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ABSTRACT

Seaports are well known as playing an important role in
multimodal transport systems and international supply
chains, requiring operational efficiency to deliver value for
the customers. In order to ensure a high-level service,
managing an organization based on performance
indicators are essential for drive the operations toward
the strategic plan. Container terminals are inserted in this
context, where the management effort and financial
resources should be balanced in order to achieve the best
utility of the entire system. With that in mind, this
research aims to establish the dimensions of the most
relevant operational indicators of Brazilian container
terminals by applying the Analytic Hierarchy Process (AHP)
multi-criteria method, providing a set of indicators as
reference for decision-makers. Toward this goal, we
carried out a systematic review in Scopus databases,
identifying 38 dimensions of operational indicators that
were pairwise compared by managers that represented 7
Brazilian container terminals, responsible for handling 71%
of Brazil's container throughput. This research has made
practical and managerial contributions, ranking the
operational indicators to aid decision-makers to manage
container terminals toward their strategy.

RESUMO

Os portos sdo conhecidos por desempenharem um papel
importante em sistemas de transporte multimodal e
cadeias de suprimentos internacionais, exigindo eficiéncia
operacional para fornecer valor aos clientes. A fim de
garantir um servico de alto nivel, gerenciar uma
organizagdo com base em indicadores de desempenho é
essencial para direcionar as operagées ao plano
estratégico. Terminais de contéineres estdo inseridos nesse
contexto, onde o esforco de gestdo e os recursos
financeiros devem ser equilibrados para alcangar a melhor

utilidade de todo o sistema. Com isso em mente, esta
pesquisa tem como objetivo estabelecer as dimensbes dos
indicadores operacionais mais relevantes dos terminais de
contéineres brasileiros, aplicando o método multicritério
Analytic Hierarchy Process (AHP), fornecendo um conjunto
de indicadores como referéncia para os tomadores de
decisdo. Para alcangar esse objetivo, realizamos uma
revisdo sistemdtica nas bases de dados Scopus,
identificando 38 indicadores operacionais que foram
comparados em pares por gerentes que representam 7
terminais de contéineres brasileiros, responsdveis pelo
movimentar 71% do volume total de contéineres do Brasil.
Esta pesquisa tem contribuicGes prdticas e tedricas,
classificando os indicadores operacionais para ajudar os
tomadores de decisdo a gerenciar terminais de contéineres
em dire¢do a sua estratégia.

RESUMEN

Los puertos maritimos son bien conocidos por desempefiar
un papel importante en los sistemas de transporte
multimodal y las cadenas de suministro internacionales,
requiriendo eficiencia operativa para ofrecer valor a los
clientes. Con el fin de asegurar un alto nivel de servicio, es
esencial gestionar una organizacion basada en indicadores
operativos para dirigir las operaciones hacia el plan
estratégico. Los terminales de contenedores estdn
insertados en este contexto, donde el esfuerzo de gestion y
los recursos financieros deben equilibrarse para lograr la
mejor utilidad de todo el sistema. Con eso en mente, esta
investigacion tiene como objetivo establecer las
dimensiones de los indicadores operativos mds relevantes
de los terminales de contenedores brasilefios aplicando el
método Analytic Hierarchy Process (AHP), proporcionando
un conjunto de indicadores como referencia para los
tomadores de decisiones. Para lograr este objetivo,
llevamos a cabo una revision sistemdtica en las bases de
datos Scopus, identificando 38 indicadores operativos que
fueron comparadas en pares por gerentes que
representaron a 7 terminales de contenedores brasilefios,
responsables del manejo del 71% del volumen de
contenedores de Brasil. Esta investigacion ha hecho
contribuciones prdcticas y gerenciales, clasificando los
indicadores operativos para ayudar a los tomadores de
decisiones a gestionar los terminales de contenedores
hacia su estrategia.
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1. INTRODUCTION
The international trade of goods has intensified the demand for efficient logistic operations.

With the economy of scale resulted from the maritime transport, which moves 90% of
international cargo trade, shippers/consignees have broken distances barriers and started to
seek providers that fulfill better their expectations, enhancing the competitiveness
throughout the world (Haralambides, 2019). The outstanding increase of 74,6% in dry cargo
volume loaded and carry by container since the year 2000 (UNCTAD, 2019) has putting
pressure on seaports, that are facing operational challenges related to terminal capacity,
fairway drafts, equipment to handle those vessels, and, in particular, operational efficiency
(Khaslavskaya & Roso, 2020).

In practice, seaports are the most important and indispensable actor in container transport
systems, composed of a terminal with docks and yard, where containers are positioned,
temporarily stored and arrived/leaved by means of vessel operation or inland transportation
(truck or rail) (Fazi & Roodbergen, 2018; Haralambides, 2019). 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.,
2022). However, nowadays container terminals are much more than places for transferring
cargo between different modes of transport. 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 (i.e., cargos) and non-physical (i.e., information) flows
(Ha et al., 2017).

