port services and intermodal transport. Cluster green has seaport as the main topic, connected
with hinterland and transportations mode as road and rail. Furthermore, cluster yellow
emphasizes articles with models to aid decision making, highlighting transport and location as

main issues discussed. Lastly, cluster blue connects shippers with dry ports (inland ports) and
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seaports, and highlights the concept and importance of dry ports as main topics in the abstract

of articles from the systematic review.

Figure 9 — Main topics covered in systematic review
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Source: (RODRIGUES; MOTA; SANTOS, 2021).

The main issues discussed by the selected papers are the dry port development
(BERESFORD et al., 2012; LI; DONG; SUN, 2015; RODRIGUE; NOTTEBOOM, 2012;
ROSO, 2009) models to aid de decision making in dry port location and allocation (KA,
2011; KOMCHORNRIT, 2017; NG; CETIN, 2012; NGUYEN; NOTTEBOOM, 2016;
RAHIMI; ASEF-VAZIRI; HARRISON, 2008) the dry port concept (CULLINANE;
BERGQVIST; WILMSMEIER, 2012; NOTTEBOOM; RODRIGUE, 2009; ROSO, 2007;
ROSO; WOXENIUS; LUMSDEN, 2009) the network among dry ports, seaports and
hinterland system (BASK et al., 2014; HASSAN, 2016; RODRIGUE; NOTTEBOOM, 2012;
TSAO; LINH, 2018), dry port performance (CARBONI; DEFLORIO, 2018; DOTOLI et al.,
2016; JEEVAN et al., 2017; NG, TONGZON, 2010), the environment evaluation
(HARALAMBIDES; GUJAR, 2012; LATTILA; HENTTU; HILMOLA, 2013; MURAVEYV;
RAKHMANGULOV, 2016; ROSO, 2007) among others presented in Table 2.
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Table 2 — Main issues discussed in the database papers

Issues Articles

Dry port development 15

[N
N

Dry port location and allocation

Dry port concept

Dry port performance

Network among dry port, seaport and hinterland system
Environment evaluation

Distribution system and transport optimization
Impact of dry port implantation

Dry port investment

Dry port public-private partnership

Dry port competition

Evaluation of dry port as an alternative
Ranking dry ports

Carriers and shippers view about dry ports

Storage pricing strategy

PR NN N DN DN NN DD oo N o

Government policies

Source: (RODRIGUES; MOTA; SANTOS, 2021).

The discussion about dry port development led many researchers to analyze the
questions and factors involved in this issue in many countries, considering their environment
and context specificities. The second most discussed issue was dry port location, which
requires a thorough decision making process once it is too costly to relocate the facility in the
short term. More details about the main issues discussed in the articles follow in Table 3.

Table 3 — Papers distribution and main issues

Year *GDPP  *DMP Total Main issues covered References

2003 1 0 1 Comparison between carriers and (WALTER; POIST, 2003)
shippers desired attributes about dry
ports.

2004 0 1 1 Shippers' perceptions and preferences (WALTER; POIST, 2004)

for a proposed dry port.

2007 1 1 2 Dry ports concept, definitions and (JARZEMSKIS; VASILIAUSKAS, 2007;
transport mode system. ROSO, 2007)

2008 1 1 2 Challenges of dry port implementation (RAHIMI; ASEF-VAZIRI; HARRISON,
and location-allocation model to 2008; ROSO, 2008)

optimize hinterland network.

2009 3 0 3 Dry port concept and classification (NG; GUJAR, 2009; ROSO, 2009; ROSO,
considering the environmental WOXENIUS; LUMSDEN, 2009)

perspective; furthermore, papers



2010

2011

2012

2013

2014

2015

2016

2017

10

overcome dry port competition and

government policies.

Dry port concept, taxonomy, functions
and actors. Some papers also cover
efficiency, pricing and dry port

competition.

Dry port development, models to aid
location decision, measurement of dry
port feasibility, quantity of dry ports
facilities, transportation mode

optimization and dry port governance.

Dry port development and concept,
impact of dry port implementation,

location and efficiency model.

Dry port development, location-
allocation model, challenges and

feasibility of dry port implementation.

Dry port city challenges and dry port-

seaport dyads development.

Risk factors in dry port-seaport system,
dry port development, investment and
governance, dry port location, freight
distribution planning and storage price
strategy.

Dry port location, performance
optimization, environmental factors in
transportation mode using dry ports and

network design.

Dry port development, location-

allocation model, dry port performance,

(BOSSCHE; GUJAR, 2010; NG;
TONGZON, 2010; RODRIGUE et al.,
2010; ROSO; LUMSDEN, 2010)

(DADVAR; GANJI; TANZIFI, 2011; DO;
NAM; LE, 2011; HANAOKA; REGMI,
2011; HARALAMBIDES; GUJAR, 2011;
HENTTU; HILMOLA, 2011; HENTTU;
LATTILA; HILMOLA, 2011; KA, 2011;
KOROVYAKOVSKY; PANOVA, 2011;
MONIOS, 2011)

(BERESFORD et al., 2012; CULLINANE;
BERGQVIST; WILMSMEIER, 2012;
GONZALES; BLANCA; MELLADO,
2012; HARALAMBIDES; GUJAR, 2012;
NG; CETIN, 2012; PADILHA; NG, 2012;
RODRIGUE; NOTTEBOOM, 2012;
VEENSTRA; ZUIDWIK; VAN
ASPEREN, 2012)

(DOOMS; HAEZENDONCK; VALAERT,
2013; FENG et al., 2013; LATTILA;
HENTTU; HILMOLA, 2013; MONIOS;
WANG, 2013; NG; PADILHA; PALLIS,
2013; RATHNAYAKE; JING;
WIJERATNE, 2013; ROSO, 2013; ZENG
etal., 2013)

(BASK etal., 2014; WITTE et al., 2014)

(NUNEZ; CANCELAS; ORIVE, 2015;
BENTALEB; MABROUKI; SEMMA,
2015; CHANG; NOTTEBOOM; LU, 2015;
CRAINIC et al., 2015; JEEVAN; CHEN;
LEE, 2015; LI; DONG; SUN, 2015;
PANOVA; HILMOLA, 2015; QIU; LAM;
HUANG, 2015; RATHNAYAKE; JING;
ERANDI, 2015)

(NUNEZ et al., 2016; CAVONE; DOTOLI;
SEATZU, 2016; DOROSTKAR;
SHAHBAZI; NAEINI, 2016; DOTOLI et
al., 2016; HASSAN, 2016; MURAVEV;
RAKHMANGULOV, 2016; NGUYEN;
NOTTEBOOM, 2016)

(JEEVAN et al., 2017; KOMCHORNRIT,
2017; KWATENG; DONKOH;

53
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public-private partnership, logistic MUNTAKA, 2017; NGUYEN;
network and factors of dry ports NOTTEBOOM, 2017; OEY; SETIAWAN,
operations. 2017; SOUZA; LARA,; SILVA, 2017,

WANG; CHEN; HUANG, 2018; WEI;
SHENG, 2017; WEI; SHENG; LEE, 2018)

2018 4 6 10 Seaport-dry port network and (BLACK et al., 2018; CARBONI;
competitiveness, selection of seaports DEFLORIO, 2018; CHEN et al., 2018;
considering dry ports, transportation JEEVAN; CHEN; CAHOON, 2018;
services, factors influencing location KRAMBERGER et al., 2018; OLAH etal.,
and timeframes, dry port benchmark and ~ 2018a; OLAH et al., 2018b; QIU; LAM,
best practices. 2018; TSAO; LINH, 2018; VEJVAR et al.,
2018)

*GDPP — General dry port paper

*DMP — Decision model papers

Source: (RODRIGUES; MOTA; SANTOS, 2021).

The main computational tools used in the studied models were Cplex (5), which is an
optimization software package, Matlab (4), an interactive programming system, ArcGis (3),
which is a geographic information system, among others highlighted in Table 4. This software
aids in modeling problems resulting in relevant information to support decision making.
These tools converge with the main issues discussed in the papers as optimization and dry

port location, allowing a wide application.

Table 4 — Main software used in database papers

Software Papers
CpleX 5
Matlab 4
ArcGis 3
M-Macbeth 2
Hipre 2

Amos, AnyLogic, Deap 2.1, Expert Choice, G*Power, Lambit,
Mathematica 7.0, Quantum Gis, Visual Promethee

Source: (RODRIGUES; MOTA; SANTOS, 2021).

In addition to the main issues discussed and the computational tools applied, this review
sought to identify the decision makers and criteria that influence the processes involving dry
ports. Each country has its dry ports structure, governance model and transportation logistics

network. This fact influences the actors present in the decision process as well as their relative
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importance. According to Nguyen and Notteboom (2016), the main stakeholders in a dry port
setting include seaport actors, shippers, forwarders, investors, terminal operators, central and
local government, infrastructure managers, local residents and road users. The general

identification of the actors as summarized in Table 5.

Table 5 — Main actors in dry ports’ development

Decision Makers and Stakeholders References
Dry port operator

Seaport operator o
(NUNEZ et al., 2016; DADVAR; GANJI;

TANZIFI, 2011; FENG et al., 2013; KA, 2011;
KRAMBERGER et al., 2018;
KOMCHORNRIT, 2017; NG; PADILHA;
PALLIS, 2013; NGUYEN; NOTTEBOOM,
2016; KWATENG; DONKOH; MUNTAKA,
2017; QIU; LAM, 2018; ROSO; WOXENIUS;
LUMSDEN, 2009; TSAO; LINH, 2018).

Railway operator
Road operator
Airport operator
Shipper and Importers
Port authority

Expert in logistics
Shipping lines
Government agents

Stakeholders (society, forwarders, service providers, third-party companies)

Source: (RODRIGUES; MOTA; SANTOS, 2021).

Through the systematic review, 45 criteria were identified to be considered in the dry
ports decision processes. These were divided into 6 groups: (i) cost factors, (ii) location,
installation and infrastructure factors, (iii) accessibility factors, (iv) operational factors, (V)

social and policy factors, and (vi) environmental factors, as detailed in Table 6.

Table 6 — Dry port factors that support decision making

Dry port factors Sub-factors References

Cost Factor Congestion cost (NUNEZ; CANCELAS; ORIVE, 2015; FENG et al., 2013;

KA, 2011; KRAMBERGER et al., 2018; NG; CETIN,

2012; NGUYEN; NOTTEBOOM, 2016; MURAVEYV;

RAKHMANGULOV, 2016; QIU; LAM, 2018; RAHIMI;

Port and dry port charge cost ASEF-VAZIRI; HARRISON, 2008; WANG; CHEN;
HUANG, 2018; WEI; SHENG, 2017).

Installation cost (opening, closing, land, built and maintenance

cost of dry port and network infrastructure)

Transportation cost

Storage cost

Locational and Auvailability of land and growth capacity (NUNEZ; CANCELAS; ORIVE, 2015; FENG et al., 2013;
Infrastructure HENTTU; HILMOLA, 2011; KA, 2011;
Demand for dry port services (volume of exporting and
Factors yp vices (volu xporting KOMCHORNRIT, 2017; KRAMBERGER et al., 2018;
importing)

MURAVEV; RAKHMANGULOQV, 2016; NG;
Distances to the inland destinations TONGZON, 2010; NGUYEN; NOTTEBOOM, 2016;



Accessibility
Factors

Operational

Factors

Social and Political

Factors

Distances to the production base

Distances to the seaport

Dry port area and capacity (size of total area)
Dry port capacity (exploitation in %)

Infrastructure facilities (security of infrastructure, logistics

center)
Proximity to other logistics platform
Storage Capacity

Weather, Orography, Geology and Hydrology

Accessibility to airports
Accessibility to inland waterway
Accessibility to ports

Accessibility to railway
Accessibility to road

Accessibility to supplies and services

Capacity of transport communications between a seaport and

dry port

Transportation condition

Information system

Number of TEUs per day transported
Range of services

Rate of input and consolidation
Security management

Storage price in the dry port and seaport
Transportation capacity

Transportation time

Terminal utilization in %

Customs clearance policies

Employment generation (number of employees and

employees per exploited area)
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KWATENG; DONKOH; MUNTAKA, 2017; QIU; LAM,
2018; ROSO, 2007; WANG; CHEN; HUANG, 2018; WEI;
SHENG, 2017).

(NUNEZ et al., 2016; CHANG; NOTTEBOOM; LU, 2015;
KOMCHORNRIT, 2017; MURAVEYV;
RAKHMANGULOV, 2016; NGUYEN; NOTTEBOOM,
2016; WEI; SHENG, 2017; WEI; SHENG; LEE, 2018).

(JEEVAN et al., 2017; KRAMBERGER et al., 2018; NG;
TONGZON, 2010; NGUYEN; NOTTEBOOM, 2016;
OLAH et al., 2018a; QIU; LAM, 2018; RAHIMI; ASEF-
VAZIRI; HARRISON, 2008; ROSO, 2007).

(CHANG; NOTTEBOOM,; LU, 2015; HENTTU,
HILMOLA, 2011; KA, 2011; NG; TONGZON, 2010;
NGUYEN; NOTTEBOOM, 2016; OLAH et al., 2018a;
KWATENG; DONKOH; MUNTAKA, 2017; WEI;
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Financial support SHENG, 2017; WEI; SHENG; LEE, 2018).

Political environment (policy-oriented and regional

cooperation environment)
Social and economic development

Population of destination

Environmental Green logistic policy (NUNEZ; CANCELAS; ORIVE, 2015; CHANG;
Factors NOTTEBOOM; LU, 2015; MURAVEYV;

Impact on natural and urban environment during dry port RAKHMANGULOV, 2016: NGUYEN: NOTTEBOOM,
2016; OLAH et al., 2018a; ROSO, 2007; ROSO, 2013;
Noise and visual impact WEI; SHENG, 2017).

placement and operation

Policy Environment
Transportation congestion

Transportation pollution (road and rail carbon emission)

Source: (RODRIGUES; MOTA; SANTOS, 2021).

Among the most relevant factors to the dry port users are those related with cost:
transportation, installation, congestion, and storage costs. Operational costs include, in
addition, cost for build and maintenance infrastructure facilities, as well as operating cost of
transport, storage, and handling containers. Some losses from congestion, dwell time, and
violation of the requirements of timely freight delivery are considered costs (MURAVEYV;
RAKHMANGULOV, 2016). The most reduction of transport cost and time may be achieved
when customers use dry port that are directly connected with seaports by rail, taking
advantage of the economy of scale (NGUYEN; NOTTEBOOM, 2016).

The location analysis should follow a multiple stakeholder perspective selection. Any
new dry port facility project should meet the demand of the market, or dry port users; be
compliant with public planning and create value for the community in order to receive public
support; and in the end be financially viable for investors and operators (NGUYEN;
NOTTEBOOM, 2016). Furthermore, dry port developments should take into account factors
as land and labor availability, information technology level, regional trade facilitation level
and reliability (NUNEZ et al., 2016; RODRIGUE et al., 2010). In general, the problem of
evaluating possible locations for dry ports can be considered as a particular case of the hub
location problem and most research works present an objective of minimizing the total cost or
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maximizing the total profit, considering different variables and parameters along the research
purposes (WANG; CHEN; HUANG, 2018).

Like any transport facility of significance, a dry port requires an appropriate site with
good access to the rail, road or the barge terminal as well as available land for development.
Access to a large population base is of importance, since it will be linked to the level of
import and export activities handled by the dry port (RODRIGUE; NOTTEBOOM, 2012).
The criteria related to the accessibility to a transport mode measure how easily different
inland transport infrastructures can be accessed from the dry port location. For road transport,
we consider the distance to the nearest highway exit, average daily traffic and level of service
(NUNEZ; CANCELAS; ORIVE, 2015). On the other hand, rail accessibility to gateway
seaports is at the heart of the functioning and development of most dry ports around the world
(JEEVAN et al., 2017; RODRIGUE; NOTTEBOOM, 2012).

Some factors as the number of containers transported per day, the transportation
distance, capacity and time to the destination are considered in the dry port decisions.
Furthermore, a dry port operation aggregates a range of services as customs clearance, which
reduces transportation costs and provides time advantages to customers, container storage,
warehousing, maintenance, empty containers depot and transfer facilities between nodes (NG;
CETIN, 2012; ROSO; LUMSDEN, 2010). The availability of such a full range of services in
dry ports promotes the concept of ‘through-transport’ which encourages dry ports as common
user facilities that support the transfer of containers from the seaport of origin to the
hinterland of destination (JEEVAN et al., 2017).

Considering the complex flow of goods moving through different actors in the supply
chain, the management of information highlights as a crucial part of operational factors and
achieve coordination and reliable information remains a challenge to dry ports operations
(JEEVAN et al.,, 2017). According to Jeevan (2016) a different approach has been
implemented in Valencia dry port, Spain, which introduced a Port Community System (PCS)
to integrate different stakeholders in seaport operations and maritime transport by giving
support, and managing information and administrative procedures in the dry port operation.
The PCS covers the information from various stakeholders, particularly shippers, rail
operators and seaports, producing integration and coordination between dry ports and their
clients. This integration provides significant advantages for customers in some dry ports in
Russia (KOROVYAKOVSKY; PANOVA, 2011) and Malaysia (JEEVAN; CHEN;
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CAHOON, 2018). However, it is missed in other developing countries like Brazil and India,
which have bureaucratic customs process and a lack of information through the supply chain
(JEEVAN, 2016; NG; GUJAR, 2009; NG; PADILHA; PALLIS, 2013).

The results advocate that dry port’s developments should take into account a number of
qualitative factors such environmental and social factors. Government policies such as those
relating to transport and trade facilitation, infrastructure, environment, investment, seaports,
multi-modal transport, logistics and land can influence dry port operations (HANAOKA,;
REGMI, 2011). As an option, investment policy, allowing private and public partnerships
(PPP) in dry port operations, has been widely adopted, involving the private sector in
financing dry port development, while the public sector provides land for development and
plays a regulatory role in operations (NGUYEN; NOTTEBOOM, 2017). The effectiveness of
this government policy cannot be achieved without an infrastructure policy. Therefore,
investment in transport infrastructure to increase collaboration between seaports, dry ports
and other stakeholders becomes a crucial factor for logistics infrastructure development
(JEEVAN et al., 2017; NG; CETIN, 2012). According to Black et al. (2018) the main success
factor in dry ports development, given the multiplicity of agents involved, is to discuss
operational agreements in advance within a market driven development framework that is
supported by the Government logistics policies. Hence, there must be coordination among
various government agencies and the willingness of the transport system actors to cooperate.

Considering the environmental factors, a reduced number of trucks on the roads
generates less congestion, fewer accidents, lower road maintenance costs, and less vehicle
CO2 emissions (BLACK et al., 2018). The development of dry ports can mitigate problems
caused by constraints related to land and others that limit the growth of seaports. Dry ports
can also coordinate the operation of the seaport-hinterland and support regional economic
development. Consequently, dry ports are changing the dynamics of interaction between
seaports and hinterlands (FENG et al., 2013). With dry port implementation, CO2 emissions
should decrease, congestion at seaport terminals and seaport city roads should be avoided, and
the risk of road accidents reduced (ROSO, 2007). Besides the general benefits to the
ecological environment and the quality of life by shifting flows from road to rail, the dry port
concept mainly offers seaports the possibility of securing a market in the hinterland,
increasing the throughput without physical port expansion as well as better services to
shippers and transport operators. The seaport cities, and also often the port authority, benefit
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from less road congestion and/or less need for infrastructure investments (ROSO;
WOXENIUS; LUMSDEN, 2009).

3.4 DISCUSSION

The research related to dry ports is recent and has a wide field of exploration. The
challenges in this theme involve simple guestions like an understanding of the definition and
concept of dry ports and their characteristics until the use of complex models to optimize the
logistics structure in a seaport-hinterland network. The literature focused mainly on location
problems and case studies covering the development of dry ports, leaving important gaps such
as the analysis of governance models; the impact of public policies on infrastructure as well as
on bureaucratic and legislative issues; the optimal quantity of dry ports as well as their
relation with the other members of the seaport-hinterland in order to optimize the distribution
of products; the evaluation of the transport systems, searching for interactions among dry
ports, seaports, road and railway connections to reduce delivery cost; as well the customer

choice in select the service provider in a seaport-hinterland network.

Another challenge for dry ports is their development in emerging economies. Most
research was carried out in European and Asian countries that have a large container handling
and developed railway infrastructure. However, few papers dealt with dry ports models in
countries with poor rail infrastructure and with bureaucratic barriers as pointed above. A
broad approach in different countries may expand understanding of the barriers, opportunities

and characteristics of dry ports in different contexts.

Among the 45 factors that should be considered in dry ports’ development, some of
them were more explored such as transportation costs, distance between dry port and seaport,
and the impact of using railways in the logistics integration system, allowing cost reduction,
congestion and CO2 emission. However, few papers have portrayed the operational dry ports
systems, optimization models and tools to improve the productivity as well as information
systems integrated with government agents, seaports, rail carriers, shippers among other
stakeholders. Moreover, it is not possible to determine the levels of importance of the factors,
and it is up to each decision maker to assess which factor will be considered in their analysis,
since factors that are rarely used in the models described in the literature, as well as other

specificities of a given country, may impact on decision processes involving dry ports.
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3.5 REMARKS

The importance of dry ports in the logistics system is undeniable. However, the large
number of variables involved in the process as well as the various decision-makers and
stakeholders create a complex decision-making environment, which is often neglected by
simplifying the models. This chapter evidenced the relevance of a detailed analysis of the
decision process, adding more criteria and information to the decision support models. In this
way, this chapter contributed to aggregate 45 criteria in a framework to be considered in the
decision processes of dry ports’ developments, divided into 6 groups: cost factor, location and
infrastructure factors, accessibility factors, operational factors, social and policy factors,

environmental factors.

Research on dry ports is still in an early stage; most of the papers still focus on the
concept development and definition of the activities attributed to dry ports, which differ due
to each author’s perspective and each country application. This chapter also highlighted the
complexity of decisions in dry port processes due to a large number of criteria and decision-
makers involved and can be useful for managers, governments and other players in the
logistics chain. Furthermore, there are gaps in the literature that can be developed in future
research such as the analysis of the role and characteristic of dry ports in developing
countries, and the risk assessment in dry port projects. Such issues are approached in the next

chapters.
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4 ASSESSING THE OBJECTIVES OF DRY PORTS

A reviewed version of the papers:

RODRIGUES, T.; MOTA, C.; OJIAKO, U.; DWEIRI, F. Assessing the objectives of
dry ports: main issues, challenges, and opportunities in Brazil. The International Journal of
Logistics Management, v. 32, n. 1, p. 237-261. DOI: https://doi.org/10.1108/1JLM-10-2020-
03862020.

RODRIGUES, T.; MOTA, C.; OJIAKO, U. (2020). Exploratory evaluation of dry ports
in Northeast of Brazil. International Conference on Industrial Engineering and Operations
Management (IEOM), Dubai, United Arab Emirates, 10-12 March 2020.

4.1 CONTEXTUALIZATION

Developing a supply-chain infrastructure is one of the greatest challenges faced by
governments, trying to achieve an efficient logistic network, and organizations, which
worldwide strive to incorporate effective management into their existing competitive
strategies (ARORA; ARORA; SIVAKUMAR, 2016). Such infrastructure demands a high
investment and cooperation of multiple stakeholders, which may occur by many ways. The
variety of possibilities to develop a seaport-hinterland make some definitions of the main role
of the actors a complex issue, requiring more studies applied in different contexts. This call
remains in the necessity to evaluate current and former practices and provide guidance to
practitioners and policy makers on what to do and how to act regarding present and future
challenges (NILSSON, 2019).

Despite the benefits which dry ports could bring to the supply-chain and the economic
relevance of Brazil to the international trade market, there is a lack of information on this
subject in the scientific literature as well in government regulatory reports in Brazil. To
overcome these issues, this chapter discusses the main characteristics, challenges and
opportunities of dry ports in Brazil, providing relevant information and insights into it to
improve logistics network. Additionally, this chapter provides a structured framework to drive
further dry port decision-making situations, identifying and assessing a network of means-end

objectives through a Value-Focused Thinking (VFT) approach, applied in two case studies.


https://www.emerald.com/insight/publication/issn/0957-4093
https://www.emerald.com/insight/publication/issn/0957-4093
https://doi.org/10.1108/IJLM-10-2020-0386
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By addressing the second objective of the thesis, answering the third and fourth research
questions stated, this chapter provides a useful insight to policymakers and dry port managers,
in particular concerning the development of dry ports in Brazil and the issues that should be
improved, as well for shippers and forwarders that use this logistic infrastructure as an
alternative to become more competitive. The findings here contribute to the theme not only
for providing a tool to assess the achievement of dry ports’ objectives in Brazil, but also by
describing the process which can be applied by other researchers in different contexts and
countries. Furthermore, many positive and negative lessons could be learned from the
experience of dry port development and operations in Brazil. As mentioned above, since only
a few studies were developed in Latin-America on dry ports subject, this chapter fulfills a
literature gap, reaching the call for more qualitative research on this subject
(KHASLAVSKAYA; ROSO, 2020).

4.2 MATERIALS AND METHODS

This chapter followed the strategy presented in Figure 10. The ‘Stage 1’ begins based
on the 76 articles selected from the systematic review in Chapter 3. Aiming at identifying the
main characteristics of dry ports in Brazil, exploratory research on secondary data such
institutional websites of dry ports operators and on reports from the Brazilian Federal
Revenue and the Ministry of Economy, Industry and Foreign Trade was carried out from June
to July, 2019. The objective of this step was to bridge the literature of dry ports classification
and the current context in Brazil, classifying dry ports according to three definitions: (i) the
distance between dry port and seaport as close, midrange and long distance (ROSO;
WOXENIUS; LUMSDEN, 2009); (ii) the main reference for the dry port as seaport based,
city based or border based (BERESFORD et al., 2012); and (iii) the transportation mode
connecting the seaport with the dry port as unimodal, bimodal or multimodal
(NOTTEBOOM; RODRIGUE, 2009).

The ‘Stage 2’ seeks to identify the role of dry ports in Brazil and proposes a framework
to assess the achievement of their main objectives. Investments in dry ports are expensive and
depend on network connections, multiple regulations and stakeholders interests (DADVAR,;
GANJI; TANZIFI, 2011; KHASLAVSKAYA,; ROSO, 2020). Thus, covering the main
characteristics of dry ports in Brazil and proposing new tools to improve the current

environment are important issues to be taken into consideration before new developments and
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policy changes. As the research was exploratory in nature, a qualitative method was deemed
appropriate (EISENHARDT, 1989).

Figure 10 — Chapter strategy
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Source: This thesis (2022).

According to Voss, Tsikriktsis and Frohlich (2002), case study research is a powerful
research methodology that can be used to exploratory investigations where the variables are
still unknown and the phenomenon not at all understood. With that in mind, this chapter
focuses on a deep analysis in a prominent seaport-hinterland in Brazil, the northeastern state
of Pernambuco. Strategically located in the middle of the northeast region with 9.5 million
inhabitants, Pernambuco highlights as a container hub, handling approximately 40,000 TEUs

per month. The seaport-hinterland is composed by two main dry ports, which are currently
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facing cargo volume difficulties. To obtain higher external validity, both dry ports in
Pernambuco were analyzed following the case study methodology described by Voss,
Tsikriktsis and Frohlich (2002), and the Value Focused Thinking (VFT) approach, which is
detailed next.

To ensure the reliability of the case study, an interview protocol with open-ended
questions was developed. To achieve qualitative data, the author of the thesis was the
facilitators of the VFT approach, interviewing six top managers of both dry ports through a
semi-structured questionnaire with 69 open-ended questions. Two experts work as operational
managers of dry ports, acting as decision-makers in daily and strategic issues. Other three
experts work as commercial and customer satisfaction managers, dealing with customers’
demands on a daily basis. Finally, one of the experts works as a custom manager, being a
specialist in Brazilian customs’ process. All experts are graduated and four of them post-
graduated. Two of them have more than 20 years of experience in dry ports, supply-chain
management and international trade; the other four managers have between 10 and 20 years of
professional experience, validating the quality of the decision-makers as key references in

both dry ports analyzed.

The interviews and discussions were carried out individually and in group with the
experts between August and October, 2019; the meetings happened at the dry ports facilities
separately, focusing on the experts’ daily experiences and perceptions about the role and
objectives of the dry port. Following the companies’ compliance, both dry ports analyzed
were referenced as Dry Port A (DP A) and Dry Port B (DP B). The results of ‘Stage 2> were
the means-end objective network and the framework to measure the achievement of the
objectives of the dry ports.

Dry port A is located between Suape container seaport (22 km) and Recife downtown
(29 km), the capital of the state. Under a concession regime, DP A is classified as a close dry
port, connected with container terminal only by road. Handling 650 TEUs per month, DP A
utilizes 18% of its occupancy average, moving mainly import cargo (98%), including
products like tire, rubber, beverage and healthcare equipment. Dry port B is also located
between Suape container seaport (13 km) and Recife downtown (49 km), connected by road.
Classified as a close dry port under a concession regime, DP B has 39,000 square meters total
facility area and a warehouse with 8,000 square meters. With capacity for 1,515 TEUSs, dry
port B handles 460 TEUs per month on average, operating mainly import cargo (95%).
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Lastly, ‘Stage 3’ carried on a discussion of the main issues, challenges and opportunities
of dry ports, bridging the gap between the literature and the practice, aiding decision-makers
to improve the current environment of this logistic player in Brazil and attending the second

specific objective.

4.2.1 Value-Focused Thinking approach

Value-Focused Thinking (VFT) provides a systematic approach to structure complex
decisions for subsequent analysis (KEENEY, 1996) and has been largely applied in several
issues as energy transition scenario evaluation (HOFER; MADLENER, 2020), security
technology (TSHERING; GAO, 2020), strategic research funding decision (PARREIRAS et
al., 2019), urban water supply system (MONTE; MORAIS, 2019), waste management
(ALENCAR; MOTA; ALENCAR, 2011) and sustainability perspectives in e-commerce
channels (SHUKLA; MOHANTY; KUMAR, 2018). This method focuses on the decision
maker’s values, which provide the foundation for interest in any decision situation and are
made explicit by the identification of objectives (KEENEY, 1992).

Value-focused thinking includes numerous procedures to guide decisions. First, several
techniques help compile an initial list of objectives. The process of identifying objectives
requires significant creativity and hard thinking about a decision situation (KEENEY, 1992).
Second, these objectives are categorized as means-end objectives and logically structured.
Fundamental objectives concern the ends that decision makers value in a specific decision
context while means objectives are methods to achieve ends (KEENEY, 1996). Third, several
procedures assist in using the objectives to create alternatives and Fourth, the objectives are
examined to identify worthwhile decision opportunities (KEENEY, 1996). This chapter
narrows the VFT approach up to the second step, identifying the role of dry ports in Brazil

and assessing fundamental and means-end objectives.

To summarize the main steps to build the model of values and the framework to
measure the achievement of objectives, it was followed four steps as detailed in Figure 10
(KEENEY, 2001). The steps are described as: (i) developing a list of value through a wish
list, indicating what decision-makers care about in the particular context of dry port
operations; (ii) converting the list of values into objectives following three features which
define an objective: decision context, an object and direction of preference; and (iii)
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structuring the objectives tracing means—ends relationships. To define the objective as means
or fundamental objectives, specialists were asked “Why is this objective important in the
decision context?” If the objective is an essential reason for interest in the situation, it is a
fundamental objective; however, if the objective is important because of its implications to

achieve some other objective, it is a means objective.

The last step (iv) was specify measures to indicate the degree to which the objectives
are achieved. Essentially there are three types of attributes to measure the achievement of the
fundamental objectives: natural attributes, constructed attributes, and proxy attributes
(KEENEY, 1992). The author explains that natural attributes are those that have a common
interpretation to everyone. However, if a natural attribute does not exist or if it seems to have
inappropriate built-in value judgments, there are construct attributes, to measure the
associated objective directly, or proxy attribute to measure the associated objective indirectly.
Although an attribute may seem obvious for a given objective, a good deal of thought should
be given to appraising the value judgments built into that attribute. However, sometimes it is
difficult to figure out an appropriate attribute for an objective, but it cannot be neglected
(KEENEY, 2001). Based on the VFT approach described, the means-end network and the
measurement framework were built based on the experts’ suggestions as outputs from the case

studies.

4.3 RESULTS

4.3.1 Characteristics of dry ports in Brazil

Brazil is essentially an exporter of commaodities as soya, crude oil and iron ore, and an
importer of manufacture products such as medicines, fuel, drilling rigs, vehicle parts, and
electronic circuits, which represent the highest value in the trade balance (MDIC, 2019).
While 50% of the value exported was commodities and 36% was manufacture products in
2018, almost 86% of the value imported in the same year was manufacture products (MDIC,
2019), which influences directly the way that dry ports operate in Brazil, characterized by
handling import cargo. In the same direction of the international trade growth, seaports in
Brazil handled more than 10 million TEUs in 2018, representing an increase of 7.22% over
2017 (ANTAQ, 2021) and positioning the country as the largest container-handling economy
in South America (UNCTAD, 2019).
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Responsible for 65% of the transport share in Brazil, the road sector is the most used for
freight transport and connection between seaports and hinterland, which results in high
logistical costs, congestion of roads and cities, as well as increased air pollution
(KHASLAVSKAYA; ROSO, 2020). Despite this, the Brazilian road network has shown a
small evolution in recent years, stagnating around 1.7 million kilometers since 2001 (CNT,
2017). A survey conducted by the National Confederation of Transport showed that 28.2% of
the highways in Brazil presented a poor or bad state, 33.6% regular and only 38.2% good or
great, which shows the necessity of improvements in that sector (CNT, 2017). On the other
hand, container transportation using waterways is not explored to its full in Brazil, with less
than 2% of the total number of containers handled in 2018 (ANTAQ, 2021). With 15%
participation in the transport matrix and focused on transport commodities as iron ore and
grains (80% of total volume), Brazil has a low density of rail network compared to continental
countries such as Canada, India, USA, China and even other developing countries in Latin
America, such as Mexico and Argentina (ANTF, 2019).

Dry ports in Brazil work under concession regime or, when applicable, permission. In
addition, tax inspection activities on foreign trade operations are supervised and carried out by
the fiscal-auditors of the Brazilian Federal Revenue, that are installed inside the dry port
facility, controlling the import and export dispatches and allowing all steps of customs
clearance to be done in the same place. According to Ng, Padilha and Pallis (2013), dry ports
in Brazil are generally understood as bonded warehouses of public use where cargoes under
customs control can be moved, stored and cleared, besides some additional services. In
addition to the possibility of removing goods from seaports earlier, when the cost of storing in
dry ports is lower, imported goods can be stored for up to 120 days, which in seaport would
be 90 days. Another advantage is that companies operating through dry ports can close the
export of their products with exchange clearance before the shipment of goods, being stored at
the disposal of the importer. Furthermore, dry ports specialize in providing solutions tailored

to customer needs and are located close to major industrial and commercial centers in Brazil.

There are currently 56 dry ports operating in Brazil classified as shown in Figure 11,
mainly located in the southeast (29) and south (17) of the country. Among them, 28 are
classified as close dry ports, 19 midranges, and 9 long distance; those dry ports are located on
average 30 km, 248 km and 831 km, respectively, far from seaports by road. In addition to the
distance classification, 20 dry ports are classified as seaport based, with emphasis on 5 in the

state of Santa Catarina, which assist operations at the seaports of Itapoa and Itajai, as well as 5
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dry ports in Santos, where largest seaport in Brazil is located; another 31 dry ports are
classified as city based, with emphasis on the 20 located in the state of Sdo Paulo, which is the
largest commercial and population center in the country. This fact reinforces that dry ports in
developing countries are situated in the proximity, or even inside industrial zones to serve the
many small local shippers, or in the middle of the chain for transloading between two
transport networks (NGUYEN; NOTTEBOOM, 2016). The remaining 5 dry ports are
classified as border based, with emphasis on Uruguaiana and Foz do Iguagu, which are two of

the largest dry ports in Brazil, bordering Paraguay and Argentina.

Figure 11 — Classification of dry ports in Brazil
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Source: (RODRIGUES et al. 2021).

