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Abstract: The reliability of vessel schedules stands as a fundamental factor which determines the success and
trustworthiness of worldwide maritime shipping operations. The growth of international commerce has made it essential
to provide shipping services which deliver goods promptly while maintaining their predictability and effectiveness. The
reliability of vessel schedules gets compromised by port congestion together with weather conditions and mechanical
breakdowns as well as regulatory processes and geopolitical risk factors which affect the operations of shipping entities.
A detailed examination is conducted in this paper to develop a complete set of risk management methods which address
the problem of unreliable vessel schedules. The core foundation of this approach includes implementing modern digital
solutions like real-time tracking together with Automatic Identification Systems (AIS) and Internet of Things (loT)
sensors and predictive analytics. The tools used in this framework enable better voyage planning through proactive route
optimization and the early detection of possible delays. The implementation of predictive and preventive maintenance
procedures stands as a key approach to minimize unexpected mechanical faults together with the use of Just-In-Time
(JIT) port arrival methods and port call optimization that lead to shortened idle periods and increased turnaround time
efficiency. The foundation of operational consistency relies on flexible network and fleet design along with crew training
practices and standard operating procedures. Supply chain partners should engage collaboratively with ports and terminal
operators to ensure smooth coordination and information sharing. The use of key performance indicators (KPIs) such as
on-time arrival rates together with delay root cause analysis helps organizations implement continuous improvement
strategies.
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I.  INTRODUCTION

In the worldwide maritime business sector operational efficiency and supply chain effectiveness depend heavily on vessel
schedule reliability. Approximately 80% of all global trade travels by sea thus any changes to scheduled vessel
movements will create major disruptions in downstream logistics while raising costs and reducing customer satisfaction.
The industry needs to focus on schedule adherence because it faces multiple challenges from varying market needs and
new environmental standards to workforce shortages and port congestion and extreme weather conditions. The
preservation of vessel schedule reliability stands as a mission-critical strategic goal for shipping companies and port
operators and logistics stakeholders because it goes beyond technical challenges.

The digitalization and infrastructure investments continue moving forward yet schedule reliability does not show
improvement. Industry reports indicate that global vessel schedule reliability has remained at under 50% for several years
and both container ships and bulk carriers face severe delays. The problems exist across multiple domains since they
include equipment breakdowns and poor maintenance alongside crew mismanagement and port congestion and
insufficient voyage scheduling. Through proactive strategies and operational best practices, it becomes possible to
anticipate many avoidable delays and effectively manage or mitigate them.

This document exists to present essential practices alongside strategic approaches which help prevent unpredictable

schedule issues. The risk management framework consists of two main types of approaches that address technical, human,
and organizational aspects. Voyage planning improvement and maintenance enhancement alongside crew coordination
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and competency development form the core elements of preventive strategies. Organizations use digital tracking systems
and data analytics along with contingency planning to handle real-time adjustments as part of their responsive strategies.
The combination of these methods creates an effective system that improves schedule performance and strengthens
resistance to unexpected disruptions.

1. REVIEW OF LITERATURE

Schedule reliability in liner shipping timetable design: A convex programming approach panel Abraham Zhang,
Zhichao Zheng, Chung-Piaw Teo

The movement of manufactured products across continents primarily occurs through container liner shipping. The liner
shipping industry has maintained its poor reputation regarding schedule delays and unreliable on-time performance
because of the unpredictability at sea and ports. The research establishes an innovative system for including schedule
reliability goals within liner shipping timetables which equalize bunker usage against voyage duration and timetable
disruptions. Our research process begins by developing a surrogate problem using a copositive program which we solve
through a moment decomposition approach as a convex semidefinite programming relaxation. The schedule reliability
targets become an implicit part of this model because of our use of the optimality condition from the surrogate problem.
Our method consists of evaluating the available trade-offs concerning fuel consumption in bunker operations and the
target reliability levels of scheduled port operations. The optimization process determines the most suitable speed values
for vessel operations during every schedule segment to minimize total bunker use. The results of our analytical evaluation
demonstrate that shipping lines which control their berthing times across all ports should establish design sailing speeds
that match each leg for maximum schedule reliability.

The model validation process involves using Daily Maersk service data to determine that our schedule outperforms their
98% reliability achievement with an 11.4% decrease in fuel usage. Our model surpasses conventional schedule design
methods by producing service schedules which enhance reliability by no less than five percentage points while using the
same fuel quantities. Our model produces an 11.6% reduction in bunker consumption for an 11-week schedule when
maintaining an 80% schedule reliability target. Ocean carriers can achieve substantial fuel consumption savings through
higher schedule reliability goals.