Such complexity of operational roles makes the seaport choice a complex issue by
customers. A review of prior research on seaport choice conducted by Rodrigues et al.
(2021) suggests that research on seaport choice that touches upon parameters such as
seaport effectiveness and maritime line optimization are well established in the literature, as
stated in Talley and Ng (2013), and Moya and Valero (2016). These authors reinforce that
customers are oriented to choose seaports that provide more reliable, efficient and
economic services, making the operational indicators of a seaport an important base for
customer’s choice (Jiang et al., 2015; Talley & Ng, 2013).

The operational indicators of the container terminal allow categorizing the services provided
in each seaport, highlighting the current performance and smoothing the managerial
decisions based on data (Junior, 2008). Despite the relevance, managing a container terminal
based on operational indicators may become a complex issue, especially due to their
quantity and complexity to assess. Thus, some questions that emerge are: i) what are the set
of operational indicators to manage a container terminal? ii) Which indicators should be
prioritized? This problem is classified as a multi-criteria problem that could be treated as
sorting problem. One of the most applied methods for sorting problems is the AHP (Analytic
Hierarchy Process), developed by Thomas Saaty (Vaidya & Kumar, 2006); this method is
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widely applied when problems require consideration of quantitative and qualitative factors,
such as operational and socioeconomic decisions (Subramian & Ramanathan, 2012).

Based on the questions stated, this research aims to establish and rank the dimensions of
the operational indicators of Brazilian container terminals, according to the view of experts
by the AHP method, in order to provide a set of benchmarks dimensions to aid seaport’s
practitioner’s decision-making. With that in mind, first it was identified the dimensions of
existing operational indicators related to container terminals through a systematic review.
Second, the operational indicators were pairwise compared by seaport’s expert opinions,
getting the relevance of each operational dimension. Lastly, the AHP method was applied in
order to sort the operational indicators, resulting in relevant theoretical and managerial
insights.

To address this research question, the rest of the paper is structured as follows. In section 2,
we articulate the Brazilian context of our study and explain why it matters. In section 3, we
present a review of previous literature on the operational indicators in container terminals.
Section 4 details the methods and tools applied in this research, focusing on the multi-
criteria AHP method. Section 5 presents the results and discussions, where we articulate the
analysis and the main insights of the research, concluding the article with the theoretical and
managerial contributions in Section 6.

2. STUDY CONTEXT
Seaport is a complex logistic network that exist in very different forms and arrangements

under different terms around the world, especially transportation infrastructure,
functionality, maturity level, ownership, and initiation processes (Khaslavskaya & Roso,
2020). The differences of logistic infrastructure in each region requires a depth study to
catch specific characteristics. However, studies covering this topic are concentrate especially
in Asian and European countries, while South American and African countries had low
representativeness (Rodrigues et al., 2021). Fulfilling this literature gap, the present study
has focused in Brazil.

Brazil is the largest country in South America, covering an area of 8.5 million km?, making it
the world’s fifth-largest country. 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
USS$158 billion in 2020 (MDIC, 2021). Furthermore, Brazil is the 20th largest container-
handling economy in the world, handling more than 10 million TEUs per year; just Santos
seaport hub in Sdo Paulo state is responsible for 45% of this volume (ANTAQ, 2022; UNCTAD,
2019). Given the above factors, Brazil very clearly plays a major role in global international
trade and maritime cargo transportation.

In recent years, Brazil has seen significant growth in its container terminal industry, with
several terminals emerging as key players. The seaport of Santos, located in the state of Sdo
Paulo, is the largest container seaport in Brazil, handling approximately 4.5 million TEUs
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(twenty-foot equivalent units), annually, in 2022 (ANTAQ, 2022). It is followed by the
Seaport of Navegantes and Paranagud, both located in the south of Brazil, handling around
1.1 million per year. Other major container terminals in Brazil include the seaports of Rio
Grande, Itajai, and Suape. The volume of container handling in Brazil is expected to continue
to grow, driven by the country's expanding trade partnerships and its growing consumer
market. This context reveals the relevance to identify the main operational factors, aiding
seaport’s practitioners to manager their operations and improve the competitiveness.

3. THEORETICAL BACKGROUND

The performance indicators are crucial in strategic management of any organization and can
occur in a variety of forms and complexities. Overall, indicators are indexes to measure the
greatness of a manufacturing or administrative process, determining if it is inserted within
acceptable parameters (Martins & Laugeni, 2005). Moreover, it is also a measure that
ensures the evaluation of particular attributes, providing the basis for decision making
(Niedritis, Niedrite, & Kozmina, 2011).

The literature affirms that metrics encourage managers and employees to make the
decisions that they believe are the best to achieve the goal (Kaplan & Norton, 1992; Drucker,
1954). If the metrics are chosen carefully, managers and employees enhance the chances to
make better decisions, allowing the company to maximize its profits in a long term (Hauser
& Katz, 1998). One of the main strategic management tools that help organizations track and
measure their progress towards achieving their goals and objectives is the Balanced
Scorecard (BSC) (Kaplan & Norton, 1992). However, many executives, seeking to create value
for shareholders, also rely on their intuition in the choice of indicators, which can lead to bad
decisions (Mauboussin, 2012).