The results shows that, although Brazil is a country with continental dimensions, most
dry ports are located near seaports and the main consumer markets, connecting to the
hinterland through a weak transportation system. Indeed, currently there are 10 bimodal dry
ports, 9 connected by railway and 1 by barge, and 46 unimodal. This result highlights the
challenge that Brazil has to face to improve the connections among dry ports and seaports to
achieve efficiently the hinterland market. However, the current scenario is not encouraging, as
the dry ports of Uruguaiana and Santana do Livramento, which were managed by Rumo
Logistica, the company that owns the largest rail network in Brazil, ceased to operate by rail
in 2017 (EXAME, 2017). Lastly, the full classification data of Brazilian dry port is detailed in
Table 7.



Table 7 — Full data of Brazilian dry ports
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Anépolis Porto Seco Centro-Oeste  Santos 1046 . ° °
Barueri Multilog Santos 133 ° ° °
Bauru Brado Santos 443 ° ° °
Belém Porto Seco Metrobel Belém 3 °
Betim Tora Rio de 458 . ° °
Janeiro
Brasilia Logserve Santos 1073 . ° °
Cabode Santo  JSL Suape 22 °
Agostinho
Campinas Libraport Campinas Santos 170 ° ° °
Campinas Multilog Santos 19 ° ° °
Canoas Banrisul Rio Grande 328 ) ° °
Cariacica Tegma, Terca e Silotec Vitéria 26 °
Cascavel CODAPAR Paranagué 549 ° ° )
Caxias do Sul  Serra Gaucha Rio Grande 440 ° ° °
Corumbé AGESA Paranagué 1512 ° ° °
Cuiabd Porto Seco de Cuiaba Santos 1609 ° ° °
Curitiba Multilog Paranagua 102 ° ° °
Curitiba Multilog Paranagué 103 ° ) °
Foz do Iguagu  Multilog Paranagua 733 ° ° °
Guaruja Santos Brasil Logistica Santos 8 °
Ipojuca Wilson Sons Logistica Suape 13 °
Itajai Brasfrigo Itajai 3 °
Itajai Localfrio Itajai 12 °
Itajai Multilog Itajai 12 °
Jacarei Universal Santos 150 . ° °
Jaguardo Multilog Rio Grande 189 ° ° °
Joinville Multilog Itapoa 72 ° °
Juiz de Fora Multiterminais Rio de 206 . . °
Janeiro
Manaus Porto Seco Graman Manaus 7 °
Mesquita Porto Seco Nova Iguagu  Rio de 30 °
Janeiro
Novo Multi Armazéns Rio Grande 351 ° ° °
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Source: (RODRIGUES et al. 2021).

Despite some dry ports are directly connected with seaports through multimodal

transportation, most of them are not in fact operating with defined delivery schedules, mainly
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due the low volume and the competitive cost and flexibility of road transportation. Such

issues are simulated and discussed in next chapters.

4.3.2 Assessing the objectives of dry ports

The dry ports in Pernambuco present similar characteristics. Both are classified as close
dry ports, seaport based and unimodal. These logistics structures work as a support to the
seaport, reducing the congestion and occupancy in the yard and transferring some customs
process to the hinterland area. As in the northeastern region there are no railways to hub the
cargo in the hinterland and transport to the seaport in high capacity, the main advantages to
operate through dry ports are the reduction of storage cost, additional services offer and
customs special process. The main objectives of dry ports in Pernambuco and the framework

to assess them are detailed below.

4.3.2.1 Case study in dry port A

As Brazilian dry ports have a different logistic function, compared with developed
countries, identifying dry port strategic positioning is fundamental to understand their social
and economic role in the supply chain. In this way, the strategic objective of DP A is to offer
customized logistic solution to customers. As in Brazil there is not a railway infrastructure
that could support the container transportation through hinterland, reducing the logistic cost
and the congestion in seaport facility, DP A fulfills the role of support the customers’ demand
of customs warehousing, bonded warehousing, container handling, packaging, labeling,
sealing, palletizing of goods and other activities. To achieve this strategic goal, the managers
listed three fundamental objectives, namely: to meet customer needs, to increase profitability
and to expand market share; and 17 means-end objectives, which represent the main values of
this logistic player. The means-end network for dry port A follows in Figure 12.

With the Brazilian economy downturn in recent years, along with the current world
recession, accompanied by the rising dollar rate, the volume of the import cargo handled by
DP A decreased, while the competition with the seaport, which reduced storage rates to keep
the container in their yard and maintain the storage profit, increased. In this context, DP A
looks for competitive differential meeting specifics demands as: cargo handling and storage,
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weighing, cleaning and disinfecting, sampling collection, sealing, stuffing and stripping
container cargo, repacking, palletizing, lashing cargo, customs process and so on.
Furthermore, DP A works in a flexible and personalized way, which does not happen between
seaport and customers due to the high volume of container processes. To meet the demand,
DP A keeps a close relationship with customers to understand their needs and offer
personalized logistics services, what is also a challenge to be flexible on demand, meeting

customers’ deadlines.

Figure 12 — Means-end network of dry port A
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Source: (RODRIGUES et al. 2021).

One of the most important values in DP A regards customers’ satisfaction. To achieve
it, a good relationship with stakeholders is required as well as the prevention of conflicts

during the operational process, which is possible through the information reliability. Besides
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that, to continue working inside the competitive business environment, DP A must be
profitable; in this way, the managers believe that performing an efficient operation,
decreasing the execution time, and working to reduce the bureaucracy in proceedings related
with customs institutions as Brazilian Federal Revenue are the main means. On the other
hand, exploiting different operation services could also bring more profits to DP A, as
happened in the beginning of the operations, when DP A specialized in handling oversized
containers and special cargo. However, in any situation, it is necessary to have a qualified

team, avoiding operational mistakes and achieving the deadline agreements.

As an additional logistic player, DP A must offer a competitive price and promote a
reduction in total logistic cost to customers. Considering that it is not possible to obtain cost
reduction through railway transport, DP A works to overcome this challenge offering a better
storage price to bring volume cargo. To the managers, understanding customers’ needs,
keeping a close relationship and offering a competitive logistic price are the challenges to
achieve the strategic objective, justifying the positioning of dry ports as a logistic player in the
supply chain.

4.3.2.2 Case study in dry port B

The strategic objective of DP B is adding value in logistic operations of import, export
and additional services. The managers believe that it is the main function of a dry port as a
supply chain player, supporting the import and export processes with services which are not
the core business of seaports. To assess this strategy, the managers listed: meeting costumers’
needs, increasing profitability and fulfilling the role as a supply chain player as three
fundamental objectives that express the main values of DP B and 18 means-end objectives, as

presents in Figure 13.

Customs bureaucracy process is a problem faced in developing economies as Brazil and
it impacts directly dry ports to meet customers’ needs. The managers identified that
maintaining close customer communication and alignment of process between stakeholders
enable DP B to manage process information efficiently. Other means-end objectives are
providing a broad infrastructure to offer additional services and the quality of warehousing
operations, which reduce the total logistic cost to clients. As mentioned before, the customers
of dry ports in Brazil look for suppliers that offer additional services and take care of import
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and export process in a personalized way in the secondary zone, avoiding the congestion in

seaports and reducing storage cost.

Figure 13 — Means-end network of dry port B
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To increase profitability in the competitive environment between seaport and other
players, DP B works to offer information reliability to customers and perform an efficient
operation reducing the execution time. With the complexity of import and export process in
Brazil, dry ports need to manage information and deadlines between customers and customs
stakeholders, as the Brazilian Federal Revenue, to offer specific services that the seaports are
not able to provide. The managers stated that if dry ports are not able to fulfill this gap,

customers will not identify benefits in operating through this player and the profitability of the
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dry port could reduce. In this way, the managers work to show to the customers the usefulness

of dry port operations as a logistic option.

As dry ports are an additional player in the supply chain, according to the managers,
many shippers avoid using it because it will add a new step to manage in their process.
Despite this weakness, DP B works to create a partner relationship with stakeholders and
customers to identify new operation opportunities besides keeping a close relationship with
the seaport, considering that if the seaport offers a good service, clients could intensify

investments in the region, increasing the profitability of dry ports.

As in the northeast of Brazil the population is concentrated near the coast and the main
customers are located in the seaport influence zone, DP B takes on an important role reducing
the logistic cost, achieved by the low storage cost and additional services, which stimulate the
import and export process. However, as dry ports in Brazil operate in a concession or permit
regime, some rules and procedures must be met. In this way, the managers pointed the
customs procedures, ISO, OEA (Authorized Economic Operator) and stakeholders’
requirements as means-end to achieve their fundamental objectives. It is also a challenge to
DP B fulfill those requirements considering that customs rules are changing constantly, and
the customers have demanded more agility in the import and export process. However, the
managers affirm that customs processes are becoming less bureaucratic, adding new

technology to offer information reliability.

4.3.3 Framework to assess the achievement of the objectives of dry ports

Extending the discussion about the role of dry ports in Brazil, the fundamental and
means-end objectives resulted from the VFT were aggregated to propose a framework to
assess the achievement of objectives, validated by the experts interviewed as shown in Table
8. As a first step to future debates, the framework can enhance the process and benefits of
VFT, providing useful insights as clarifying objective meaning in addition to measuring the
achievement of fundamental and means-end objectives, working as a guide to decision-

makers.

Most of the attributes in Table 8 are natural, becoming easier to calculate. However, this

facility may not result in less discussion about the objectives. Furthermore, there are
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constructed attributes that should be in a rating scale, which can be numeric or verbal. Among
the numerical scales there are ratio, interval and ordinal scales, while Likert is a widely verbal
scale used (ALMEIDA, 2013). As there are many ways to build a constructed attribute, this

article is limited to specifying them as a ‘Satisfaction scale’, which is open to adjust to each

case to identify the objective achievement level.

Table 8 — Framework to assess the achievement of dry ports’ objectives

L . Type of Unit of . Attribute
Objective Attribute Attribute measurement Attribute measurement range
1. Meet Satisfaction scale Constructed Category Satisfaction scale -
customers’ Attribute
needs
1.1 Offer Percentage of customized Natural Percentage Customized Operations - CO; Min = 0%;
customized operations compared with Standard Operation - SO; Max = 100%
logistics standard operations Attribute = [CO / (SO + C0O)]*100
services
1.2 Be flexible Quantity of customer Natural Percentage Demand Not Met - DNM; Min = 0%;
on demand demand not met Total Demand - TD; Max = 100%
Attribute = (DNM / TD)*100
1.3 Valuing Satisfaction scale Constructed Category Satisfaction scale -
customers’ Attribute
satisfaction
1.4 Meet the Percentage of deadline Natural Percentage Process Met on Deadline - PMD; Min = 0%;
deadlines of the ~ compliance Process Met Out of Deadline - Max = 100%
processes PMOD;
Attribute = [PMD / (PMD +
PMOD) ]*100
1.5 Information Quantity of claims caused ~ Proxy Units Claims Caused by Information Min = 0;
reliability by information mistakes Mistakes - CCIM; Max =
Attribute = CCIM unlimited
(ultd)
1.6 Avoid Quantity of conflicts Natural Units Conflicts Identified - Cl; Min = 0;
conflicts identified Attribute = CI Max = ultd
1.7 Maintain a Satisfaction scale Constructed Category Satisfaction scale -
good Attribute
relationship
with
stakeholders
1.8 Quality of Revenue over cost Proxy Percentage Monthly Revenue - MR; Min = 0;
operations Percentage of deadline Monthly Total Operational Cost - Max = ultd
compliance MTOC;
Attribute = (MTOC / MR)*100
Percentage of deadline compliance
= Attribute in objective 1.4
1.9 Provide a Yard availability Proxy Percentage Yard Occupancy - YO; Min = 0%;
broad logistics Warehouse availability Yard Capacity - YC; Max = 100%
structure Attribute = (YO / YC)*100
Warehouse Occupancy - WO;
Warehouse Capacity - WC;
Attribute = (WO / WC)*100
2. Increase Profit increase per year Natural Percentage Profit in the Current Year - PCY; Min = 0%;
profitability Profit in the Last Year - PLY; Max = 100%
Attribute = (PCY / PLY)*100
2.1 Reduce Operation execution time Natural Percentage Execution Time - ET; Min = 0%;
operation Standard Time - ST; Max = ultd
execution time Attribute = (ET / ST)*100
2.2 Perform an Operational cost Proxy Percentage Standard Operational Cost per Min = 0%;
efficient Quantity of operational Units Activity - SOCA; Max = ultd
operation outliers activities Activity Operational Cost Realized Min = 0;
- AOCR,; Max = ultd

Attribute = (AOCR / SOCA)*100

Quantity of Operational Outliers
Activities = QOOA,;
Attribute = QOOA = count
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Quantity of partnership
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Percentage of container
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Quantity of
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Proxy

Natural

Natural

Natural

Proxy

Natural

Constructed
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Proxy

Constructed
Attribute

Proxy

Natural

Units

Category

Percentage

Units

Percentage

Percentage

Percentage

Percentage

Percentage

Percentage

Category

Units

Category

Units

Units

occurrences out of standard
operation (ST £ 6)*
*Quantity of 'c' defined by the
managers.
Quantity of Partnership Agreements
- QPA;
Attribute = QPA
Satisfaction scale

Attribute = same of objective 2.2

Standard Time of Customs Process
-STCP;
Average Time of Customs Process
in the Currenty Month - ATCM;
Attribute = (ATCM / STCP)*100
Total Container Handled in the
Influence Area - TCHIA,;
Total Container Handled by the Dry
Port - TCHDP;

Attribute = (TCHDP / TCHIA)*100
Storage Price - SP
Handling Price - HP
Additional Services Price - ASP;
Average Storage Price by
Competitors - ASPC
Average Handling Price by
Competitors - AHPC;
Average Additional Services Price
by Competitors - AASPC;
Attribute = (SP / ASPC)*100;
Attribute = (HP / AHPC )*100;
Attribute = (ASP / AASPC)*100.
Total Logistic Cost Using Dry Port
- TLCUDP;

Total Logistic Cost Using Seaport -
TLCUS;

Attribute = [(TLCUS - TLCUDP) /
TLCUS]*100
Percentage of deadline compliance
= Attribute in Objective 1.4

Quantity of Container Handling by
Month - QCHM,;

Quantity of Container Damaged by
Month - QCDM;
Attribute = (QCDM / QCHM)*100
Quantity of Operations Provided by
the Dry Port - QOPDP;
Quantity of Operations Doesn't
Provided by Competitors - QODPC;
Attribute = (QODPC /
QOPDP)*100
Satisfaction scale

Quantity of customs’ agents
Notifications - QFRN;
Attribute = QFRN
Satisfaction scale

Quantity of customs agents’
Notifications = QFRN;
Attribute = QFRN
Quantity of Nonconformities =
QNC;

Attribute = QNC
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Min = 0%;
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Min =0;
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Min = 0%;
Max = ultd

Min = 0%;
Max = 100%

Min = 0%;
Max = ultd

Min = 0%;
Max = 100%

Min = 0%;
Max = 100%

Min = 0%;
Max = 100%

Min =0;
Max = ultd

Min =0;
Max = ultd

Min =0;
Max = ultd

Source: (RODRIGUES et al. 2021).
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The framework aggregated four fundamental objectives as increase profitability and
expand market share, both well-known objectives which dry ports work to reach, as
mentioned by (NGUYEN; NOTTEBOOM, 2016; KA, 2011; KRAMBERGER et al., 2018).
Furthermore, meet customers’ needs and fulfill the role as supply chain player were listed as
fundamental objectives of dry ports in Pernambuco, which should be explored to achieve the
best benefits of these logistic players in that region, since the reduction of transportation cost
using railways is not achieved. The experts also defined 23 objectives as means-end to reach
the fundamental objectives; it means that the framework reflected the policy context, network
infrastructure, competitive environment, operational issues and other characteristics of dry

ports northeast of Brazil.

Besides the unavailable multimodal connection, dry ports in Pernambuco were also
facing low volume of cargo, handling only 1,100 TEUs per month compared to 40,000 TEUs
of Suape seaport in 2019. In this way, this thesis advocate against the development of new dry
port facilities in the state of Pernambuco as an option to improve seaport-hinterland. A
solution to enhance the feasibility of dry ports remains in customs policy changes to improve
the bureaucratic process of import/export of goods; however, it takes time and depends on the
Federal Revenue and Brazilian Senate. Another option is to improve the network
infrastructure, building railways to reduce the transportation cost and connecting dry ports to
seaports and hinterland; however, it is a long term and expensive project that involves

multiple stakeholders.

As an alternative to overcome the current problems and improve the operation of dry
ports in Pernambuco, the proposed framework works as a feasible tool to drive dry ports
operators’ decisions toward the main role of the dry port. However, the usefulness of the
attributes will depend on the maturity of the dry port. As a proposal, the managers and
governments should not limit the discussion about the role of dry ports in Brazil at the listed
attributes, being necessary to define to each case the control limits and the level of quality of
each attribute, to convert data into useful information. Furthermore, the implications of the
results are not limited to the case studies presented; all steps followed above could lead other
studies within different contexts and countries, since our study presented the VFT approach as
an applicable option to assess the objectives of dry ports. Hence, this chapter fulfills the
literature gap presented by Khaslavskaya and Roso (2020) and Witte, Wiegmans and Ng
(2019) regarding tools to drive dry port decisions.
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4.4 MAIN ISSUES, CHALLENGES AND OPPORTUNITIES

Dry ports perform functions that depend on geographic, political and economic factors
and even the current logistics infrastructure, which makes defining global standards and
concepts a difficult activity (KHASLAVSKAYA; ROSO, 2020). As the research on this topic
is concentrated in countries of Europe and Asia, which have a high container handling volume
and a consolidated railway infrastructure, the adequacy of models and definitions to the
reality of developing economies is more subject to errors, as in the research that disregards
Latin American structures as dry ports (ROSO; LUMSDEN, 2010). This chapter fulfills this
gap in the literature.

Brazil is a country with an old seaport structure. Despite of the seaport law n°® 12.815 of
2013, which allows the private operation of seaports through a concession bid (NG;
PADILHA; PALLIS, 2013), the development of new facilities is still in the early stage,
presenting difficulties as overcapacity and congestion which could be improved by dry port
facilities. As shown in the results, 84% of dry ports are concentrated close or midrange
distance from seaport and 91% of them are city or seaport based. This result shows that dry
ports in Brazil are concentrated on the sea coast, which is also the most populated region,
performing road transport to connect the logistics players, despite the fact that Brazil is a

country with continental dimensions.

Through the case studies and the VFT approach, it was possible to identify that the dry
ports in Pernambuco are specialized in offering additional and personalized logistic solutions
with a reduced storage cost, relieving bureaucratic processes and the occupancy in seaports.
However, in Brazil this scenario changes when the container handling decreases, making dry
ports and seaports start to compete for storage cargo. This happens when the seaport
occupancy is low, which makes them reduce rates to retain more containers and increase their
profits (JEEVAN et al., 2017; NG; GUJAR, 2009).

Summarizing the main issues, the author concludes that dry ports in Brazil support
exporters and importers offering storage capacity and additional services in a customs area,
located mainly near the coast, connecting the hinterland to the seaport through highways.
Furthermore, the main challenges faced in Brazil are the bureaucratic customs process, the

lack of legislation, the competitive environment between seaport and dry ports besides the
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poor intermodal infrastructure, concluding that the current environment of dry ports should be

improved to achieve the best benefits of this logistic structure.

Despite the benefits, investments on dry ports depend very much on existing logistic
network connection infrastructure, political, social and financial regulations besides multiple
stakeholder interests (DADVAR; GANJI; TANZIFI, 2011; KHASLAVSKAYA; ROSO,
2020). In this way, it is not possible to change the characteristics of dry ports in Brazil to meet
the best benefits in a short time. To bridge the literature and practice, the framework proposed
could drive dry port decisions as a management tool. Moreover, dry port operators should
focus on the main role that this logistic player holds in the current supply chain, reaching
more container cargo and adding value to the customers. In this way, a better use of the

current dry ports in Brazil is fundamental to justify new developments and policy changes.

4.5 REMARKS

The results showed that dry ports in Brazil fulfill a different role, when compared with
developed countries, offering cheapest custom storage services, performing additional and
personalized logistic solutions, reducing bureaucratic processes and the occupancy in
seaports. Moreover, this chapter identified the challenges faced by dry ports in Brazil as the
poor network infrastructure, bureaucratic customs process, lack of legislation and a
competitive environment, bringing relevant information to the society and policy makers.
Furthermore, the framework to assess the objectives of dry ports works as an option to
improve the current operation context, without the need for high investments, policy changes

or multiple stakeholders’ action.

This chapter also brought theoretical and practical implications for researchers,
investors, dry ports operators and the society. The first theoretical achievement was the
classification of dry ports in Brazil and the promotion of a discussion about their main issues,
challenges and opportunities. As the research about dry ports in Brazil still remains in an early
stage and there is lack of information from government institutions, the current context of dry
ports in Brazil was completely unknown. This chapter fulfilled this gap working as a first step
for future developments. The managerial contribution was the proposed framework to assess
the achievement of the objectives of dry ports in Pernambuco. The findings showed that the
VFT approach could guide dry port operators towards decision-making on the main role of
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the dry port in the studied region. Besides the lessons which could be learned from the
development of dry ports in Brazil, the framework proposed could be applied in different

contexts and countries, in order to achieve the best benefits from dry port operations.



83

5 ASSESSING RISK FACTORS IN DRY PORTS PROJECTS

A reviewed version of the paper:

RODRIGUES, T.; MARSHALL, A.; OJIAKO, U.; MOTA, C.; DWEIRI, F. Dry port
infrastructure projects in Brazil: assessing risk factors from a collaborative multi-stakeholder

operational readiness perspective. Under review.

5.1 CONTEXTUALIZATION

To establish a seaport as an effective network node for global trade depends upon not
just its geographical context but also many further potentially interdependent contextual
factors which inevitably associate to a broad range of diverse risk management concerns
whenever interested stakeholders collaborate within network development projects. These
factors relate for example to the national and broader regional economy, central and local
public policy and regulation, and financial opportunities for funding port infrastructure
development, especially on a large scale and over the longer term (DO; NAM; LE, 2011;
MURAVEV; RAKHMANGULOV, 2016; WANG; CHEN; HUANG, 2018).
Correspondingly, academic research into pertinent project risk management challenges entails
drawing from literature, see for example Chipulu et al. (2019), emphasizing the complexity of
multi-stakeholder contexts for collaborative working aimed at building and maintaining

effective hinterland networks.

What are termed ‘dry ports’ have become popular in recent years as a means by which
diverse interested stakeholder groups may collaborate to develop seaport networks by more
efficiently. Dry ports can be viewed, in more specific infrastructural project terms, as
enlarging seaport operations through connectivity to newly constructed inland facilities,
thereby overcoming immediate geographic limitations to seaport growth and supporting
regional economic development by providing new cargo transport hubs that integrate
efficiently with both existing and planned transport infrastructures at both national and
broader regional level (ROSO; LUMSDEN, 2010; FENG et al., 2013). Correspondingly, the
successful accomplishment, via dry port infrastructure projects, of dry port-seaport system
logistics operations, is relatively difficult due to the existence of many different sources of

risk (which can be ordered for practical risk management purposes into various broad risk
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factors or categories) that vary by stakeholder exposure, experience and perception
(BENTALEB; MABROUKI; SEMMA, 2015). Moreover, these risks may impact at any time
throughout the project or they may occur at critical moments of transition to operations when

project planning is fully tested for the first time.

Irrespective of when the risks matter within or following the timeline of the project, as
Costa Sperb and Marshall (2020) observe, throughout projects there is always a categorically
formed ‘view of risk’ which is required for basic risk management purposes, requiring
continual revision through the scanning of complex risk environments, and which can be
expected to impact stakeholders very differently, as well as through varying perceptual lenses.
Looking more critically, this view of risk may be interpreted as artefactual; that is, manifest
within risk registers and manifestly instrumental within risk management discourse and
practice. On the other hand, and more problematically, it can also represent an aspirational
ideal, and not just a practical compromise or an imposition, where a risk-perceptual consensus
has been achieved through stakeholder collaboration. This chapter engages with this problem
by developing practical management proposals for collaborative striving towards true
consensus on risk within complex multi-stakeholder infrastructure projects for building and

developing dry ports.

More specifically, the present chapter theoretically emphasizes and empirically seeks to
explore the complexities of dry port projects by focusing on how — and to some extent, on
why - views of dry port project risks vary between participating stakeholder groups. Its
technique is to employ empirical study of incongruence among stakeholder views of risk, as a
touchstone for theoretical discussion of why the resulting academically generated knowledge
can also offer practical managerial value within contexts of both dry port project risk
management in general and managing for operational readiness in particular. Central to the
conclusion will be the idea that diversity among stakeholder risk exposures, perceptions,
interests, management priorities and risk control skills should all be recognized and valued,
while there nonetheless remains some strong element of stakeholder-collaborative striving
towards not just a consensus on what the risks are and how they should be prioritized, but also
towards consensual, principles-based risk allocations between involved parties (OJIAKO et
al., 2015a, 2015b, 2016; CHIPULU et al., 2019).

Effective risk allocation is clearly fundamental to multi-stakeholder collaboration on
large-scale infrastructure projects (NG; LOOSEMORE, 2007). In particular, the need for
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effective principles-based risk allocations between stakeholders arises from the un-
foreseeability of many risks, and hence from failure to recognize these within risk-sharing
contracts on complex and longer-term projects in particular, given that these offer less scope
for foreseeing all significant risks. This means that methods must be found to allocate risks
extra-contractually as projects roll forward, through risk deliberations which both reflect
critically on incongruent risk perceptions, and which promote mutual understanding between
stakeholders as well as a more thorough holistic understanding of project risk. It is however
surprising, we would contend, that project management literature has so far paid little
attention to stakeholder incongruences in risk perception and prioritization.

While studies focused on dry ports have increasingly attracted the attention of scholars
(WITTE; WIEGMANS; NG, 2019; KHASLAVSKAYA; ROSO, 2020; RODRIGUES;
MOTA; SANTOS, 2021), representations of the set of risk factors required for project risk
management have not taken into account diverse stakeholder perspectives
(KHASLAVSKAYA,; ROSO, 2020). Relevant stakeholders are likely to include government
planning agencies, regulatory authorities, terminal operators, freight forwarders, transport
operators and port authorities, who may sometimes present divergent interests, experiences
and perceptions (RODRIGUE et al., 2010; JEEVAN et al., 2017; KWATENG; DONKOH,;
MUNTAKA, 2017; NGUYEN; NOTTEBOOM, 2017, 2019). Furthermore, dry ports face
temporally varying challenges as they move through projects and ensuing operations. Varying
conditions, although often unpredictable in individual cases, are likely to relate to
technological innovations or land release opportunities for developing infrastructure, and for
associated financial investment opportunities, any combination of which may well reorder the
competitive business environment (BLACK et al., 2018). These possibilities for significantly
changed conditions can, in theory, be viewed as complexifying and liquifying the matrix of
risk or readiness factors that stakeholders may orient to dis-consonantly, hence giving rise to a
multiplicity of stakeholder views and prioritizations regarding project risks that should, in the

varying opinions of stakeholders, be the focus for collaborative project risk management.

To define the structure of potential underlying latent variables that compose the risk
environment, recognizing this complexity and fluidity, and to reduce our data set of variables
to a manageable size, we recognize that Exploratory Factor Analysis (EFA) has been
successfully applied in many complex management contexts such as supply chain
management (SHAW; GRANT; MANGAN, 2021; SONI; KODALLI, 2012; JADHAV; ORR;
MALIK, 2019), airline network management (ROUCOLLE; SEREGINA; URDANOZ,
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2020), building projects (YAP et al., 2018), risk perception (XU; FAN, 2019), urban mobility
(BEZERRA,; SANTOS; DELMONICO, 2020), food logistic systems (LUTHRA et al., 2018)
and many others. Researching dry ports in particular, Jeevan et al. (2017) applied EFA to
investigate the impact of dry ports operations on container seaport competitiveness in
Malaysia. Wei, Sheng and Lee (2018) ranked logistics properties by dry port city, by
establishing an evaluation index system with Principal Component Analysis (PCA). This
chapter similarly adopts an EFA approach in order to achieve the third specific objective,

answering the fifth research question stated.

5.2 RISK FACTORS IN DRY PORTS’ PROJECTS

Recognizing the above complexities, the present chapter must nonetheless work with a
risk factor ontology rooted in the literature. Existing research has highlighted that prominent
among risks to dry port projects is financial risk for infrastructural investment (WALTER,;
POIST, 2004). This literature has pointed towards Public-Private Partnership (PPP) as an
important and yet controversial financing option for dry port development, which by its nature
leads to financial risk ownership ambiguities among contracting parties (DO; NAM; LE,
2011; NGUYEN; NOTTEBOOM, 2017; KHASLAVSKAYA; ROSO, 2020). Also
highlighted are the risk of saturating the market by logistics services, the risk of a decrease of
the tariffs for transportation and transshipment operations, the relocation risk of reducing
container flows, and the more fundamental risks of economic crisis and inflation (PANOVA,;
HILMOLA, 2015). Furthermore, there are also more particular risks associated with dry port
size and goods-dependent requirements for equipment and infrastructure (RODRIGUE;
NOTTEBOOM, 2012). Bentaleb, Mabrouki and Semma (2015) organized a list of 101 risks
structured in six broad categories as follows: operational risks, professional risks,
organizational risks, technical risks, security risks and financial risks. They regarded risks

arising within all these categories as threatening to perturb dry port systems.

Recognizing the above variation, Black et al. (2018) presented 24 critical risk factors by
meta-review. In finding ‘cost’ (F1) to be the most important high level factor leading
stakeholders to itemize sub-factors, they concur largely with similar research (CHANG,;
NOTTEBOOM, LU, 2015) by itemizing sub-factors for this ‘F1° as ‘facility cost’ for land,
buildings, infrastructure and equipment (SF1) (WEI; SHENG, 2017; MURAVEYV;
RAKHMANGULOV, 2016; WANG; CHEN; HUANG, 2018), ‘transportation costs’ between
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seaports and dry ports (SF2) (QIU; LAM, 2018; WANG; CHEN; HUANG, 2018; NGUYEN;
NOTTEBOOM, 2016), ‘storage costs’ for yards or warehouses (SF3) (QIU; LAM, 2018), and
‘costs of additional services’ such as consolidation, track-and-trace, maintenance and
palletization, sealing, etc. (SF4) (KRAMBERGER et al., 2018). Building on this framework,
there are also ‘costs caused by road congestion’ (SF5) which can also be considered as
opportunity costs in circumstances of latent rail demand where there is road congestion (WEI,
SHENG, 2017; WANG; CHEN; HUANG, 2018).

Regarding Black et al. (2018) second factor, called ‘location’ (F2), it is notable that
several researchers have proposed models for optimizing locations for dry port installations
(FENG et al., 2013; KA, 2011; KOMCHORNRIT, 2017; NG; CETIN, 2012; NUNEZ et al.,
2016). Among the sub-factors considered in the literature we found: the ‘demand for dry
ports’ services’ (SF6) (KA, 2011; KRAMBERGER et al., 2018; KOMCHORNRIT, 2017),
the ‘distance between dry ports and customers’ (SF7), as well as between ‘dry port and
seaport’ (SF8) (KWATENG; DONKOH; MUNTAKA, 2017; WANG; CHEN; HUANG,
2018; HENTTU; LATTILA; HILMOLA, 2011; KOMCHORNRIT, 2017; KA, 2011),
‘proximity with other logistic facilities’ (depots, warehouses and carriers) (SF9) (NGUYEN,;
NOTTEBOOM, 2016; WEI; SHENG, 2017; HENTTU; HILMOLA, 2011), the ‘size of
hinterland population’ considered as a consumer market (SF10) (KWATENG; DONKOH;
MUNTAKA, 2017; OLAH et al. 2018a, 2018b) and finally, the ‘cargo transportation time’
(SF11), measuring how long takes to transfer cargo to and from dry ports (NGUYEN;
NOTTEBOOM, 2016; KRAMBERGER et al., 2018; QIU; LAM, 2018).

Relating to ‘infrastructure’ (F3), some authors nuance this further by ‘total area of dry
port’ (SF12), ‘yard capacity’ (SF13), ‘warehouse capacity’ (SF14) and ‘capacity for
expansion’ (SF15) (NG; TONGZON, 2010; MURAVEV; RAKHMANGULOV, 2016;
OLAH et al. 2018a; NUNEZ; CANCELAS; ORIVE, 2015). Moreover, it has been argued that
‘multimodal capacity’ (SF16) and ‘equipment infrastructure’ (SF17) also matter (KA, 2011;
NGUYEN; NOTTEBOOM, 2016; NUNEZ et al. 2016).

As with infrastructure, ‘accessibility’ (F4) has also been further nuanced to produce a
range of sub-factors. This nuance accessibility in relation to ‘airports’ (SF18), ‘seaports’
(SF19), ‘railways’ (SF20), ‘highways’ (SF21), ‘other facilities’ (SF22) and ‘customers’
(SF23) (KOMCHORNRIT, 2017; WEI; SHENG, 2017; NGUYEN; NOTTEBOOM, 2016;
NUNEZ et al., 2016; KA, 2011). Other sub-factors considered to impact accessibility are
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‘transportation capacity’ (SF24) (NGUYEN; NOTTEBOON, 2016; KRAMBERGER et al.,
2018), ‘quality of transportation infrastructure’ (SF25) (CHANG; NOTTEBOOM,; LU, 2015).
This latter quality factor has also been further nuanced by time, cost and reliability of cargo
transport, with the expectation that wide variation is likely to relate in particular to developing
countries, which have a poor transportation infrastructure (PADILHA; NG, 2012).

Many studies have also been conducted on optimizing dry ports ‘operations’ (F5) from
different perspectives (KHASLAVSKAYA; ROSO, 2020). Sub-factors discussed in
optimizations models include: the ‘set of operational services offered’ (SF26), the ‘number of
containers handled per day’ (SF27), the ‘information and technology system’ (SF28) and the
‘operational execution time’ (SF29) (NGUYEN; NOTTEBOOM, 2016; ROSO, 2007; NG;
TONGZON, 2010; JEEVAN et al., 2017; QIU; LAM, 2018). Operationally speaking, ‘yard
and warehouse usage’ (SF31) is clearly also important, recognizing in particular the fair use
issues that are likely to arise in common user facilities characterized by limited capacity. A
further sub-factor, ‘cargo security and monitoring’ (SF30), is of course mandatory for all dry
port operations (OLAH et al. 2018a; KRAMBERGER et al., 2018).

Besides particular operational risk issues, a range of more fundamental global economy
risk issues are also considered linked to dry ports. The ‘Gross Domestic Product’ (GDP)
(SF32) and ‘dollar rate’ (SF33) are two sub-factors considered to influence international
‘trade market’ (SF34) in particular (CHANG; NOTTEBOOM; LU, 2015; WEI; SHENG,
2017, WANG; CHEN; HUANG, 2018; KA, 2011). Some authors also consider the
‘purchasing power of hinterland populations’ (SF35) highly significant (KWATENG,;
DONKOH; MUNTAKA, 2017; OLAH et al., 2018a).

It is arguably harder to specify a small and manageable range of qualitative sub-factors
for Nguyen and Notteboom’s (2016) notably very broad and interconnected ‘political, social’
(F7) and ‘environmental’ (F8) domains. However, from literature we can list some as
‘uncertainties around bureaucratic process’ (SF36) and ‘the ever shifting scope and focus of
regulation’ (SF40). Prospects for dealing with such issues are likely to depend on a favorable
‘political environment’ (SF39) (WEI; SHENG; LEE, 2018; KRAMBERGER et al., 2018;
KHASLAVSKAYA; ROSO, 2020). Another important issue linked to level of political
support for dry port operations is the ‘government financial incentive’ (SF38). Looking more
closely, the key issue may often be that where political support is for public-private
partnership projects, political support may serve to expedite private sector in financing dry
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port development, while directing the public sector to provide the necessary land for
development and also ensuring a favorable regulatory environment for the interdependent
financial benefit of all parties (NGUYEN; NOTTEBOOM, 2017; KHASLAVSKAYA,;
ROSO, 2020).

