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ABSTRACT

Business analytics in the context of port economics encompasses data-driven
insights to optimize port operations, streamline logistics, inform infrastructure
planning, and enhance stakeholder coordination. Contemporary research in business
analytics strategies in port economics from a systems — theory perspective is
fragmented, as varied approaches and themes make it challenging for scholars and
industry practitioners to form a clear vision of current integrated business analytics
strategies. To address this gap, this study conducts a bibliometric analysis of 142
articles regarding business analytics strategies in port economics. The articles were
published in 98 academic journals and authored by 498 scholars. The application
of the bibliographic coupling methodology in the VOSviewer software enabled the
identification of four clusters: (1) Contemporary Maritime Transport Systems; (2)
Port Systems Analysis; (3) Performance Optimization; (4) Data — Driven Decision
Support. Content analysis of the identified clusters indicates future research directions
regarding business analytics strategies that contemporary ports should incorporate:
(1) Improved efficiency and resource allocation via utilization of predictive analytics,
real — time monitoring and performance measurement; (2) Cost optimization via
reduced waiting times, improved equipment utilization, and predictive maintenance;
and (3) Enhanced decision — making via data — driven insights, risk management, and
sustainability goals. The findings offer a scientifically robust foundation for scholars
and industry practitioners aiming to improve their understanding of how systems —
theory informed business analytics strategies can be utilized to optimize the port as a
system.

Keywords: Port economics, Business analytics strategies, Systems theory, Operational
efficiency, Predictive analytics, Bibliometric analysis

INTRODUCTION

Ports are essential transportation nodes in global trade and serve as examples
of complex socio-technical systems (Su et al., 2024a; Almeida & Okon,
2025). Modern ports serve as gateways between the maritime and hinterland
networks. As such, they represent a multi-stakeholder and interdependent
system of processes that must be aligned along the supply chains. The
complexity of this systematization, in turn, underlines the importance of the
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systems theory approach to port economics: general systems theory and its
variants such as social technical and complex adaptive systems, provide an
integrated perspective on ports as integrated, adaptive and non-linear entities
(Sunitiyoso et al., 2022). For example, a sociotechnical systems perspective
indicates that successful port innovations result from aligning of new digital
technologies with business processes, cultures and human factors. Likewise,
process resilience is underpinned by complex adaptive systems theory which
includes reflection on the reorganization and learning of port systems in
the wake of disruptions (Rodrigue et al., 2020). Thus, systems theory
provides a conceptual foundation for integrated, adaptive, and data-driven
decision-making in the inherently complex port environment.

Concurrently with these theoretical progresses, the maritime industry is
witnessing a data-driven revolution. Business analytics strategies — covering
big data analytics, Internet of Things (IoT) sensors, artificial intelligence, and
decision-support systems — are commonly used to enhance the operational
efficiency, environmental sustainability, and resilience of port systems
(Rane et al., 2024). This paradigm shift driven by Industry 4.0 can be
captured in what we term the “smart port” concept, where the use of digital
tools and analytic procedures are increasingly deployed to facilitate more
efficient management and coordination among the various port stakeholders
in cargo handling, logistics and services in real-time (Paraskevas et al., 2024).
Recent research indicates that combining IoT platforms and automation
can help in reducing vessel waiting times and port congestion; increasing
throughput efficiency and reducing emissions. Digital technologies are
becoming a key driver of sustainable port development by lowering energy-
consumption and emission-producing processes while improving resource
efficiency. For instance, the Gothenburg Port Authority’s utilisation of a
data-based coordination system has led to a more efficient performance in
the port, and also increased its sustainability achievements (Su et al., 2024).
Meanwhile, predictive analytics and Al-based models are being incorporated
to increase resilience: ports increasingly apply simulation, system dynamics
modelling, and machine-learning forecasts to predict disruptions and inform
strategic decisions (Turkistanl et al., 2025). These data-driven tools enable
flexible, responsive port operations, and enhance the ability of port systems
to withstand shocks and rebound rapidly.