The seaport’s operational indicators are closely related with the customer’s choice to use
such seaport as logistic operator. A review of prior research on seaport-hinterland choice
conducted by Rodrigues et al. (2021) suggests 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), and
Moya and Valero (2016). 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 sort the seaport’s operational indicators.

Operations in container terminals are wider and more complex than simply loading and
unloading container to/from the ships. These activities can be represented by operational
indicators such as storage capacity, number of docking berth, cranes/ship-to-shore to
load/discharge the ships, equipment capacity, berthing window, container dwell-time, truck
cycle time, container handling per day and gate productivity (Rashidi & Tsang, 2013). From
another perspective, Felicio, Caldeirinha, and Dionisio (2014) found 5 main characteristics to
influence container terminal operational performance: i) seaport location; ii) seaport-
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hinterland network (land side connectivity); iii) maritime shipping services; iv) dynamism of
port authorities and v) seaport organization and logistics integration.

The dimensions of the performance indicators in seaports show the operational efficiency
and should be useful for shippers and consignees, as well for seaports’ managers to making
decisions to align the operations with the strategic plan. Some examples of operational
indicators quoted by Caggiani et al. (2012) are productivity in its various applications, the
equipment utilization rate, operating costs, the pier draft, the crane/ship-to-shore length,
the yard area and the amount of handling equipment. According to Largen and Sharypova
(2013), the intermodal connectivity also appears as a relevant operational indicator, since
many port authorities and managers have the ambition to deal with a greater share of
volumes using multimodal transport. However, the increased use of intermodal transport
requires better connectivity throughout seaport-hinterland, which is not the case of Brazil,
with a low density of rail network (ANTF, 2019).

The logistic operations, especially in large container terminals, have achieved a level of
complexity that requires knowledge about all variables and how they interact in the system.
To meet the operational challenges and become competitive, container terminals have to
innovate and often automate equipment to optimize their logistics processes (Rashidi &
Tsang, 2013). However, there are no current standardized set of indicators in order to
measure the degree of specialization and efficiency of activities in seaports. With that in
mind, the literature offers a set of operational indicators from 14 papers, used as reference
in this research (Frame 1).

Frame 1. Container terminal operational indicators.

Given the increase in the size

Length and To determine the quay of container shios. terminals Al-Eraqi et al. (2010); Feng et al.
depth of the  features (length and depth) . p' ’ (2011); Caggiani et al. (2012);
. . with larger piers are .
quay for berthing ships Rios & Souza (2014)
necessary
. To identify the Al-Eraqi et al. (2010); Yeo et al.
. To assess the container . S
Yard capacity storage capacit occupancy/congestion of the  (2011); Caggiani et al. (2012);
g€ capacity terminal Rios & Souza (2014)
Warehouse To assess the warehouse To identify the Al-Eragi et al. . (2910); Yeo et al.
capacit storage capacit occupancy/congestion of the  (2011); Caggiani et al. (2012);
pacity ge capaclty warehouse Rios & Souza (2014)
To measure the amount of To enable to assess the
Infrastructure . . . .
. investment on the terminal payback and the return on Yeo, Roe & Dinwoodie (2011)
investment . .
infrastructure investment
To identify with which Intermodal network reduces Baldassara et al. (2010); Yeo et al.
Intermodal . .
.. modals the container transportation costs and (2011); Feng et al. (2011); Largen
connectivity o ) .
terminal is connected improve the competitiveness & Sharypova (2013)

This is a measure of the

- To meet the customers’
probability that a system

Pun & Nurse (2010); Rashidi &

Ope.rat!c.)nal (ship operation) will operate requwements/a'greer.nents , Tsang (2013); Lam & Song (2013);
reliability . . . and to comply with shippers .
without failure for a given . . Tapia et al. (2014)
. . berthing windows
period of time.
Equipment This is a measure of the Useful data for the Pun & Nurse (2010); Rashidi &
reliability probability that equipment maintenance plan Tsang (2013); Lam & Song (2013)
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will operate without failure
for a given period of time.

Workforce To measuring the amo%mt of To control the operational Huang et al. (2010); Caggiani et
money used for paying

cost . costs al. (2012); Tapia et al. (2014)
operational employees

To price services, to identify

To measuring the cost Huang et al. (2010); Yeo, Roe &

(0] tional I , to track and red . . o
pe;gsltona related to any operational ossc(;sst :m;ii ;ntm:(iezeuce Dinwoodie (2011); Caggiani et al.
activity P (2012); Lam & Song (2013)
resources
Maintenance To measure and control To assess maintenance Pun & Nurse (2010); Huang et al.
. . (2010); Feng et al. (2011); Lam &
cost maintenance costs effectiveness
Song (2013)
Handling To measure the demand for  To evaluate trade levels and Al-Eraqi et al. (2010); Huang et al.
volume handle containers inside the the terminal operational (2010); Yeo et al. (2011); Feng et
demand terminal service capacity al. (2011); Rashidi & Tsang (2013)
Equipment T? |dent|fy whgther the Useful data for the Pun & Nurse (2010); Rashidi &
availabilit equipment is available when maintenance plan Tsang (2013); Lam & Song (2013);
¥ needed P Tapia et al. (2014)
Contai T the fi f T t th t
ontainer o measyre e frequency o o.mee e customer Yeo et al. (2011)
loss/damage container loss/damage requirements/agreements
Number of To determine the reefer’s Capacity to store reefer’s Feng et al. (2011); Rios & Souza
reefer plugs container capacity container (2014)