Exploring that context of multi-stakeholder financial interest still further, political
development of ‘environmental policies’ (SF43), despite problematizing negotiations of
consent between dry port stakeholders, may at least make very significant efforts in that
direction by reducing by congestion, road traffic and other accidents, road maintenance costs,
and of course CO2 emissions and air pollution more generally. Accordingly, ‘emissions can
be considered as a further factor’ (SF44) (BLACK et al., 2018). Closely related to that, the
‘reduction of noise and visual impact’ in seaport cities (SF42) as well the ‘urban and
environmental impact of dry port facility implementation’ (SF41) have been considered
distinct sub-factors (CHANG; NOTTEBOOM:; LU, 2015; NUNEZ; CANCELAS; ORIVE,
2015; MURAVEV; RAKHMANGULOV, 2016; NGUYEN; NOTTEBOOM, 2016).

Although detailed exploration of the boundary issues around these various categories
and sub-categories is beyond the scope of the present research, we can at least note that
ambiguity appears to vary directly with sub-factor granularity. In doing so it becomes highly
problematic in particular for tightly inter-related economic, social, political, regulatory and
environmental issues which are probably too numerous to list in terms of the causal
mechanisms that may be involved. Taking stock and valuing reasonable thoroughness for
high-level categories in particular, Table 9 is provided as a convenient structural visualization

for the risk factors and sub-factors considered in the present chapter.

Table 9 — Risk factors and EFA result

Bartlett’s sphericity

Code Factors/Sub-factors I('):z;;:itr?gs D'"EE'E)'C)“S KMO  Chi- df p- If/);eliz'nn;d
square value

F1 Cost 1 0,730  209,6 10 0,000 65,39%
SF1 Facility cost 0,510

SF2 Transportation cost 0,691

SF3 Storage cost 0,937

SF4 Additional services cost 0,884

SF5 Cost caused by road congestion 0,638

F2 Location 1 0,790 100,44 6 0,000 77,40%
SF6 Demand for DP's services (Excluded run 2) 0,496

SF7 Distance between DP and customers 0,745

SF8 Distance between DP and Seaport 0,613

SF9 Proximity with other logistic facilities 0,753

SF10  Size of hinterland population (Excluded run 1) 0,463



SF11
F3

SF12
SF13
SF14
SF15
SF16
SF17
F4

SF18
SF19
SF20
SF21
SF22
SF23
SF24
SF25
F5

SF26
SF27
SF28
SF29
SF30
SF31
F6

SF32
SF33
SF34
SF35
F7

SF36
SF37
SF38
SF39
SF40
F8

SF41
SF42
SF43
SF44

Cargo transportation time

Infrastructure

Dry ports’ total area

Dry ports’ yard capacity

Dry ports' warehouse capacity

Dry ports' expansion capacity

Multimodal infrastructure (Excluded run 2)
Equipment infrastructure (Excluded run 1)
Accessibility

Accessibility to airports

Accessibility to seaports

Accessibility to railways

Accessibility to highways

Accessibility to other facilities

Accessibility to customers

Transportation capacity between DP and Seaport
Quality of network transportation infrastructure
Operational

Set of operational services offered

Container handling capacity (per day)
Information and technology system

Operational execution time

Cargo security and monitoring

DP's occupation (yard and warehouse)
Economic

Gross Domestic Product (GDP) rate

Dollar rate

Trade market (export and import)

Purchasing power of hinterland population
Political and Social

Customs' rules

Job creation

Government financial incentive

Political and business environment

Bureaucracy for opening new companies and dry ports
Environment

Urban and environmental impact due DP facility
Noise reduction and visual impact in seaport cities
Environmental politics

Reduction of congestion and CO2 emission

0,749

0,834
1,014
0,771
0,629
0,378
0,378

0,777
0,875
0,665
0,700
0,731
0,606
0,847
0,763

0,789
0,745
0,596
0,806
0,742
0,689

0,848
0,646
0,770
0,735

0,582
0,750
0,757
0,861
0,653

0,812
0,916
0,899
0,845

90

1 0,678 9191 6 0,000 82,72%
1 0,793 4314 28 0,000 63,24%
1 0,810 221,6 15 0,000 74,33%
1 0,781 126,6 6 0,000 78,63%
1 0,799  159,6 10 0,000 70,56%
1 0,799 2437 6 0,000 86,01%

Source: This thesis (2022).

5.2.1 Hypothesis propositions

Recognizing, from the above discussion, the need for academic research, which

develops a more structured view of these factors and sub-factors, we determined that through

an Exploratory Factor Analysis (EFA) approach we would be able to test:

e HL1: There are latent constructs that permit stakeholder views of dry port project

risks to be presented within a clear factor structure.
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Notably, relatively few articles were found in the literature that considered multi-
stakeholder perspectives (JEEVAN; CHEN; CAHOON, 2019; NGUYEN; NOTTEBOOM,
2017, 2019; KWATENG; DONKOH; MUNTAKA, 2017). Indeed, a recent review conducted
by Khaslavskaya and Roso (2020) has confirmed that dry port research predominantly
comprises qualitative cases with some quantitative modeling and optimization studies, with
very few publications undertaking surveys of multiple stakeholders and exploring differences
found perspectives. Hence, we formulated two separate hypotheses pertaining to stakeholder

incongruence as follows:

e H2.a: Factors and sub-factors vary by salience between key stakeholder groups.

e H2.b: Factors vary by salience within each key stakeholder group.

A further hypothesis was formulated, relating to varying dry port specifications. Dry
ports differ by location, functionality, maturity level, ownership, and initiation processes
(KHASLAVSKAYA; ROSO, 2020). To create a common factor structure covering all
permutations, some authors have defined classification standards, as the dry port classification
by distance stated before (ROSO; WOXENIUS; LUMSDEN, 2009). Recognizing this
fundamental variation by dry port purpose, and further appreciating that risk factor saliences

must inevitably vary by dry port purpose, we hypothesized further as follows:

e H3: Factors and sub-factors will vary by salience for close, midrange or long

distance dry ports.

Despite the existence of an uncontroversial overarching definition for dry ports
suggested by Roso, Woxenius and Lumsden (2009), emphasizing high capacity (mainly rail)
connections to seaports, there remains no consensus about definitions for dry port sub-types.
Following the previous discussion on dry port’s classification by transportation mode,
defining dry ports as unimodal, bimodal, and trimodal (bimodal and trimodal are bundled as
multimodal) and recognizing this variation as likely to create varying management challenges,

a further hypothesis we endeavored to test was:

e H4: Factors and sub-factors will vary by salience for unimodal and multimodal

dry ports.

The following section explains the research process of this chapter.
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5.3 MATERIALS AND METHODS

We adopt the survey research process described by Flynn et al. (1990) and Forza
(2002). This entails following the 4 main steps described in Figure 14.

Figure 14 — Steps of Chapter 5

Factors and Hypotheses
Sublfe_u_:lors definitions Expert validity
definitions
Literature

gap J

Step 1

Y

Develop
measurement
instrument

Questionnaire

Survey pilot test |-
P ok?

\J

Step 2
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> questionnaire
l'r
Input and clean Assess P, No Adjust factors data
Administer survey » P »| Mmeasurement arameters J
data quality (EFA) of EFA ok? set

ves|

.

Step 3

Y

Descriptive Discussion and
;g . Test hypothesis Answer RQs practical
statistical analysis implications

Source: This thesis (2022).
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5.3.1 Step 1 - literature research

The database of literature used to identify the (sub)factors was the 76 papers
summarized in the systematic review detailed in Chapter 3, resulting in a list of 44 sub-
factors. Upon consolidating the factors (44 sub-factors were aggregated into 8 general
factors), it was deemed appropriate to seek some professional judgment on the
appropriateness of the 8 factor solution. This was also deemed appropriate for the 5
hypotheses described above, and so the two consultative exercises were combined. This
entailed contacting 6 senior managers in two Brazilian dry ports in August, 2019, the same

specialists from the case studies in Chapter 4.
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5.3.2 Step 2 — survey test

Step 2 comprised developing the measurement instrument and conducting pilot tests t.
Two distinct pilot exercises were conducted in March 2020. First of all, senior managers with
relevant experience and dry port management roles were contacted to ensure conceptual
integrity for the 8 factor solution arising from the literature review. Then, students were

contacted to test the reliability and validity characteristics of the research instrument.

The preliminary survey instrument was emailed to them as a Portuguese language
questionnaire built using Google Forms. This employed a 5 point Likert-type scale spanning
‘0> (very low importance) and ‘5’ (very high importance) (DU; ZHOU, 2019). Then, a small
number of Doctoral and Masters Candidates in Brazil were contacted to ascertain feedback on
the reliability and validity characteristics of the resulting research instrument. In total, 13
respondents made some helpful suggestions for refining the instrument, which was composed
by 16 closed questions, requesting to the specialist to expose their relative importance

perception of each risk factor, as follows in Appendix A.

5.3.3 Step 3 — data collection and EFA

Data collection was administered from March 9th to June 1th, 2020. The sample was
divided into three groups of participants, following Nguyen and Notteboom (2016): (i) ‘Dry
ports operators’ (DPOs), (i1) ‘Customers’, which includes shippers and forwarders and (iii)
government entities in the form of the ‘Federal Revenue Superintendence’ (FRS). The basis
of identifying three groups of stakeholders at transition phase are based in the fact that in
Brazil, FRS regulates dry ports projects and operations (open and close) and DPOs
operationalize the daily work and execute the transition phase from ‘project’ to ‘operation’.
At least, the customers are the final decision-maker, choosing the logistic operator to import
and export. Sample characteristics are provided in Table 10.

Noting that there are 56 operational dry ports in Brazil, managed by 38 DPOs
(RODRIGUES et al., 2021), the author emphasizes that all 38 DPOs were contacted. It was
received 33 adequate answers from 26 DPOs (68% of the population). Assessing the

representativeness of the dry port customers (shippers and forwarders) was more problematic.
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There is, at present, no database in Brazil listing companies that use dry ports as logistics
operators. Nonetheless, we engaged with using the dataset of 8,556 companies from CIB
(2016) and Brazilian Suppliers (2020), a total of 1,385 e-mail accounts were harvested and
used for contact purposes, eliciting 44 responses. Regarding the regulatory stakeholder input,
the FRS in Brazil is divided into 10 macro regions for superintendence purposes. All were

contacted by e-mail and 6 regional offices opted to participate.

Table 10 — Sample characteristic

Sample Characteristic DPO Customer FRS Total
Sample Participants 33* 44 6 83
Population 38 - 10
Actuation zone South 7 34** - 41
Southeast 20 21%* 3 44
Northeast 6 13** 2 21
North - g 0 9
Meddle-west - 10** 1 12
Gender Male 30 37 6 73
Female 3 7 - 10
Age More than 50 years 12 7 2 21
Between 40-49 years 8 19 4 31
Between 30-39 years 12 10 - 22
Between 20-29 years 1 8 - 9
Experience More than 20 years 15 18 4 37
Between 15-19 years 8 9 17
Between 10-14 years 4 7 2 13
Between 5-9 years 3 5 8
Between 0-4 years 3 5 8
Position Owner - 10 - 10
CEO/Director 10 6 - 16
Superintendent - - 6 6
Top Manager 17 11 - 28
Top Specialist 6 17 - 23
Educational Level  Post Graduated 21 25 3 49
Graduated 10 19 3 32
Other 2 - - 2

*33 participants from 26 DPOs

**Customers act in many regions of the country

Source: This thesis (2022).

From Table 10, the major data are from South and Southeast zones (67%).
Unsurprisingly, these are also the economic and population centers, where Brazil’s biggest
seaports are concentrated. The sample is characterized by male gender (88%). Most are over

30 years old (89%). Most also have more than 10 years of experience (80%) as senior
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managers engaging with dry ports. Furthermore, 97% were graduates with experience of
strategic management in general. After inputting the data, no missing values or outliers were
identified. Step 3 entailed assessing the measurement quality of the questionnaire by assessing

unidimensionality, reliability, validity and replicability, as follows.

5.3.4 Exploratory Factor Analysis (EFA)

Data analysis began by testing the following 8 factors for relative salience: ‘cost’ (F1),
‘location’ (F2), ‘infrastructure’ (F3), ‘accessibility’ (F4), ‘operational’ (F5), ‘economic’ (F6),
‘political and social’ (F7) and ‘environment’ (F8), in relation to dry port risk. For simplifying
analysis purposes, we regarded our options as being to select among the three most widely
used dimension-reduction techniques: Principal Component Analysis (PCA), Exploratory
Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) (ROUCOLLE; SEREGINA,;
URDANOZ, 2020). Many researchers mistakenly believe that PCA is a type of EFA when in
fact these procedures are distinct statistical methods designed to achieve different objectives
(FABRIGAR et al., 1999). PCA aims to explain most of the total variance observed in the
dataset by a smaller set of new components, called principal components. The goal of EFA,
by contrast, is to understand which factors (latent constructs) underlie the covariance between
the original variables (ROUCOLLE; SEREGINA; URDANOZ, 2020).

Looking for the CFA, it’s similar to EFA in some respects, but philosophically it is
quite different. While the EFA explores the data and provides information about how many
factors are needed to best represent the data, with CFA, the researcher must specify both the
number of factors that exist for a set of variables and which factor each variable will load on
before results can be computed. So, CFA is applied to test the extent to which a researcher’s
a-priori, theoretical pattern of factor loadings on pre-specified constructs represents the actual
data. In a sense, CFA is a tool that enables to either “confirm” or “reject” the preconceived

theory (HAIR et al., 2014).

As the factors considered in this chapter came from the literature of dry ports
development, detailed in Chapter 3, there was no preconceived theory of factors structure
from the view of risk to be confirmed. Furthermore, as the chapter’s aim was explicitly to
define the structure of potential underlying latent variables so that managers might benefit
from a clear specification of risk issues requiring attention from multiple stakeholder



96

perspectives, an EFA approach was selected. A critical consideration, here, was that defining
relevant factors necessarily supersede all ranking issues. Furthermore, EFA can be used for
factor ranking purposes. Accordingly, EFA was performed using FACTOR 10.10.03
software. There is no literature consensus for EFA sample sizes. Recommendations range
from 50 (WINTER; DODOU; WIERINGA, 2009) to 150-300 cases (HUTCHESON;
SOFRONIQU, 1999). Situating the present research comfortably within this range, the author

performed 8 EFAs with a sample of 83 top managers. Results were presented in Table 9.

The 8 factor model was then adjusted to fit the parameters described in the literature for
guaranteeing validity, reliability and replicability of the constructs. First, the integrity of the 8
dimensions was assessed by Parallel Analysis (PA). This reaffirmed that the most plausible
number of factors, using the very widely accepted eigenvalues-greater-than-1 rule
(TIMMERMAN; LORENZO-SEVA, 2011), was indeed 8. Results presented in Table 9 attest
to this. Secondly, to ensure suitability of sample size, the Kaiser-Meyer Olkin (KMO) test for
sampling adequacy and Bartlett’s Test of Sphericity were employed, which entailed
disregarding p values below 0.05 (FIELD, 2013). Thirdly, factor loadings for the 44 sub-
factors with weightings below 0.4 were excluded; loadings at or exceeding 0.71 were
considered excellent, 0.63 very good, 0.55 good, 0.45 fair and 0.32 poor (TABACHNICK;
FIDELL, 2007). Moreover, the 8 latent constructs satisfied the criterion of together explaining
more than 60% of the total variance, as required by Hair et al. (2014).

The goodness of measures is mainly evaluated in terms of validity and reliability
(FORZA, 2002). In testing the reliability of the scale, a Cronbach’s alpha value exceeding the
suggested minimum acceptable level of 0.5 indicates internal consistency and the
acceptability of each construct, whereas a value exceeding 0.7 is considered good (HAIR et
al., 2014). Construct Reliability (CR) higher than 0.7 also indicates internal consistency
(HAIR et al., 2014). Construct validity was calculated by the test of Average Variance
Extracted (AVE) higher than 0.5 (HAIR et al., 2014).

Uni-dimensionality was tested by Unidimensional Congruence (UniCo) larger than
0.95, Explained Common Variance (ECV) larger than 0.85 and Mean of Item Residual
Absolute Loadings (MIREAL) lower than 0.3, using FACTOR software (FERRANDO;
LORENZO-SEVA, 2017). Construct replicability was measured by H-Index (HANCOCK;
MUELLER, 2000), that evaluates how well a set of items represents a common factor, with
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high H values (> 0.80) suggesting a well-defined latent variable that is more likely to be

stable across studies.

The EFAs were performed with Polychoric Correlations due the ordinal Likert scale of
inputs. The method selected for factor extraction was Robust Diagonally Weighted Least
Squares (RDWLS). The first run of EFAs resulted in ‘multimodal infrastructure’ (SF16) and
‘facility equipment’ (SF17) with factor loadings below 0.4 in the parent ‘infrastructure’
domain (F3). Hence, these were excluded. The AVE, UniCo and ECV were lower than the
boundaries in ‘location’ (F2), and therefore the ‘size of hinterland population’ (SF10) was
also excluded. The ECVs in F1, F4 and F5 were very close to the boundaries. However, the
other parameters of unidimensionality worked well, and so the authors did not exclude any
further sub-factors. In the second run following these exclusions, the factor loading for SF16
fell below 0.4 and was therefore excluded. The AVE for F2 then fell below 0.5, entailing that
‘demand for dry port services’ (SF6) was also excluded. In the third run of EFA, all sub
factors loaded> 0.5; KMO > 0.65; Bartlett’s sphericity p < 0.05; as indicated in Table 9.

Further statistics for the factor solution were explained variance > 60%; Cronbach's
alpha > 0.7; CR > 0.7; AVE > 0.5; uni-dimensionality index (UniCo, ECV and MIREAL) and
H-index > 0.8. To assess the model’s goodness of fit we used the Comparative Fit Index
(CFI), considered by Hair et al. (2014) as the most widely used fit index. The CFI was found
to be > 0.90. Summing up, the statistics for each of the above variables are presented for each
of our 8 factors below in Table 11. Taken together, the following 8 unidimensional factors
are, in effect, aggregations of the 40 sub-factors that we retained for our analysis, after

jettisoning our 4 most poorly performing sub-factors.

Table 11 — EFA boundaries

Code  Factors Crzrl‘g’ﬁ;h's CR AVE UniCo ECV MIREAL H-INDEX CFI
F1 Cost 0,804 0859 0561 0065 0846 0,239 0,027 1,003
F2 Location 0,757 0808 0515 0978 0873 0,235 0,816 1,013
F3 Infrastructure 0,827 0891 0678 0990 0899 0,237 1,000 0,998
Fa Accessibility 0,860 0910 0563 0955 0847 0,258 0924 0981
F5 Operational 0,798 0872 0535 0948 0831 0,225 0,881 1,006
F6 Economic 0,804 0839 0567 0983 0893 0,207 0,855 1,002
F7 Political and Social 0,788 0846 0528 0979 0866 0,274 0871 0986
F8 Environment 0,891 0925 0755 0988 0897 0,243 0933 0999

Source: This thesis (2022).
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5.3.5 Step 4 - Statistical results and analysis

Step 4 concluded this chapter approach with analysis of results and discussion. First, a
descriptive statistical analysis was performed to identify the mean, median, variance and
standard deviation of the sample. Second, and recognizing that H1 had already been addressed
through the 8 factor solution, the remaining hypotheses were tested in IBM SPSS® 1.0.0.1327
software. As Likert-type scales are ordinal (WU; LEUNG, 2017), these hypothesis tests were
performed non-parametrically; however, recognizing that some authors consider it reasonable
to calculate means rankings by using Likert-type scales as interval scales (FORZA, 2002;
FLYNN et al., 1990), this was also undertaken. To test H2.a and H2.b, Kruskal-Wallis 1-way
tests were performed for 3 groups (Customers, DPO and FRS), followed by post hoc tests
with Bonferroni correction, for reducing type 1 error. To answer H3 and H4, a ‘U’ test
(Mann-Whitney) explored differing DPO perceptions by dry port classification. The sample
comprised 20 close dry ports vs 13 midrange or long distance dry ports, by distance
classification, and 26 unimodal vs 7 multimodal dry ports, by multimodality classification.
The significance level for all tests was 0.05 in the bi-tailed tests. In view of the confirmation
of all the hypotheses, the article had already achieved a significant part of its research
ambition; however, what remained was a richer and more qualitative engagement with the RQ
which further explores and discusses theoretical and practical implications in terms of specific
factor weightings and stakeholder differences. Furthermore, the subjectivity in risk
perceptions vis a vis the causal interrelationships between many risk factors, as might be
captured within a comprehensive ‘risk map’, were not considered in the risk factor/statistical

analysis.

5.4 RESULTS

Of critical importance, within the present research, are the 8 latent constructs and their
relative importance. To reiterate, testing parameters by measuring reliability, validity and
replicability, as described above, supported H1. A convenient visualization, juxtaposing and
ranking the 8 factors, further structuring the 40 sub-factors around these, follows in Figure 15,
to nuance this 8 factor solution further, by stakeholder. Table 12 will later provide the main

statistic parameters for each factor and sub-factor by stakeholder.



Figure 15 — Factors and sub factors structure from EFA
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Table 12 — Descriptive statistics

100

Customer DPO FRS

Factors Mean Median Variance Sd Mean Median Variance Sd Mean Median Variance Sd

F1 3,705 4,000 0,446 0,668 3,606 4,000 0,309 0,556 2,333 2,000 1,067 1,033
SF1 2,955 3,000 1,207 1,099 3,182 3,000 0,591 0,769 2,167 2,000 1,367 1,169
SF2 3,409 4,000 0,712 0,844 3,091 3,000 0,960 0,980 2,333 3,000 2,267 1,506
SF3 3,568 4,000 0,484 0,695 3,121 3,000 0,922 0,960 2,833 3,000 1,367 1,169
SF4 3,136 3,000 0,958 0,979 2,758 3,000 1,189 1,091 1,833 2,000 1,767 1,329
SF5 2,523 3,000 1,930 1,389 2,333 2,000 1,792 1,339 2,000 1,500 2,800 1,673
F2 3,364 3,500 0,516 0,718 3,455 4,000 0,506 0,711 3,333 3,000 0,267 0,516
SF6 - - - - - - - - - - - -

SF7 2,841 3,000 1,393 1,180 2,818 3,000 0,841 0,917 2,667 2,500 1,467 1,211
SF8 2,636 3,000 1,725 1,313 2,818 3,000 0,778 0,882 2,167 2,500 2,167 1,472
SF9 2,864 3,000 1,097 1,047 2,364 2,000 0,801 0,895 1,833 2,000 1,367 1,169
SF10 - - - - - - - - - - - -

SF11 3,205 4,000 0,957 0,978 3,152 3,000 0,633 0,795 2,000 1,500 2,800 1,673
F3 3,409 4,000 0,480 0,693 3,424 4,000 0,502 0,708 3,667 4,000 0,267 0,516
SF12 2,568 3,000 0,949 0,974 2,879 3,000 0,672 0,820 2,833 3,000 0,567 0,753
SF13 2,773 3,000 0,784 0,886 2,758 3,000 0,689 0,830 3,000 3,000 0,400 0,632
SF14 2,932 3,000 0,902 0,950 3,152 3,000 0,695 0,834 3,167 3,000 0,567 0,753
SF15 2,364 2,000 1,353 1,163 2,818 3,000 0,903 0,950 2,333 2,000 1,067 1,033
SF16 - - - - - - - - - - - -

SF17 - - - - - - - 7 - - - -

F4 3,295 3,500 0,632 0,795 3,121 3,000 0,610 0,781 2,833 3,000 0,167 0,408
SF18 2,909 3,000 1,061 1,030 3,091 3,000 0,960 0,980 2,000 2,000 1,200 1,095
SF19 3,205 3,500 0,957 0,978 3,303 3,000 0,655 0,810 2,333 2,500 1,867 1,366
SF20 2,273 2,000 1,784 1,336 2,485 2,000 1,195 1,093 1,167 1,000 0,567 0,753
SF21 3,295 3,000 0,585 0,765 3,636 4,000 0,239 0,489 2,667 2,500 0,667 0,816
SF22 2,159 2,000 1,579 1,256 2,212 2,000 0,922 0,960 0,833 1,000 0,567 0,753
SF23 3,205 3,000 0,818 0,904 3,121 3,000 0,672 0,820 2,500 2,500 1,100 1,049
SF24 3,091 3,000 1,294 1,137 3,273 3,000 0,642 0,801 2,500 3,000 1,900 1,378
SF25 3,250 3,000 0,657 0,811 3,030 3,000 0,593 0,770 2,500 3,000 1,500 1,225
F5 3,386 4,000 0,568 0,754 3,455 4,000 0,381 0,617 3,333 3,000 0,267 0,516
SF26 3,364 3,500 0,516 0,718 3,485 4,000 0,320 0,566 2,833 2,500 0,967 0,983
SF27 3,068 3,000 0,763 0,873 2,939 3,000 0,746 0,864 2,667 2,500 0,667 0,816
SF28 3,000 3,000 0,930 0,964 2,909 3,000 0,960 0,980 3,333 3,500 0,667 0,816
SF29 3,432 4,000 0,763 0,873 3,455 3,000 0,256 0,506 3,333 3,000 0,267 0,516
SF30 3,523 4,000 0,488 0,698 3,515 4,000 0,445 0,667 3,833 4,000 0,167 0,408
SF31 2,705 3,000 0,818 0,904 2,939 3,000 0,871 0,933 2,500 2,500 1,100 1,049
F6 3,318 3,000 0,455 0,674 3,212 3,000 0,672 0,820 2,833 2,500 0,967 0,983
SF32 2,159 2,000 1,439 1,200 3,333 4,000 0,604 0,777 2,500 3,000 3,100 1,761
SF33 2,909 3,000 1,666 1,291 3,212 3,000 0,735 0,857 2,167 2,000 1,767 1,329
SF34 2,818 3,000 1,548 1,244 3,515 4,000 0,383 0,619 3,167 3,500 0,967 0,983
SF35 1,614 2,000 1,173 1,083 2,364 2,000 0,864 0,929 1,667 1,500 1,467 1,211
F7 2,182 2,000 1,036 1,018 2,242 2,000 0,814 0,902 1,667 2,000 1,067 1,033
SF36 3,432 4,000 0,670 0,818 3,455 4,000 0,631 0,794 3,833 4,000 0,167 0,408
SF37 2,364 2,000 1,307 1,143 2,455 3,000 0,693 0,833 1,833 2,000 0,967 0,983
SF38 2,614 3,000 1,638 1,280 2,333 2,000 1,604 1,267 1,500 1,500 1,900 1,378
SF39 2,614 3,000 1,033 1,017 2,636 3,000 1,114 1,055 2,167 3,000 1,767 1,329
SF40 2,682 3,000 1,571 1,253 2,788 3,000 1,360 1,166 2,333 2,000 1,067 1,033
F8 2,364 2,000 1,586 1,259 2,394 2,000 0,934 0,966 1,667 2,000 0,267 0,516
SF41 2,409 2,000 1,689 1,300 2,364 3,000 0,864 0,929 2,333 2,000 0,267 0,516
SF42 2,159 2,000 1,532 1,238 2,303 2,000 1,155 1,075 1,167 1,000 0,567 0,753
SF43 2,523 2,500 1,558 1,248 2,424 3,000 1,002 1,001 1,500 2,000 0,700 0,837
SF44 2,545 3,000 1,649 1,284 2,182 2,000 1,653 1,286 1,167 1,000 0,567 0,753

Source: This thesis (2022).
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Once more, to reiterate, to test H 2.a, Kruskall-Wallis test had produced a positive
result. Accordingly, varying saliences of the 8 factors, by stakeholder, follow in Appendix B.
Summing up, essentially what Appendix B shows is that there are statistically significant
differences among stakeholders in ‘cost’ (F1) and in 10 SFs: SF3, SF4, SF9, SF20, SF21,
SF22, SF32, SF34, SF35, SF44. A post-hoc test was also carried out to highlight significant
differences, as summarized below in Table 13. From this post-hoc (p-value) analysis, the
major difference arising is between FRS and Customer perspectives. They disagreed on 9 SFs
and on F1. By contrast, DPO and Customer groups presented differences on only 2 sub-
factors: ‘storage cost’ (SF3) and ‘proximity with other logistic facilities’ (SF9). Similarly, the
FRS and DPO stakeholder groups disagreed on just 2 SFs: ‘accessibility to railways’ (SF20)
and ‘accessibility to other facilities’ (SF22), and to some extent on F1. Also worth noting
here, and highlighted within Table 13 below, is that following Bonferoni’s correction, SF3
and SF9 didn’t present significant statistical differences, indicating they should be excluded

from the final analysis and discussion.

Table 13 — Kruskall-Wallis and post-hoc results for hypothesis H 2.a

Bonferoni’s correction

Kruskall-Wallis result (p-value) Post Hoc (p-value) (p-value adjusted)
Factors p- Decision FRS - FRS - DPO - FRS - FRS - DPO -
value DPO Customer  Customer DPO Customer  Customer
SF3 0,028 Reject null hypothesis 0,578 0,071 0,020 1,000 0,214 0,059
SF4 0,023 Reject null hypothesis 0,103 0,011 0,101 0,310 0,034 0,304
SF9 0,022 Reject null hypothesis 0,358 0,035 0,027 1,000 0,105 0,081
SF20 0,040 Reject null hypothesis 0,027 0,011 0,480 0,081 0,034 1,000
SF21 0,011 Reject null hypothesis 0,064 0,005 0,062 0,192 0,016 0,186
SF22 0,021 Reject null hypothesis 0,009 0,006 0,779 0,026 0,019 1,000
SF32 0,000 Reject null hypothesis 0,366 0,000 0,192 1,000 0,000 0,577
SF34 0,036 Reject null hypothesis 0,578 0,010 0,429 1,000 0,030 1,000
SF35 0,008 Reject null hypothesis 0,853 0,002 0,160 1,000 0,007 0,481
SF44 0,031 Reject null hypothesis 0,068 0,011 0,204 0,204 0,034 0,611
F1 0,001 Reject null hypothesis 0,003 0,000 0,231 0,009 0,001 0,694

Source: This thesis (2022).

The second hypothesis tested (H 2.b) strove to produce a ranking order of factors by
stakeholder group. The null hypothesis performed by Kruskall-Wallis  was
F1=F2=F3=F4=F5=F6=F7=F8, which was rejected for all groups as follows: (X?(7) = 81.713,
p < 0.000 for Customer; X2(7) = 70.904, p < 0.000 for DPO; X%(7) = 25.759, p < 0.001 for
FRS). To identify remaining statistical differences, a post-hoc test was performed, with results

provided below in Table 14. There were 28 pairwise comparisons in this post-hoc test, which
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increased probabilities of type | errors. Results with adjusted p-value through Bonferoni’s
correction < 0.05 are highlighted in grey, indicating rejection of null hypothesis and
significant stakeholder differences in each case. Moreover, Table 14 findings also highlight
similarities between Customer and DPO perspectives, boding well for shared risk

management agendas.

Table 14 — Results of post-hoc testes for H2.b

Customer DPO FRS
Null Hypothesis p-value Adjusted p-value Adjusted p-value Adjusted
p-value p-value p-value
F1=F2 0,032 0,902 0,479 1,000 0,059 1,000
F1=F3 0,057 1,000 0,375 1,000 0,012 0,331
F1=F4 0,015 0,426 0,014 0,392 0,358 1,000
F1=F5 0,052 1,000 0,401 1,000 0,059 1,000
F1=F6 0,013 0,362 0,055 1,000 0,393 1,000
F1=F7 0,000 0,000 0,000 0,000 0,364 1,000
F1=F8 0,000 0,000 0,000 0,000 0,230 1,000
F2=F3 0,809 1,000 0,858 1,000 0,531 1,000
F2=F4 0,775 1,000 0,080 1,000 0,331 1,000
F2=F5 0,843 1,000 0,895 1,000 1,000 1,000
F2=F6 0,731 1,000 0,226 1,000 0,300 1,000
F2=F7 0,000 0,000 0,000 0,000 0,005 0,144
F2=F8 0,000 0,002 0,000 0,000 0,002 0,056
F3=F4 0,598 1,000 0,117 1,000 0,110 1,000
F3=F5 0,965 1,000 0,962 1,000 0,531 1,000
F3=F6 0,558 1,000 0,303 1,000 0,096 1,000
F3=F7 0,000 0,000 0,000 0,000 0,001 0,017
F3=F8 0,000 0,001 0,000 0,000 0,000 0,006
F4=F5 0,629 1,000 0,106 1,000 0,331 1,000
F4=F6 0,954 1,000 0,591 1,000 0,948 1,000
F4=F7 0,000 0,000 0,000 0,010 0,068 1,000
F4=F8 0,000 0,008 0,004 0,099 0,034 0,957
F5=F6 0,588 1,000 0,281 1,000 0,300 1,000
F5=F7 0,000 0,000 0,000 0,000 0,005 0,144
F5=F8 0,000 0,001 0,000 0,000 0,002 0,056
F6=F7 0,000 0,000 0,000 0,001 0,078 1,000
F6=F8 0,000 0,009 0,001 0,016 0,040 1,000
F7=F8 0,207 1,000 0,512 1,000 0,770 1,000

Source: This thesis (2022).

Recognizing the above differences, it now became appropriate to summarize
stakeholder differences in factor rankings in Table 15, below. This, it was considered, might
provide considerable practical assistance to project risk managers wishing to sensitize
themselves to stakeholder differences of outlook that might obstruct collaborative project risk
management. Summarizing this, and as mentioned earlier, Customer and DPO views are
largely congruent insofar as for both, ‘cost’ (F1) was considered the most relevant factor,
while ‘political and social’ (F7) as well ‘environment’ (F8) were considered the least
important. Notably, this shared perspective elevates particular over fundamental risk. For the
FRS stakeholder group, by contrast, ‘infrastructure’ (F3) was considered the most important
factor, thus revealing the general focus of their regulatory effort. Table 15 also further

provides sub-factor rankings. For Customers, ‘storage cost’ (SF3), ‘cargo security and
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monitoring’ (SF30), ‘operational execution time’ (SF29) and ‘customs' rules’ (SF36) were
considered the most salient. For DPOs, ‘accessibility to highways’ (SF21), ‘cargo security
and monitoring’ (SF30), ‘trade market’ (SF34) and the ‘set of operational services offered’
(SF26) emerged as the most prominent sub-factors, clearly reflecting the hands-on

management view.

Table 15 — Ranking of factors and sub-factors by stakeholder group

Customer DPO FRS

Rank  Factor Sub-factor Factor Sub-factor Factor Sub-factor

1 F1 3,705 SF3 3,568 F1 3,606 SF21 3,636 F3 3,667 SF30 3,833
2 F3 3,409 SF30 3,523 F2 3,455 SF30 3,515 F2 3,333 SF36 3,833
3 F5 3,386 SF29 3,432 F5 3,455 SF34 3,515 F5 3,333 SF28 3,333
4 F2 3,364 SF36 3,432 F3 3424 SF26 3,485 F4 2,833 SF29 3,333
5 F6 3,318 SF2 3,409 F6 3,212 SF29 3,455 F6 2,833 SF14 3,167
6 F4 3,295 SF26 3,364 F4 3,121 SF36 3,455 F1 2,333 SF34 3,167
7 F8 2,364 SF21 3,295 F8 2,394 SF32 3,333 F7 1,667 SF13 3,000
8 F7 2,182 SF25 3,250 F7 2,242 SF19 3,303 F8 1,667 SF3 2,833
9 SF11 3,205 SF24 3,273 SF12 2,833
10 SF19 3,205 SF33 3,212 SF26 2,833
11 SF23 3,205 SF1 3,182 SF7 2,667
12 SF4 3,136 SF11 3,152 SF21 2,667
13 SF24 3,091 SF14 3,152 SF27 2,667
14 SF27 3,068 SF3 3,121 SF23 2,500
15 SF28 3,000 SF23 3,121 SF24 2,500

Source: This thesis (2022).