Similar analytics-based strategies are being deployed in related
infrastructure sectors such as logistics and supply-chains, reflecting a
more general movement toward holistic, data-driven management. In the
supply chain space, for example, predictive analytics, IoT-based real-time
monitoring, and cloud-enabled platforms have improved resilience and
agility within global logistics systems (Roman et al., 2025). These digital
technologies have enabled organizations to predict and plan for variations in
demand, to recognize risk scenarios, and to react flexibly to variability, thus
preserving both service levels and efficiency in the face of volatility. The cross-
industry adoption of systems thinking and advanced data analytics reflects
an increasing understanding that complex transport and logistics systems
are better managed via holistic and data-driven approaches (Kenett et al.,

2018).
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Despite the rapid increase in publications at the intersection of port
economics, data analytics, and systems theory, substantial gaps remain in
the literature. On the one hand, scientific interest in “smart” and sustainable
ports has grown rapidly in recent years, resulting in multiple studies and
technology analyses (Alzate et al., 2024). However, this growing body of
research is fragmented and particular aspects - such as the combined use of
digital analytics technologies to render port operations greener and more
resilient - are under-researched in the academic literature (Alzate et al.,
2024). In this regard, scholars have emphasized that insufficient study has
been conducted into how new technologies and the principles of system
thinking can be integrated in a synergistic manner to promote both port
sustainability and competitiveness. In response to the identified gap, this
study conducts a bibliometric analysis of emerging research in business
analytics strategies in port economics through systems theory perspective.
Through a systematic review of the intellectual structure and dynamic
development of this interdisciplinary field, the article presents an integrated
overview of existing knowledge, demonstrates the emerging themes and
research clusters, and outlines clear directions for future research. This
bibliometric methodology thus not only integrates fragmented insights, but
also provides evidence-based directions for both scholars and practitioners
to navigate through data-driven transformation of port systems.

BIBLIOMETRIC ANALYSIS RESEARCH METHODOLOGY

Bibliometric analysis is a research methodology which incorporates both
quantitative and qualitative techniques to study the impact of scientific
literature (Benavides-Sanchez et al., 2025). It aims at examining the maturity
of the chosen research field by measuring the level of scientific quality,
multidisciplinarity, network strength, and amount of published research
(Ellegaard and Wallin, 2015). In particular, the quantitative content of
bibliometrics is suitable for science mapping, as it allows to structure the large
body of scientific literature and to depict the forces acting in the reshaping
dynamics of given research fields (Aria and Cuccurullo, 2017). Bibliometric
analysis qualitative feature is of use for directed content analysis where the
aim is to derive context from unstructured media (source texts, imagery,
and symbolism) taking interpretable, replicable, and valid inferences (Aria
and Cuccurullo, 2017). Therefore, it is highly important for performing
reproducible, transparent and systematic scientific literature reviews, because
it provides more credible and impartial scientific analysis (Ellegaard and
Wallin, 2015).

Bibliographic Citations Extraction Process

Bibliometric analysis is based on the retrieval of bibliographic citations
from the highly renown academic database, the ISI Web of Science. Table 1
provides the detailed seven—step search process using Boolean search terms.
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Table 1: ISI WoS eight - step keyword search process.

Step Keyword Search No. Articles WoS
1. “Port Economics” 140
2. “Port Economics” OR “Port Management” 705
3. “Port Economics” OR “Port Management” OR 145
“Business Analytics”
4. “Port Economics” OR “Port Management” OR 144
“Business Analytics” AND “Systems Thinking”
S. Exclusion Criteria: English Language 142
6. Exclusion Criteria: Article 142
7. Exclusion Criteria: Article Manual Screening for 142

Inquired Relevance

The search and screening process (Table 1) comprised three main phases.
The first phase (Steps 1-4) involved iterative keyword expansions to capture
the breadth of port economics research and its intersection with management,
analytics, and systems thinking. The second phase (Steps 5-6) applied
exclusion criteria to restrict results to English-language publications and
to peer-reviewed journal articles, ensuring consistency and scientific rigor.
The final phase (Step 7) entailed manual screening of titles and abstracts
to confirm each article’s direct relevance to integrated business analytics
strategies in port economics. This refinement produced a bibliometric sample
of 142 articles for further analysis.