To identify the

Warehouse  To determine the occupation .
occupancy/congestion of the

Al-Eraqi et al. (2010); Yeo et al.

occupation in the seaports’ warehouse (2011); Nooramin et al. (2011)
warehouse
. . To identify the .
Yard To determine the occupation occupanc I/con I ;_/stion of the Al-Eragi et al. (2010); Yeo et al.
occupation in the yard area pancy g (2011); Nooramin et al. (2011)

terminal
To measure how many
containers are
load/discharge per hourin a
ship operation

Pun & Nurse (2010); Yeo et al.
(2011); Nooramin et al. (2011);
Carteni & Luca (2012); Caggiani et
al. (2012); Tapia et al. (2014)

Pun & Nurse (2010); Yeo et al.

Ship
load/discharg
e productivity

To estimate the operation
time and to track the
productivity

To assess how many ships,

Berth . To track the efficiency ofa  (2011); Nooramin et al. (2011);
.. perform in a berth per R .
productivity berth Carteni & Luca (2012); Caggiani et
month
al. (2012)
To measure the To allocate resources and aid Pun & Nurse (2010); Huang et al.
Equipment operational and (2010); Nooramin et al. (2011);
.. performance of the . L X -
productivity equipbment maintenance decision- Carteni & Luca (2012); Caggiani et
quip making al. (2012); Rashidi & Tsang (2013)
Distance To improve the storage plan
between the To measure the distance redFL)Jcin trans ortitisn " Feng et al. (2011); Caggiani et al.
berth and the traveled by trucks g. P (2012)
distance
yard block
- . T ify if th h
Additional To measure the quantity of o certily It the seaport has Yeo et al. (2011); Feng et al.

the required equipment for
the logistic operation

Ship-to-shore/cranes are the  Huang et al. (2010); Yeo et al.

equipment  forklifts, reach stackers, etc. (2011); Rios & Souza (2014)

Qs:?t_I:Z_Of To measure the ship load most relevant seaport (2011); Feng et al. (2011);
shore?cranes productivity of the terminal  equipment, responsible for Caggiani et al. (2012); Rios &
the ship load productivity Souza (2014)
. To measure the volume of The seaport’s profit come )
Quantity of container handled in the especially from handling UEOCHEL, (PURIE R GEE],

TEUs handled (2011)

terminal container
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Quantity of
trucks

Truck
productivity

Equipment
breakdowns

Equipment
productivity

Stowage plan
distribution

Waiting time
for trucks

Container
dwell time in
the terminal

Free dwell

time in the

terminal
Average
waiting time
of the ship
Average
operation
time

Truck travel
time

Equipment
waiting time

Dwell time of
external truck

Ship berthing
time

Gate
productivity

Equipment
operating
speed

To measure the capacity to This aid to assess the Feng et al. (2011); Carteni & Luca
transport containers capacity of the seaport (2012); Rashidi & Tsang (2013)
To measure how many
containers were transported
by truck by shift
To measure the amount of
breakages during operation

To measure the equipment  Yeo et al. (2011); Carteni & Luca
productivity (2012); Rashidi & Tsang (2013)

This indicator is an input for ~ Pun & Nurse (2010); Rashidi &

shift the maintenance plan Tsang (2013)
To measure the equipment To schedule maintenance, Pun & Nurse (2010); Carteni &
quip operational shifts and Luca (2012); Rashidi & Tsang
usage rate -
measure productivity (2013)
Quantity of ship-to- More cranes oper.atmg in the Feng et al. (2011); Rashidi &
shore/cranes that a stowage vessel results in more
. Tsang (2013)
plan allows to work productivity

Yeo et al. (2011); Feng, et al.
(2011); Nooramin et al. (2011);
Carteni & Luca (2012); Rios &

To measure the waiting time
of trucks waiting to be
loaded/discharged in the

To assess the terminal
congestion and the truck

terminal productivity Souza (2014)
To measure the average The seaport charges the Baldassara et al. (2010); Carteni
time that the container customer according to the & Luca (2012); Rashidi & Tsang
stayed stored in the terminal storage time (2013)

To measuring the quantity of

To assess if the customers  Carteni & Luca (2012); Rashidi &
cargo that stayed free of

- are using this benefit Tsang (2013)
To measure the time .
. . To comply with customers Yeo et al. (2011); Fen et al.
between the ship arrived R
. agreements (2011); Carteni & Luca (2012)
and the operation began
To estimate how many This aid to schedule a vessel Pun & Nurse (2010); Baldassara
containers can be sailing time and operational et al. (2010); Carteni & Luca
loaded/discharged per hour shifts (2012)
Tc? measure the truck travel It allows to estimate t.he Nooramin et al, (2011); Rashidi &
time from the quay to the number of trucks required
. Tsang (2013)
yard per shift
Pun & Nurse (2010); Feng et al.
To estimate the equipment To better schedule (2011); et al. (2011); Carteni &
unproductive time equipment per work shift ~ Luca (2012); Lam & Song (2013);