Looking in more detail, Table 15 also reveals some further important stakeholder
similarities and differences. ‘Transportation cost’ (SF2) and ‘quality of network transportation
infrastructure’ (SF25) are paramount only for Customers; ‘dollar rate’ (SF33) and ‘facility
cost’ (SF1) only for DPOs; ‘dry ports’ total area’ (SF12) and ‘dry ports’ yard capacity’
(SF13) only for FRS. Looking more closely within F1 (‘Cost’), it can be seen that ‘storage
cost’ (SF3) is the most important for the Customer and FRS groups, while, understandably,
for DPOs it was ‘facility cost’ (SF1). For F2 (‘Location’), ‘cargo transportation time’ (SF11)
was the most relevant for Customers and DPOs, while ‘distance between dry port and
customers’ (SF7) is paramount for the FRS. For F3 (‘Infrastructure)’, F4 (‘accessibility’) and
F5 (‘operational’), it can be seen that for all stakeholders, the rank order of ‘dry ports'
warehouse capacity’ (SF14), then ‘accessibility to highways’ (SF21) and then ‘cargo security
and monitoring’ (SF30) are paramount. For F6 (‘Economic’), it can be seen that ‘trade
market’ (SF34) is paramount for DPO and FRS stakeholders, while ‘dollar rate’ (SF33) is
paramount for Customers. For F7 (‘Political and social’) all stakeholders agree that ‘customs’
rules’ (SF36) are paramount, and, we can further speculate, perhaps how social and political

factors are most likely to manifest and impact dry ports.
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Finally, for (F8) ‘Environment’, DPOs and FRS stakeholders highlighted ‘urban and
environmental impacts due to dry port facility operations’ (SF41) as most important, while for
Customers the ‘reduction of congestion and CO2 emissions’ (SF44) was the chief
consideration. Of particular interest, however, summing up Table 15, is that for all
stakeholders, ‘operational factors’ (F5) are ranked third. Prima facie, the significance of this
may not be apparent. However, a case may be made that collaborative project risk
management meetings might usefully focus on these risk issues first. This may be a viable
means to ensure the meetings proceed with a positive tone through early assertions of
homophily. That is, with tabled management issues likely to elicit commonalities of outlook
that can help build stakeholder trust and goodwill, placed before management issues that are

more likely to divide opinions and therefore perhaps undermine such benefits.

Looking more closely at factor and sub-factor analysis for different types of dry port,
specifically in relation to H3 and H4, two Mann-Whitney tests (‘U’ test) were performed to
identify if there are statistical differences of importance level between dry ports classified as
‘unimodal’ and ‘multimodal’, as well as for dry port variance along the ‘close’, ‘midrange’
and ‘long distance’ axis. Results presented in Table 16 revealed that only ‘accessibility to
highways’ (SF21) and ‘urban and environmental impact due dry port facility operations’
(SF41) presented statistically significant differences, when comparing dry ports by distance
parameters (with significances levels better than 0.05). This outcome entailed rejecting only
two sub-factors in H3 and supporting all of them in H4. Relaxing the significance level still
further to 0.1, some further sub-factors did vary by distance parameter (SF19, SF25, SF26,
SF35) and by ‘transportation mode parameter’ (SF8). These various sub-factors do arguably
deserve some limited attention but, crucially, do not impede general statements of findings
covering dry ports of all modality and distance parameter permutations. Full results of the ‘U’
tests follow in Appendix B, with above mentioned key findings summarized below for

convenience in Table 16.

Table 16 — Mann-Whitney rejected hypotheses (H3 and H4)

Dry Ports’ sub-factors by

- .
Dry Ports’ sub-factors by distance transportation mode

Factors p-value Decision Factors p-value  Decision

SF19 0,068 Support null hypothesis SF8 0,074 Support null hypothesis
SF21 0,048 Reject null hypothesis

SF25 0,094 Support null hypothesis

SF26 0,080 Support null hypothesis

SF35 0,087 Support null hypothesis

SF41 0,048 Reject null hypothesis

Source: This thesis (2022).
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Table 17 further confirms the appropriateness of general findings, by summarizing the
average ranking of factors and sub-factors by each kind of dry port. Comparing ‘close’
‘midrange’ and ‘long distance’ dry ports, ‘accessibility to highways’ (SF21), ‘set of
operational services offered” (SF26) and ‘cargo security and monitoring” (SF30), are
highlighted as more important for ‘close’ dry ports, while for ‘midrange’ and ‘long distance’
dry ports, ‘customs' rules’ (SF36), ‘operational execution time’ (SF29) and ‘trade market’
(SF34) headed the ranking. The major average differences are seen to pertain to the most
important sub-factors (SF21, SF26 and SF36), with weighting differences of 0.419, 0.415,
0.392 for ‘close’ ‘midrange’ and ‘long distance’ parameters. Also notable is that ‘accessibility
to seaports’ (SF19) and ‘storage cost’ (SF3) only show significant variation for ‘close’ dry
ports, while ‘dry port warehouse capacity’ (SF14) and ‘cargo transportation time’ (SF11)

show significant variation only for ‘midrange’ and ‘long distance’ dry port permutations.

Clearly, for all three distance permutations, F1 is paramount and F2, F3 and F5 follow
closely, all towards the top of the three rank orders. This strongly reinforces the primacy of
cost factors within the general findings, and indeed the criticality towards the top of the list of

F5 (operations) sub-factors for all stakeholders.

Table 17 — Rank of factors and sub-factors by classification of DPO

Close Midrange and Long Distance Unimodal Multimodal
Rank Factor Sub-factor Factor Sub-factor Factor Sub-factor Factor Sub-factor
1 F1 3,70 SF21 3,80 F1 3,46 SF36 3,69 F1 3,62 SF21 3,62 F1 357 SF21 3,71
2 F5 3,50 SF26 3,65 F2 3,46 SF29 3,54 F2 3,50 SF30 3,62 F3 357 SF11 3,57
3 F2 345 SF30 3,60 F3 3,46 SF34 3,46 F5 342 SF34 3,54 F5 3,57 SF29 3,57
4 F3 3,40 SF19 3,55 F6 3,46 SF21 3,38 F3 338 SF26 3,50 F6 343 SF33 3,57
5 F4 3,25 SF34 3,55 F5 3,38 SF30 3,38 F6 3,15 SF29 3,42 F2 329 SF36 3,57
6 F6 3,05 SF24 3,40 F4 2,92 SF32 3,38 F4 3,08 SF36 3,42 F4 329 SF14 3,43
7 F8 2,60 SF29 3,40 F7 2,23 SF1 3,31 F8 2,50 SF32 3,35 F7 229 SF24 3,43
8 F7 2,25 SF3 3,30 F8 2,08 SF14 3,31 F7 223 SF19 3,31 F8 2,00 SF26 3,43
9 SF32 3,30 SF33 3,31 SF24 3,23 SF34 3,43
10 SF36 3,30 SF11 3,23 SF1 3,19 SF19 3,29
11 SF18 3,25 SF26 3,23 SF3 3,15 SF23 3,29
12 SF2 3,20 SF23 3,15 SF33 3,12 SF32 3,29
13 SF25 3,20 SF7 3,08 SF2 3,08 SF1 3,14
14 SF33 3,15 SF24 3,08 SF14 3,08 SF2 3,14
15 SF1 3,10 SF31 3,00 SF18 3,08 SF15 3,14

Source: This thesis (2022).

5.5 DISCUSSION

Generally speaking, the above findings detail how the represented stakeholder groups
differently perceive and weight risk. The findings may serve as a touchstone, this chapter
concludes, to help guide conceivably any instances of collaborative stakeholder interaction on

dry port projects, certainly in Brazil and also, conceivably, further afield. Firstly, and most
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obviously, they provide valuable intelligence on what risks stakeholders are most likely to
want to see addressed in meetings by one another. Expressions of sensitivity to these
stakeholder concerns, extending to include proactive effort within stakeholder-collaborative
management meetings to test, probe and better understand these concerns can, we would
suggest, build stakeholder trust and good will, and enrich any risk discussion to ensure greater

thoroughness in the range of risks addressed and understood by all participating stakeholders.

Secondly, and just as importantly, the above findings are significant by drawing
attention to the risks which stakeholders are more likely to de-prioritise. This information also
offers managerial value by calling attention to possible risk blindspots that may turn out to
matter at points of transition to operations in particular. Such possible blindspots have become
visible in this chapters’ findings in two forms: (i) low weighted risks for particular
stakeholders and (ii) incongruences between particular stakeholders which can be explored for
any cross-cutting risks whose managerial neglect might count as tragedies of the commons in
the absence of clear lines of risk ownership. This section will now apply this general

interpretive framework to more detailed discussion of findings below.

Consider, firstly, that overall stakeholder congruence for factor rankings is strong,
especially for DPOs and their customers, and to a lesser extent between DPOs and regulators.
This implies a strong element of common ground for addressing risk within varied contexts of
stakeholder-collaborative management. However, there is also a notable hiatus between
customers and the regulator. This may imply a risk blindspot characterized by some lack of
regulatory attunement to the customer experiences that ultimately determine how successful

dry ports become.

One debating point arising is that this could have implications for regulatory practice.
Perhaps Brazil’s dry port regulatory stakeholder should make greater use of regulatory impact
assessments focused on customer costs issues in particular. After all, regulatory practice
around the world has, in recent years, moved towards politico-technical stances which
acknowledge the burdens that regulators themselves impose, as is manifest within growing
use of regulatory impact assessments for new items of regulation. Arguably this is no bad
thing where it leads to a more balanced appreciation of regulatory costs and benefits. Looking
at this issue through an operational readiness lens concerned to reduce risk blindspots, might

simply entail a stronger regulatory focus on fostering customer experiences at points of
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transition to operations, aimed at giving confidence that everything possible has been done to

ensure that costs become sustainably affordable for customers.

To a lesser degree, similar arguments can be made, based on the findings, regarding
how DPOs might focus more on the customer perspective and its associated risks, both within
project risk management generally and when managing for operational readiness transitions in
particular. Recognizing the strong ranking congruence of DPOs and their customers which
can be construed as affording these stakeholders strong common ground for collaborative
management, it was nonetheless the case that ‘proximity with other logistics facilities’ (SF9)
and ‘storage cost’ (SF3) presented statistical differences; the latter being the most important
sub-factor from the customer perspective. This result aligns to one of the main dry port
challenges cited in the literature: that of whether and to what extent they can succeed by
charging lower storage prices than seaports, considering high customer demand for long-term
storage in particular (QIU; LAM; HUANG, 2015). Arguably, and especially in the light of
our findings, these two particular stakeholders would be well advised to focus their risk
discussions around how they might collaboratively address the risks associated with this

challenge.

A critical DPO — customer congruence is, of course, that ‘cost’ emerges from the
research as the key factor for both stakeholders. This agrees well with the literature (CHANG,;
NOTTEBOOM; LU, 2015; LIRN; WONG, 2013). The strongest emphasis on ‘cost’ is,
however, expressed by customers in particular. This is consistent with literature emphasizing
that customers are strongly focused on reducing total logistics costs (CHANG;
NOTTEBOOM,; LU, 2015; NGUYEN; NOTTEBOOM, 2016). This indicates that these two
stakeholders may be predisposed to collaborate in the above risk discussions by agreeing to
look through the financial risk lens which is salient for both of them — and yet this can also be
understood as suggesting non-financial risk as a blindspot in its own right. The point is, the
chapter interpretive framework, in the light of the findings, invites critical thinking about this
possibility.

More fully, the author consider it important to affirm that in our theoretical emphasis on
operational readiness over and above project risk management in general, the concern has
been to promote a thoroughness in risk management effort which recognizes that even the
slightest possible risk blindspot might easily be the one that turns out to matter most at critical
points of transition to operations. Correspondingly, we need to be clear that the primacy of



108

‘cost’ as a risk factor across the represented stakeholder groups should not be taken to imply
that other types of factor within our 8 factor solution are of lesser importance. Rather, it
simply means that these are viewed as being managerially more significant in terms of their
cost impacts. This further implies that what managers are doing, when they emphasize cost, is
expressing a management framing, which is preferred for purposes of practical management
simplification within complex multifactor risk environments and associated collaborative

management contexts.

Looking beyond °‘cost’, it is also notable that DPOs emphasize ‘accessibility to
highways’ (SF21) as the sub-factor with higher importance level. This contrasts with what is
more normal within developed countries, where railway accessibility to gateway seaports is at
the heart of the functioning and development of dry ports (RODRIGUE; NOTTEBOOM,
2012; JEEVAN et al., 2017). Hence it indicates a need for caution when generalizing findings
beyond Brazil, where, distinctively, inter-modality has been poorly developed and there has
been almost no use of rail for container transportation, while high-capacity road corridors
have tended to prove insufficient to meet customer demand for higher volumes to be handled
(PADILHA; NG, 2012). Accordingly, some authors have pointed to the lack of rail
infrastructure as a key challenge for dry port implementation (ROSO, 2008; KWATENG,;
DONKOH; MUNTAKA, 2017).

Further grounds for caution when generalizing findings beyond Brazil are as follows. It
is very notable that all stakeholders relegated ‘political and social’ (F7) and ‘environment’
(F8) factors to the bottom of their factor rankings. This conflicts with some literature on dry
port implementation within developed countries which engages strongly with these factors in
their representations of the management challenges (ROSO, 2008; NUNEZ et al., 2016;
BLACK et al., 2018; KHASLAVSKAYA; ROSO, 2020). This has important implications, the
author contends, for how dry port managers should forecast their changing risk environments

as their operations grow and mature.

5.6 REMARKS

Economies around the world are looking for supply-chain optimization strategies to
permit them to be more competitive amidst extreme global competition. This of itself creates
a rationale for nationally orchestrated collaborative stakeholder participation within the
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project risk management of dry ports, commencing from before project inception and
extending into ongoing operations. This Chapter concludes by emphasizing that a critical
concern with the significance of cost-framing as a focus for collaborative project risk
management is warranted, for dry port projects. This requires much critical nuance. In the
present Brazilian case, for example, on the one hand there is perhaps a danger of
overemphasis, involving relative neglect of environmental risks, and on the other hand
focusing more on some costs might prove valuable, as the author has argued as suggestion of
how regulatory impact assessment might be used to help the regulator take the customer cost

view.

In narrower terms of our more academic-theoretical contribution, this chapter offers a
set of factors and sub-factors for assessing dry port risks in a unidimensional, reliable and
replicable framework, derived using Exploratory Factor Analysis. The resulting set of 8 main
factors and 40 sub-factors could, the author suggests, be applied in other countries to assess

the risk of dry ports projects, while being careful to nuance variations for national conditions.
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6 RISK FACTORS INTERDEPENDENCE IN DRY PORTS PROJECTS

A reviewed version of the paper:

RODRIGUES, T.; OJIAKO, U.; MOTA, C.; MARSHALL, A.; DWEIRI, F. The
interdependence of key risk factors impacting the success of dry ports ‘project’-to-

‘operations’ phase transitions. Under review.

6.1 CONTEXTUALIZATION

Reflecting on specific financing considerations (WANG; CHEN; HUANG, 2018), as
well as design, and maintenance challenges faced by dry ports, the literature presents a picture
of substantial failure to successfully manage their ‘project’-to-‘operations’ transitions phases.
Much of this failure appears to relate to the opacity and complex risk interrelatedness or
interdependence, a substantial proportion of which might not be anticipated and planned for in
early stages of operations, and which can also be generated through risk management activity
at any stage. Such ‘risk reflexivity’ is arguably best regarded as continually arising amidst
ongoing management adjustment to changing circumstances, and as threatening to impact not
only phase transitions to operations but also ongoing operations themselves. Simply put,
scope for successful ongoing operations can therefore be regarded as path-dependent on

earlier successful risk management effort.

Recognizing that phase transitions are often theorized with a forward-looking temporal
focus on the first day of operations, a key concern that has arisen within the literature is that
of how best to ensure that the phase transition risk that gets managed is not just ‘abstract’ but
also ‘concrete’ in character. Drawing from Marshall et al. (2019), this concern implies that for
the purpose of this chapter, risk factors are representative of more than simply theoretical and
abstract risk that can be imagined. Instead, these risk factors represent ‘concrete’ management
knowledge arising through lived management experience, in order words; real, ordered and
meaningful understanding of potential (and often imminent) impediments to successful
‘project’-to-‘operations’ transitions phase, derived from real experiences. Thus, set within the
context of dry ports in Brazil, this chapter aim to answer the sixth research question stated,

fulfilling the third specific objective.
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6.2 MATERIALS AND METHODS

Figure 16 is a diagrammatical representation of the methodology adopted in this
chapter. The stages 1, 2, 3 and 4 are the same described in Chapter 5. Assuming that, the
methodology of this chapter starts from the Stage 5, detailing the Fuzzy-based DEMATEL.

Figure 16 — Diagrammatical representation of the chapter approach

STAGES Description
We set out to identify the risk factors impacting on the successful phase transitions
STAGE 1 | from ‘project’ to operations’ of dry ports. This entailed a detailed review of the

academic literature. On completion, we re-arranged the emergent literature into
basic organizing themes reflecting distinct practical management concerns with
clear enablement significance for project success.

-

STAGE 2

We further refined the above practical enablement themes in terms of their logical
connectedness to successful transitions to operations. This process involved an
examination of the face validity of all failure and/or project risk factors highlighted
in 76 pertinent articles, resulting in 44 sub-factors.

-

STAGE 3

We now undertook further aggregated sub-factors mentioned in the identified
literature into eight major risk factors through face validity. These risk factors
were to include: (i) Cost, (ii) Location, (iii) Infrastructure, (iv) Accessibility, (V)
Operational factors, (vi) Economic factors, (vii) Political and social imperatives
and (viii) Environmental considerations. The validity of these 8 factors was then
checked utilizing Exploratory Factor Analysis (EFA).

-

STAGE 4

This stage involved a questionnaire survey of key dry port stakeholders. We
sampled project and operations managers and practitioners across all 56 dry ports
in Brazil. The purpose of the survey was to elicit professional judgment on rank
ordering and interdependence for the pre-selected risk factors.

‘

STAGE 5

Data analysis was undertaken utilizing a Fuzzy -based DEMATEL method.

-

STAGE 6

We obtained the results, articulated the net influence and then drew a casual
diagram to provide a simplified representation of key risk factor interdependencies
and relative weightings. Finally, we analyzed the results, discussed the causal
diagram, and then discussed the implications of the results with a practical
management focus on how project risk management might be improved for dry
port projects both in Brazil and more generally.

Source: This thesis (2022).
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6.2.1 Stage 5 - Analysis

Assuming the results from the EFA with the 8 major risk factors stated, the second part
of the survey followed the Decision-Making Trial and Evaluation Laboratory (DEMATEL)
method (FONTELA; GABUS, 1976; WARFIELD, 1976). It involved assessing major risk
factor interdependence in order to analyze relationships among selected criteria. DEMATEL
can be used for gathering expert knowledge and forming structured models allowing decision-
makers to recognize criteria for greater influence in terms of causal interdependence
(SELEEM; ATTIA; EL-ASSAL, 2016). Non-random purposive sampling was used as it is
particularly useful for exploring complex phenomena (as in this instance). Furthermore, it is

particularly well suited to eliciting specialist skillsets or knowledge (SMITH, 1983).

The scale employed was the standard for DEMATEL, with ‘0’ = ‘very low influence’
factor to ‘4’ = ‘very high influence’ (DU; ZHOU, 2019). To ensure scale reliability,
Cronbach’s alpha was calculated for the DEMATEL by survey respondent category, resulting
in FRS = 0.854, DPO = 0.973, Customer = 0.964, exceeding 0.7, which is considered good
(HAIR et al., 2014).

On completion of the data gathering, a fuzzy-based DEMATEL analysis was
undertaken. Our approach drew upon Si et al. (2018). Fuzzy-based DEMATEL has been
utilized in several supply chain-related studies (KHOMPATRAPORN; SOMBOONWIWAT,
2017; MANGLA et al., 2018). The need for this arose in recognition of the fact that standard
DEMATEL has significant limitations, especially relating to its use of numeric values to rate
relationships between pairs of factors, which is limited in particular by the subjectivities of
evaluator judgments (KHOMPATRAPORN; SOMBOONWIWAT, 2017). Fuzzy set theory
was introduced by Zadeh (1965, 1976), offering a means to move beyond these limitations by
catering for the vagueness, ambiguity, and subjectivity of human judgment. Working to
develop such practice, multiple criteria decision-making methods have been designed to better
model subjectivity, especially regarding individual or group preferences (MANGLA et al.,
2018). In summary, then, human judgments regarding preferences or influences are widely
understood by researchers working within this tradition as often being unclear and hard to
estimate by specific numerical values; hence growing use in recent years of fuzzy multiple

criteria decision-making methods such as Fuzzy-based DEMATEL.
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For these reasons, it was employed fuzzy-based DEMATEL to analyze the data.
Definitions and properties of the fuzzy set and the fuzzy-based DEMATEL method are
detailed in next item. The essence of the process is that it is intended to reflect the practical
rationality and action of the actors involved, in their own preferred terms. This stage will
therefore entail presenting the resulting causal diagram and factor ranking, taking into
consideration the three major stakeholder perspectives which give rise to the inputting
practical rationalities. These are: (i) ‘Dry port entities’ (DPEs), (ii) ‘Customers’, and (iii)
‘Federal Revenue Superintendence’ (FRS). We now discuss the principles of the fuzzy -based
DEMATEL method.

6.2.1.1 Fuzzy sets

A fuzzy set A in a universe of discourse X is characterized by a membership function
fa(x) that maps each element of x in X to a real number in an interval between 0 and 1. A
triangular fuzzy number, which is one of the most popular fuzzy set representations due to its
conceptual and computational simplicity, can be represented as a triple A = (a, b, c). Here,
the parameters a, b, c denote the smallest, most promising and largest promising values that

describe a fuzzy event.

Definition 1: A triangular membership function of the fuzzy number f,(x) is defined as:

Equation 1
(x—a
| , a<x<bh
Je=s
faG) = ., b<x<c
lc—b
tO, x<ax>c

Definition 2: Let A = (a4, b1, c1) and B = (a,, by, ¢;) be two triangular fuzzy numbers,

the main operations are expressed as follows:

Equation 2

A(+)B = (aq, by, c1)(+)(ay, by, ¢5) = (ag + ay, by + by, cq + ¢3)
Equation 3

A(=)B = (ay, by, c1)(—)(az, by, c3) = (a1 — €2, by — by, ¢4 — a3)
Equation 4

A(X)B = (ay, by, c1)(X)(ay, by, c3) = (a; X az, by X by, ¢y X ¢3)
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Equation 5
A(+)B = (ay,by,¢c1)(+)(az, by, c3) = (ay + ay, by + by, 1 + ¢3)
Equation 6

a(x)A = (a x aj,a X by, a X ¢;), Where a is a constant
Definition 3: Assume that a decision group has K decision makers (k = 1,2, ..., K), can

be represented as a triangular fuzzy number R, = (1,2, ..., K) with membership function

fr, (x). The aggregated fuzzy rating can be determined as:
R=(ab,c)k=12,..,K

Where:
Equation 7
a = ming{ay}, b = 1/k -1 by, ¢ = max{c,}
Fuzzy set theory describes terms of linguistic variables, which should be converted from
the influence score of DEMATEL to fuzzy numbers. This chapter assumes that the

membership functions have a triangular shape, following the scale in Table 18
(KHOMPATRAPORN; SOMBOONWIWAT, 2017; MANGLA et al., 2018).

Table 18 — Fuzzy linguistic scale

Linguistic description  Influence score  Triangular fuzzy numbers

No influence 0 (0, 0, 0.25)
Low influence 1 (0, 0.25, 0.5)
Medium influence 2 (0.25, 0.5, 0.75)
High influence 3 (0.5,0.75, 1)
Very high influence 4 (0.75,1,1)

Source: (KHOMPATRAPORN; SOMBOONWIWAT, 2017; MANGLA et al. 2018).

6.2.1.2 Fuzzy-based DEMATEL

This chapter employs a fuzzy -based DEMATEL analysis, phased by Si et al. (2018) as

follows:

Phase 1: Evaluate the relationships between factors using a fuzzy linguistic scale. In this
step it is presented the respondents, divided by expert stakeholder category, with a linguistic

judgments survey. They were asked to evaluate the degree at which factor i is likely to affect
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factor j. The resulting influence scores were then converted into fuzzy linguistic values

through the triangular fuzzy numbers shown in Table 18.

Phase 2: Establish the group direct-influence fuzzy matrix Z = [;] _ . Through the

linguistic judgments, converted into fuzzy values, it was constructed a fuzzy pair-wise
comparison matrix Z, for each expert. After constructing the individual matrices Z, = (k =

1,2,..,0), it was calculated the group direct-influence fuzzy matrix Z = [Zij]nxn by

aggregating all the experts’ judgments. To produce the matrix, Z; is given as a triangular

fuzzy number in the form (0,0,0), and Z;; is derived as follows:

Equation 8

1 1 l l
1 1 1 1
Zij = (ZijleijZ:ZijS) =7 § Zikj = (7 § Zikjl:T E Zika'T § szj3>

k=1

Phase 3: Generate the normalized direct-influence fuzzy matrix X by:

Equation 9
- Z
X==
T
Where:
)’211 3«(12 )’Zln
% = X21 X:22 X1n ,
)N(nl )N(nz )N(nn
Equation 10

n n
r = max | max Zi |, max Z;;
i |1<i<n Z U3 ’15,-5n<z ”3>
= /

i=1

Phase 4: Obtain the total-influence fuzzy matrix T = [fij]nxn by:

Equation 11

T=lm(@+ %2+ %)= X(1-X)"

When:
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limXt=0

h—coo

Here:
Equation 12
tij = (tiju tijar tijz) and,

Equation 13
I, = [fijl]nxn =X -X)™!

Equation 14
T, =[], =X = X)7"

Equation 15

T; = [Eijz]nxn =Xs(I —X3)™ !

In which X, = [xi;u] ., X, = [xij2] . Xs=[xys] ., and I is an identity matrix. The
elements of triangular fuzzy numbers in the matrix T are divided into T;, T,, and T3, and

Ty < T, < Ts , When x;j; < x;j, < x5 foranyi,je {1,2,..,n}.

Phase 5. Produce the Influential Relation Map (IRM). After obtaining the total-
influence matrix T, the R; + C; and R; — C; variables were calculated, where R; and C;are the
sum of rows and the sum of columns, respectively, within the matrix, T. Then, the fuzzy
numbers of R; + C; and R; — C; were converted into crispy values using a defuzzification
method CFCS below (OPRICOVIC; TZENG, 2003).

Equation 16

(mi—L)X(A+ui—mi)2X(R—li)+(ui—L)ZX(A+mL-—ll-)2

=L+ AX
Vi + (A+mi—li)X(A+ui—mi)2><(R—ll-)+(ul-—L)><(A+mi—li)2><(A+ui—mi)

Where y; denotes the defuzzified value of the fuzzy number 3; = (I;, m;,u,), L = minl;,

R = maxu;, A= R — L. To complete the fuzzy-based DEMATEL, the Influential Relation Map
(IRM) was drawn by mapping the ordered pairs of (&; +¢;)*’as a horizontal axis vector

. ~ ~\de . . .
named ‘Prominence’, and (R; — C;) "as a vertical axis vector named ‘Relation’.
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6.3 RESULTS

Based on the 77 survey responses, the data was processed and analyzed using fuzzy-
based DEMATEL as follows. Tables 19 to 22 show total effects for factors, as ordered by: (i)
‘Dry port entities’ (DPEs), (ii) ‘Customers’, (iii) ‘Federal Revenue Superintendence’ (FRS)
and (iv) Aggregated result. Once this total-influence fuzzy matrix T was obtained, the results
were interpreted from the R and € sums of rows and columns within the total-influence
matrix. More specifically, the fuzzy ‘prominence’ degree R + C, was taken to express the
strength of influences that are given and received for every factor in the system. Similarly, the
‘relation” degree R — C, was taken to express the net effect that each factor exerts upon the
system. Then, the fuzzy numbers were converted into crisp values R + C and R — C by the
defuzzification method detailed above. If R — C is positive, then this means the factor has a
net influence on the other factors and can therefore be entered into a ‘cause’ group; by the
same token, if R — C is negative, then this means the factor is being influenced by the other
factors on the whole and should therefore be entered into an ‘effect’ group instead (SI et al.,
2018).

Table 19 — Total effects by factors for FRS external stakeholders

Fuzzy Crispy

Factor Code Role
R C R+C R-C R+C R-C
Cost F1 (0,52;1,35;6,99)  (0,64;157;7,42) (1,16;2,92;14,41) (-6,89;-0,21; 6,35) 4,80 -0,22 Effect
Location F2 (0,38;1,16; 6,48) ~ (0,47;1,30;6,80) (0,86;2,47;13,28)  (-6,41;-0,14; 6,00) 4,28 -0,16  Effect
Infrastructural F3 (0,58;1,44;7,15)  (0,54;1,40;7,09) (1,12;2,84;14,24)  (-6,50; 0,04; 6,61) 4,72 0,01  Cause
Accessibility F4  (0,42;1,20;6,43) (0,47;1,30;6,85) (0,90;251;13,28) (-6,42;-0,10; 5,95) 432 0,15 Effect
Operational F5 (0,51;1,34;6,88)  (0,53;1,39; 7,11)  (1,05;2,73; 14,00)  (-6,60; -0,05; 6,34) 4,60 -0,09 Effect
Economic F6  (0,38;1,13;6,27) (0,28;0,99;599) (0,66;2,12;12,26)  (-5,60; 0,14; 5,99) 386 0,12 Cause
Political and Social F7 (0,26;1,01;6,02) (0,09;0,67;4,97) (0,36;1,68;10,99) (-4,70; 0,33; 5,92) 3,30 0,36  Cause
Environment F8 (0,10; 0,70;5,08)  (0,13;0,70;5,07)  (0,23;1,41;10,16)  (-4,97;0,00; 4,95) 2,94 -0,02  Effect

Source: This thesis (2022).

Table 20 — Total effects by factors for ‘Customer’ external stakeholders

Fuzzy Crisp
Factor Code Role
R C R+C R-C R+C R-C
Cost F1 (0,87;2,50; 12,93)  (1,06;2,86;13,78)  (1,93;5,37;26,71)  (-12,9; -0,35; 11,86) 8,86 -0,40 Effect
Location F2 (0,85;2,47;12,91)  (0,94; 2,64; 13,45)  (1,80;5,12; 26,37)  (-12,6; -0,16; 11,96) 8,61 -0,24  Effect
Infrastructural F3 (0,84;2,46;12,82) (091;259;13,41) (1,76;5,06; 26,24)  (-12,5; -0,12; 11,90) 855 -0,22  Effect
Accessibility F4 (0,84;2,45;12,93) (0,83;2,43;12,89) (1,68;4,88;2582) (-12,0;0,02; 12,10) 8,35 -0,03 Effect
Operational F5 (0,87;2,51;13,11)  (0,88;2,54;13,24)  (1,76; 5,05; 26,36)  (-12,3; -0,03; 12,22) 856 -0,09 Effect
Economic F6 (0,84;2,45;12,94) (0,83;2,44;13,01) (1,67;4,89;2595) (-12,1;0,01;12,11) 8,38 -0,06 Effect
Political and Social F7 (0,76;2,31;12,54)  (0,57;1,94;11,49) (1,34;4,25;24,03)  (-10,7;0,36; 11,97) 7,59 0,34  Cause
Environment F8 (0,75;2,26;12,49)  (0,61;1,99;11,38)  (1,36; 4,25; 23,88) (-10,6; 0,27, 11,88) 7,58 0,29 Cause

Source: This thesis (2022).
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Table 21 — Total effects by factors for DPEs internal stakeholders

Fuzzy Crisp
Factor Code Role
R C R+C R-C R+C R-C
Cost F1 (0,83;2,24;9,74)  (0,99;2,52;10,26)  (1,83;4,76;20,01)  (-9,43; -0,28; 8,74) 719 -0,31  Effect
Location F2  (0,80;2,19;9554) (0,85;2,26;9,78)  (1,66;445;19,33) (-8,97; -0,07; 8,69) 6,86 -0,14  Effect
Infrastructural F3 (0,82;2,21;9,61)  (0,85;2,27;9,77)  (1,67;4,48;19,38)  (-8,95; -0,05; 8,76) 6,89 -0,11  Effect
Accessibility F4  (0,76;2,10;9,32) (0,76;2,11;9,49)  (1,53;4,21;1881) (-8,72;-0,01; 8,55) 6,61 -0,08 Effect
Operational F5 (0,75;2,07;9,23)  (0,82;2,23;9,65)  (1,58;4,30;18,88)  (-8,89; -0,15; 8,40) 6,68 -0,21  Effect
Economic F6 (0,79;2,15;9,47)  (0,71;2,03;9,24)  (1,51;4,18;18,72)  (-8,44;0,12; 8,76) 6,57 0,06 Cause
Political and Social F7 (0,61; 1,83; 8,80) (0,49; 1,62; 8,23) (1,11; 3,46; 17,04) (-7,61;0,21; 8,31) 5,76 0,17 Cause
Environment F8 (0,61;1,85;886)  (0,49;1,60;817)  (1,10;345;17,03)  (-7,55; 0,24; 8,36) 575 0,21  Cause

Source: This thesis (2022).

Table 22 — Total effects by factors of all stakeholders ‘Aggregated’

Fuzzy Crispy
Factor Code Role
R C R+C R-C R+C R-C
Cost F1 (0,74;2,03;9,91)  (0,89;2,31;10,51)  (1,64;4,34;20,42) (-9,76; -0,28; 9,01) 6,95 -0,31 Effect
Location F2 (0,68;1,94;9,67)  (0,75; 2,06;10,02)  (1,43;4,00; 19,70)  (-9,34;-0,12; 8,91) 6,59 -0,18 Effect
Infrastructural F3 (0,75; 2,04;9,89)  (0,76;2,08; 10,10)  (1,51;4,12;19,99)  (-9,35; -0,04; 9,12) 6,72 -0,11 Effect
Accessibility F4 (0,67;1,91;9,58)  (0,68;1,94;9,75)  (1,36;3,86;19,34)  (-9,08; -0,02; 8,89) 6,42 -0,09 Effect
Operational F5 (0,71;1,97;9,76)  (0,75;2,05; 10,03)  (1,46;4,02;19,79)  (-9,31; -0,08; 9,01) 6,62 -0,14  Effect
Economic F6 (0,67; 1,91; 9,59) (0,61;1,81; 9,43) (1,28; 3,73; 19,02) (-8,76; 0,09; 8,97) 6,28 0,03  Cause
Political and Social F7 (0,54;1,70;9,13)  (0,38;1,41;8,24)  (0,93;3,11;17,37)  (-7,69;0,29; 8,74) 554 0,28 Cause
Environment F8 (048;159;881) (0,41;143;824) (0,89;3,03;17,06) (-7,76;0,16; 8,40) 543 0,14 Cause

Source: This thesis (2022).

The total effect from the ‘Federal Revenue Superintendence’ (FRS) perspective shown
in Table 19, shows that F1, F3, F5 and F4 are the most prominent effect factors associated
with dry ports. On the other hand, factors F6 and F7 are the most prominent cause factors.
From the ‘Customers’ perspective in Table 20, the most prominent effects factors are F1, F2,
F5 and F4, while F7 and F8 emerged as cause factors. Similarly, in Table 21, F1, F3, F2 and
F5 were the most prominent effect factors and F6, F7 and F8 were the most prominent cause
factors, considered from the Dry ports view. Summarizing the results for all three
stakeholders, the total-influence fuzzy matrix T was aggregated to produce Table 22. These
aggregated results highlight F1, F3, F5 and F2 are the most important effect factors for
assessing the success of the dry ports. However, those factors are also affected by F6, F7 and

F8, classified as the key cause factors.

These results summarize the overall cause-effect relations for the various factors,
considered from across the full range of stakeholder perspectives. However, to further
evaluate the overall strength of influence for each factor on another, the net influence process

described by Wang et al. (2012) was also followed, resulting in Figure 17. Its matrices,
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produced for each stakeholder group, show influences of factors listed by row relative to those

of factors listed by column.