RESEARCH CLUSTERS IDENTIFICATION

Research domains are composed by joint individual research clusters,
whether emerging or established. In consistency with the above sentence,
to analyze business analytics strategies in port economics from a systems-
theory perspective, we build a key-word co-occurrence map through
the bibliographical coupling of articles using the VOSviewer software.
Bibliographic coupling analysis extends bibliometric analysis by connecting
documents that cite the same records, which is then used in order to generate
document clusters (Boyack and Klavans, 2010). This means that each pair
of documents are probably discussing a common subject and can belong
to a research cluster. Applying a minimum cut-off value of four citations
for each document in VOSviewer resulted in the bibliometric sample being
reduced from 142 to 21 articles (which met the citation criterion). Plotted
in the graph in Figure 1 are the four well-established and connected clusters
of studies on basis of document clustering, as following: (Cluster 1 - Red)
Contemporary Maritime Transport Systems, (Cluster 2 - Green) Port Systems
Analysis (Cluster 3 - Blue) Performance Optimization, and (Cluster 4 -
Yellow) Data-Driven Decision Support.

VOSviewer is an interactive software tool for the creation and visualization
of bibliometric maps (van Eck and Waltman, 2010). The map construction
algorithm implemented by the VOSviewer operates based on two primary
measurements: (1) Total citation; and (2) Total link strength (Jimenez et al.,
2022). Utilizing an equal-weighted average of the two core measurement



Business Analytics Strategies in Port Economics From a Systems-Theory Perspective 73

properties in VOSviewer enabled the identification of 12 core articles with
respect to Business Analytics Strategies in Port Economics from a Systems-
Theory Perspective, of which the clustered articles are presented in Table 2.

munigi2020)
castell 4o (2020)
iguez afjarez (2012)

sharmi@12009) .. iy 1)

Figure 1: The four emergent and interconnected research clusters.

Table 2: Identified and selected articles allocated to respective research cluster.

Cluster 1 Cluster 2 Cluster 3 Cluster 4
(Munim et al., (Lirn et al., 2013)  (Bai et al., 2021) (Kapidani et al.,
2020) 2020)
(Garcia-Onetti (Prumm and (Castellano et al.,  (Brunila et al.,
et al.,2021) Iglesias, 2016) 2020) 2021)

(Taljaard et al., (Li et al., 2012) (Sharma and Yu, (Trakadas et al.,
2021) 2009) 2022)

The 12 Core articles are analysed with reference to analyze business
analytics strategies in port economics from a systems-theory perspective
to provide an in-depth content analysis and discussion of the four distinct
research clusters and subclusters.

Cluster 1. Contemporary Maritime Transport Systems

This research cluster examines port governance models, ecosystem services
frameworks and environmental trade-offs, for the purpose of enhancing the
sustainability of port operations. It is centered on data-driven environmental
integration, stakeholder collaboration, and proactive planning to enhance
socio-ecological resilience and port performance.

Subcluster 1.1. Green Governance and Decision — Making Models

Munim et al. (2020) analyze four governance models by employing ANP
and BWM, to evaluate green management along essential port practices in
developing maritime systems. They find that private and landlord governance
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models perform best in the adoption of sustainable operations and advocate
for targeted private engagement for greener maritime transport.

Subcluster 1.2. Ecosystem and Environmental Integration

Garcia-Onetti et al. (2021) map and classify environmental units, socio-
ecological services, and port pressures in the Port of Imbituba, Brazil.
They find that this detailed framework identifies key trade-offs and
enables targeted management to enhance stakeholder well-being. Key trade-
offs are expansion of ports and operational benefits while taking into
consideration the retention of ecosystem services, local livelihoods and
community well-being. Taljaard et al. (2021) study the implications of
combining natural capital and infrastructure elements and tools, like Building
with Nature, for port planning. They find that proactive, continuous
environmental integration improves operational outcomes and sustainability,
recommending coordinated data and stakeholder collaboration.