Rios & Souza (2014)
Pun & Nurse (2010); et al. (2011);
Carteni & Luca (2012); Rios &
Souza (2014)

To measuring the time
between external truck,
arrive and leave the terminal
To measure the total time  The docking time cannot be
the ship was docked at greater than the vessel
terminal window

To identify the number of To identify the volume Pun & Nurse (2010); Yeo et al.
handled per day and to

external trucks . . (2011); Carteni & Luca (2012);
estimate the terminal

arriving/leaving the terminal . Rashidi & Tsang (2013)
congestion

It allows to measure the yard
productivity/congestion

Pun & Nurse (2010); Yeo et al.
(2011); Feng et al. (2011)

Pun & Nurse (2010); Yeo et al.
(2011); Feng et al. (2011); Carteni
& Luca (2012); Rashidi & Tsang
(2013)

To assess the equipment
productivity and schedule
the equipment for the shift

To identify the equipment
performance

Source: Authors
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Based on the above structure, the AHP method was applied in order to pairwise comparison
of the operational indicators by seaports’ managers, looking for sorting and finding the most
relevant to be considered for seaport’s operational management decision-making. The
literature presents some cases of AHP in seaports decision-making. The study of Cruz,
Ferreira and Azevedo (2013) discussed the key factors of seaport competitiveness from the
perspective of Iberian seaports stakeholders, demonstrating that the relative importance of
the factors varies among the stakeholders. From the perspective of risk, Lamii et al. (2022)
used AHP to present a hierarchy that simplifies the complexity of the seaport logistic system
in an organized structure, and to analyze and assess risk factors based on the identified
criteria. Lastly, AHP was also applied in locations problems, aiding decision-makers to select
the best location for seaports, dry ports and other logistics facilities (Bozicevic et al., 2021).

4. METHODS AND TOOLS
This research followed 3 phases and 7 steps methodology, as follows in Figure 1. The focus

of the first phase of the study was to identify, by the literature, the operational indicators of
container terminals. With that in mind, first a theoretical research was performed, getting
relevant information to then conduct a systematic review in step 2.

Figure 1. Research phases.

|~ =

smm ses | | swee
Elaboration of Analysis and
Survey J Collection J l data review

(Survey)

Phase 2

Step 7.
Sort of

operational
indicators (AHP)

Step 8.
Results and
conclusions

Phase 3

Source: Authors

The systematic review followed the procedure developed by Tranfield, Denyer and Smart
(2003). Our focus here was to identify the dimensions of the operational indicators of Brazil's
container terminals. The keywords searched in the databases were “container port”,
“container seaport” and “container terminal”, with the logic ‘AND’ to “performance
indicator” and “operational indicator” for title, keywords and abstract. By searching in the
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Scopus database, restricting the publication year from 2010 to 2015, it was obtained total of
51 publications. These articles were filtered considering the scope of the research to
discuss/present the main operational indicators used to manage container terminals. After
filtering the database, 14 papers were selected to be included in this study, concluding the
step 3 and the phase 1 of this research.

The second phase was concentrated in build a research instrument to get the seaports’
managers perspective about the relevance of the operational indicators, enabling to sort
them. In step 4, the survey instrument was built by Google Docs. To pairwise comparing the
indicators, a Likert scale of 9 points was used (Saaty, 1994). The survey instrument was
tested with Master’s degree students of Universidade Federal do Parana. After the required
adjusts, the survey instrument was sent to the target audience to collect the data (step 5).

Our target audience was managers of container terminals in Brazil with container handling
higher than 100,000 TEUs per year, thus eliminating shipping agencies and small seaports
that are not container terminals, resulting in 15 container terminals. This target is aligned
with the definition of skill required for a decision-making described by Saaty and Alexander
(2013) and Saaty (1994), which defined that participants AHP should know and experience
the problem to be studied. In this way, from the fifteen container terminals that were
contacted, we got seven answers from the survey instrument. The seaports’ managers that
participated in this research were responsible for handling 8.342.157 TEUs in 2022,
responding for 71% of the total volume of container handled in Brazil (ANTAQ, 2022) (Table
1).

Table 1. Volume of TEUs handled by the target seaports.

Porto Itapod 885.822
Portonave 1.149.715
DP World 931.542
Paranagua 1.114.097
Rio Grande 517.665

Santos Brasil 3.518.312

Vitoria 225.004

Source: ANTAQ (2022)
After collecting the survey, the data was reviewed (step 6) to avoid missing values or other
mistakes. In step 7, we applied the AHP method to sort the operational indicators of
container terminals, aggregating the perspective of all managers. Based on the results, we
articulated the discussions and main contributions of this research, in step 8. In the next
topic, we briefly present the AHP method.