Figure 17 — Net influence matrices, by stakeholder group

Factor FRS Customer
F2 F3 F4 F5 F6 F7 F8 F1 F2 F3 F4 F5 F6 F7 F8
F1 -
F2 0,010 - 0,024
F3 0,028 0,020 - 0,030 0,008 -
F4 -0,003 0,007  -0,020 - 0,050 0,030 0,032 -
F5 0,025 0,023 -0,006 -0,002 - 0,049 0,023 0,024 -0,003
F6 0,059 0,045 0,021 0,032 0,037 - 0,054 0,027 0,025 0,001 0,014
F7 0,086 0,081 0,029 0061 0,058 0,044 - 0,098 0,078 0,075 0,052 0,058 0,057 -
F8 0,018 -0,005 -0005 0026 0,011 0004 -0039 - 0,089 0,071 0,066 005 0,053 0,048 0,000
Dry port entities Aggregated
Factor F1 F2 F3 F4 F5 F6 F7 F8 F1 F2 F3 F4 F5 F6 F7 F8
F1 - -
F2 0,024 - 0,020
F3 0,031 0,012 - 0,030 0,013
F4 0,027 0,012 0,004 - 0,025 0,017 0,006
F5 0,021 -0,008 -0,004 -0,019 - 0,031 0,012 0,004 -0,009
F6 0,063 0,028 0,033 0021 0,038 - 0,064 0,032 0,025 0,017 0,030 -
F7 0,064 0037 0,03 0035 0,049 0,021 - 0,081 0,064 0,046 0,048 0,054 0,039
F8 0,067 0,051 0,047 0043 0,055 0,023 0,000 - 0056 0037 0034 0037 0039 0024 -0013

Source: This thesis (2022).

Positive values indicate influences of row factors on column factors; negative factors
indicate influences running in the reverse direction. For further convenience of interpretation,
the grey highlighted values in Figure 17 indicate influences above the net influence value
averages (which for ‘Dry port entities’ is 0.031, for ‘Customers’ is 0.042, for ‘Federal
Revenue Superintendence’ is 0.029 and for ‘Aggregated result’ is 0.032).

Finally, an Influential Relation Map (IRM) was designed by mapping the dataset of
(R+C,R—C). This resulted in a more practical instant visualization reference tool for
decision makers who aspire to troubleshoot risk interconnection issues on dry port projects in
a stakeholder-sensitive manner. Figures 18 (a), (b), (c), and (d) present the IRMs of all
stakeholders, dividing the graph in four quadrants by the mean of R + C.

The factors in quadrant ‘I’ are identifiable as core factors, since they have high
prominence and relationship significance; the factors in quadrant ‘II’ are identifiable as
driving factors because they have low prominence but high relationship significance; the

factors in quadrant ‘III’ are low in both prominence and relationship significance and are
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therefore relatively disconnected from the mapped system; the factors in quadrant ‘IV’ have
high prominence but low relationship significance, which means they are impacted by
relatively heterogeneous factors and therefore cannot be directly improved through specific

and focused managerial interventions (Sl et al., 2018).

Figure 18 — Influential Relation Map
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To draw the net influence on the Influential Relation Map (IRM), represented by the
blue arrows, we used the value ‘twice-the-average’ as the threshold for each net influence

matrix, recognizing that the same threshold was used by (KHOMPATRAPORN;
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SOMBOONWIWAT, 2017). This representation aim enriches the IRM visualization by
highlighting the factor that most affects others on the net. This is intended to represent what
should weigh most on the minds of practitioners. Accordingly, Figure 18 summarizes the
prominence and relationship levels, as well the most important net influences, for the various
factors. The intention, here, is to influence the minds of risk management participants on dry
port projects to explore risk interconnectedness within risk identification contexts that frame
how risk should be perceived and set within risk discourse, and hence broader management

discourse, so as to optimize stakeholder interest and participation.

6.4 DISCUSSION

Results reveal a stakeholder congruence which regards ‘Cost” (F1) as the most
important risk factor for dry port success. This finding is in line with the extant literature, see
for example Lirn and Wong (2013). Unsurprisingly, ‘Cost’ (F1) was also found to be the risk
factor most affected by the others; and in the present study it was found to be particularly
impacted by ‘Economic’ (F6), ‘Political and Social’ (F7) and ‘Environment’ (F8) risk factors.
This finding has direct implications for how financial managers involved from various
stakeholder perspectives on dry port projects should make prioritization-with-limited-
resources decisions that shape their risk management participation within such projects.

Comparing the Influential Relation Maps (IRM), we see that from the ‘Federal Revenue
Superintendence’ (FRS) perspective, the ‘Political and Social’ factor (F7) is the risk factor
that most affect other risk factors, especially ‘Cost’ (F1), ‘Location’ (F2), ‘Accessibility’ (F4)
and ‘Operational’ (F5) factors. Arguably, this makes good sense in terms of heterogeneous
regulatory compliance imperatives for dry ports. More specifically, though, it is perhaps
significant that the ‘Federal Revenue Superintendence’ (FRS) is the government agency that
manages the stakeholder concessions, and, with considerable relevance to decision-making
under that role remit, adherence to customs rules (RODRIGUES et al., 2021).

Also significant is that risk factors in quadrant IV of Aggregated IRM, specifically the
‘Location’ (F2), ‘Infrastructural’ (F3), ‘Accessibility’ (F4) and ‘Operational’ (F5) factors, can
be interpreted together as being of particular importance through their dependency on others
within the network. An important practical management conclusion, then, is that in order to

achieve success in dry port ‘project’ to ‘operations’ phase transitions, these risk factors should
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not be considered discretely but rather synergistically and within longer tail risk context; more
practically speaking, to improve performance on any one of these risk factors, it appears
necessary to seek improvements on the others also. To further illustrate this point about the
need to co-manage risk factors, and also to draw this research to final summary conclusions,
Table 23 provides ranking orders (differentiated by stakeholder group) for prominence and

relationship factors.

Table 23 — Factors rank

R+C R-C
Factor
FRS Customer DPE Rank FRS Customer DPE Rank

Cost F1 48 1 88 1 719 1 69 1 022 8 -040 8 -031 8 -031 8
Location F2 428 5 861 2 68 3 659 4 -016 7 -024 7 -014 6 -018 7
Infrastructural F3 472 2 855 3 689 2 672 2 001 3 -022 6 -011 5 -011 5
Accessibility F4 432 4 83 6 661 5 642 5 015 6 -003 3 -008 4 -009 4
Operational F5 460 3 856 4 668 4 662 3 009 5 009 5 -021 7 -014 6
Economic F6 38 6 838 5 657 6 628 6 012 2 -006 4 006 3 003 3
Political and Social F7 330 7 759 7 576 8 554 7 036 1 034 1 017 2 028 1
Environment F8 294 8 758 8 575 7 543 8 002 4 029 2 021 1 014 2

Source: This thesis (2022).

As summarized in Table 23, the importance of each risk factor varies by stakeholder.
This in itself constitutes an important practical management finding because its mappings
permit incongruent stakeholder risk perceptions and communications to be explored within
broadly collaborative project risk management meetings that bring the relevant stakeholders
together. However, also significant within these management contexts is that ‘Cost’ (F1),
‘Location’ (F2), ‘Infrastructural’ (F3) and ‘Operational’ (F5) factors were clearly considered
the most important overall, thereby creating a clear common focus for project risk
management effort. These factors are also the ones which ‘Dry port entities’ (DPEs) and
‘Customers’ are most able to exert significant influence upon, within their decision making.
Correspondingly, then, it makes sense to centralize these decisions as focal points for broadly

collaborative project risk management discussions.

It is also notable that ‘Dry port entities’ (DPEs), ‘Customers’ and the ‘Federal Revenue
Superintendence’ (FRS), by contrast, have no control of the ‘Economic’ factor (F6), whose
management can also fundamentally be considered a prerogative of the national governments
that empower this and other regulators. This has subtler implications for where collaborative
project risk management can productively focus. Clearly, economic effects must be

anticipated and controlled, and scope for political lobbying, pushed collaboratively by
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stakeholders from across Brazil’s dry ports, can be regarded as potentially useful for shaping

the overall economic risk environment for dry port operations.

One interesting point to note, in that regard, is that the ‘Economic’ factor (F6) had a
particularly significant impact on ‘Customers’, these being the stakeholders who were most
likely to experience the impact of exchange rate fluctuations on import cargo. The question
might be asked, then, of whether these relatively dis-united stakeholders might utilize dry port
stakeholder management collaboration opportunities more effectively, in order to better

present their cases to government.

Similarly, ‘Dry port entities’ (DPEs) and ‘Customers’ had no influence on ‘Political and
Social’ risk factors, which are generally driven by customs rules and bureaucratic processes
under the purview of the ‘Federal Revenue Superintendence’ (FRS). This suggests that these
agencies might be valued more, within collaborative project risk management on dry ports, as

conduits for engaging with government.

Finally, the ‘Environment’ factor (F8) emerged as least important overall to the success
of dry ports. This suggests that there were limited concerns surrounding matters such as
pollution reduction when considering ‘project’ to ‘operations’ phase transitions. Perhaps there
is a framing or complacency issue here: the dry port projects appear to be regarded as
providing environmental solutions, far more than they are regarded as facilitators of an ever
larger and more polluting global economy. An obvious recommendation arising is that
broadly collaborative dry port project risk management arguably requires a more careful focus
on leveraging political, economic and cultural capital through its green logistics roles, and in

support of these roles.

6.5 REMARKS

Citing the economic importance of dry ports, but concerned about the high rate of phase
transition failures of dry port infrastructure projects, it was set out in this chapter to explore
not only the most commonly engaged risk factors impacting upon the failure of phase
transition from ‘project’ to ‘operations’ of dry port, but also the nature of their
interdependence. Recognizing the need for constructively simplified project risk management

narratives based on clear and explicit risk categories, it was identified from literature eight
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major risk factors to assess dry port phase transition success. From the stakeholder survey, it
was found ‘Cost’ to be the most important risk factor likely to impact upon successful phase
transitions of dry ports. ‘Location’, ‘Accessibility’, ‘Infrastructural’ and ‘Operational’ were
however identified as the highest-ranked risk factors. The interrelationships between these
risk factors were also discussed, so as to orient broadly collaborative project risk management
to explore risk systemicity as a critical and reflective management practice which engages

with risk systemicity-associated perceptual problems of stakeholder incongruence.

As practical contribution, this chapter provides risk category design leadership for
management of discrete risks that are set within deeper (i.e. systemic) risk contexts for
complex multi-stakeholder infrastructure dry port projects. Recognizing the paucity of
literature on risk categories for dry port projects, we conclude that the findings provide a
practical management guideline on key risk factors requiring collaborative project
management prioritisation during ‘project’ to ‘operations’ transitions of dry port projects, not

only in Brazil, but also in other countries.

The theoretical contribution, however, is more nuanced. It pertains to how project risk
management, seeking practical management simplifications, can achieve such simplification
by viewing risk categories more specifically as ‘readiness’ categories pertaining to phase
transitions. At these points of transition, we would contend, risk issues begin to crystallize,
extending to include stakeholder-collaborative risk discussions and control options. To link
the above benefits of a readiness focus back to the present findings, this chapter concludes
that DEMATEL analysis can provide a viable practical means for drawing attention to basic
readiness categories; that is, for offering a sensitizing conceptual framework for exploring the
complex interdependence that are likely to matter most amidst transitions to operations.
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7 SEAPORT-HINTERLAND DECISION MAKING: A CONTAINER SHIPPING
COST OPTIMIZATION

A reviewed version of the papers:

RODRIGUES, T.; MOTA, C.; PINTO, D.; ARAUJO, A. Identifying the factors
engaged in customers’ choice to operate through dry port or seaport. In International Joint
Conference on Industrial Engineering and Operations Management (IJJCIEOM), Rio de
Janeiro — Brazil, February 22-24, 2021.

RODRIGUES, T.; MOTA, C.; OJIAKO, U. Container shipping cost optimization: a

jointly seaport-hinterland network decision. Under Review.

7.1 CONTEXTUALIZATION

This chapter focus on the seaport-hinterland from the perspective of customers (shippers
and consignees), which are currently looking for the entire supply-chain in order to choose the
service providers that best fulfill their requirements in terms of cost and service level. As
stated in the Introduction section, the seaport-hinterland network is responsible for 40% to
80% of the total logistic cost, value that could be reduced by one third with appropriate
regionalization strategies (NOTTEBOOM; RODRIGUE, 2005). Such strategies regard a wide

range of options that customer’s should considerer jointly to reduce the total logistic cost.

Since the container is discharged in the seaport yard, looking from the import side,
customers should decide to have their customs clearance process in the seaport or dry port, if
it was through a dry port, which one is the cost efficient option, besides to choice the delivery
route and the transportation mode (road or multimodal). These decisions, which from here is
defined as ‘jointly seaport-hinterland network decision’, vary according to many factors as the
value and type of cargo (consolidated or deconsolidated), the distance of the delivery route,
the kind of transportation mode, the dwell-time of the container stored, the amount of
additional-services required, and so on. Furthermore, this decision varies according to
specificities of each customer as the location, infrastructure to store and handle containers and

the urgency to get the cargo.
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As highlighted in Theoretical Backgrounds section, some researchers have previously
developed models that minimize the logistic cost through the seaport-hinterland network as
Henttu, Lattila and Hilmola (2011) that estimated the quantity of dry ports which optimizes
the transportation network in Finland context through simulation and La&ttila, Hunttu and
Hilmola (2013), that analyzed the option to deliver the cargo directly to a seaport compared to
using a dry port reducing the transportation cost and CO2 emission. Important insights for the
dry port-seaport network decision came from Tran, Haasis and Buer (2017), which proposed a
model to optimize container flows between two continents minimizing total costs. Going
beyond, the model proposed by lannone (2012) and lannone and Thore (2010) have focused
in demonstrates how the competitiveness of the regional container seaport cluster can be
boosted by a dry port based with customs facilities and railway connections in Italy. Despite
the relevant results of these studies, they have looked to seaport-hinterland choice from a
holistic perspective, not focusing in offer to importers and exporters a flexible tool to aid the

seaport-hinterland decision making, reducing the total logistic cost.

Taking into account the literature gap, the limitations in previous studies and the
relevance of a flexible cost model aiding importers and exporters to chart the best seaport-
hinterland network is required. With this in mind, this chapter aim to answer the seventh and
eighth research questions, identifying the most important ‘cost’ factors, building a flexible
model to aid customer’s jointly seaport-hinterland network decision. Looking for managerial
contributions, simulations considering seaports, dry ports and multimodal transportation mode
were carried in a case study in Brazil. Sensibility analysis also brought insights contributing

to the literature of seaport-hinterland network.

7.2 STUDY CONTEXT

The context of this chapter is a case study in Brazil, specifically in Sdo Paulo state. Sdo
Paulo state is the industrial and economical center of Brazil responsible for 32% of the
national GDP (US$ 603 billion) and where the main logistic infrastructures are located
(SEADE, 2020). Covering an area of 248.219 Kmz, Sdo Paulo has approximately 46 million
people allocated in 645 cities. Just S&o Paulo occupies the 212 position in the largest
economies in the world and the third economy in South America (IBGE, 2021; SAO PAULO,
2021). Exporting US$51 billion and importing US$59 billion in 2019, Sdo Paulo has the

largest airport (Guarulhos) and seaport (Santos and Guarujé seaport) in Latin America (SAO
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PAULO, 2021). In terms of hinterland infrastructure, Sdo Paulo has 24 dry ports located in 16

cities and 7 container rail facilities as follows in Figure 19.

Figure 19 — Seaport-hinterland network of S&o Paulo state
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Source: This thesis (2022).

Despite the dry port definition, dry ports in Sdo Paulo do not operate through railway,
even when they are directly connected with the seaport, making contestable the real benefits
of dry port for customers in terms of cost. Furthermore, dry ports in Brazil face bureaucratic
customs process, lack of legislation, poor intermodal infrastructure and a competitive
environment between seaports and dry ports (RODRIGUES et al., 2021). For those reasons, a
flexible cost model applied in Brazilian context will bring insights for customers, policy
makers and scholars about the jointly seaport-hinterland network decision in terms of total

logistic cost.
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7.3 MATERIALS AND METHODS

In order to answer the seventh research question, it was applied the same methodology
of Chapter 3, a literature review based on the steps described by Tranfield, Denyer and Smart
(2003). From a set of 72 papers, 11 cost factors related to the seaport-hinterland were found as
follows in Table 24. These factors influences the inland leg operation, making possible to
customers compares seaports and dry ports from cost perspective. Specific details concerning

the systematic review are described in Rodrigues et al. (2020).

Table 24 — Set of cost factors

Cost factors Authors

Congestion cost (SLACK, 1985; TONGZON, 2009; TANG; LOW; LAM, 2011; STEVEN; CORSI, 2012; LEE; HU,
2012; BROOKS; SCHELLINCK, 2013; YEO et al., 2014; MOYA; VALERO, 2016; TSAO; LINH,
2018; BAERT; REYNAERTS, 2020; VALLS et al., 2020).

Cost of handling containers (JANIC, 2007; IANNONE, 2012; CRAINIC et al., 2015; TRAN; HAASIS; BUER, 2017; TSAO;
LINH, 2018; VAGGELAS, 2019).

Custom clearance cost (IANNONE, 2012; CRAINIC et al., 2015).

Demurrage and detention cost (TONGZON, 2009; YEO et al., 2014; CRAINIC et al., 2015; OEY; SETIAWAN, 2017; REZAEI et
al., 2019; HSU; LIAN; HUANG, 2020).

Dry port and seaport inland charge (BROOKS; SCHELLINCK, 2013; CRAINIC et al., 2015; BUTTON; CHIN; KRAMBERGER,
cost 2015; TRAN; HAASIS; BUER, 2017).

Emissions cost (LATTILA; HENTTU; HILMOLA, 2013; TRAN; HAASIS; BUER, 2017; TSAO; LINH, 2018).
Import and export charges in inland (CASTELEIN; GEERLINGS; VAN DUIN, 2019; BAERT; REYNAERTS, 2020).

Inventory holding cost (JANIC, 2007; IANNONE, 2012; TRAN; HAASIS; BUER, 2017; KAPETANIS; PSARAFTIS;
SPYROU, 2016; OEY; SETIAWAN, 2017; TSAO; LINH, 2018).

Storage cost (IANNONE, 2012; BROOKS; SCHELLINCK, 2013; QIU; LAM; HUANG, 2015; CRAINIC et al.,
2015; OEY; SETIAWAN, 2017; QIU; LAM, 2018; TSAO; LINH, 2018; VAGGELAS, 2019).

Transportation cost (SLACK, 1985; JANIC, 2007; TONGZON, 2009; IANNONE; THORE, 2010; IANNONE, 2012;
BROOKS; SCHELLINCK, 2013; YEO et al., 2014; CRAINIC et al., 2015; QIU; LAM; HUANG,
2015; LARRANAGA; ARELLANA; SENNA, 2016; NUGROHO; WHITEING; JONG, 2016;
TRAN; HAASIS; BUER, 2017; OEY; SETIAWAN, 2017; QIU; LAM, 2018; TSAO; LINH, 2018;
MOYA; VALERO, 2016; REZAEI et al., 2019; HSU; LIAN; HUANG, 2020; JIANG et al., 2020).

Value-added services cost (JANIC, 2007; MONIOS, 2011; BASK et al., 2014; CRAINIC et al., 2015; JEEVAN; CHEN;
CAHOON, 2018).

Source: (RODRIGUES et al. 2020).

Towards building the cost model, the strategy in this chapter was the same of lannone
(2012), Janic (2007), Lattila, Henttu and Hilmola (2013), and Tran, Haasis and Buer (2017),

simulating delivery routes to aid customers’ decision-making. In this way, three questions are
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considered jointly in the model: (i) the decision to perform all logistic services in seaport or in
dry port (in this case, which dry port is the best option); (ii) the decision to transport the cargo
by road of by multimodal transportation (rail); and (iii) to delivery/receive the cargo

consolidated or deconsolidated.

For the simulations, a discrete system with seven delivery routes (dr) were tested based
on Fazi and Roodbergen (2018) and Jeevan (2017): (i) dr=1 when the container is directly

delivery to the customer by truck from the seaport then returns empty to the same seaport
(zikwn kelempt) (i) dr=2 when the container is directly delivery to the customer by
multimodal transport (rail and truck) from the seaport then returns empty through the same

route (ir—fkcon;k Ziempt); (iii) dr=3 when the container is deconsolidated in the seaport and

delivery directly by truck to the customer from the seaport (l - kdew) (iv) dr=4 when the
container is delivery from a seaport to a dry port by truck, delivery to the customer also by
truck and then returns empty to the same dry port (i o = kogni k= Jempe ) (V) dr=5 when
the container is delivery from a seaport to a dry port by multimodal transport (rail and truck),

delivery to the customer by truck and then returns empty to the same dry port (ir—fjm;j
ikwn;kijempt); (vi) dr=6 when the container is delivery from a seaport to a dry port by

truck and then be deconsolidated and delivery to the customer by truck (i 4 JeoniJ A kdem); and
(vii) dr=7 when the container is delivery from a seaport to a dry port by multimodal transport

(rail and truck), be deconsolidated and then delivery to the customer by truck (ir—>'tjwn;j

5 kdew). In Figure 20 follows a scheme of the simulated scenarios.

Figure 20 — Scenarios of simulations
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Source: This thesis (2022).
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Considering the seven delivery routes, ten cost factors related to seaport-hinterland
network were considered based on previous models described above and in the literature
review in chapter 7 as follows: terminal handling cost (HC), storage cost (SC), value-added
service cost (VA), customs clearance cost (CC), inventory cost (IC), demurrage and detention
costs (DDC), container leasing cost (CLC), delivery cost (DEC), back empty container cost
(BECC), and emission cost (EMC). The cost model is applicable to import and export process,
however, as dry ports in Brazil are characterized to operates import cargo the case study is
limited to the import process (RODRIGUES et al., 2021).

The cost database was obtained from multiple agents. Related to road cost, we got data
from the National Association of Cargo Transport and Logistics (NTC, 2021), from the
resolution 5.867 of National Agency of Ground Transport (ANTT, 2021) and from the study
of Araujo, Bandeira and Campos (2014). The rail fees were based on the average charged by
the 2 rail carriers which transport container in Sdo Paulo state. Dry ports fees were based on
the services average charge of 7 companies responsible for manage 11 dry ports in Sdo Paulo.
In the same way, it was considered the average rate of the 3 most important seaports located
in Santos hub seaport and 6 line operators/ship-owners. The road distances considered in the
model was assessed by Google Maps, the simulations and data analysis ran in Microsoft
Excel (2010) and the sensibility analysis of the delivery routes was built in QGIS 3.16 from
January to April, 2021. The variables of the model are detailed in Appendix C.

7.3.1 Service cost (SC)

7.3.1.1 Terminal handling cost (HC)

Terminal handling cost vary based on the number of boxes loaded/unloaded at the dry
port or seaport (box; ;) , the terminal handling charges (thc; ;), and the quantity of handling
moves in each delivery route (ghm, ;4-) (CRAINIC et al., 2015; TRAN; HAASIS; BUER,
2017). After discharged from the vessel, the container is positioned in the seaport’s yard and
each handling after that should be charged. If the customer decide to receive the container
directly from the seaport, 1 handling would be necessary to load the container on the truck.
However, if the customer decides to import through a dry port, at least 3 handlings would be

necessary, one to load the container on the truck or rail, another one to discharge the container



131

in the dry port’s yard, and the last one to load the container on the truck to be delivered to the
customer. Any other container handling required by the customer or customs agents, as the
positioning to inspection or deconsolidation, is considered an additional service and is

fulfilled in other steps of the model.
Equation 17

HCdr = Z iESEA thCi'j X bOXi‘j X qhmi,j,dr
JEDRY
dreDRS

7.3.1.2 Storage Cost (SC)

The storage cost is referenced to the charges paid by customer for storage their cargo
inside the seaport or dry port facility. It is proportional to the storage charge per box (scc; ;)
or (scd;;) and the dwell-time of the cargo in the seaport or dry port facility (doc; ;) (QIU;
LAM; HUANG, 2015; TSAO; LINH, 2018). In order to avoid low operations efficiency, a
seaport only provides a temporary storage space for containers by charging storage fees if
containers’ dwell time is longer than a free-time-limit. A dry port, however, charges a lower
storage fee than that in the seaport container yard. Hence, the dry port seems to be more
attractive for relatively long-term storage (KIM; KIM, 2007; QIU; LAM; HUANG, 2015).

The model simulates the storage cost of consolidated cargo (con) in the yard (when
dr =1,2,4 0or 5) and deconsolidated cargo (deco) in the warehouse (when dr = 3,6, or 7).
Some assumptions of the model are that no storage free-time in the seaport’s and dry port’s

yard or warehouse is considered. Furthermore, a minimum rate of storage charge (msrc; ;) or
(msrd; ;) is considered, applicable when the scc;; or scd;; is less than the msrc;; or
msrd,; ; due the cargo value (cv) or the minimum time rate (tmc; ;) for storage. The scc; ; and
scd; j can be assessed proportionally to the cargo value (cv), when a percentage of the cargo
value is charged per day of storage (src; ;) and (srd; ;). In this model the cargo value (cv) is

assessed through a relation among the CIF (Cost, Insurance and Freight) rate (cifr), the cargo
weight (cw) and the dollar rate (dor). Additionally, if the cargo is deconsolidated, it must be

stored and delivered as a whole, not partially.

Related to the dwell-time of the cargo in the seaport or dry port facility (doc; ), it vary

according to the transit time from seaport to customer (ttsc;,.), the transit time from seaport
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to dry port (ttsd, ), the transit time from dry port to the customer (ttdc,), the documentation
time to liberate the cargo at seaport (dtd;) and how long the customer require it until receive

the cargo in their facility (ttd). In this way, the storage cost is assessed as follows.
Equation 18

cv = cifr X cw X dor
Equation 19

doc;j = ttd — Zigi;ﬁf ttsdy, — ttscy, — ttdc, — dtd;

Ifdr=1,2,40r5:
Equation 20

SCCij = CV X STy j
Equation 21

SCar = Xiesga sccyj X doc; j X box; j
JEDRY

Ifdr =3,6,0r 7:
Equation 22

scdyj = cv X srd;
Equation 23

SCqr = Xiesea scdyj X docy j X box;
JEDRY

7.3.1.3 Value-added service cost (VA)

More than handle and store container cargo, seaports and dry ports are becoming
specialized in offer additional services to meet customers’ needs (RODRIGUES et al., 2021).
These functions vary depending on the type of facility, ranging from basic logistics services to
a variety of customer-oriented services including cargo consolidation and deconsolidation,
maintenance and repair, track and trace, custom clearance, information processing and
forwarding (JEEVAN; CHEN; CAHOON, 2018; KHASLAVSKAYA; ROSO, 2020). As

pointed by Jeevan et al. (2017), specially dry ports are anticipating various value added
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services such as assorting, mixing, blending, packaging and repackaging, labeling and

relabeling, offering tailored services beyond the standard offer.

Considering the congestion in seaport’s facilities, value-added activities are likely to be
less cost-intensive in dry ports (BASK et al., 2014). As the range of services available vary
among the seaports and dry ports, the model will considerer every kind of value-added
charge, except those related with customs clearance activities and container handling per
delivery route. In this way, it is necessary from the decision-maker define the set of additional

services required (SAS = kasy, kas,, ..., kasy) and the respective charges (cas; j,kasq). For

instance, if the decision-maker decides to deconsolidate the cargo in the seaport, at least the
positioning, consolidation/deconsolidation, and weighting is required and should be
considered in the model.

Equation 24

— N
VAdr - Z IESEA Zq=1 (CaSi'j'kasq) X boxi'j
JEDRY
kasq€SAS

7.3.1.4 Customs clearance cost (CC)

Customs clearance is the most anticipated service provided by dry ports, assisting
seaport to ease the import and export procedure, reducing significantly container dwelling
times and congestion in seaports (BASK et al., 2014; JEEVAN et al., 2017). Bringing
customs and commercial release closer to the customer, they can collect their goods closer to
the inland destination in a more flexible way (SHERAFATIPOUR et al., 2018). Essentially,
there are four different customs control types: (1) automated computerized control, (2)
documentary control, (3) physical inspection, and (4) X-ray scanner control. With this in
mind, customs cost could be assessed taking into consideration direct costs and indirect costs.

Direct costs include terminal handling costs, storage costs, and customs operation costs
in the case of physical inspection and x-ray scanner control. Instead, indirect costs consist of
opportunity costs and economic-technical depreciation costs for the containerized goods
during the time needed for the releasing operations (IANNONE; THORE, 2010). As major
customs clearance costs are covered in the other steps of this model, only the positioning for

physical inspection cost (pic;;), X-ray scanner control cost (xsc;;) and the transshipment
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customs cost (tcc;) for transfer containers from seaport to dry ports were considered. As

customs charges for automated computerized control and documentary control are the same

for all custom office, it was not considered in the model.

Equation 25

CCyr = Y ieSEA (pici’j + xsc;; + tccl-,]-) X boxi,j
jEDRY

7.3.2 Time cost (TIC)

Time is one of the most important factors in every logistic decision, where customers
usually require their cargo as fast as possible. However, it can’t be generalized (BASK et al.,
2014). Many customers don’t have storage capacity either specialized equipment to handle
containers, requiring these services from logistic operators. As money change value along the
time, many kinds of costs emerge from delivery time variance such ‘inventory cost’, that
aggregates the opportunity and depreciation costs (TALLEY; NG, 2017; TRAN; HAASIS;
BUER, 2017); ‘demurrage and detention costs’ (FAZI; ROODBERGEN, 2018); ‘container
leasing cost’” (IANNONE, 2012); as well the ‘storage cost’ mentioned above. In this way, to
assess the ‘time cost’ is necessary to measure the Total Logistic Time (TLT) first, which is the
time expended for the cargo in each step of the import/export flow considering the return of
the empty container, when applicable, and is defined as: (i) the dwell-time of the cargo at
seaports’ or dry ports’ facility (doc; ;); (ii) the documentation time to liberate the cargo at
seaport (dtd;); (iii) the transit time from the seaport to the customer’s facility (ttsce, gr),
from the dry port to the customer’s facility (ttdc,4,) and from the seaport to the dry port

(ttsdyrqr); (iv) the transit time to return the empty container (ttre , g, ).

It is important to highlight that the TLT starts to count since the container is discharged
into the seaport’s yard until the customer receive their cargo and considerate the returns of the
empty container when the cargo is delivered consolidated. If the cargo is deconsolidated in the
seaport or dry port, the ttre,, 4, is not considered, since those facilities works as depots to
receive the empty container. In this way, TLT is assessed considering the transit time until the
customer receive their cargo (ttd), that should be defined by the customer (TRAN; HAASIS;
BUER, 2017), plus the ttre;, 4 when applicable. The ttd aggregate the storage time and the

transit time, that can be estimated multiplying the distance per delivery route of each
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transportation mode (ddg,ry) and the average speed of the truck or rail (as;,)
(KAPETANIS; PSARAFTIS; SPYROU, 2016; LARRANAGA; ARELLANA; SENNA,
2016). Moreover, the transit time should consider the time for rest and stops prescribed by the
countries’ regulations (IANNONE; THORE, 2010). Hence, the TLTj, is assessed as follows.

Equation 26

ttd = Y. iesea doc;; + dtd; + ttsdyy gr + ttSCey gy + ttdce gy
JEDRY

dreDRS
t,reTM

Equation 27

TLTyr = Zt,rETM ttd + ttreg,qr

7.3.2.1 Inventory cost (IC)

It may be expressed aggregating opportunity and depreciation costs, which are the
inventory in transit holding costs depending on the cargo value (cv), the interest rate
(opportunity and depreciation rates per day), and the transit time until the customer receive
their cargo (ttd) (IANNONE; THORE, 2010; JANIC, 2007; TALLEY; NG, 2017).

Equation 28

IC = ttd X cv X (or + der)

7.3.2.2 Demurrage and detention costs (DDC)

In general, a container is said to be in demurrage for the time it is positioned at a
seaport. Each container is usually granted a free demurrage period, after which additional
days at the seaport are penalized with a daily demurrage fee (FAZI; ROODBERGEN, 2018).
On the other hand, a container is said to be in detention once it has left the seaport and is in
the hinterland for a period of time longer than the detention free-time, until the empty
container had returned to the shipping line’s depot, dry port or to an agreed seaport terminal
(FAZI; ROODBERGEN, 2018). Despite the above concept, the ship-owners usually charge a
unique rate that aggregates demurrage and detention charges, according to the transit time of
the container (ttcg,,), that is the time since the container is discharged in the seaport and

returns empty to the seaport or dry port, varying with the delivery route. Additionally, this
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rate is progressive, starting to charge a demurrage and detention fee 1 (ddf1) after the ttc,,
surpass the demurrage and detention free-time (ddft). After the ttcg, surpass the double of
ddft, a demurrage and detention fee 2 (ddf2) starts to be charged until the empty container
returns. A general assumption is that if the cargo is deconsolidated in the seaport, no DDC is
charged. In this way, the DDC is assessed as follows.

If tthr < ddft, DDCdT =0

If ddft < ttcy, < (2 x ddft):
Equation 29

DDCq4, = ttcy, X ddfl

If ttcy > (2 X ddft):
Equation 30

DDC,; = (ddft x ddf1) + {[ttcy, — (2 X ddft)] x ddf2}

7.3.2.3 Container leasing cost (CLC)

Container leasing cost is assessed as function of a container leasing charge (lcd) and
the container transit time (ttcg;-), since it is discharged from the vessel (full) and should return
to the ship-owner through a seaports or a dry port (IANNONE, 2012). This dimension is
measured in days of leasing and is formulated as follows.

Equation 31

CLCdT = ttcdr X led

7.3.3 Transportation cost (TRC)

The transportation network is in the center of logistic decisions. Regarding dry port
context, a direct and high capacity connection between dry ports and seaports, as railway and
barge, is a characteristic of dry ports infrastructures (ROSO; WOXENIUS; LUMSDEN,
2009). Looking for increase container flow in a reliable and security way, optimizing the scale
economies through direct connections, dry ports emerges as an option to reduce the
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transportation costs. However, in many developing economies, majority of the freight
transport is undertaken by road based vehicles while rail and water based services remain
either largely unutilized or highly disorganized in their functioning and coordination
(BHATTACHARYA et al., 2014), which makes the benefits for using dry ports in terms of
cost contestable from the customers perspective (RODRIGUES et al., 2021). Considering the
relevance of assessing transportation cost as information to customers’ decision-making, this
model highlights and calculates three major transportation costs: delivery cost (CRAINIC et
al., 2015; IANNONE, 2012; JANIC, 2007; LATTILA; HENTTU; HILMOLA, 2013; TRAN;
HAASIS; BUER, 2017), back empty container cost (FAZI; ROODBERGEN, 2018;
IANNONE, 2012; SONG; DONG, 2012), and emission cost (LATTILA; HENTTU;
HILMOLA, 2013; ROSO, 2007; TRAN; HAASIS; BUER, 2017).

7.3.3.1 Delivery cost (DEC)

Delivery cost is the charge paid by customers to receive their cargo from dry port or
seaport and usually is based on commercial deals between those actors and rail or truck
carriers. However, as commercial deals vary among each customer, this model measures the

delivery cost based on the quantity of boxes delivered (box;;), the modal charge
(MCteyn gecoreon)s VArYING by truck, rail, and the cargo type, and the delivery distance

(ddgr¢+), Which vary depending on the delivery route (dr) and the transportation mode

(LATTILA; HENTTU; HILMOLA, 2013). A fixed delivery rate (fdrz,,,, 4,c,r.0n) iS Charged,

fulfilling the fixed transportation cost for the carriers. An additional delivery cost (adcg,) is

also charged representing the transportation under customs control rate.

For the simulations, if the dry port is not direct connected with the seaport through
railway, a multimodal transportation mode may be used, carrying the cargo by rail until some
point, and then finishing the transport by truck; in this case, an operational transshipment rate
(otry,) is charged to transfer the container from the train to the truck. Some assumptions are
that the container is transported under merchant haulage, when the shipping line is only
responsible for the sea transport; typically, the shipper appoints a local carrier for the inland
transport (FAZI; ROODBERGEN, 2018). The distances of the delivery route vary according

to the route and the location of each facility; the tolls charged in each delivery route are not
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considered in this model. Hence, the delivery cost (DEC,,) is assessed as (LATTILA,;
HENTTU; HILMOLA, 2013; TRAN; HAASIS; BUER, 2017):

Equation 32

DECdT = Z ;g}g%‘}l, (boxi:j X dddrvtrr X mctcon,decofcon,deco) + fdrtcon,decofcon + adch + Otrdr
t,reTM
con,deco€CT
dreDRS

7.3.3.2 Back empty container cost (BECC)

Shipping companies are usually responsible for providing required empty container to
their customers (SONG; DONG, 2012). When a customer asks to export freight, a truck will
carry an empty container from a depot (dry port or seaport) and deliver it to the customer
location in order to consolidate the cargo. In the same way, since the consignee received their
import cargo and deconsolidate it, the empty container should return to a depot in order to
avoid additional detention and leasing charges (SONG; DONG, 2012; WANG; YUN, 2013).
Hence, here the transportation cost to return the empty container is assessed as follows below.
Some assumptions are that the empty container should back to the same facility which it was
delivered through road or rail transportation mode, for instance if the container was delivered
through a seaport it should back to the same seaport and through the same transportation
mode. In this way, (ddg4,¢,) Is the same distance in the route to deliver the cargo from the
customer (K) to the dry port (j) or seaport (i). Additionally, if the cargo is deconsolidated in

the seaport or dry port, no BECC is charged.