Cluster 2. Port Systems Analysis

This cluster examines green sustainability metrics and ecosystem services
integration to enhance environmental performance of port systems. It also
investigates structural dynamics and comparative port system analyses to
assess expansion impacts and inform tailored management.

Subcluster 2.1. Integrated Ecosystem Sustainability

Lirn et al. (2013) formulate 17 detailed green performance indicators and
apply the AHP and IPA models to three Asian ports. They find air pollution
control, electric equipment use, and low-sulphur fuel are key, suggesting
targeted investments for sustainability.

Subcluster 2.2. Structural Dynamics and Comparative Systems

Prumm and Iglesias, 2016 simulated pre- and post-expansion scenarios of the
Port of Ribadeo, analyzing channel and tidal delta changes. They found that
enhanced infilling of the eastern channel, which reflects port expansion, may
obstruct navigation and operations of local shipyards. Li et al. (2012) study
port throughput, number of container ports, and port concentration in China
and the US over several decades. They find disparities in growth processes and
management modes, and suggest that customized policies could alleviate the
regional and infrastructural heterogeneities.

Cluster 3. Performance Optimization

This cluster explores evolving maritime transport research themes—
particularly environmental management, supply chain integration, and
alternative fuels—through structural topic modelling. It also assesses port
economic and environmental performance using composite indicators, data
envelopment analysis, and advanced benchmarking methodologies.
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Subcluster 3.1. Thematic Trend Analysis

Bai et al. (2021) used a structural topic model to extract eighteen
research themes from three decades of maritime transport literature. They
identified increasing importance that should be given toward environmental
management and supply chain integration, signifying emerging industrial
concerns and potential research avenues. Directions for future research
include environmental governance, the vertical integration of supply chains
and alternative fuels in shipping.

Subcluster 3.2. Efficiency Assessment and Benchmarking

Castellano et al. (2020) assess Italian ports’ economic and environmental
efficiency via composite indicators and the data envelopment analysis. They
conclude that, among them, the adoption of the green policies increases the
efficiency, reinforcing the necessity for a trade-off between economic and
environmental strategies for the ports. Sought out green policies have been
eco-design, green management practices and environmental certifications
in use in Italian ports. Sharma & Yu, (2009) combine DEA and SOM to
benchmark and stratify container terminal efficiency levels. They find this
approach enables realistic, stepwise improvement projections, enhancing
benchmarking accuracy and applicability for managers.

Cluster 4. Data — Driven Decision Support

This cluster examines organizational, technical, and policy barriers hindering
maritime port digital transformation for sustainable ICT adoption. It
studies cloud—edge architectures and federated machine learning platforms
to enhance data locality as well as the efficiency of port operations.

Subcluster 4.1. Digital Transformation and Adoption Barriers

Kapidani et al. (2020) study the effect of knowledge, the role of IT
management and organizational culture, on the adoption and use of ICT; in
developing maritime organizations. They find a lower ICT system availability
in non-EU institutions, that requires targeted policy and investments for a
sustainable maritime digitalisation. Brunila et al. (2021) examine specific
barriers, including incompatible systems, cyber-security threats, and financial
and human resources during port digitalization. They found these difficulties
regularly delay works - suggesting sea ports should focus on technical
compatibility and training if the measures are to be operationally viable.