4.1 MULTI-CRITERIA DECISION AID AND AHP METHOD
A multi-criteria decision problem is a type of decision that involves making a choice between

multiple alternatives based on multiple criteria or factors. This type of problem arises when
the decision-maker needs to consider several factors that are important for achieving their
objectives, such as cost, time, quality, risk and social impact (Keeney, 1992). In general, there
are four questions: i) choice: the process of selecting an option from a set of alternatives; ii)
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sort/rank: involves sorting items according to their priority/relevance defined by the
decision-maker; iii) classification: the process of assigning items to different categories based
on their properties or characteristics; iv) description: involves characterizing a phenomenon
or object using words or other forms of language (Almeida, 2013).

Actually, there are many multi-criteria methods to aid decision-making, divided in two main
categories: Outranking and Compensation methods (Almeida, 2013). The Outranking
methods, also known as preference-based methods, are methods that compare alternatives
to each other based on the extent to which one alternative outranks the others in terms of
the criteria being evaluated. Examples of outranking methods include the Preference
Ranking Organization Method for Enrichment Evaluations (PROMETHEE) and the Elimination
Et Choix Traduisant la Réalité (ELECTRE). The Compensation methods, also known as value-
based methods, aggregate scores or weights for the criteria to obtain an overall score or
ranking for each alternative. In compensation methods, the criteria are typically combined
into a single utility function that represents the decision-maker's preferences. Examples of
compensation methods include the simple additive weighting (SAW), Macbeth, TOPSIS and
AHP (Almeida, 2013).

The AHP method is one of the most applied multi-criteria methods, with applied cases in
airline companies (Mahtani & Garg, 2018), urban public transport (Nosal & Solecka, 2014),
supplier segmentation (Rezaei & Ortt, 2013) and also port performance indicators (Ha &
Yang, 2017). A recent systematic review of AHP publications was made by Gongalves et al.
(2021), revealing the practical and theoretical relevance of this method. This method uses
pairwise comparisons, which means it compares the level of relevance of a particular item or
feature over another. These comparisons can be taken from actual measurements or from a
fundamental scale, which reflects the relative strength, preferences, feelings and subjective
opinions (Saaty, 1987; Subramanian & Ramanathan, 2012). AHP also provides an effective
framework for the decision-maker group, imposing a discipline through the stages of the
process. The need to add a numerical value to each variable of the problem helps to
maintain consistency between the trials, increasing the consistency of judgments and the
reliability of AHP as a decision-making tool (Saaty, 2012).

To details all AHP algorithm is not part of this research scope. However, the main steps may
be simplified in 5 steps as follows (Saaty, 2012): to define the decision problem and to
identify the criteria and alternatives; ii) to construct a hierarchy of decision criteria and
alternatives, where ‘W’ is the weight of each criterion, and ‘P’ is the priority of each
alternative; iii) to compare the criteria and alternatives pairwise, and assign a relative weight
or priority to each. Here, A;; is the relative importance of criterion ‘i’ to criterion ‘j’, and B, j
is the relative importance of alternative ‘k’ to criterion ‘i’. It can be represented in a square
matrix, where the diagonal elements are all equal to 1, and the off-diagonal elements are

reciprocals of each other. In this way, A;; = 1/A;;, and B;j, = 1/By;.
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Step iv) is the consistency check of the pairwise comparisons, calculating the Consistency
Ratio (CR), defined as (4,,,4, — n)/(n — 1), where A,,,, is the maximum eigenvalue of the
pairwise comparison matrix, and ‘n’ is the number of criteria or alternatives. The CR should
be less than 0.1 for the comparisons to be considered consistent. Then, the step v) calculates
the priorities by aggregating the pairwise comparison values. Let C; be the priority of
criterion ‘i’, and A;;, be the priority of alternative ‘k’. The priority of each criterion is given by
C; = Z}-(Aij * W]-)/Z]- W;, where X; denotes the sum over all criteria j’. The priority of each
alternative is given by Ay = X;(Byjx * C;). More details of the AHP algorithm follows in
Saaty (1987), Subramanian and Ramanathan (2012) and Saaty (2012).

5. RESULTS AND DISCUSSION
The AHP method was applied to sort the operational indicators of container terminals based

on the pairwise comparison made by the specialists. The set of operational indicators were
aggregated in 5 dimensions according to their specificity, in order to facilitate the pairwise
comparison and the indicators’ sort. The dimensions were: i) equipment and infrastructure;
ii) productivity; iii) yard/ warehouse capacity/occupation; iv) operational costs; v) equipment
maintenance (Figure 2).

First, the seaport’s managers pairwise compared the operational dimensions of indicators,
defining their relative preference. Applying the AHP on data obtained by the survey
instrument and aggregating the perspective of all managers, the first result was the
dimension’s sort, as presented in Table 2. This output reveals that the productivity
dimension is the most important, responding for 37% of the relative priority, followed by
operational costs (24%), equipment and infrastructure (15%), yard/warehouse
capacity/occupation (13%) and equipment maintenance (10%). This result agrees with the
study of Jamain, Zakaria and Satar (2023), reinforcing the relevance to manage productivity
indicators in order to become more competitive. In this way, a more productive seaport will
draw attention from shippers and ship-owners, which are looking for faster logistics services.