Equation 33

BECCy, = ). i€SEA (boxi,j X ddgy ¢y X mctempbrempt) + fdrtemptrrempt + otry,
JEDRY
empteCT
t,reTM
dre€DRS

7.3.3.3 Emission cost (EMC)
A well designed dry port can benefit ecologically the environment and the quality of life

by shifting flows from road to rail (ROSO, 2007). In this model, emission cost is considered

as an opportunity cost, where the government offers financial incentives to reduce the CO2
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emission, changing the transportation mode from road to rail. In this way, the EMC is a
carbon credit for shippers and consignees which choice to import/export through dry ports,
using the railway network (dr = 2, 5, 7) compared to the other options of delivery routes by

road.

The emission cost depend heavily on the delivery distance per delivery route (dd,), the
weight of the truck with the cargo (w;) and weight of the wagon with the cargo (w,.), varying
through a marginal emission parameter (me,,), which depends on the transportation mode
(truck or rail) (LATTILA; HENTTU; HILMOLA, 2013). As carbon credit, this opportunity
cost is applicable only when the customer uses multimodal transport. In this way, the dd,
using multimodal is compared with a direct delivery route option by truck (dddg;,) to identify
how much carbon was saved through the railway connection. Hence, the total carbon credit

saved is converted into financial benefits through a carbon price (cp) as follows.
Equation 34

EMC = Yar=25,7¢cp X [(ddddrt X me; X Wt) - (dddrr X me, X wr) - (dddrt X mey X wt)]
treTM

7.3.4 Total Logistic Cost (TLC)

The Total Logistic Cost (TLCg,) per delivery route function is assessed aggregating the
Service Cost (SEC), Time Cost (TIC) and the Transportation Cost (TRC) as follows.

Equation 35

TLCy4y = HCyr + SCyy + VAgy + CCyy + IC + DDCyy + CLCyy + DEC4yr + BECCyy + EMCyy

From equation (35), the seaport-hinterland network costs for the 7 delivery routes
defined as the discrete system may be assessed. When the seaport-hinterland network decision
from the customer’s perspective is made only in terms of cost, they should decide for the
delivery route with the fewer cost. Applying the cost model in the Brazilian case with
sensibility analysis in terms of the distance, time, cargo type, cargo value, transportation mode
and emissions have brought political and managerial insights, with theoretical and practical

implications.
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7.3.5 Simulations’ assumptions

Some assumptions were required to the simulations in Sdo Paulo. In terms of services
cost, to assess the handling cost, each delivery route was analyzed in order to identify the
quantity of handling moves required. For instance in dr=1 and dr=2, only one handle is
required to load the container under the truck or rail to be delivered; on the other hand, in
dr=3 the container is deconsolidated in the seaports’ warehouse, and the positioning is
considered as an additional service, then no handling cost is charged; for dr=4 and dr=5 was
considered one handling in the seaport and two handlings in the dry port; lastly, for dr=6 and
dr=7 was considered one handling in seaport and one handling in dry port. For the storage
cost was considered a minimum rate charge of storage that vary according to the cargo value
and the dwell-time of storage, charging the highest rate, based on the average rate of the dry
ports and seaports of S&o Paulo state. Furthermore, the time of some activities along the
import process was considered as: the time to deconsolidate the cargo was not considered, so,
in dr=3, 6, 7, the container is deconsolidated in the same day of it arrives in seaport or dry
port facility; if the cargo is stored in the seaport less than 2 days, it is charged in the model,
however, if the container was schedule to be delivered to the dry port, those 2 days is not
charged; if the container does a gate-in and gate-out in the same day, no storage cost is
charged. In resume, the simulations charged the storage cost in seaport just for dr=1, 2, 3, and
in dry port just for dr=4, 5, 6, 7, even requiring using the seaport’s facility for a short period

of custom liberation.

Still related to services cost, as the set of additional services vary according to the
customers’ necessities, for the simulations it was considered only the required additional
services for each delivery route as positioning, deconsolidation, consolidation and weighting.
In terms of customs process, as it is the same in dry ports and seaport, the charges related to
the process was not considered in the model. It was considerer 2 days as the documentation
time to liberate the cargo through Customs Transit Declaration (DTA) (BFR, 2019).
Furthermore, the transshipment customs cost (tcc;) is only charged in delivery routes which
use dry port, charged by the seaport to liberates the DTA and by dry ports receive it (NG;
PADILHA; PALLIS, 2013).

Some assumptions were also made to assess the time cost (TIC). First, all the road and

rail distances among customer’s cities, dry ports’ cities and seaports’ city were measured
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through Google Maps, making possible estimate the transit-times. Second, the transit-time
also considered the 8 working hours allowed by the Brazilian Legislation (TST, 2021), in this
way, if a transit time to deliver a container exceed 8 hours, another day of transit was
considered. Moreover, a unique transportation mode should be operated per day (truck or rail
in the same day). Third, the operational time of load and discharge, as well the consolidation
and deconsolidation of the cargo is not considered in the model. Lastly, is assumed that the
customer returns the empty container to the dry port or seaport in the same day that it receives
the container. Related to demurrage and detention cost, for dr = 1,2,4,5, ttcg, 1S equal to
TLT,4.. However, for dr =3, where the container is deconsolidated in the seaport,
DDCg4-—3 = 0. For dr = 6,7, where the container is deconsolidated in the dry port, the transit
time from the seaport until the container reach the dry port was considered to identify if it
doesn’t surpass the ddft for each customer’s city, and, after be deconsolidated in the dry port,

the empty container remains in the dry port.

For the simulations was considered one 40 foot container box, and a road carrier profit
of 10% (ARAUJO; BANDEIRA; CAMPOS, 2014). The transportation cost was assessed for
all options of routes available in Sdo Paulo state. In this case, the transportation cost from
Santos seaport for all customers’ cities deliver directly were assessed, as well the cost from
the seaport to all dry ports’ cities, selecting the route that resulted the fewer transportation
cost per delivery route. As in Sdo Paulo there is no operational dry port direct connected with
the seaport, we have considered the multimodal transport only for consolidated cargo. In this
case, the container goes to a multimodal facility, is discharged from a train and loaded in a
truck to then be delivered to a dry port or to the customer. For deliveries in the same city or
neighbor cities of dry ports and seaports with less than 10km of distance, the fixed delivery

rate plus. 10km of distance for modal charge

(fdrtcon,deCo,empt'rcon,empt)

) were considered. Related to the return of empty container, it was

(mctcon,deco,empt:rcon,empt

considered as 92% of the variable cost to deliver a full container (ANTT, 2021). The
container should return to the same facility that it came. In this way, for dr=3, 6, 7, there is no
BECC since the container is deconsolidated in the seaport or dry port. Lastly, as there is no
carbon credit policy in Brazil to stimulate shippers and consignees to use railways instead of
roadways connections, we have simulated a scenario considering a carbon credit policy to
understand if it’s an option to policy makers in Brazil. For the simulations it was considered a
carbon price of R$280.00 per tons of CO2 saved (EDF, 2020).
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7.4 RESULTS

The results from the simulations looks to answer the proposed research question
identifying how customers’ specificities drive the jointly seaport-hinterland network decision
in terms of cost varying factors as location, time, transportation mode and cargo type and
cargo value. The first simulation (SIM1) has run the cost model considering the cargo value
as R$415,580.00 (approximately US$74,000.00) (LATTILA; HENTTU; HILMOLA, 2013;
ZHANG; SCHRAMM, 2020) and has varied the total time until the customer receive the
cargo (ttd) from 2 days until 60 days, looking for identify the impact of those variables in the
seven delivery routes available as options for consignee’s to import their cargo. Figure 21
presents the result of seven simulations highlighting the cost efficient delivery route for each

city in S&o Paulo state.

In cases when the consignee needs their imported cargo as fast as possible, as
represented in the simulation by TTD=2, the cost efficient delivery routes are DR1, DR2 and
DR3 as follows in Fig. 21(i), when the cargo is directly delivered to the customer from the
seaport. This result demonstrates that in cities near from Santos seaport, delivery the container
consolidated and returning the empty is the cost efficient option (DR1). However, as the
distance from the seaport increases, deconsolidate the cargo in seaport and deliver become the
cost efficient option (DR3). Lastly, using multimodal transportation mode is cost efficient for
some cities, especially the ones near the Araraquara’s multimodal facility. When TTD=5,
especially due delays in customs process, DR1 keeps as the cost efficient option for most
cities in S&o Paulo Fig. 21(ii). However, DR4 emerges as an option for cities near the dry port
of Sdo José do Rio Preto and DR5 as an option for cities near the dry ports of Ribeirdo Preto
and Bauru using the multimodal facility of Sumaré. Lastly, DR6 starts to become cost
efficient for some cities, using a dry port to deconsolidate the cargo and deliver to the

customer.

As the TTD increases for 10 and 15 days, import cargo through dry port is the cost
efficient option for all Sao Paulo’s cities, specifically through DR4. For TTD=20,
deconsolidate the cargo in the dry ports starts to highlight as a cost efficient option especially
for cities far from dry port’s facilities. For TTD=30, DR4 keeps as the cost efficient option

especially for cities near dry port’s facilities while DR6 assumes as the best option for the
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other cities. Lastly, as the TTD increases toward 60 days, DR6 becomes the best option for all

cities, delivering the cargo deconsolidated to the customer through a dry port.

Figure 21 — Results of simulation 1

() TTD=2 (i) TTD=5

(i) TTD = 10 (iv) TTD =15

(v) TTD =20 (vi) TTD =30

(vii) TTD = 60 Lables

[l SEAPORT CITY
Il DRY PORT CITY
[ DRI
a5, [ DR2
I DR3
[ DR4
N I DR5
0 100 200 km * B DR6
|| -

& J

Source: This thesis (2022).



144

The second simulation (SIM2) has run the cost model varying total time until the
customer receive the cargo from 2 days until 60 days and reducing the cargo value to
R$45,000.00 (approximately US$8,040.00) (DP WORLD, 2021; ZHANG; SCHRAMM,
2020). The objective here was understand the impact of the cargo value in the total logistic
cost, taking into account the storage cost is based on the cargo value and considering a

minimum storage fees as rule when applicable. The results follow in Figure 22.

For TTD=5 the results are close to the SIM1, with DR1, DR2 and DR3 as the cost
efficient options to deliver the cargo to the customer, all of them going directly from the
seaport facility. However, when TTD=5 the scenario changes with DR1 as the cost efficient
option for the most cities, DR3 as the best option for cities far from dry port’s facilities and
DR4 for cities near Sdo Jos¢ do Rio Preto’s dry port. For TTD=10 the differences between
SIM1 and SIM2 become more evidence. While in SIM1 the cost efficient for all cities were
through dry ports, in SIM2 DR1 keeps as the best option for most cities, delivering the cargo
directly from seaports. This fact highlight that seaports remain as cost efficient option for a

longer time for cargos with low value.

As TTD increases for 15 days, the DR6 becomes the cost efficient option for all cities,
with the cargo passing through a dry port. However, for TTD=20, the DR7 emerges as a cost
efficient option for most cities. It happened due the fact that a multimodal transportation mode
takes more time to deliver the cargo until the dry port’s facility, reducing in one day the
storage time. As the cargo has a low value, the minimum storage fee is charged in the dry
ports for each 15 days of storage; this additional storage day for delivery routes which use
truck as transportation mode makes in some specific times, as for TTD=20 and multiples of
15 days, the DR7 be cost efficient than DR6, however for a low average difference of
R$193.86 (approximately US$35.00). After that, for TTD equal to 30, 60 and so on, the DR6

highlights as the cost efficient delivery route.

In Brazil there is no policy to reduce the CO2 emission and the road traffic. To simulate
the impact of an environment policy, stimulating the use of multimodal transportation, two
scenarios were tested. The simulation 3 (SIM3) has the same characteristics and inputs of
SIM1 while simulation 4 (SIM4) has the same characteristics and inputs of SIM2, adding in
both cases the emission cost factor. The results have shown an impact in customers’ choice
for 61 cities, changing the transportation mode from road to rail specifically for the direct
cargo deliver from seaport to the customer facility when TTD=2, comparing SIM1 with SIM3
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and SIM2 with SIM4 as presents Table 25. For TTD=5, only 7 cities have changed to rail for
high cargo values (SIM1 compared with SIM3), including transferring the services from the
seaport to dry ports. However, as the TTD increases, the EMC has no impact in customer’s

choice in terms of cost.

Figure 22 — Results of simulation 2
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Table 25 — Cities fulfilled considering emission cost factor

Quantity of cities fulfilled in the cost efficient delivery route

Simulation
TTD=2 TTD=5 TTD=10 TTD=15 TTD=20 TTD=30 TTD=60
SIM1 - 241 645 645 645 645 645
Dry port SIM2 - 56 200 645 645 645 645
SIM3 - 248 645 645 645 645 645
sIM4 - 56 200 645 645 645 645
SIM1 645 404 -
seaport SIM2 645 589 445
SIM3 645 397 ;
sIM4 645 589 445 - - - .
SIM1 549 570 645 645 645 645 645
. SIM2 549 645 645 645 187 645 645
SIM3 488 563 645 645 645 645 645
sIM4 488 645 645 645 174 645 645
SIM1 9% 75 - - - - -
i SIM2 9% - - - 458
SIM3 157 82 - - -
sIM4 157 - - - an -
SIM1 393 541 516 504 398 119
i dated SIM2 393 525 470 - 22 -
Consolidate SIM3 393 541 516 504 398 119
sIM4 393 525 470 - 22 - -
SIM1 252 104 129 141 247 526 645
_ SIM2 252 120 175 645 623 645 645
Deconsolidated SIM3 252 104 129 141 247 526 645
sIM4 252 120 175 645 623 645 645

Source: This thesis (2022).

From another perspective, the graphs in Figure 23 present a comparison between
simulations 1 and 2 in terms of the cost efficient option per city for each analysis: the kind of
logistic operator (dry port or seaport), the transportation mode used (road or rail) and the
cargo type (consolidated or deconsolidated). The result in Fig. 23a demonstrates that for a
high cargo value, import through dry port is cost efficient for most cities in Sdo Paulo when
the customer request their cargo after 6 days; less than that, operate through a seaport is
recommended in terms of cost. However, for a low cargo value (Fig. 23b), operates through
dry ports becomes cheaper for most cities only after 12 days. In this way, as the cargo value

and the storage time increases, operates through dry ports become cost efficient.

Related to the transportation mode, Fig. 23 (c) and (d) shows that deliver the cargo by
truck is the cost efficient option for most cities. This result is due the fact that there is no dry
port direct connected with the seaport, making necessary to use a multimodal transportation
mode to the cargo reach a dry port facility (train and truck), increasing the total logistic cost;
some exceptions appears for low cargo value in Fig.23 (d) for TTD=20 and multiples of 15

days as mentioned above. Moreover, for a high cargo value in Fig.23 (e), delivery the cargo
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consolidated is cost efficient until 24 days for most cities in Sdo Paulo. However, this
inflection point reduces for 12 days for few cargo value Fig.23 (f), influenced by the
demurrage and detention charges and the empty returns, which surpass the deconsolidated
storage cost and the additional service of deconsolidation in a short time, compared with a
high cargo value.

Figure 23 — Comparison between SIM1 and SIM2
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148

The simulations also have revealed the dry ports and multimodal facilities

recommended attending most cities in Sdo Paulo. It’s important to highlight that the results

are based in a fixed set of charges which could vary according to each logistic operation or

commercial deals. In Table 26 follows the results with the quantity of cities fulfilled per each

dry port and multimodal facility. Furthermore, a ranking rate follows in parenthesis

considering the population of each city attended by the dry ports and multimodal facilities; in

this case, a dry port that is cost efficient to attend Sao Paulo city, with more than 12 million
habitants, has a higher weight (IBGE, 2021).

Table 26 — Dry port cities and multimodal cities recommended

Simulation Dry port (DP) and _ _ _ _ _ _ _
Multimodal (MM) used TTD=2 TTD=5 TTD=10 TTD=15 TTD=20 TTD=30 TTD=60
Simulation 1 DP_Barueri 52 93 96 119 173 171
DP_Bauru 22 101 99 79 36 32
DP_Campinas 3 78 78 54 7 1
DP_Guaruja 1 29 29 29 32 39
DP_Santos - - - - - -
DP_Jacarei - 8 8 8 9 1
DP_Rribeirdo Preto 41 75 75 61 9 3
DP_Santo André 2 6 6 8 15 18
DP_Guarulhos - 16 16 16 2 -
DP_Séo Bernardo do Campo 25 31 36 107 277 327
DP_S&o José do Rio Preto 92 107 103 77 32 8
DP_Séo Paulo - 12 12 12 6 4
DP_S&o Sebastido 4 4 4 4 3
DP_Sorocaba 47 45 33 6 -
DP_Suzano - 10 10 11 25 36
DP_Taubaté 3 28 28 27 12 2
Simulation 1 MM_Araraquara 75 1
MM_Sumaré 14 63
MM _Campinas -
MM_Jundiaf 3
MM _Sao Paulo 5
MM_Suzano -
MM_Séo José dos Campos 7 3
Simulation 2 DP_Barueri 68 171 161 171 171
DP_Bauru 29 32 57 32 32
DP_Campinas 1 1 171 1 1
DP_Guaruja - 39 26 39 39
DP_Santos - - - -
DP_Jacarei 1 10 1 1
DP_Rribeirdo Preto - 3 7 3 3
DP_Santo André 4 18 6 18 18
DP_Guarulhos - - 14 - -
DP_Sé&o Bernardo do Campo - 67 327 82 327 327
DP_Sé&o José do Rio Preto 56 29 8 30 8 8
DP_Séo Paulo - 1 4 28 4 4
DP_Séo Sebastido - 3 1 3 3
DP_Sorocaba - 9 - -
DP_Suzano - 36 15 36 36
DP_Taubaté 1 2 28 2 2
Simulation 2 MM_Araraquara 75 -
MM_Sumaré 14 64
MM_Campinas - -
MM _Jundiai 171
MM _Sao Paulo 169
MM_Suzano - - 16
MM _Sao José dos Campos 7 - 38

Source: This thesis (2022).
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From here, ‘DP’ and ‘MM’ are the codes for dry port and multimodal facility
respectively. For SIM1, DP_Barueri e DP_S&o Bernardo do Campo highlights as the most
important to serve the most populations zones in Sdo Paulo state. The difference of the most
important facility through the quantity of cities and through the population is shown for
DP_Campinas and DP_S&o José do Rio Preto in TTD=10 and TTD=15, where those dry ports
serve more cities than DP_Barueri and DP_Sao Bernardo do Campo, but cities with a few
population. It’s important to mention that the metropolitan zone surrounding Sao Paulo’s
capital (Sao Paulo city) is composed by 39 cities (CETESB, 2021), aggregating more than 21
million habitants, which represents almost 50% of the Sdo Paulo’s state population; as the
cost model is sensible to the distances between the customer’s city and the logistic facilities,
selecting the fewer cost, the cost for use a dry port in that region (as DP_S&o Paulo,
DP_Guarulhos, DP_Barueri, DP_Sado Bernardo do Campo, DP_Santo André) is almost
similar, which doesn’t disqualify some dry port that are not highlighted in Table 26. Also in
SIM1, the multimodal facilities most used was MM_ Araraquara for TTD=2 and MM_Sumaré
for TTD=5.

The results for SIM2 also ranks DP_Barueri and DP_Sao Bernardo do Campo as cost
efficient. Some exceptions emerges when TTD=20 for cargo with low value, when DR7
becomes the cost efficient delivery route as mentioned above. In this case, DP_Campinas,
DP_Barueri and DP_Sao Paulo are top ranked for using multimodal transportation; this result
evidence the relevance for a dry port to serve Sao Paulo city. According to the multimodal,
MM _Araraquara highlights for TTD=2. For TTD=20 and multiples of 15 days, MM_Sé&o

Paulo, MM_Jundiai and MM_Sumaré are ranked as cost most used.

Summarizing the results from the simulations, Figure 24 presents the variation of the
total logistic cost according to the transit time until delivery and the delivery route for SIM1
(Fig. 24a) and SIM2 (Fig.24b). The graphs have shown that for high cargo value dry ports
becomes cost efficient as the TTD increase. Another insight is the fact that the total logistic
cost for all options of delivery routes increase linearly in a rate of R$1,473.00/day
(US$263.00/day) for DR1 and 2; R$1,590.00/day (US$284.00/day) for DR3; R$886.00/day
(US$158.00/day) for DR4 and 5; and R$850.00/day (US$152.00/day) for DR6 and 7.

In contrast, for cargos with low value as in SIM2, the variability of the total logistic cost
segregates three groups of delivery routes: DR1,2,3 which use seaport to delivery directly,
starting as the cost efficient options and becoming the most expensive options as TTD
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increases; DR4,5 which use dry port and deliver the cargo consolidated, returning the empty
container; Hence, DR6,7 are cost efficient delivery routes as TTD increase, going through dry
ports and delivering the cargo deconsolidated. The difference of variation between Fig.24(a)
and (b) is caused because in (a) the storage cost for high cargo value surpass the minimum of
storage fee, which doesn’t happen in (b), making the total logistic cost vary according to the
minimum storage time, which is 5 days for seaports and 15 days for dry ports. Furthermore,
the impact of demurrage and detention fee and the return of the empty container make the
option to deliver the cargo consolidated more expensive. The variability of total logistic cost
in SIM2 is approximately R$539.00/day (US$96.00/day) for DR1 and 2; R$495.00/day
(US$88.00/day) for DR3; R$295.00/day (US$52.00/day) for DR4 and 5; and R$163.00/day
(US$29.00/day) for DR6 and 7.

Figure 24 — Variation of the total logistic cost
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7.5 DISCUSSION

As relates to addressing research question (RQ: How do customer’s specificities drive
the joint seaport-hinterland network decisions in terms of total container shipping cost?), the
outcome of the simulations suggests that (i) cargo value, (ii) cargo type, (iii) transportation
mode, (iv) delivery distance and (v) the time until the customer received their cargo impact
the seaport-hinterland network decision. The first outcome of the simulations suggests that for
a short storage time, cargo delivery directly from the seaport is cost efficient, especially for
low cargo value and for delivery to locations (cities) next to seaports. These findings are
aligned to earlier findings by Tsao and Linh (2018). Furthermore, this finding also suggests
that as storage time increases, use of dry ports become the cost efficient option. However, as
seaports charge a higher storage fee, dry ports appear more attractive for relatively long-term
storage (KIM; KIM, 2007; QIU; LAM; HUANG, 2015).

The second outcome has shown that the road transportation is very cost efficient (for
most cities in S&o Paulo state). As dry ports are not directly connected with seaports, an
additional charge to transfer the cargo from rail to road is required in order to use multimodal
in the flow of goods. By adding emission cost into the model in SIM3 and SIM4, for a short
period of storage, multimodal transportation became the cost efficient option for 157 cities,
this is especially for cities far from seaports and near to multimodal facilities. This result
evidence that multimodal transportation may be improved in Brazil, mainly connecting dry
ports to multimodal facilities, reducing the total logistic cost for customers and achieving the
best benefit of scale economies in dry ports’ operation (KHASLAVSKAYA; ROSO, 2020).

Despite the short set of additional services considered for the simulations, the third
outcome have shown that container deconsolidation and the dry ports’ function of depot of
empty containers have impacted the results of jointly seaport-hinterland choice. Some insights
are that for customers far from dry ports and seaports facility, deconsolidation charge is
compensated for avoid the return of the empty container. Furthermore, the demurrage and
detention charges stood out as a driver for customer decision to deconsolidate the cargo in dry

ports, mainly for low cargo value.

Lastly, the average cost of each delivery route in Figure 24 has resumed the difference

of total logistics cost by each delivery strategy, bringing light for importers/exporters in
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Brazil. Hence, the cost model proved to be a flexible tool to assess the total logistics cost of
seaport-hinterland network, bringing relevant insights for importers/exporters, policy makers
and service providers. Despite the simulations offer recommendations of best route, each
decision maker should take into account their specificities, logistics capacity, service level
required and preferences to choice the seaport-hinterland network that best fit their
necessities, going beyond the cost analysis. However, as the cost is one of the most important
criteria for all logistics decision, the insights from the simulations may short the alternatives

for customers’ decision making.

7.6 REMARKS

Being able to offer a wide range of service options to a range of customer stakeholder
groups in a manner that also ensures a reduction in total cost involved in international
logistics is a complex decision depending on multiple criteria. There is substantial research
focused on dry port and seaport choice and also intermodal connection decisions and network
optimization. However, there still remains a paucity in terms of research focused on seaport-
hinterland network choice. In order to attend the fourth specific objective, the results
presented in this chapter from the simulation have shown that the proposed cost model works
in a flexible manner and may be applicable in different countries and contexts once adjusted
to customer’s specificities. What the outcome of the simulation tells us is that using dry ports
is a cost efficient mechanism in many cases, mainly for a long storage time. This finding has a
major implication in that it takes away concerns among Brazilians’ shippers and consignees
that as an additional ‘node’ to contend with within the supply chain, dry ports are likely to be

associated with additional costs.

The study makes both practical and theoretical contributions to joint decision-making in
container shipping. In terms of practical contributions, the proposed cost model that emerges
from the study serves as a flexible tool that may be applicable in diverse scenarios and
countries; such application being possible by changes to specific parameters of the model. In
terms of theoretical contributions, the study not only offered valuable insight into the
intricacies of joint decision-making, but also contributed to the literature on seaport-hinterland

logistics.
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8 SEAPORT-HINTERLAND COMPETITION IN TERMS OF ‘COST’ AND ‘TIME’

A reviewed version of the paper:

RODRIGUES, T.; MOTA, C.; OJIAKO, U. Competitiveness throughout the seaport-
hinterland: a container shipping cost analysis. Under Review.

8.1 CONTEXTUALIZATION

Shippers and logistics scholars have recently begun to focus on the entire process of
containerized import/export of goods from a door-to-door approach. This new perspective
have been driven by the intense development of international trade market allowing mass
production and lower cost of maritime transport by economy of scale, which has improved
the international competitiveness (HARALAMBIDES, 2019). Such environment makes the
competition advance between ‘company against company’ to ‘supply chain against supply
chain’, with customers looking for the highest level of services and reduction of cost
(SAMSON; GLOET, 2018). Two key issues arising within this literature are how customers’
select their service providers and how seaport-hinterland actors interact and compete within
the same hinterland (intra competition) and among different ones (inter competition). This
chapter contributes to this literature exploring such competition by the customer seaport-
hinterland choice in terms of ‘time’ and ‘cost’, two traditional logistic decision drivers

(DURUGBO et al., 2021).

As pointed in Chapter 7, while studies of seaport choice have been strongly discussed in
maritime cargo transportation literature, the seaport-hinterland has remained neglected. To
contextualize this problem, none of the models to aid seaport-hinterland optimization detailed
in theoretical background has focused specifically the choice among the main seaport-
hinterland actors, taken into consideration a large set of logistic costs, the current transport
infrastructure (delivery routes) and the customs process time. Furthermore, none of previous
studies have considered the import/export process time and discussed the intra and inter

competition among the main actors of the seaport-hinterland.

Considering the complexity among seaport-hinterland actors/functions, the range of cost

factors related to import/export process, as well the variable customs and process time
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affecting the seaport-hinterland, it is imperative to further explore these issues in order to aid
customers to choose their logistic operators. With this in mind, the aim of this chapter is not
only assess the costs evolved throughout the seaport-hinterland and the customs process time
of each step (documental and operational), but also to understand the impact of these factors
among the main actors, discussing the competitiveness in light of the literature, bringing
relevant insights to aid customers’ choice. Thus, the ninth research question is answered,

fulfilling the fourth specific objective of the thesis.

To address the research question, this chapter focuses on logistics infrastructure in
Brazil as case study for the seaport-hinterland analysis in terms of ‘cost’ and ‘time’, more
specifically in State of Sdo Paulo. From a different approach compared to Chapter 7, this
chapter simplifies the cost model proposed, simulating stochastically the import cost for 15

macro regions in Sao Paulo, as presents Figure 25.

Figure 25 — Macro regions of Sdo Paulo state

MACROREGIONS OF SAO PAULO

Labels

Seaports 7 Marilia
A Dry Ports 8 Piracicaba

—— Railway 9 Presidente Prudente
1 Aracatuba 10 Registro
2 Araraquara 11 Ribeirdo Preto
3 Assis 12 SIRP
4 Bauru 13 SIDC
5 Campinas 14 Sao Paulo
6 Itapetininga 15 Macro SP

Source: This thesis (2022).
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8.2 HYPOTHESIS PROPOSITIONS

As stated by Roso, Woxenius, and Lumsden (2009), dry port can serve as an inland
clearance depot which may greatly improve customs clearance efficiency of multimodal
transport. Customs clearance were perceived as one of the most important factors for
Malaysian dry port stakeholders (JEEVAN; CHEN; CAHOON, 2018). Reinforcing that, Jiang
et al. (2020) identified that customs clearance time have significant impact on shippers
hinterland transport chain choice behavior. With the import process described above in mind,
the customs clearance time could be assessed to compare the efficiency of dry ports and
seaports. Considering the high volume of customs process in seaports, causing congestion as
evidenced by Witte, Wiegmans, and Ng (2019) and Ng, Padilha, and Pallis (2013), it is stated
the fifth hypothesis of the thesis.

e Hypothesis 5. The customs clearance process is faster in dry ports.

In order to avoid low operations efficiency, a seaport only provides a temporary storage
space for containers by charging storage fees if containers’ dwell time is longer than a free-
time-limit. A dry port, however, usually charges a lower storage fee than that charged by the
seaport container yard. Hence, the customers takes more time operating through dry port,
since it is more attractive for relatively long-term storage in terms of cost (KIM; KIM, 2007;
QIU; LAM; HUANG, 2015). In order to test this literature in the Brazilian case, it is defined
the sixth, seventh and eight hypothesis.

e Hypothesis 6. The customer takes more time to begin the customs process in dry
port.

e Hypothesis 7. The customer takes more time to remove the container from the
dry port.

e Hypothesis 8. The total import process is longer for customers that use dry ports.

As the portion of inland costs is significant in the total container shipping costs, the
interest of shippers and consignees about the hinterland transport chain has been increased
(NOTTEBOOM; RODRIGUE, 2005). In this context, dry ports emerge as an option that
could bring significant benefits to stakeholders involved in hinterland transport operations by
improving distribution systems and reducing direct and indirect logistics costs
(KHASLAVSKAYA,; ROSO, 2020). As the outputs of the cost simulations in Chapter 7
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highlighted, dry ports seems to be the cost efficient option mainly for customers that require a
long storage time. With this in mind, identify, the behavior of the shipping cost in function of
the storage time should bring relevant insights and information for customer’s decision-

making. Hence, it is stated the ninth hypothesis.
e Hypothesis 9. How the shipping cost varies in terms of the storage time?

Previous literature reinforce the fact that the intermodal transport is the way to reduce
transportation cost through scale economy, making dry ports attractive to shippers and
consignees (JEEVAN; CHEN; CAHOON, 2019; RODRIGUES et al., 2020). Some issues
emerge concerning the real economy of scale for customers using dry ports when they are not
direct connected with the seaport, as the case of Brazil (RODRIGUES et al., 2021). By
contrast, despite Brazil be a continental country, the main industrial and consumption zone,
located in S8o Paulo state, are near to the seaport, such as happen in the Republic of Korea
and those of Southeast Asia countries, with distances between trade origins or destinations
ranging of 100-300 km, putting in check the advantage of scale economy of multimodal
transport (UNESCAP, 2015). Going beyond to this issue, we simulated a hypothetical
scenario where the studied dry ports were direct connected with the seaport through railway,

comparing the results with the current context and testing the tenth hypothesis.

e Hypothesis 10. Dry ports directly connected through multimodal transport with

seaport are cost efficient.

8.3 MATERIAL AND METHODS

The study concentrates on the seaport-hinterland network decision from customers’
perspective and the competitiveness among the main actors in terms of time and cost.
Regarding ‘time’, it were compared statistically the import process through seaports, dry ports
and extended gates based on historical data. In terms of ‘cost’, we have applied the cost model
approach stated in Chapter 7 to assess the import cost since vessel berthing until the container
cargo reaches the customers’ door. Then, we simulated the cost model stochastically through
Monte Carlo method in a case study in Brazil. As dry ports in Brazil are characterized to
operates mostly import cargo, enabling the analysis, the case study is limited to the import
process (RODRIGUES et al., 2021).



157

The methodology used in this chapter was based in the Monte Carlo simulation, which
is a representative method of the stochastic approach through random numbers that has been
extensively applied in the literature (SAMSON; GLOET, 2018). Some examples were the
study of Pattanayak, Prakash, and Mohanty (2019), which was designed to estimate the cost
of quality in the supply chain from a risk perspective, and the study of Samson and Gloet
(2018), which proposed an approach to integrate performance and risk elements of the supply
chain based on Monte Carlo simulation. Other examples follows in Jung et al. (2020) and Luz
et al. (2020). With that in mind, the next topic describes the methodology applied for this
chapter in four steps and then the adapted cost model is detailed.

8.3.1 Step 1 — Import process description

Until the imported cargo reaches the customer/consignee, it goes through the
documental customs process in order to nationalize the cargo, and physical operations, as the
handling, storage and transport of the container. In terms of process time, it may be
generalized in 4 steps (BRAZILIAN FEDERAL REVENUE, 2021; FAZI; ROODBERGEN,
2018; SARMADI et al., 2020). The ‘Step 1’ is the time between the vessel berthing and the
cargo manifest, when the seaport declares that the container is located on the yard. As for dry
ports the cargo should be transported from the seaport by road or multimodal transportation
under customs control, ‘Step 1’ is broken in ‘Step 1.1° for the time between the vessel
berthing and the Declaration of Customs Transit (DTA), when the container is released to be
delivered to dry port, and “Step 1.2” for the time between the DTA and the cargo manifest
already in the dry port. Then, ‘Step 2’ is the time between the cargo manifest in the
seaport/dry port and the import declaration record, when the customer/consignee formalizes

the cargo information for the customs authority and begins the import clearance process.

‘Step 3’ 1s effectively the clearance process time where the cargo is parameterized in
three different channels: (i) green channel, whereby the clearance of the cargo occurs
automatically; (ii) yellow channel, requiring a documentary examination; and (iii) red
channel, whereby the cargo is only cleared after the documentary examination and physical
inspection. After that, we stated the ‘Step 4’ as the time between the goods is nationalized and
delivered for the customer. Aggregating the above steps, we define as ‘Full Process’ all the
time expended since the vessel berthing until the cargo leave the seaport/dry port facility.

Lastly, the import process for extended gate is stated as the same of seaports.
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8.3.2 Step 2 — Data and tools

Looking for answer the stated hypothesis, comparing the import process time of each
step for seaport, dry port and extended gate, we got data of the customs clearance movement
and times from the database of Brazilian Federal Revenue (BFR, 2021). The database
aggregates the process time of containerized import of goods through all logistics operators in
Sdo Paulo state in the year 2019, parameterized in the three different customs channels. After
clean the missing values, a total of 23,099 imports register through seaports, 8,602 through
dry ports and 8,305 through extended gates were considered for the statistical analysis and for

the Monte Carlo simulation.