Subcluster 4.2. Cloud - Edge Architectures and ML — Assisted Platforms
Trakadas et al. (2022) design RAMOS, a layered meta-OS architecture
unifying resource abstraction, decentralized orchestration, and federated
machine learning. Their results show RAMOS improves data locality, privacy,
and operational efficiency, enabling real-time, domain-agnostic applications
at the edge.
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FUTURE RESEARCH DIRECTIONS ESTABLISHMENT

Establishing future research directions requires the identification of key
research areas on current evidence and limitations (Mariani et al., 2025).
Contemporary ports operate as complex adaptive systems involving multiple
agents and interdependent sub-systems. Digital connectivity via IoT,
blockchain and Al creates amounts of data throughout the port and
hinterland, allowing for enhanced decision-making and efficiency in maritime
supply chain networks (Jahangard et al., 2025; Argyriou & Tsoutsos,
2024). This system perspective underlines that the efficiency in ports is
the outcome of coordinated processes and resources among shipping lines,
terminal operators, and logistical service providers. Future research could
investigate combined analysis considering combined data sources, nonlinear
interactions, and adaptive strategies. For instance, integrating predictive and
prescriptive analytics would connect forecasting to optimization, a research
gap pointed out by the recent studies (Lepenioti et al., 2020). Scheduling
and resource allocation can be done via machine learning models along with
reinforcement learning that can adapt automatically to new circumstances;
and predictive maintenance of cranes/vehicles can automate the management
of equipment (Ong et al., 2022). System resilience and adaptability should
be further investigated in future research, in particular, the possibility of
designing control measures that may lead the port network to self-optimize
under the effects of supply chain disruptions (Hong et al., 2025). Finally,
the integration methods that combine operations research with machine
learning do not seem to have been much explored, and may provide new
optimisation methods for adaptive ports. If ports are treated as a system-of-
systems, decision-support systems can be developed in the future to address
complexity and dynamic reconfiguration to better enhance the robustness
and sustainability of the maritime trade network (Kishore et al., 2025). On
basis of the detailed content analysis of the selected articles, future research
directions are established in the following subsections.

Improved Efficiency and Resource Allocation

Future research should develop holistic, real-time performance measurement
frameworks integrating environmental, operational, and digital metrics for
adaptive port management. The identified articles from the content analysis
belonging to this proposed future research direction are: (Lirn et al., 2013;
Bai et al., 2021; Brunila et al., 2021; Trakadas et al., 2022).

The performance measure across various ports could be considered for
future research by air pollution avoidance, low sulphur fuel use, electric
powered equipment, wastewater treatment plants and noise management
(Lirn et al., 2013). Taking the five indicators and consulting various
stakeholders and types of terminals can lead to more accurate and actionable
port sustainability strategies. Further study is required to quantify the precise
port efficiency measurement by adopting real-time monitoring systems
and predictive data analytics (Bai et al., 2021). Research on data-driven
modelling methods to achieve better performance in monitoring resource
allocation and assessing dynamic terminal performance is recommended.
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Specific digital performance indicators that reflect efficiency, sustainability,
and workflow bottlenecks of individual port operations need to be further
developed in future studies (Brunila et al., 2021). Furthermore, the
potential of coupling real-time data generation and predictive analytics
to address proactive resource assignment and process optimization within
the port could be investigated. In the future, context-aware performance
measurement methods should be designed to dynamically evaluate latency,
throughput, energy consumption, task completion rates, resource usage in
edge environments (Trakadas et al., 2022). Improved models that provide
these metrics in real-time can aid in optimizing resource allocation across the
computing continuum.

Cost Optimization

Future research should develop quantitative cost-efficiency frameworks
integrating operational metrics, predictive maintenance, and real-time data
to optimize port expenses. The identified articles from the content analysis
belonging to this proposed future research direction are: (Munim et al., 2020;
Garcia-Onetti et al., 2021; Li et al., 2012; Castellano et al., 2020; Sharma &
Yu, 2009).