We've applied the same approach to sort the operational indicators in each dimension,
ranking them in Table 3. Regarding the operational indicators, ship load/discharge
productivity (11%) was the most relevant for the specialists. The ship load/discharge
productivity dictates the time that the vessel stays berthing in the seaport, making this
indicator relevant for the seaport competition, where ship carriers’ looks for fast operations
to fulfill theirs port calls along their trip on time. Also important is quantity of TEUs handled
(11%) by the seaport, because it directly impacts the seaport's economic performance and
competitiveness. The more containers a seaport can handle, the more goods and products it
can transport, resulting in increased revenue and trade activity.
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Figure 2. Set of dimensions and operational indicators.
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Table 2. Preference matrix of operational dimensions.
Equipment and Yard/warehouse Operational Equipment
infrastructure capacity/occupation costs maintenance

Productivity

Dimensions

Equipment and

K 1 0,62 1 0,53 1,26 15%
infrastructure
Productivity 1,6 1 4,02 1,81 3,39 37%
Yard/warehouse 1 0,25 1 0,58 1,47 13%
capacity/occupation
Operational costs 1,87 0,55 1,72 1 2,36 24%
Equipment 0,79 0,29 0,68 0,42 1 10%

maintenance

*Cl=0,022; RI(5) = 1,11; CR = 0,02. Source: Authors
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Table 3. Preference matrix of productivity indicators.
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*Cl=0,047; RI(15) = 1,59; CR = 0,03. Source: Authors
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The second dimension that we detail is the operational cost indicators, as presented in Table
4. The infrastructure investment (29%) was the main relevant according to specialists.
Seaports require significant investment in infrastructure to maintain and upgrade their
facilities, equipment and technologies to meet the growing demand for shipping services.
Such investments can help to reduce port congestion, increase handling capacity, enhance
cargo handling and storage and improve overall port performance (Munim & Schramm
2018). The other indicators ranked were operational (27%) and workforce costs (25%). This
result signalizes that seaport’s managers are aware of the impact that operational and
workforce costs may cause in the seaport competitiveness. With that in mind, many ports
are investing in new equipment and technologies, especially the automated seaports (Kim,
Kim, & Kang, 2022).

Table 4. Preference matrix of operational costs indicators.

. Workforce Operational Maintenance Infrastructure
Operational costs : Sort
cost cost cost investment
Workforce cost 1 1 1,37 0,79 25%
Operational cost 1 1 1,35 1,12 27%
Maintenance cost 0,73 0,74 1 0,62 19%
Inf
rf rastructure 1,26 0,9 16 1 29%
investment

*Cl=0,0041; RI(4) =0,9; CR = 0,0046. Source: Authors

Then we focused to sort the equipment and infrastructure indicators, as presented in Table
5. The most relevant indicator was quantity of STS/cranes (22%) and draft and length of the
quay (21%). A higher quantity of STS cranes can increase the seaport's handling capacity,
reduce vessel waiting time and improve overall terminal productivity. The Draft and length
are also important as it determines the size of vessels that can enter and leave the port.
Seaports with deeper drafts can accommodate larger vessels, which can result in sparing of
scale, lower transportation costs and increasing competitiveness. Finally, the length of the
guay determines the number of berths available for vessels and can also impact handling
capacity and productivity (Bierwirth & Meisel, 2010).

Table 5. Preference matrix of equipment and infrastructure indicators.
Quantity Distance Draft and

E'qulpment and Intermc.>d'al Do GerEml (e Quantity of Quantity Add.ltlonal
infrastructure connectivity STS/cranes of trucks equipment
plugs to yard the quay
Intermodal 1 1,12 0,51 0,27 0,26 0,35 0,38 6%
connectivity
Quantity of 0,9 1 0,46 0,26 0,34 0,39 0,34 6%
reefers’ plugs
Distance from 1,68 2,19 1 0,5 0,46 0,46 0,43 10%
berth to yard
Draft and length 3,69 3,92 1,99 1 1,08 1,26 1,08 21%
of the quay
Quantity of 3,88 2,97 2,17 0,93 1 1,26 1,58 22%
STS/cranes
Quantity of trucks 2,86 2,54 2,33 0,79 0,79 1 1,37 18%
Gl I 2,63 2,97 2,51 0,93 0,63 0,73 1 17%
equipment

*Cl=0,012; RI(4) = 1,35; CR = 0,009. Source: Authors
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Regarding the yard/warehouse capacity/occupation dimension, the main indicator was yard
occupation (28%) and capacity (23%), as presented in Table 6. Adequate yard capacity is
necessary to accommodate the volume of containers handled by the terminal, while efficient
yard occupation is required to optimize the use of available space and minimize the time and
cost of container movements. Thus, managing yard capacity and occupation are keys to
reducing congestion, improving throughput and enhancing the overall performance of a
container terminal (Lee & Kim, 2013). Lastly, we observed that the indicators regarding
warehouse were with the less relevance, which indicates that the service to store the
disaggregated cargo are not a critical issue for Brazilian seaports.

Table 6. Preference matrix of yard/warehouse capacity/occupation indicators.