In order to run the stochastic cost model, the parameters were obtained from multiple
sources. Related to road cost, we obtained data from the National Association of Cargo
Transport and Logistics (NTC, 2021), from resolution 5.867 of National Agency of Ground
Transport (ANTT, 2021) and from the study of Aradjo, Bandeira and Campos (2014). The
rail fees were based on the average charged by the 2 rail carriers operating transport
containers in Sdo Paulo state. Dry ports fees were based on the services average charges of 7
companies responsible for the management of 11 dry ports in Sdo Paulo. In the same way, we
considered the average rate of the 3 most important container terminals located in the Santos
seaport and 6 line operators/ship-owners. The road distances considered in the model was
assessed by Google Maps, the simulations and statistical analysis were coded in Python 3.8.5,
using especially Pandas, Numpy, Statistics, Scipy and Fitter libraries. Lastly, to display the
results in a map format, we used QGIS 3.16.

8.3.3 Step 3 — Statistical results and analysis

Step 3 starts the data analysis, answering hypothesis 5 to 10. First, a descriptive analysis
was performed to identify the mean, median, and standard deviation of the sample. Second,
the outliers of the dataset were dropped considering 3 standard deviations as reference. To
define which statistical test apply to compare the import process time among the logistic
operators, a Shapiro-Wilk test was run, confirming that no sample in any step of the process
followed a normal distribution (rejecting the null hypothesis), requiring a non-parametric test
for the sample comparisons. In this way, the Mann-Whitney tests (‘U’ test) were paired
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performed to identify if there are statistical differences of import process time among seaport,

dry port and extended gate. The significance level for all tests was 0.05 in the bi-tailed tests.

8.3.4 Step 4 — Cost model simulation

For the cost simulations, we have concentrated on the current logistic infrastructure of
Sao Paulo state. It were considered 4 dry ports’ locations as options for the simulations based
on the dry port classification (ROSO; WOXENIUS; LUMSDEN, 2009): Santos dry
port/extended gate, 10 km far from the seaport (close); Campinas dry port, 163 km far from
the seaport (midrange); Sdo José do Rio Preto (SJRP) dry port, 518 km far from the seaport
(long distance); and S&o Paulo dry port, located in the capital of the state, 72 km far from the
seaport (close). The seaport city is Santos and the transportation mode is the road, since there
is no dry port directly connected with the seaport in S&o Paulo state. The simulations were
divided in two parts: (i) according to the current logistic infrastructure in S&o Paulo state,
comparing the import cost for each actor; (ii), according to a hypothetical scenario, estimating
the cost impact for the customers if dry ports were directly connected with the seaport through

railway.

For the Monte-Carlo simulations, we focused on the data distribution of import cargo
through dry ports. The objective here was to identify if the customers that are using dry ports
in Brazil are making the cost efficient option and what is the inflection point of import
process time when dry ports becomes more cost competitive. It took us to some issues
regarding using statistical tests with a large amount of data. A particular advantage of large
datasets is that they can cover a number of underlying subpopulations with particular features,
which enable investigations of the stability of conclusions across different groups (COX;
KARTSONAKI; KEOGH, 2018). On the other hand, in statistical inference as for the case of
using the Kolmogorov-Smirnov test to compare asample with a reference probability
distribution, having a large dataset in connection with goodness-of-fit makes small differences
between two datasets indicate statistically significant differences, rejecting the null hypothesis
(LAZARIV; LEHMANN, 2018). This aspect refers to the discriminatory power of test, which
increases with an increasing sample size. Thus, results from statistical inference with a large
sample may not reflect the practical relevance of an existing difference/distance between two
distributions.


https://en.wikipedia.org/wiki/Random_sample
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In many practical applications there might be no appropriate probability distribution
model because of “unusual” distribution shapes that make it hard to apply some known
distribution model. Hence, a utilization of the Empirical Cumulative Distribution Function
(ECDF) directly is justified, because having a large amount of observations makes this ECDF
a reliable reference (LAZARIV; LEHMANN, 2018). With that in mind, given the large
database from Brazilian Federal Revenue (BFR, 2021), it was used the fit method of SciPy to
extract the parameters of that distribution that best fit the data. This process was repeated for
80 available distributions. Finally, it was selected the distribution that best fitted the data
based on the Sum Square Error (SSE), Akaike Information Criterion (AIC), Bayesian
Information Criterion (BIC), and Kullback—Leibler divergence (KI_div) (PARDO; ORRO;
ALONSO, 2020). The stochastic variables in the cost model were fitted through the Fitter
library in Python.

For the Monte Carlo simulation, we got the distribution parameters for ‘Full process’
time, ‘Step 1’ time for dry ports (aggregating steps 1.1 and 1.2 of import process), and for the
‘cargo value’ , from 62,255 containerized import cargos registers in S3o Paulo state in the
year 2019 (ECONOMY MINISTERY, 2021). The results of goodness of fit, the best
distribution and the respective parameters used for the cost model simulation follow in Table
27.

Table 27 — Goodness of fit and distributions parameters

Cargo value Full process (dry port)  Step 1 (dry port)
Distribution ~ Betaprime Wald Loglaplace
SSE 6.07439E-13 0.000546 0.023425
AlIC 3166.943367 1157.962754 869.362443
BIC -2413009 -133096.6226 -103263.0483
KI_div 0.002745 0.042313 0.048606
Parameters (1.522; 1.915; -188.215, 58)  (0.144; 39.744) (2.594; -0.044; 6.824)

Source: This thesis (2022).

8.3.5 Cost model approach

The cost model applied in this chapter follows the same structure of the model proposed
in Chapter 7 with some simplifications. The main difference regards in process time and cargo
value assessment, which was considered stochastically for the simulations. The variables and
parameters used for the simulations in this chapter follows in Table 28.
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Table 28 — Variables and parameters of the cost model simulation

Description

Unit of measure

Assumptions

Based on

Indexes

i

J

k
Variables

ttsce,

ttdc,

ttre,,

dd,,
cv
docy
tud
ttd
tit
HC
SC
cc
IC

DDC
DEC

REC

TLC
Parameters

box

the j

qhm

sccy

sreg
msrc;

tme;

pici;
XSC; j
ast,r

or

ddft
ddf1
ddf?2

Set of seaports (i)
Set of dry ports (j)

Set of customers (k)

Transit time from the seaport
(i) to the customer’s facility (k)
by truck (t) or rail (r)

Transit time from the dry port
(j) to the customer’s facility (k)
by truck

Transit time to return the
empty container by truck (t) or
rail (r)

Delivery distance by truck (t)
or rail (r)

Cargo value

Dwell-time of the cargo stored
at the seaport (i), dry port (j)
Time until deliver the cargo to
the customer

Total time until the customer
receive the cargo

Total logistic time

Terminal handling cost
Storage cost

Customs clearance cost
Inventory cost

Demurrage and detention cost

Delivery cost
Return empty container cost

Total logistic cost

Quantity of boxes handled,
stored or delivered through
seaport (i) and dry port (j)
Terminal handling charge per
handle in seaport (i) and dry
port (j)

Quantity of handling moves in
seaport (i) and dry port (j)

Storage charge per box at the
seaport’s (i) and dry port’s (j)
yard

Storage rate related to the
cargo value (cv)

Minimum storage rate in
seaport (i) and dry port (j)
Time related to the minimum
storage rate in seaport (i) and
dry port (j)

Physical inspection cost in
seaport (i) and dry port (j)
X-ray scanner cost in seaport
(i) and dry port (j)

Average speed of truck (t) and
rail (r)

Opportunity cost rate

Depreciation cost rate
Demurrage and detention free-
time

Demurrage and detention fee 1

Demurrage and detention fee 2

Days

Days

Days

Kilometers
Uss$
Days
Days
Days
Days
uss
Uss$
uUss
uss

uss
uss

uss$

uss

Quantity of
containers

US$/handle

Quantity of
handles

% cv/day

%
uUss

Days

US$/box
US$/box
Km/hr

% of the cargo
value/day
% of the cargo
value/day
Days

US$/day
US$/day

Defined by the customer or assessed
multiplying the Distance and the Average
speed (adding stops and resting time).
Defined by the customer or assessed
multiplying the Distance and the Average
speed (adding stops and resting time).
Defined by the customer or assessed
multiplying the Distance and the Average
speed (adding stops and resting time).
Discrete

Stochastic

Stochastic
Stochastic
Stochastic

Stochastic

Discrete
Stochastic
Discrete
Stochastic

Stochastic

Discrete
Discrete

Stochastic

1 container 40 foot (2 TEUs)

the; = US$110.85/handle
thc; = US$54.47/handle

Delivering from seaport:
qghm; =1
Delivering from dry port:
qhm; =1, qhm; =2
sce; = Srep X cv
SCC]- = STCj X cv

src; =0.255%
srej =0.114%
msrc; = US$359.61
msrc; =US$380.95
tmc; =5 days
tmc; = 15 days

pic; = US$100.70
pic; = US$37.93
xsc¢; = US$88.12
xsc; = US$63.42
as;= 60km/hr
as,= 40 km/hr
or + der = 0.0685%

or + der =0.0685%
ddft =7 days
ddf1 = US$13.84/day
ddf2 = US$24.22/day

(LARRANAGA; ARELLANA,
SENNA, 2016)

(LARRANAGA; ARELLANA,;
SENNA, 2016)

(LARRANAGA; ARELLANA,;
SENNA, 2016)

Google Maps

(ECONOMY MINISTERY, 2021)
(BFR, 2021)

(BFR, 2021)
(BFR, 2021)

(BFR, 2021)

(CRAINIC et al., 2015; TRAN;
HAASIS; BUER, 2017)

(QIU; LAM; HUANG, 2015; TSAO;
LINH, 2018)

(IANNONE; THORE, 2010;
SHERAFATIPOUR et al., 2018)
(IANNONE; THORE, 2010; JANIC,
2007; TALLEY; NG, 2017)

(FAZI; ROODBERGEN, 2018)

(LATTILA; HENTTU; HILMOLA,
2013; TRAN; HAASIS; BUER, 2017)
(SONG; DONG, 2012; WANG; YUN,
2013)

Defined by the author

Average fee in seaports (i) and dry ports
@

Operational process required in each
facility

Average rate in seaports (i) and dry ports
@

Average rate in seaports (i) and dry ports
@

Average rate in seaports (i) and dry ports
@

Average rate in seaports (i) and dry ports
@

Average rate in seaports (i) and dry ports
@

Average rate in seaports (i) and dry ports
@

(LARRANAGA; ARELLANA;
SENNA, 2016)

(TRAN; HAASIS; BUER, 2017)

(TRAN; HAASIS; BUER, 2017)
Average rate among ship-owners

Average rate among ship-owners

Average rate among ship-owners
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tcc Transshipment customs cost to US$/box tcc = US$340.00 Average rate in seaports (i) and dry ports
transfer the cargo from seaport [0}
(i) to dry port (j)
mee, Modal charge per delivery US$/(box*Km) Container full: (ANTT 2021; ARAUJO; BANDEIRA,
distance by truck (t) and rail (r) mc, =US$0.783 CAMPOS, 2014; NTC, 2021; TRAN;
mc, =US$0.684 HAASIS; BUER, 2017).
Container empty: Average rate among rail carriers

mc, =US$0.718
mc, =US$0.326

fdre, Fixed delivery rate per uUss$ Container full: (ANTT 2021; ARAUJO; BANDEIRA;
transportation by truck (t) and fdr, =US$149.62 CAMPOS, 2014; NTC, 2021).
rail (r) fdr, =US$116.05 Average rate among rail carriers

Container empty:
fdr, =US$137.65
fdr, =US$83.23

adc Additional delivery cost for uUss US$ 176.10 (NTC, 2021)
transportation under customs
control

Source: This thesis (2022).

To assess the time cost, it is necessary to measure the total logistics time (tlt) which is
the time expended for the cargo in each step of the import/export flow considering the return
of the empty container, when applicable. Total logistics time (tit) is defined as: (i) the time
until deliver (tud; ;) that is the difference between ‘Step 4’ and ‘Step 1°, stated as ‘Full
process time’; (ii) the transit time of the cargo from the seaport or dry port to the customer’s
facility respectively (ttsc), (ttdc); (iii) and then the transit time to return the empty container
(ttre). Aggregating (i) and (ii) we stated the transit time that is expended until the customer
receive their cargo as (ttd) (IANNONE; THORE, 2010; TALLEY; NG, 2017).

Some assumptions were considered in this chapter. First, just the current logistic
infrastructure in Sdo Paulo was considered for the simulations. In this case, the emission cost
is not taking into account as well the delivery routes using multimodal transportation. Lastly,
a hypothetical scenario where the studied dry ports are directly connected with the seaport is
simulated in order to test the tenth hypothesis stated. Considering these assumptions, the total
logistics cost (TLC) is assessed aggregating the handling cost (HC; ;), storage cost (SC;;),
customs cost (CC;;), inventory cost (IC), demurrage and detention cost (DDC), and the

transportation cost to delivery (DEC, . ;) and return the empty container (REC, ;) as follows.

Equation 36

TLC = ) > HCyj+SCyj+ CCyj+ IC + DDC + DECyy ; + REC,,
i,j tr

Where:



Equation 37

HCi,j = Zi,j thCl"j X box X qhmi,j

Equation 38
SCi,j = Zi,j SCCi‘j X dOCi’j X box
Equation 39

CCi,j = Zi,j(pici,j + XSCL',]' + tCCi’j) X box
Equation 40

IC = Y ttd X cv X (or + der)
Equation 41

DDC = Y (ddft x ddf1) + {[tit — (2 x ddft)] x ddf2}
Equation 42

DEC;,; = X¢r Zj(box X ddy, X mcy,) + fdry, + adc; + tec;

Equation 43

REC:, = ¥t,(box x dd;, X mcy,) + fdre,
8.4 RESULTS

8.4.1 In terms of time
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The first outcome of the study was the descriptive analysis for each step of the import

process through seaport, dry port and extended gate. The results for ‘step 3’ and ‘full process’

were divided in green channel (GC) and yellow/red channels (YRC) and follows in Table 29.

Some discrepancies of the import process time among the actors are highlighted in grey.

First, the mean and median time of the full process for GC and YRC presented a higher value

in dry ports, mainly due the time expended in ‘step 2°. Second, the customs process for GC

and YRC in ‘step 3’ highlighted the difference of the process time when the cargo should be

documental or physically inspected. Lastly, the process time for step 1 is notably higher for
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dry ports, since the cargo should be liberated in the seaport (step 1.1) and then transported

under customs control (step 1.2). The statistical tests for the highlighted steps follow below.

Table 29 — Process time in days of each step for import cargo

Step3 Step 3 Full process  Full process

Stepl Stepll Stepl2 Step2 Step 4

GC YRC GC YRC
Seaport
Full data 23099 - - 23099 22769 330 23099 22769 330
Outliers (3 sd) 336 - - 432 1222 6 434 449 4
Sample 22763 - - 22667 21547 324 22665 22320 326
Mean time (days) 0.624 - - 3.293 0421 11.37 3.625 8519 19.23
std 0511 - - 3.582 0.403  7.488 3570  5.663 10.80
Min (days) 0.000 - - 0.001 0 1.747 0.005  0.267 2.704
25% (days) 0.283 - - 0.934 0 6.773 1.017  4.413 11.79
50% (days) 0492 - - 2.056 0.302  8.945 2299  7.265 16.11
75% (days) 0.760 - - 4.232 0.795  13.88 5145 1081 23.92
Max (days) 2730 - - 21.041 2552 4275 21.925 3381 62.45
Dry port
Full data - 8602 8602 8602 8203 399 8602 8203 399
Outliers (3 sd) - 115 148 173 6 5 130 139 10
Sample - 8487 8454 8429 8197 394 8472 8064 389
Mean time (days) - 3.614 3.851 25,581  0.622 5.041 3.738  39.68 37.37
std - 3.268 2.074 30918 0.776 5411 5206 3351 31.82
Min (days) - 0.000 0.710 0.000 0 0.087 0.008  1.910 4.857
25% (days) - 1.460 2.210 2.005 0.142 1231 0.654 1454 17.92
50% (days) - 3.160 3.230 11.897  0.267 3.141 1.838  27.79 26.20
75% (days) - 4.340 5.120 40.806 0.767 6.771 4818 5451 41.48
Max (days) - 21.820 12.290 134.605 3.068 29.21 34.613 154.0 150.5
Extended gate
Full data 8305 - 4 8305 7938 367 8305 7938 367
Outliers (3 sd) 35 - - 121 420 9 80 107 7
Sample 8270 - - 8184 7518 358 8225 7831 360
Mean time (days) 1.411 - - 3.932 0.493  10.03 3.606 9.813 19.41
std 0580 - - 3.904 0511 6.678 3.676  5.842 10.80
Min (days) 0.028 - - 0.006 0 1.244 0.004  1.253 5.545
25% (days) 0978 - - 1.463 0 6.019 1.017  6.022 12.85
50% (days) 1331 - - 2.822 0325 7.872 2232 8.300 15.83
75% (days) 1788 - - 4.952 0.805  12.00 4967 1181 22.82
Max (days) 3428 - - 24730  2.795 4267 21.824 37.89 70.53

Source: This thesis (2022).

In order to test the hypothesis 5, it was run a Mann-Whitney U test in the samples of GC
and YRC and the results follows in Table 30.

The results have shown that there is no statistical evidence that the customs clearance
process time (step 3) for the seaport, dry port and extended gate follows the same distribution,
rejecting the null hypothesis. For the green channel, the median time for seaport (0.302 day),
dry port (0.267 day) and extended gate (0.325 day) shows that the process time for dry port is
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faster. Operationally, the customs process in green channel in all logistic operators occurs in
the same day. However, for yellow/red channels, the median customs process time in dry
ports (3.141 days) is considerable faster compared to seaport (8.945 days) and extended gate
(7.872), confirming the hypothesis 5.

Table 30 — Statistics tests for the import process

Mann-Whitney U test
Statistic p-value  Result

Step 2

Seaport vs. dry port 51472082.5  0.000 Dry port and seaport have different distribution (reject HO)
Seaport vs. extended gate ~ 77847829.0 0.000 Seaport and extended gate have different distribution (reject HO)
Dry port vs. extended gate ~ 20725865.5 0.000 Dry port and extended gate have different distribution (reject HO)

Step 3

Green channel

Seaport vs. dry port 87098275.5 0.033 Dry port and seaport have different distribution (reject HO)
Seaport vs. extended gate 765754745  0.000  Seaport and extended gate have different distribution (reject HO)
Dry port vs. extended gate ~ 28969036.5 0.000 Dry port and extended gate have different distribution (reject HO)
Yellow and red channels

Seaport vs. dry port 22886.5 0.000 Dry port and seaport have different distribution (reject HO)
Seaport vs. extended gate  51342.0 0.005 Seaport and extended gate have different distribution (reject HO)
Dry port vs. extended gate  28940.0 0.000 Dry port and extended gate have different distribution (reject HO)
Step 4

Seaport vs. dry port 83454354.0 0.000 Dry port and seaport have different distribution (reject HO)

Seaport vs. extended gate  92137500.5  0.061  Seaport and extended gate have the same distribution (fail to reject HO)
Dry port vs. extended gate ~ 30509572.0 0.000 Dry port and extended gate have different distribution (reject HO)

Full process

Green channel

Seaport vs. dry port 17290094.0 0.000 Dry port and seaport have different distribution (reject HO)
Seaport vs. extended gate  72936071.0 0.000 Seaport and extended gate have different distribution (reject HO)
Dry port vs. extended gate ~ 7394017.0 0.000 Dry port and extended gate have different distribution (reject HO)
Yellow and red channels

Seaport vs. dry port 34437.0 0.000 Dry port and seaport have different distribution (reject HO)
Seaport vs. extended gate  57815.0 0.369 Seaport and extended gate have the same distribution (fail to reject HO)
Dry port vs. extended gate ~ 37701.0 0.000 Dry port and extended gate have different distribution (reject HO)

Source: This thesis (2022).

Answering the hypothesis 6, the results from the Mann-Whitney U test for ‘step 2’
shows that there is no statistical evidence that the time to begin the customs process is the
same for seaport, dry port and extended gate. The median time for step 2 were 2.056 days for
seaport, 11.897 days for dry port, and 2.822 days for extended gate, which means that
customers takes more time to begin the customs process in dry ports, confirming the
hypothesis 6. For answer the hypothesis 7, the Mann-Whitney U test ran comparing dry port
with seaport and extended gate for step 4. The results show that there is no statistical evidence
that they follow the same distribution, rejecting the null hypothesis. However, the comparison

between seaport and extended gate resulted in a p>0.05, failing to reject the null hypothesis.
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Considering this output, as the median time for step 4 in dry ports (1.838 days) is fewer than
in seaport (2.299 days) and extended gate (2.232 days), we observe that the customer take

more time to remove the container from the seaport, rejecting the hypothesis 7.

The last analysis in terms of time looked for the entire import process, since the vessel
berthing until the costumer remove the cargo from the logistic operator. The objective here
was answering the hypothesis 8, bringing insights about the characteristic of the customers
that use each type of logistic operator. For the full process we divided the sample in (i) green
channel and (ii) yellow/red channels. The Mann-Whitney U test rejected the null hypothesis
for all comparisons in green channel, resulting that the import process for all logistic operators
follows different distributions. On the other hand, for yellow/red channels, the test between
seaport and extended gate failed to reject the null hypothesis, having insufficient evidence to
conclude that the difference between medians is statistically significant. The data in Table 28
showed that the median time of the full process in dry ports for sample GC and YRC were
27.79 and 26.20 days respectively. This value is considerable higher compared to seaport
(7.26 and 16.11 days) and extended gate (8.30 and 15.83 days), confirming the hypothesis 8
that the total import process is longer for customers that use dry ports. Going beyond into this
result, the difference between the full process time in dry ports for green and yellow/red
channels is not considerable, demonstrating that the cargo stays in the dry port for a longer
time due a customer requirement, not because the customs process. On the other hand, the full
process time in seaport and extended gate for green and yellow/red channels presented a high

difference, especially due the customs process.

8.4.2 In terms of cost

The cost for import a containerized cargo varies stochastically according to many
factors as the cargo value, the storage time, delivery distances and others that were aggregated
in the cost model proposed. To compare the import cost through dry port and seaport we have
applied the cost model using a Monte Carlo simulation with 10,000 tests for each macro
region of Sdo Paulo state (JUNG et al., 2020). For the comparisons, the full process time was
based according to the distribution fitted from the database for the dry port users, considering
that if the customer wants their cargo as soon as possible, they will remove the cargo directly
from the seaport. Doing that, it was simulated the import process varying the cargo value and

the import process time according to the distributions parameters stated before, and using the
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current logistic transportation infrastructure in Brazil (road transportation by truck). First the
cost efficient dry port facility was assessed for each macro region of Sdo Paulo, finding the
influence zone of each dry port as follows in Figure 26. Campinas dry port was the cost
efficient facility for most macro regions (6); SJRP serves the macro regions far from seaport,
while the most populated and industrial zone of So Paulo is best served by dry ports located
in Sdo Paulo city. Since the cost parameters for the dry ports (operational costs) were
considered the same, the results vary according to the delivery and return distance of the

container.

Figure 26 — Influence zone of dry ports in Sdo Paulo state
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Source: This thesis (2022).

The statistical descriptive that follows in Table 31 shows the difference between the
cost to import through seaport and the cheaper dry port for each macro region. Some
highlights from this results is the fact that the mean and median difference cost for all cities
are positive, which means that for customers that are importing containerized cargo with the
characteristic of dry port’s users (in terms of process time) are mostly choosing the cheaper
option. However, as the minimum value from the simulations was negative, for some cases,

seaport seams the best option in terms of cost. Taking into account the outputs of the
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simulation, the last column of Table 31 (column ‘P’) assess the probability of a containerized
cargo that follows the process time of dry ports be cost efficient using seaport compared to

dry port. This result shows that for around 22% of the simulations, seaport was cheaper than

dry ports.
Table 31 — Cost difference between seaport and the best dry port option

City Mean Std Min 0.25 0.5 0.75 Max P

Aracatuba $1573.27 $3397.99 $-713.10 $344.88 $732.73 $2100.34 $195163.05 11%
Araraquara $1438.85 $272020 $-890.17  $22317 $628.32 $1958.01 $72521.03  23%
Assis $1298.78 $2613.28 $-914.98 $14256 $523.65 $1602.43 $80678.75  24%
Bauru $1353.10 $274429 $-1763.09 $17498 $558.75 $1764.34 $82339.53  24%
Campinas $143459 $337539 $-863.10 $19461 $580.20 $1950.00 $214861.14 24%
Itapetininga $1419.54 $3389.08 $-91648 $141.09 $524.90 $1896.55 $137313.62 24%
Marilia $1446.83 $3522.87 $-1717.94 $17520 $572.16 $1909.50 $136105.13 23%
Piracicaba $1436.86 $2883.15 $-157543 $198.93 $583.28 $1954.39 $65688.76  24%
Presidente_Prudente  $1465.64 $2829.09 $-834.79  $222.89 $628.64 $1994.53 $9314836  24%
Registro $1292.58 $3251.75 $-1332.68 $84.46  $46541 $1607.17 $140470.05 24%
Ribeirao_Preto $1498.05 $6001.95 $-1198.68 $218.65 $603.07 $1952.77 $517831.24 23%
SIRP $1699.97 $3695.23 $-1319.05 $450.24 $855.74 $2150.06 $145353.70 10%
siDC $1362.66 $411590 $-1288.03 $129.04 $510.38 $1844.86 $211749.52 24%
Séo_Paulo $1301.84 $2656.82 $-92851 $129.09 $510.54 $1863.21 $85752.73  24%

Sorocaba $1473.46 $4298.71 $-1417.85 $142.63 $524.26 $1814.80 $249999.24 23%
Source: This thesis (2022).

Considering that for some cases the import process through seaport were cost efficient,
identify the inflection point in the full import process time that makes dry port more attractive
IS necessary to answer the hypothesis 9. With this in mind, all simulations where seaport was
cost efficient for all cities were aggregated in the histogram in Figure 27(a). As the
distributions for the Monte Carlo simulation represented the import time based on dry port
users, few evidences with a short import process time (less than 10 days) ran in the
simulations, and all results had seaport as the cheaper option. The Figure 27(b) shows the
probability density function of the evidences of seaport been cost efficient varying in function
of the import process time. The results show that 93% of the cases where seaports were cost
efficient were for import process time less than 15 days. In this way, we stated 15 days of
import process as the inflection point where dry ports becomes cost efficient, confirming the

hypothesis 9 that import through dry ports is cheaper for a long storage time.

Going beyond the inflection point to measure the opportunity for dry port managers to
enlarging the market share, competing in terms of cost, we have assessed the quantity of cases

in the seaport users’ database of year 2019 where the import process took more than 15 days.
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The results have shown that 13.76% (3125 cases) of the cases surpassed 15 days for green
channel and 57.27% for yellow/red channels (189 cases), which demonstrate a great
opportunity for dry ports to enlarge their market share, especially regarding the cargo that
goes to physical inspection. Doing the same with the dry port users’ database, it was observed
that the opportunity for seaport to keep the cargo in their facility is proportionally higher for
green channel, where 26.22% of the containerized cargo took less than 15 for the full import
process using dry ports (2151 cases). For yellow/red channels, 14.28% of the import cargo
through dry ports took less than 15 days (57 cases), meaning that seaport should be a cost
efficient option for those cases.

Figure 27 — Evidences and density function per day of import process
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Source: This thesis (2022).

So far, the simulations have tested the import cost based on the current logistic
infrastructure of Sdo Paulo state, where there is no dry port directed connected with the
seaport through multimodal transport. In order to identify if dry ports directly connected with
seaports through railway would reduce logistic cost for the customers, it was simulated and
compared this hypothetical scenario with the current one, keeping the other parameters as
stated before. First it was compared the cost results from both scenarios through a Mann-
Whitney U test, confirming that there is no statistical evidence that the cost by rail and by
road using dry ports follows the same distribution (rejected null hypothesis). The median cost
for all logistics operators had cheaper costs for the hypothetical scenario, confirming the
hypothesis 10 that dry ports directly connected through multimodal transport with seaport are
cost efficient. A synthesis of the total logistic cost for each logistic operator, aggregating the

results for all cities considered in this study follows in Table 32.
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Lastly, despite the transportation through railway be cheaper compared to road, the real
relevance of that difference should be considered by the customer. The median cost
differences from rail to road were $112.5, $50.5, $46.9 and $34.6 for SJRP, Campinas, Sao
Paulo and Santos dry ports respectively. This result means that the transportation cost seems
to reduce as the distance from the seaport increase.

Table 32 — Import cost using road and rail transportation for all logistic operators

Direct from Seaport SJRP Campinas Sédo_Paulo Santos

Road

mean $ 5904.74 $ 495340 $ 455296 $ 453735 $ 4,592.17
std $ 8,809.42 $ 528924 $ 528556 $ 528783 $ 5,289.14
min $ 640.40 $ 233304 $ 205474 $ 1,98330 $ 2,027.86
25% $ 2,681.22 % 3,13165 $ 2,72658 $ 2,73251 % 2,793.31
50% $ 4,03258 $ 3,849.27 $ 343649 $ 343359 % 3,492.76
5% $ 6,64655 $ 5299.14 $ 489355 $ 488462 $ 4,942.84
max $ 1,369,007.43 $ 851,379.24 $ 851,176.19 $ 851,308.76 $ 851,414.10
Rail

mean $ 484087 $ 450246 % 4,490.44  $ 4,557.60
std $ 528924 $ 528556 $ 528783 $ 5,289.14
min - % 2,22050 $ 2,00425 % 193640 $ 1,993.29
25% - $ 3,019.11 $ 2,676.08 $ 2,685.60 $ 2,758.74
50% $ 3,736.73 $ 3386.00 $ 3,386.69 $ 3,458.19
5% $ 5,186.60 $ 484306 $ 483771 $ 4,908.27
max $ 851,266.86 $ 851,12571 $ 851,261.71 $ 851,379.43

Source: This thesis (2022).

8.5 DISCUSSION

In this chapter it was investigated deeply the customers’ choice in select their services
providers in terms of time and cost. In this environment, seaports take advantage as the only
player indispensable to import/export of goods, responsible for the vessel operation. As
essentially customers requires their goods as fast as possible, especially regarding maritime
transportation where the transport takes in some cases months, the majority of customers will
begin the custom process and remove the container cargo directly from the seaport.
Furthermore, import through dry ports or extended gate seems add another player into the
supply chain, which may enhance the complexity. Despite these competitive advantages of
seaports, customers are even more requiring personalized services and looking for reduce the
entire logistic cost, services which in some cases, seaports cannot fulfill. Such issues enhance
the competitiveness among the actors in the supply-chain and make more complex for

customers to choice the logistic operator that best fit their requirements. With this in mind,
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this section discusses competitiveness based on the results from the data analysis and the

Monte-Carlo simulations.

The first outcome confirmed that the customs process is faster in dry ports. As the cargo
nationalization in green channel take place automatically by the Federal Revenue system, this
process occurs in less than one day for all actors and do not impact the customers
operationally. However, when the cargo is classified in yellow/red channels, it takes
considerable much time in seaports and extended gate. One reason for that is the high volume
of process in the seaport zone, which bring operational issues for positioning the container to
physical inspection, requiring adequate infrastructure. The congestion problem in seaports
also impacts other steps of the import process and the second outcome shows that since the
cargo is already nationalized, the customers take more time to remove the cargo from the
seaport and extended gate. It can happen due customer’s will, or again due congestion issues,
where customers face difficulties to schedule the removal of the cargo especially due gate
availability (ALONSO; MONIOS; PINTO, 2017; JEEVAN; CHEN; CAHOON, 2019). These
issues affect the competitiveness of seaports and should be considered by customers when

deciding which logistic operator choice.

The results from hypothesis 6, 7 and 8 showed that the import process seems to be
longer for customers that use dry ports as logistic operator. Taking into account the seaport-
hinterland decision, customers that choice dry ports are distinguished for not require their
cargo as soon as possible. It may happens when they not have logistic infrastructure to handle
and store container or when the importers are willing to pay for additional services, stock of
goods and predictability/availability of their cargo. Besides the long time to import goods
through maritime transportation, recent events have touched the relevance of predictability
and supply chains disruption as the Covid-19 pandemic and the blockade of the Suez’ channel
in Egypt in 2021, which brought import/export instabilities and shortages around the world
(UNCTAD, 2021). In this context, dry ports seems to gain competitive advantage in Brazil for
three main reasons: (i) the cargo can stay stored for 120 days, compared to 90 days in seaport;
(i1) dry ports works in a modality of ‘customs warehouse’, where the cargo is stored under
customs control without require the immediate collection of taxes levied on importation; (iii)
dry ports permits the partial removal of the goods, with the payment of import taxes only on
the part to be cleared (NG; PADILHA; PALLIS, 2013; RODRIGUES et al., 2021). Lastly, the
results reinforced the relevance of dry ports in synchronizing the import cargoes with the

customers’ production lines due the geographic proximity. This fact influences the
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competitiveness of dry ports, enhancing the customers’ reliability and avoiding supply chain

disruptions.

In addition to competitiveness in terms of time, customers are struggling to reduce the
total logistic cost choosing the best strategy in the seaport-hinterland network. The results
have confirmed the competitive advanced of seaport as the cost efficient option for a short
storage time in the hinterland, while dry ports works better for a long storage time.
Simplifying the analysis and offering to the decision-maker a general insight, it was stated 15
days since the vessel berth and the customer receive their cargo as the inflection point, when
after that, dry ports starts to become the cheapest option. Based on the database from year
2019, it was observed opportunities for enlarge the market-share for both sides, which is
relevant for managers to gain the intra competition. As the fees charged may vary by
contracts, dry ports and seaports managers’ should consider the import cost through all

seaport-hinterland network in order to be more competitive.

Looking from the hypothetical scenario, the results revealed that dry port direct
connected with seaport through railway would be cost efficient for customers. However, this
competitive advantage is operationally small, compared with the total logistic cost. As the
cost benefit using railways is low, customers should compare the cost-benefit taking into
account other factors as the rail schedules and the transport time. Lastly, the simulations have
shown that the effectiveness of multimodal transport improve as the distance. However,
despite Brazil been a continental country, the industrial zone remains near the coast, as the
case of Sdo Paulo’s capital, less than 100 km far from the seaport. This fact justify that in
Brazil the rail transportation is dedicated to transport commodities as iron ore and grains,
representing 80% of total volume transported by rail, once the productive zones are located
far from the seaports, in the middle of the country (ANTF, 2019).

As stated in the literature, choice the logistic operator in seaport-hinterland network is a
complex decision and the objective of this research was simplify this process focusing on two
of the most important factors. Therefore, this chapter brought useful insights for customers to
balance cost and time as a first step in their decisions. Furthermore, the results have shown
how dry ports and seaports managers may act in order to become more competitive and in
which situation each logistic operator fulfills better the customers’ requirements. Despite the
competitive environment among the actors, the intra competition may strengthen the seaport-
hinterland network, enlarging the influence zone of the seaport (inter competition).
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8.6 REMARKS

The results from the simulations in the real case of Brazil have brought useful practical
contributions to improve the competitiveness of the supply-chain as well contributed with the
current literature of supply-chain choice. As managerial contributions, this chapter attests that
seaports remain as the most competitive player in seaport-hinterland. However, we identified
that dry ports also fulfill an important role, becoming more competitive when the import
process takes more than 15 days. The results from the Monte-Carlo simulations brought
insights for customers’, aiding to choice the logistic operator and the delivery route with less
information, as well for dry ports and seaports managers, highlighting the market-share
opportunity and the strategic role that each logistic operator should fulfill. The results also
suggested that multimodal transportation remains an option to reduce costs and optimize the
seaport-hinterland network. However, such advantage should be investigated from multiple

perspectives, since the real value in terms of cost for customers are relatively low.

In narrower terms of our more academic-theoretical contribution, this chapter
strengthened the discussion about seaport-hinterland network choice, testing 6 hypothesis
based on previous literature, looking specifically for the inland side since the container is
discharged until reach the customers” door. Toward to attend the fourth specific objective, this
chapter analyzed the import process in terms of time and cost, discussing the competitiveness

among the main actors throughout the hinterland, bridging theory and practice.
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9 CONCLUSIONS

Seaport-hinterland network has been highlighted as a critical step in international trade
of goods. With economies around the world struggling for supply-chain optimization, new
strategies to reduce the shipping cost, to enhance the reliability and predictability throughout
the supply chain, to mitigate risks in new infrastructure projects, and to avoid instabilities and
shortages in the international trade of goods are increasingly required. This chapter concludes
the thesis by answering the stated research questions and emphasizing the main theoretical
and practical contributions, the social, environmental and economic impact, the main

limitations and directions for future researches.