Future studies should examine quantitatively how streamlined cargo
operations, enhanced vessel turnaround and terminal automation reduce
the operating costs in ports (Munim et al., 2020). Researchers may also
study the potential financial gains from including predictive maintenance
technologies and data-driven scheduling of equipment in different port
governing models. Yet to be explored is how the integration of real-time
environmental and operational data within socio-ecological frameworks may
reduce ship waiting times, and logistic constraints (Garcia-Onetti et al.,
2021). Furthermore, research could investigate the extent to which predictive
maintenance based on ecosystem monitoring can save costs and yet keep
equipment reliable as well as operating in an environmentally friendly
manner in a port. Future research could be quantitatively carried out to
investigate the effect of vessel waiting time reduction and crane utilization
improvement on the cost efficiency of ports in detail by taking into
account the difference in throughput growth and market concentration of
port (Li et al., 2012). Further research could extend this investigation
to explore how predictive maintenance of port equipment might affect
operation costs and combine with variations of port management and
regional economic development. Subsequent research efforts should develop
composite indicators measuring waiting cost, crane productivity and berth
congestion separately (Castellano et al., 2020). By adding predictive
maintenance costs and real-time equipment availability in these metrics one
could gain further insights on cost optimization for port operations. Future
research could use cost items such as fuel, labour hours and equipment
downtime as part of the DEA reference set selection for sub-optimal terminals
(Sharma & Yu, 2009). By examining improvement vectors which address
individual cost drivers, such as crane idle times or container dwell times,
practical and targeted interventions can be put in place to reduce costs and
improve terminal efficiency.
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Cost Optimization

Future research should develop real-time decision-support frameworks
combining environmental monitoring, risk assessment and predictive
analytics to optimize port sustainability. The identified articles from the
content analysis belonging to this proposed future research direction are:
(Taljaard et al., 2021; Prumm & Iglesias, 2016; Kapidani et al., 2020;
Brunila et al., 2021; Trakadas et al., 2022).

Subsequent research could investigate how advanced environmental
data platforms and real-time analytics enhance port site selection and
infrastructure design processes in particular (Taljaard et al.,, 2021).
Additional research is needed to evaluate the comparative performance of
integrated risk assessment tools to consider environmental, economic and
social trade-offs in master planning and operations of a port. Prospective
studies might combine physical monitoring information and morphodynamic
model to provide real-time risk assessments that would provide information
to support short-term management decisions (Prumm & Iglesias, 2016). It
should also concentrate on the quantification of trade-offs among dredging
costs, ecological consequences, and navigation requests to define optimal
sustainable estuary management operations. Further studies are required
to investigate how the application of predictive analytics and real-time
ICT systems affects tactical and operational decision-making within ports
(Kapidani et al., 2020). Research could explore solutions to integrate
environmental and safety data sources with business intelligence tools to
support risk assessment and sustainability-informed decision making. In
future studies, the effect of real-time data integration and analytics should
be investigated on the speed and accuracy of decision-making in operations
in ports (Brunila et al., 2021). Future research could investigate how
digital risk dashboards and sustainability metrics assist port managers in
predicting disruptions in compliance with regulations. Future work should
develop edge-native decision frameworks that combine real-time sensor data,
anomaly detection and predictive analytics for providing actionable insight
(Trakadas et al., 2022). These can include risk scoring, automated mitigation
strategies, resource allocation trade-offs and carbon footprint analysis in
order to optimize operational sustainability and resilience.

CONCLUSION

Business Analytics Strategies in Port Economics from a Systems-Theory
Perspective applies data-driven methods to optimize ports as complex
systems. While significant progress has been achieved in the literature,
there is still no clear consensus on the integrated business analytics
strategies in port economics. In order to overcome this gap, the
paper provides a systematic bibliometric analysis of papers on seminal
port economics literature. Bibliographic coupling identified four research
clusters: Contemporary Maritime Transport Systems, Port Systems Analysis,
Performance Optimization, Data — Driven Decision Support. For future
research, we suggest further developments in predictive analytics and
monitoring to achieve efficiency gains, cost savings due to fewer delays and
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need for maintenance, and data - based decision support for better decision
making. The study provides a solid basis for future academic and applied
research on the integrated port business analytics strategies.
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