F Il i
Yard/warehouse Yard Warehouse Yard Storage 'ree fiwe Contajlner'
capacity/occupation occupation occupation capacity Capacity WO L
terminal the terminal
Yard occupation 1 3,92 1,47 2,66 2,02 1,79 28%
Warehouse occupation 0,26 1 0,34 0,85 0,29 0,3 6%
Yard capacity 0,68 2,97 1 3,6 1,54 1,32 23%
Warehouse Capacity 0,38 1,17 0,28 1 0,46 0,44 8%
Free dwell time in the 0,5 3,47 0,65 2,19 1 0,79 16%
terminal
Container dwe.IItlme in the 0,56 335 0,76 227 1,26 1 18%
terminal

*Cl=0,014; RI(7) = 1,24; CR = 0,011. Source: Authors

The last indicators were from equipment maintenance dimension, as follows in Table 7. The
most relevant indicator was operational reliability (59%). A reliable terminal ensures that
cargo is delivered on time and in good condition, which is essential for meeting the needs of
customers and maintaining their trust. This requires efficient and effective management of
all terminal operations, especially equipment maintenance. By ensuring operational
reliability, container terminals can reduce the risk of delays and disruptions, increase
throughput and productivity and enhance their reputation and market position.

Table 7. Preference matrix of equipment maintenance indicators.

ional
Equipment maintenance o&?;:;;:::: Equipment availability Equipment reliability Sort
Operational reliability 1 3,08 2,73 59%
Equipment availability 0,32 1 1,17 21%
Equipment reliability 0,37 0,85 1 20%

*Cl=0,0043; RI(3) = 0,58; CR = 0,0074. Source: Authors

Summarizing the results of this research, Table 8 presents the rank of operational
dimensions, highlighting the 3 most relevant operational indicator of each dimension. The
main contribution of this sort of indicators is that it can be use in other multi-criteria
problems as weights for the inter-criteria analysis. Furthermore, considering the amount of
data an indicator that should be managed in a container terminal, a more specific set of
indicators (the most relevant) is relevant for managers, highlighting the ones that they
should keep in mind in order to become more competitive.

Lastly, we conclude that operational indicators provide a quantitative measure of the
performance of various aspects of terminal operations, including vessel operations, yard
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operations, equipment maintenance and supply chain coordination. By tracking these
indicators, terminal managers can identify areas of weakness and take corrective action to
improve performance. Operational indicators also help to ensure that terminal operations
are aligned with the needs of customers, providing timely and reliable services that meet
their expectations (Rodrigues et al. 2021). Overall, managing container terminals using
operational indicators is critical for enhancing performance, reducing costs and maintaining
a competitive edge in the market.

Table 8. Rank of dimensions and operational indicators.

Quantity of TEUs handled 11%

Productivity 37% Ship load/discharge productivity 11%
Equipment productivity 8%

Infrastructure investment 29%

Operational costs 24% Operational cost 27%
Workforce cost 25%

Quantity of STS/cranes 22%

Equipment and infrastructure 15% Draft and length of the quay 21%
Quantity of trucks 18%

Yard occupation 28%

Ca\;aarg{xzzec:g::i)n 13% Yard capacity 23%
Container dwell time in the terminal 18%

Operational reliability 59%

Equipment maintenance 10% Equipment availability 21%
Equipment reliability 20%

Source: Authors
6. CONCLUSION
In conclusion, this study aimed to identify the operational indicators of container terminals
and determine/sort their relevance. With that in mind, we first found in the literature a set
of 38 operational indicators, divided in 5 operational dimensions. By our survey instrument,
the indicators were pairwise compared according to the preference of 7 seaport’s managers,
making possible to sort them using the AHP method.

As practical and managerial contributions we found that performance indicators
(productivity) seem to be the most relevant for decision-makers. These indicators help in
identifying areas that require improvement, reducing operational costs, increasing
productivity and improving customer satisfaction. The second most important was
‘operational cost’. By managing and reducing operational costs, container terminals can
increase their profitability, maintain competitiveness in the market and provide cost-
effective services to their customers. Hence, this research found that by tracking and
analyzing the operational indicators, container terminals can make informed decisions and
implement strategies to enhance their operations, especially focusing on the main relevant
indicators to track.

The legacy of this research lies in the simplification of operational indicators for the
management of seaport terminals, which can have a significant impact on the efficiency and
competitiveness of these facilities. By signaling the main indicators, seaport managers can
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focus more on the critical factors for seaport operation such as volume of container,

equipment productivity, infrastructure investment, yard occupation, and so on. This

increased focus can lead to improved operational efficiency and ultimately better

competitiveness for the seaport in regional and global market.

Besides the set of operational indicators, this research found the relative preference/weights

of them. This information is useful for multi-criteria methods, mainly for the inter-criteria

step. In this way, the results of this research could be applied in other decision problems,

adding alternatives to be evaluated by the operational indicator criteria as seaport choice for

customers and seaport call for ship carriers. With that in mind, the next step of this research

regards the seaport choice problem, using the inter-criteria to sort or classify seaports

alternatives in a delimited region, aiding customers to choose their logistic operator.
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