9.1 CONCLUDING REMARKS AND MAIN FINDINGS

The thesis started focusing on the criticality of dry ports development as a problem that
requires investigation. Answering the first research question, it was showed the evolution of
publications about dry ports developments which evidenced that the research in this area is
still in the initial phase with increasing importance. The results revealed a concentration of
case studies on this subject in Asia and Europe, especially in China and India, while American
and African countries had low representativeness. The main issues discussed by the selected
papers were the dry port development, models to aid de decision making in dry port location

and allocation, and the dry port concept.

Answering the second research question, the thesis highlighted the complexity of
decision-making in dry ports developments, evolving multiple actors, within some cases
conflicting objectives. Besides requiring huge investment in logistic infrastructure, decisions
regarding dry ports developments may impact positively or negatively the stakeholders in the
seaport-hinterland. With that in mind, the thesis has brought light to a set of 45 criteria which
should be considered in dry ports developments decision, which can be useful for managers,

governments and other players in a first analysis.

Looking for the Brazilian case and answering the third research question, it was
identified that the main role of dry ports is offering to exporters and importers storage
capacity and additional services in a customs area. The case studies in the northeast of Brazil
have pointed that the fundamental objectives of dry ports were to meet customers’ needs, to
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increase profitability, to expand market share and to fulfill the role as supply-chain player. In
order to achieve such objectives, a framework with 27 attributes was proposed to assess and
control the dry ports’ objectives; this contribution has showed that the VFT approach is a
valuable method that could aid dry ports’ managers to drive decisions toward the strategic
objective. For the fourth research question, the thesis have found that dry ports in Brazil are
concentrated on the sea coast, which is also the most populated region, performing road
transport to connect the logistics players. Lastly, it was identified the bureaucratic customs
process, the lack of legislation, the competitive environment between seaport and dry ports
besides the poor intermodal infrastructure as the main challenges faced in the Brazilian case.

Going beyond the complexity of dry ports developments, more specifically comparing
the view of risk by multiple stakeholders related to the 8 major risk factors and the 40 sub-
factors in order to avoid disastrous openings, it was identified a strong congruence for factor
weighting and rankings, especially for dry ports operators and their customers, and to a lesser
extent between dry ports operators and the regulators’ agents. Furthermore, for Customer and
dry ports operators, ‘cost’ was considered the most relevant factor, while ‘political and social’
as well ‘environment’ were considered the least important. For the regulators’ agents, by
contrast, ‘infrastructure’ was considered the most important factor, thus revealing the general
focus of their regulatory effort. Considering the interrelationship among the risk factors, it
was explored not only the most commonly engaged risk factors impacting upon the failure of
phase transition from ‘project’ to ‘operations’ of dry port, but also the nature of their
interdependence. Through the IRM map, it was possible to highlight the factors that most
affects others on the net. The similarities and differences of perspective of risk and the
implications that arise for stakeholder-collaborative project risk management were discussed

in the thesis, answering the fifth and sixth research questions.

Looking for the shipping process, it was identified 11 cost factors that customers should
consider in choosing the service provider in the seaport-hinterland network. The simulations
revealed that for the case of Sdo Paulo state, customers’ specificities as the location, the
additional-services required, and the urgency to receive the cargo may affect the decision-
making to operate through dry port or seaport, to deliver the cargo consolidated or
deconsolidated, and to select the transport mode and route, fulfilling the seventh and eighth

research question.
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For the last research question, it was identified how cost and time influence the seaport-
hinterland customers’ choice. First, it was confirmed that the customs process in dry ports are
faster than in seaports and that customers take more time to start the process in dry ports. On
the other hand, if the customers require removing their cargo from the facility, it’s slightly
faster in dry ports, mainly due the congestion in seaports and the gate schedule. Moreover, the
analysis showed that indeed the import process is longer for customers who use dry ports,
which was identified as a characteristic of dry ports’ users. Second, in terms of shipping cost,
it was defined the influence zone of 4 main dry ports in Sdo Paulo, and the inflection point
when dry ports starts to become the cost efficient option was defined as 15 days. Lastly, the
competition and collaboration throughout the main actors in the seaport-hinterland was

addressed in the thesis.

9.2 THEORETHICAL AND MANAGERIAL CONTRIBUTIONS

As managerial contribution, the first result of the thesis identified a set of 45 critical
factors that should be considered in the decision processes of dry ports’ developments. The
results have shown the complexity of decisions in dry port processes due to a large number of
criteria and decision-makers, bringing useful insights of the current context of dry ports

studies for practitioners, policy-makers and others stakeholders in seaport-hinterland.

Evidenced as a research problem, more studies regarding dry ports developments in
different contexts, especially in developing countries with poor logistic infrastructure were
required. Such issue was defined as the second specific objective of the thesis, focusing in the
case of dry ports in Brazil. As theoretical contributions, the dry ports in Brazil were classified
based on the literature definitions, and the main role, challenges and opportunities for
Brazilian case was discussed. As managerial contributions, it was proposed a framework to
assess the achievement of the means-and and fundamental objectives of dry ports, working as

a tool to drive managerial decision-making.

Looking for dry ports developments from the view of risk, the third specific objective
aimed to assess the risk factors and their interdependence for dry port’s transition from
‘projects’ to ‘operations’ from a multi-Stakeholder perspective. Toward this objective, it was
suggested a set of factors and sub-factors for assessing dry port risks in a unidimensional,

reliable and replicable framework, derived using Exploratory Factor Analysis. The author
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suggested that the set of 8 main factors and 40 sub-factors could be applied in other countries
to assess the risk of dry ports projects, while being careful to nuance variations for national
conditions. Focusing on the interrelationship among the main risk factors in dry ports’ project
transition phase, it was developed a typology of interdependent risks for dry port ‘project’-to-
‘operations’ comprising eight interdependent risk factors, with ‘Cost’ emerging as the most
important one. The thesis highlighted the risk factors which most matter from multiple
stakeholders in seaport-hinterland, bringing relevant insights for dry ports’ practitioners and
policy-makers.

The last objective of the thesis was to provide to shippers and consignees a flexible tool
to aid the choice among the services providers in the seaport-hinterland. As managerial
contribution, a cost model was proposed, comparing the containerized import/export process
cost by using dry ports or seaports. The results from the simulations in the Brazilian case
suggested that cargo value, cargo type, transportation mode, delivery distance, storage time
and emissions policy may affect the customer’s choice. Moreover, dry ports seemed to be a
cost efficient option where there is a need for a long duration of storage, despite they are not
directly connected to seaports or multimodal facilities. Moreover, the cost model was
simulated stochastically, discussing the outputs in light of the competitiveness literature. In
terms of time, the findings indicated that dry ports have been operationally more efficient,
with customs and delivery process faster than in seaports and extended gates. In terms of cost,
the findings suggested that seaports remain cost efficient when seaport-hinterland import

process time is less than 15 days.

As final conclusion, the author advocates that the thesis fulfilled all objectives
proposed, contributing practically and theoretically with the discussion about the seaport-
hinterland network, especially regarding the dry ports’ subject. The results achieved have
covered the two main topics of the thesis: (i) assessing the risk factors weighting and
interdependences in dry ports’ projects transition phase and (ii) proposing a flexible cost
model to aid customer to select their services providers throughout the seaport-hinterland.

9.3 ECONOMIC IMPACTS

More specifically in terms of the economical insights, the thesis contributed bringing
light for some issues which can aid decision-makers. First, the framework to assess the dry

ports’ objectives in Northeast of Brazil may work as a control tool to assess the means-end
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objectives toward the dry port strategy. This managerial contribution may bring economic
benefits for dry ports practitioners, guiding the decisions toward the main role of the dry port,
improving the services offered, making the dry port more competitive in the supply chain.
Second, the discussion about the risk factors in dry ports’ projects may aid government
agents, customers and investors to collaborate to avoid disastrous openings. As stated in the
thesis, a strong seaport-hinterland infrastructure may enhance the inter-competition position,

attracting more customers and investors.

Focusing on customers’ decision, it was highlighted that as the import time grows, dry
port start to become the cost efficient option, mainly due the low storage cost. The inflection
point between dry port and seaport for the case of Sdo Paulo was around 5 days for high cargo
value and around 15 days for low cargo value. Other contribution of the simulations was
showing that the road transportation is cost efficient compared to railway in Brazil. This fact
is an obstacle for using railways, since the customers don’t have economic advantages in
using such modal. Moreover, the results presented that for a short import time, deliver the
container consolidated still remains the best option. Due demurrage and detention fees, as the
import time increase, deconsolidate the cargo becomes the best option, requiring an additional

service in seaport or in dry port facility.

Lastly, the thesis presented a discussion in terms of cost regarding the customer’s
decision-making in choose their service provider. Despite the results were focused in the
Brazilian case, it brought useful economic and operational insight for decision-makers,
working as a first step for other analysis. Hence, the author advocate that dry ports may be an
option to achieve economic benefits for customer, even when it’s not directly connected with
the seaport, reducing the shipping cost, adding value to the supply-chain, and enhancing the

competitiveness of the entire logistic system.

9.4 SOCIAL AND ENVIRONMENTAL IMPACTS

The literature discussed in the thesis highlighted the benefits of dry ports for the society
and for the environment. Working as a hub in the inland side, dry ports may concentrate the
cargo and deliver directly to the seaport by railway or barge, which generates less congestion
in seaport zone, fewer accidents, lower road maintenance, and especially reduce the CO2
emissions. Despite the relevance, the thesis evidenced that the environmental issues and
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political and social factors are not a priority for the Brazilian case. This fact was first showed
in the project risk analysis, where environmental, political and social factors emerged as least
important overall to the success of dry ports for all stakeholders. Second, in the cost
simulations for the case of S&o Paulo, it was verified that there is no green policy to
encourage customers to use railway transportation. Third, the results presented in the thesis
revealed that using road transportation in Brazil is cost efficient compared to railway, mainly
due the poor logistic infrastructure, where dry ports are not directly connected with the
seaport. In order to achieve the best benefits of dry ports infrastructure, the author encourage
the investments in the direct connections between dry ports and seaports, besides the
incentives for reduce the CO2 emissions in developing countries; such issues may also be

addressed in future researches.

The contribution of the thesis in terms of environmental and social impacts was limited
to highlight and discuss such issues as part of the general context of seaport-hinterland. In this
way, as the simulations in the thesis tried to emulate the real case of Brazil, for instance, the
emission cost was not considered in the model. However, the thesis contributed showing how
dry ports may work in order to improve the competitiveness of the seaport-hinterland,
offering specialized services and reducing the total cost for the shippers and consignees. Such
insights may impact the current dynamics in different ways. First, customers may be
encouraged to use dry ports as an option to import and export goods; second, the collaboration
among dry ports, seaports and carriers toward a more connected and effective supply-chain,
sharing operations, information and risks, may enhance the efficiency of the seaport-
hinterland. Lastly, such collaboration may result in policy changes, new regulations and
environmental incentives. As discussed in the thesis, it’s not possible to change the logistic
infrastructure of a country in a short time, requiring a long term project toward to achieve the
real benefits of a more complete and structured seaport-hinterland. Such policies have already
started in Asian and European countries, and the thesis has argued the urgency of such
changes also in the Brazilian context.

9.5 THESIS LIMITATIONS

Some limitations were found achieving each specific objective of the thesis. First, the
systematic review was limited to the research scope stated. In this way, the set of criteria to be

considered in dry ports developments was a result from the 76 papers selected as research
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database. For the second specific objective the main obstacle was the lack of information
about dry ports as well as the scarce or outdated data provided by regulatory government
agencies in Brazil. About the limitations, despite the framework to assess the objectives of dry
ports have brought relevant insights for dry ports’ practitioners, it cannot be generalized as

representing the set of objectives for all dry ports in Brazil.

The main obstacle in the third specific objective was the survey approach that required a
high effort to get a sample size that represented statistically the view of risk of multiple
stakeholders. The sample size achieved was not enough to apply the EFA approach through
all factors and sub-factors in a unique way, requiring first to aggregate the sub-factors in
major factors and then validating through the EFA. Lastly, despite the outputs from the risk
assessment cannot be generalized, representing only the case of Brazil, it may be useful for

other cases, especially for developing countries.

Regarding the last specific objective, a limitation of the cost model proposed was that
the results worked only as recommendations of the cost efficient route, requiring from the
decision-maker a refined analysis, or trade-off, concerning the cost difference among the
delivery routes options. Furthermore, despite ‘cost’ be one of the most important factors in
any logistic decision, the author advocates that a set of qualitative criteria must be considered
by the customers in seaport-hinterland decision. Lastly, the basis of the model on the
assessable cost parameters found in the literature is also a limitation. The simulations not
considered specificities of logistic operators as the set of available additional services in each
dry port/seaport as well the current taxes and operational charges of each actor in the studied
seaport-hinterland. Moreover, the analysis focused on quantitative factors, remaining as
opportunity for future researches to add qualitative factors as the service level, quality and

flexibility perceived by the decision-maker, improving the decision model.

9.6 FUTURE RESEARCH DIRECTIONS

Some literature gaps were found from the systematic review of the thesis, working as
suggestion for future research. First, a deep investigation concerning the development of dry
ports in other countries outside Europe and Asia may bring relevant information for managers
and policy-makers, comparing the best practices and challenges faced in different countries.
This thesis started to address this issue with the Brazilian case. As second recommendation,
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the set of criteria to be considered in dry ports developments, as well the set of ‘cost’ factors
identified could work as inputs for a seaport-hinterland decision analysis. Rationalizing
qualitative and quantitative criteria through a common scale represent a challenge for future
developments. Such issue may be applicable in multi-criteria decision models, bringing

relevant information for seaport-hinterland practitioners’ and decision-making.

As third recommendation, the author here proposes that further studies should progress
the global benchmarking agenda for dry ports by focusing in particular on defining
measurement attributes for more pertinent risk (sub) factors. Therefore, the author advocates
that future studies should look more carefully at risk systemicity analysis which recognizes a
practical management needs to reduce complexity in ways that create viable conceptual
frameworks for exploring complex risk interdependence. For this reason, the author argues
that a research approach, similar to the applied in this thesis, should focus on designing and
exploring risk category architectures, taking clarity efficiency for very specific temporal
contexts as their primary goal. These may be narrowed for specific phase transitions. What
matters is that they should offer managerial value within some clearly defined risk

management context that is challenged by the opacity and complex interdependence of risk.

Fulfilling some limitations of the thesis, the author also recommends considering other
facilities in the cost model as hub warehouses in not customs areas as option for shippers and
consignees. Furthermore, simulations of hypothetical dry ports directly connected through
railway with multimodal facilities may offer valuable information for policy makers and
practitioners in Brazil. Accordingly, as last recommendation, the author suggests to improve
the proposed cost model to a more holistic perspective, considering the containerized import
of goods from a ‘door to door’ view, covering all steps in the international trade of goods.
Furthermore, the author advocate to future studies using Discrete Choice models toward to
understand customers’ behavior in supply-chain decisions, strengthen the discussion about

intra competition and inter competition on seaport-hinterland.
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APPENDIX A - SURVEY QUESTIONNAIRE

Risk factors of dry ports infrastructure projects in Brazil
Dear Specialist,

We invite you to share your experience with us expressing your vision about the risk factors engaged in dry ports infrastructure projects. This
questionnaire is part of the Strategic Decision Making project in Service Systems of the Research Group in Development and Project
Management (PMD) of the Federal University of Pernambuco (UFPE), in collaboration with the University of Sharjah of the United Arab
Emirates, financed by the Foundation for the Support of Science and Technology of the State of Pernambuco (FACEPE) and Coordination
for the Improvement of Higher Education Personnel (CAPES).

This project aims to identify your perception about the risk factors engaged in dry ports infrastructure projects in Brazil, according to the
view of the main stakeholders and specialists in the logistics chain. The results will be aggregated, making possible to identify similarities
and conflicts from the multi-stakeholder perspective. We expect that the managerial and theoretical results of this project provides useful
information to dry port’s managers, shippers, consignees and government agents, assisting in future decision-making processes.

The questionnaire consists of 2 steps:

« Step 1: Identification of the specialist;
« Step 2: Evaluation of the importance level of the main risk factors of dry ports infrastructure projects.

Filling out the questionnaire will take about 20 minutes. We emphasize that the information provided here is of an academic nature and will
be used as a database for this research project.

We thank you in advance for your collaboration, which is extremely important for the development of this research.

Step 1 - Identification of the specialist

At this step the specialist will be asked about personal information, so that we can know the characteristics of our sample. This step is
important for the statistical treatment of the responses obtained.

Age Gender Work position
Less than or 20 years old Male Owner
Between 21 — 30 years old Female CEO/Director
Between 31 — 40 years old Superintendent
Between 41 — 50 years old Company that you work Top Manager
More than or 51 years old Dry port Top Specialist
Export/Import company

Work experience Government agencies Actuation zone
Less than or 5 years North
Between 6-10 years Educational level Northeast
Between 11-14 years Post Graduated Middle west
Between 15-19 years Graduated South
More than or 20 years Other Southeast

Step 2 — Assessing the risk factors engaged in dry ports projects

At this stage, you will assess, according to your perception and personnel experience, the degree of importance of each risk factor of dry
ports projects. Keep in mind that the importance scale should represent your vision when considering all factors. In this case, if one factor
has the same importance as another, it must present the same score on the scale.

Another point to be considered is that the distance between the scale values is equivalent; therefore, the difference between a criterion with
importance ‘1’ and another with importance ‘2’ is similar to the difference between a criterion with importance ‘3> and another with
importance ‘4’ (1 point difference on the scale).

The question to be asked when answering the questionnaire is: *How important is the risk factor “A” to consider in dry port projects?'

Note: The questions refer to the level of absolute importance of a risk factor. We are not considering the importance of changing one factor
more or less (Ex: reduction in cost, reduction in transportation time, and increase in environmental actions). Please, find below the scale of
importance considered in this study and further the questions to be evaluated.

Scale of importance evaluation
0 1 2 3 4

Very Low Low Medium High Very High
Importance Importance Importance Importance Importance
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Cost Factors

Location Factors

Sub-factor / Importance Sub-factor / Importance 3|4
Facility cost Demand for DP's services
Transportation cost Distance between DP and customers
Storage cost Distance between DP and Seaport
Additional services cost Proximity with other logistic facilities
Cost caused by road congestion Size of hinterland population
Cargo transportation time
Infrastructure Factors
Sub-factor / Importance Accessibility Factors
Dry ports” total area Sub-factor / Importance 3|4
Dry ports’ yard capacity Accessibility to airports
Dry ports' warehouse capacity Accessibility to seaports
Dry ports' expansion capacity Accessibility to railways
Multimodal infrastructure Accessibility to highways
Equipment infrastructure Accessibility to other facilities
Accessibility to customers
Operational Factors Transportation capacity between DP and Seaport
Sub-factor / Importance Quality of network transportation infrastructure
Set of operational services offered
Container handling capacity (per day) Economic Factors
Information and technology system Sub-factor / Importance 314
Operational execution time Gross Domestic Product (GDP) rate
Cargo security and monitoring Dollar rate
DP's occupation (yard and warehouse) Trade market (export and import)
Purchasing power of hinterland population
Political and Social Factors
Sub-factor / Importance Environmental Factors
Customs' rules Sub-factor / Importance 3|4
Job creation Urban and environmental impact due DP facility
Government financial incentive gg;sse reduction and visual impact in seaport
Political and business environment Environmental politics
E:rrte;aucracy for opening new companies and dry Reduction of congestion and CO2 emission

Major Factors

Factor / Importance

Cost

Location

Infrastructure

Accessibility

Operational

Economic

Political and Social

Environmental

Would you like to add any relevant factors that were not addressed in the questions above? If so, what is its scale of importance?

Please, inform a valid e-mail:
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APPENDIX B — RESULTS OF TESTS FOR H2.a, H3 AND H4

Comparison Comparison between Comparison between
between stakeholders DPOs by distance DPOs by transportation mode

Factors p-value Decision p-value Decision p-value Decision

F1 0,001 Reject null hypothesis 0,392 Support null hypothesis 0,880 Support null hypothesis
SF1 0,119 Support null hypothesis 0,353 Support null hypothesis 0,651 Support null hypothesis
SF2 0,061 Support null hypothesis 0,548 Support null hypothesis 0,846 Support null hypothesis
SF3 0,028 Reject null hypothesis 0,372 Support null hypothesis 0,846 Support null hypothesis
SF4 0,023 Reject null hypothesis 0,281 Support null hypothesis 0,503 Support null hypothesis
SF5 0,644 Support null hypothesis 0,298 Support null hypothesis 0,780 Support null hypothesis
F2 0,717 Support null hypothesis 0,703 Support null hypothesis 0,476 Support null hypothesis
SF7 0,851 Support null hypothesis 0,265 Support null hypothesis 0,983 Support null hypothesis
SF8 0,617 Support null hypothesis 0,598 Support null hypothesis 0,074 Support null hypothesis
SF9 0,022 Reject null hypothesis 0,316 Support null hypothesis 0,560 Support null hypothesis
SF11 0,157 Support null hypothesis 0,928 Support null hypothesis 0,143 Support null hypothesis
F3 0,715 Support null hypothesis 0,524 Support null hypothesis 0,682 Support null hypothesis
SF12 0,319 Support null hypothesis 0,573 Support null hypothesis 0,476 Support null hypothesis
SF13 0,804 Support null hypothesis 0,928 Support null hypothesis 0,813 Support null hypothesis
SF14 0,610 Support null hypothesis 0,478 Support null hypothesis 0,352 Support null hypothesis
SF15 0,177 Support null hypothesis 0,456 Support null hypothesis 0,268 Support null hypothesis
F4 0,214 Support null hypothesis 0,334 Support null hypothesis 0,590 Support null hypothesis
SF18 0,096 Support null hypothesis 0,434 Support null hypothesis 0,747 Support null hypothesis
SF19 0,159 Support null hypothesis 0,068 Support null hypothesis 0,846 Support null hypothesis
SF20 0,040 Reject null hypothesis 0,986 Support null hypothesis 0,914 Support null hypothesis
SF21 0,011 Reject null hypothesis 0,048 Reject null hypothesis 0,714 Support null hypothesis
SF22 0,021 Reject null hypothesis 0,207 Support null hypothesis 0,620 Support null hypothesis
SF23 0,204 Support null hypothesis 0,758 Support null hypothesis 0,714 Support null hypothesis
SF24 0,316 Support null hypothesis 0,281 Support null hypothesis 0,780 Support null hypothesis
SF25 0,185 Support null hypothesis 0,094 Support null hypothesis 0,813 Support null hypothesis
F5 0,848 Support null hypothesis 0,478 Support null hypothesis 0,682 Support null hypothesis
SF26 0,234 Support null hypothesis 0,080 Support null hypothesis 1,000 Support null hypothesis
SF27 0,483 Support null hypothesis 0,334 Support null hypothesis 0,747 Support null hypothesis
SF28 0,618 Support null hypothesis 0,598 Support null hypothesis 0,560 Support null hypothesis
SF29 0,597 Support null hypothesis 0,524 Support null hypothesis 0,560 Support null hypothesis
SF30 0,546 Support null hypothesis 0,501 Support null hypothesis 0,232 Support null hypothesis
SF31 0,303 Support null hypothesis 0,957 Support null hypothesis 0,651 Support null hypothesis
F6 0,433 Support null hypothesis 0,221 Support null hypothesis 0,476 Support null hypothesis
SF32 0,000 Reject null hypothesis 0,813 Support null hypothesis 0,813 Support null hypothesis
SF33 0,156 Support null hypothesis 0,758 Support null hypothesis 0,308 Support null hypothesis
SF34 0,036 Reject null hypothesis 0,524 Support null hypothesis 0,590 Support null hypothesis
SF35 0,008 Reject null hypothesis 0,087 Support null hypothesis 0,249 Support null hypothesis
F7 0,426 Support null hypothesis 0,899 Support null hypothesis 0,846 Support null hypothesis
SF36 0,483 Support null hypothesis 0,334 Support null hypothesis 0,651 Support null hypothesis
SF37 0,399 Support null hypothesis 0,785 Support null hypothesis 0,560 Support null hypothesis
SF38 0,149 Support null hypothesis 0,899 Support null hypothesis 0,780 Support null hypothesis
SF39 0,776 Support null hypothesis 0,478 Support null hypothesis 0,183 Support null hypothesis
SF40 0,626 Support null hypothesis 0,676 Support null hypothesis 0,503 Support null hypothesis
F8 0,278 Support null hypothesis 0,128 Support null hypothesis 0,288 Support null hypothesis
SF41 0,919 Support null hypothesis 0,048 Reject null hypothesis 0,215 Support null hypothesis
SF42 0,081 Support null hypothesis 0,169 Support null hypothesis 0,914 Support null hypothesis
SF43 0,104 Support null hypothesis 0,413 Support null hypothesis 0,914 Support null hypothesis
SF44 0,031 Reject null hypothesis 0,372 Support null hypothesis 0,450 Support null hypothesis




205

APPENDIX C - VARIABLES AND PARAMETERS OF THE MODEL

Description Unit of Assumptions Based on
measure
Indexes
SEA Set of seaports (i) i — seaport
DRY Set of dry ports (j) j—dry port
cus Set of customers (k) k — customer
™ Set of transportation t —truck
mode r —rail
DRS Set of delivery route _ ¢ FAZI; ROODBERGEN,
(dr) simulatio>r/15, dr=1 ( = Keoni k= Le"”") 2018)
dr=1,2....7 dr=2 ( - keons k _’ lempt)
dr =3 (" - kdeco)
if {dr = (l = Jeons J _) keons k _)]empt)
t
dr=5 (i joonsJ = keoni k = jempe)
t t
dr =6 (l = JeonsJ = kdeco)
rt t
dr=7 (i = JeoniJ = kdeco)
CcT Set of cargo type con — consolidated
deco — deconsolidated
empt — empty
SAS Set of additional For the simulations, the authors have defined: Activities required for
services (kasg) in kas; = positioning delivery route’s
seaports (i) and dry kas, = deconsolidation simulations
ports (j) kas; = consolidation
kas, = weighting
Variables
ttSCer ar Transit time from the days Defined by the customer or assessed multiplying the (LARRANAGA;
seaport (i) to the distance and the average speed ARELLANA; SENNA,
customer’s facility (k) 2016)
by truck (t) or rail (r)
ttdce gy Transit time from the days Defined by the customer or assessed multiplying the (LARRANAGA;
dry port (j) to the distance and the average speed ARELLANA; SENNA,
customer’s facility (k) 2016)
by truck
ttsdyyar Transit time from the days Defined by the customer or assessed multiplying the (LARRANAGA;
seaport (i) to the dry distance and the average speed ARELLANA; SENNA,
port (j) by truck (t) or 2016)
rail (r)
ttreg, ar Transit time to return days dr =1,2 ttreg, = ttsce, (LARRANAGA;
the empty container if {dr=4,5 ttre = ttdc, ARELLANA; SENNA,
(empt) by truck (t) or dr =3,6,7 ttre,, =0 2016)
rail (r) ’
dd gy tr Delivery distance of Kilometers Google Maps
the delivery route by
transportation mode
cv Cargo value R$ cv = cifr X cw X dor (DP WORLD, 2021;
For simulation 1: R$415,580.00 (approximately LATTILA; HENTTU;
US$74,000.00) HILMOLA, 2013;
For simulation 2: R$45,000.00 (approximately ZHANG; SCHRAMM,
US$8,040.00) 2020)
doc; Dwell-time of the days Vary according to ttd, ttsc,,, and ttsdy , Customer decision
cargo stored at the
seaport (i), dry port
(j) consolidated or
deconsolidated
HCy, Terminal handling R$ (CRAINIC et al., 2015;
cost in seaport (i) and TRAN; HAASIS; BUER,
dry port (j) per 2017)
delivery route
SCqr Storage cost in R$ (QIU; LAM; HUANG,
seaport (i) and dry 2015; TSAO; LINH,
port (j) per delivery 2018)
route
VAgr Value-added service R$ (JEEVAN et al.,
cost in seaport (i) and 2017;KHASLAVSKAYA,;
dry port (j) per ROSO, 2020)
delivery route
CCyr Customs clearance R$ (IANNONE; THORE,
cost in seaport (i) and 2010)
dry port (j) per
delivery route
TLT4y Total logistic time per  days (FAZI; ROODBERGEN,
delivery route (dr) 2018; IANNONE, 2012;
TALLEY; NG, 2017;
TRAN; HAASIS; BUER,
2017)
IC Inventory cost R$ (IANNONE; THORE,



DDCyy

CLCqy

DEC,,

BECCy,

EMCqy
TLCyr

Parameters
box;

the; j

qhmy j qr

sceyj

scd;

cifr
cw
dor

srej

srd; ;

Lj

msrcy

msrd;

J

tme; j

ttd

dtd;

kas,

CaSi,i,kaSq

Demurrage and
detention cost per
delivery route (dr)
Container leasing cost
per delivery route (dr)
Delivery cost per
delivery route (dr)

Back empty container
cost per delivery
route (dr)

Emission cost per
delivery route (dr)
Total logistic cost per
delivery route (dr)

Quantity of boxes
handled, stored or
delivered through
seaport (i) and dry
port (j)

Terminal handling
charge per handle in
seaport (i) and dry
port (j)

Quantity of handling
moves in seaport (i)
and dry port (j) per
delivery route (dr)

Storage charge per
consolidated box
(con) at the seaport’s
(i) and dry port’s (j)
yard

Storage charge per
deconsolidated cargo
(deco) at the seaport’s
(i) and dry port’s (j)
warehouse

CIF rate

Cargo weight
Dollar rate

Storage rate related to
the cargo value (cv)
consolidated

Storage rate related to
the cargo value (cv)
deconsolidated
Minimum storage rate
to consolidated cargo
in seaport (i) and dry
port (j)

Minimum storage
charge to
deconsolidated cargo
in seaport (i) and dry
port (j)

Time related to the
minimum storage rate
in seaport’s (i) and
dry port’s (j) yard or
warehouse

Total time until the
customer receive the
cargo

Documentation time
to liberate the cargo at
seaport (i)

Kind of additional
services required per
delivery route defined
by the customer

Charge per kind of
additional service in
seaport (i) and dry

R$

R$
R$

R$

R$
R$

Quantity of
containers

R$/handle

Quantity of
handles

% cv/day
% cv/day

US$/Kg

Kg
R$ /US$

%
%

R$

R$
days

days

days

R$/box

1 container 40 foot (2 TEUs)

the; = R$582.00/handle
thc; = R$286.00/handle

dr=1 qhm;; =(1,0)
|dr=2 ghm;; = (1,0)
|dr=3 qhm;; =(0,0)

if {dr=4 ghm;; =(12)
dr=5 qhm;; =(12)
dr=6 qhm;;=(11)

kdr =7 qhm;= (1)

sce; = sre; X cv
scej = srej X cv

scd; = srd; X cv
scd; = srd; X cv

4,95

15000
5,6

src; = 0.255%
src; =0.144%

srd; = 0.314%
srdj = 0.137%

msrc; = R$1,888.00
msrc; = R$2,000.00

msrd; = R$2,329.00
msl”dj = R$2,000.00

tme; =5 days
tmc; = 15 days

Variable defined by the customer that determines the

value of doc; ;

dr =3 kasy, kas,, kass, kas, is required

dr =6  kasy, kas,, kass, kas, is required
dr =7  kasy, kas,, kass, kas, is required
€as; jras, = (R$528.67,

2 days
dr=1
i( dr=2
if dr =4
dr=5

kas, is required
kas, is required

kas, is required
kas, is required

R$225.71)

€as; jas, = (R$1,182.00; R$725.46)
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2010; JANIC, 2007;
TALLEY; NG, 2017)
(FAZI; ROODBERGEN,
2018)

(TRAN; HAASIS; BUER,
2017)

(LATTILA et al., 2013;
TRAN; HAASIS; BUER,
2017)

(SONG; DONG, 2012)

(LATTILA et al., 2013)

Defined by the authors

Average fee in seaports (i)
and dry ports (j)

Operational process of
each delivery route

Average rate in seaports
(i) and dry ports (j)

Average rate in seaports
(i) and dry ports (j)

(ZHANG; SCHRAMM,
2020)

(LATTILA etal., 2013)
Dollar rate in February 27,
2021

Average rate in seaports
(i) and dry ports (j)

Average rate in seaports
(i) and dry ports (j)

Average rate in seaports

(i) and dry ports (j)

Average rate in seaports
(i) and dry ports (j)

Average rate in seaports
(i) and dry ports (j)

Defined by the customer

(BFR, 2019)

Activities required per
delivery route

Average rate in seaports
(i) and dry ports (j)



pici;
xSy j

teeyj

asg,r

or

der
ddft
ddf1
ddf2

ttcar

led

MCt on deco,emptTeonempt

fdrfcan,deco,emp:,Tcan,empc

adcy,

otry,

p
met

dddgy,

port (j)

Physical inspection
cost in seaport (i) and
dry port (j)

X-ray scanner cost in
seaport (i) and dry
port (j)
Transshipment
customs cost to
transfer the cargo
from seaport (i) to dry
port (j)

Average speed of
truck (t) and rail (r)

Opportunity cost rate
Depreciation cost rate

Demurrage and
detention free-time
Demurrage and
detention fee 1
Demurrage and
detention fee 2
Container transit time
per delivery route (dr)

Leasing charge per
day

Modal charge,
varying among truck,
rail and the cargo type
(con, deco, empt)

Fixed delivery rate
per transportation
mode (TM) and cargo
type (CT)

Additional delivery
cost for transportation
under customs control
per delivery route (dr)
Operational
transshipment rate per
delivery route (dr)
Carbon price
Marginal emission

Weight of the cargo
and the truck (t) or
wagon (r)

Direct delivery
distance by truck

R$/box

R$/box

R$/box

Km/hr

% of the cargo
value/day

% of the cargo
value/day
Days

R$/day
R$/day

days

R$/day

R$/box*Km

R$

R$

R$
RS$/CO2tonn
KgCO2/tonn.km

tonnes

Km

CaSy jkas, = (R$1,367.67; R$725.46)
€as; j kas, = (R$108.33; 96.17)

pic; = R$528.67

pic; = R$199.14

xsc; = R$462.67
xsc; = R$333.00

if dr = 45,67,
tee;; = (R$1,323.36,R$176.00)

as,= 60km/hr
as,= 40 km/hr

or+der = 0.0685%
or+der = 0.0685%
ddft =7 days

ddfl = R$72.67/day
ddf2 = R$127.17/day

dr =1,245 ttcg = TLTy
if dr =3 ttcg, =0
dr = 6,7 ttcy, = ttsd,, +dtd;
R$8.96/day

mc,,,. =R$4.114
me,,., = R$ 4.114
mee,,,.,, = R$3.773
me,, = R$3.501
mey,,,.,. = R$1.716
fdn,,,, = R$785.51
fdr, .., =R$78551
fdr,,,,, = R$722.70
fdr,,, =R$609.24
fdr,,,,. = R$437.00

If dr = 4567 ade,,,,, =R$92457

If dr=24,7  otry = R$276.77

R$280.00/CO2ton

me; = 0.044 KgCO2/t.km

me, = 0.0067 KgCO2/t.km

wy; =30t when cw=15t
w, =47.76t when cw=15t

Vary according to the customer city, dry port city and

multimodal used.
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Average rate in seaports
(i) and dry ports (j)

Average rate in seaports
(i) and dry ports (j)

Average rate in seaports
(i) and dry ports (j)

(LARRANAGA;
ARELLANA; SENNA,
2016)

(TRAN; HAASIS; BUER,
2017)

(TRAN; HAASIS; BUER,
2017)

Average rate among ship-
owners

Average rate among ship-
owners

Average rate among ship-
owners

Operational process of
each delivery route

(TRAN; HAASIS; BUER,
2017)

(ANTT, 2021; ARAUJO;
BANDEIRA; CAMPOS,
2014; NTC, 2021; TRAN;
HAASIS; BUER, 2017);
average rate among rail
carriers

(ANTT, 2021; ARAUJO;
BANDEIRA; CAMPOS,
2014; NTC, 2021);
average rate among rail
carriers

(NTC, 2021)

(ANTT, 2021)
(EDF, 2020)
(LATTILA et al., 2013)

(LATTILA et al., 2013)

Google Maps