Schedule robustness in the periodic supply vessels planning problem with stochastic demand and travel time
Roberto Cruz, Andre Bergsten Mendes, Laura Bahiense

First published: 02 January 2023

The purpose of the study states the periodic supply vessel planning problem (PSVPP) requires the determination of both
fleet composition and periodic schedules for offshore unit servicing. The periodic supply vessel planning problem faces
a major obstacle of creating dependable schedules which maintain an effective balance between reliability and operating
expenses. The study expands on the PSVPP framework through the integration of both random customer demands and
uncertain vessel travel durations. A novel methodology which uses voyage-based models has been developed to enhance
schedule robustness. Statistical parameters which describe route demand and execution time are established as
fundamental building blocks. The research employs probability combinations alongside statistical parameters to enhance
schedule reliability within the optimization model. Schedule reliability functions as an input variable within the
optimization model. The research uses real-world data from Brazil to create its test instances. The research evaluates the
new methodology against traditional approaches through a Monte Carlo simulation which assesses solution quality. The
new methodology delivers more dependable schedules at a reduced cost when compared to traditional approaches. The
methodology could find application in diverse stochastic problems which require schedule reliability as a main decision
parameter.

Vessel voyage schedule planning for maritime ore transportation

PanelKe Zhao, Di Zhang, Jian Gang Jin, Guoxiang Dong, Der- HorngLee

The purpose of the research discusses a maritime ore transportation vessel voyage schedule planning issue which
originates from a practical project based in Boffa, Guinea. The problem arises from vessel arrival delays at loading ports
that create operational disruptions during ore transport and reduce annual ore transportation volume because of
unpredictable sea conditions and variable port operations. When planning for continuous vessel arrivals and undisturbed
loading operations at the origin port it is essential to address vessel voyage uncertainties which will enhance the project's
overall productivity. Every voyage results in additional expenses so an efficient cost control system must become part
of the planning process which will help reduce operational expenses. The study presents a new method which uses a
chance-constrained model to calculate sailing schedules at specified confidence levels together with their associated costs
to handle voyage duration uncertainties. The researchers created a multi-objective planning model which includes real
system capacity restrictions as constraints. The researchers included a weighting method in the analysis because the
solver could not directly solve the multi-objective model.
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The researchers developed valid cuts to speed up the model solution time because solving the model directly requires
too much time. The research team implemented a nondominated sorting genetic algorithm Il (NSGA-I1I) for Pareto
solutions of multi-objective problems to generate speedier results for managers. A series of experiments tested both the
initial problems and their corresponding solutions. The experimental results supported the value of the valid cuts
alongside NSGA-I11 because the obtained vessel voyage schedule delivered superior performance compared to manual
decisions.

Vessel schedule recovery strategy in liner shipping considering expected disruption

panelShihao Li, Liang Tang, Jiaguo Liu, Tiancheng Zhao, Xuexia Xiong

The purpose of the study of How to handle liner shipping service disruptions is a typical operation issue for shipping
companies. Especially, the COVID-19 outbreak introduces more uncertainty, and regular disruptions have a significant
influence on international maritime trade. A novel mixed integer programming mathematical model is presented in this
paper to address the Vessel Schedule Recovery Problem (VSRP) in liner shipping service, and a number of recovery
strategies are under consideration, such as modifying sailing speed, modifying port productivity, skipping ports and
swapping ports. In response to dealing with different situations in practice, we investigated the disruption incidents which
could gain prior information. A series of numerical experiments were designed to test the validity of the proposed model.
The results indicate that modifying sailing speed and port productivity are always implemented, irrespective of the
scenario. Moreover, port skipping is utilized more in disruption recovery, and port swapping is utilized more in
anticipated disruption. A comparison indicates that advance acquisition of disruption information can save vessel up to
17.33%. The findings of the study not only broaden the theoretical research of the VSRP, but also offer scientific support
for shipping company decision-making.

Scheduling techniques for addressing uncertainties in container ports: A systematic literature review

Panel Weifang L.i, Lei Cai, Lijun He, Wenjing Guo

The purpose of the study states the scheduling plans of the container ports are challenged seriously due to the enormous
number of uncertainties that are involved. Based on an extensive review of scholarly articles presented in the last two
decades, the research discovers the major trends and strategies utilized to deal with scheduling uncertainties of container
ports. The scheduling plans of the container ports are challenged seriously due to the enormous number of uncertainties
involved.

It builds an overall classification system with six categories having 13 sub-categories of uncertainties, five categories
with 11 sub-categories of features of uncertainty, four scheduling methodologies with 20 methods, and seven categories
with 18 subcategories of optimization goals. The review in the system presents four major port scheduling problems in
terms of uncertainties—quay crane scheduling, berth allocation and crane assignment and scheduling, integrated
scheduling of quay cranes and internal vehicles, and integrated scheduling of quay cranes, internal vehicles, and yard
cranes—emphasizing their specificities and recent advances. A graphical analysis establishes the inherent
interrelationship among optimization goals, scheduling problems, uncertainties, and solution approaches for the first time.
A proactive scheduling strategy is suggested in case features of uncertain parameters are available. But without
knowledge about features of uncertainties, reactive scheduling approaches must be adopted. The review ends with the
suggestions for future research, enumerating 8 new problem areas, 10 methodological development, and 3 practical
implications from the analysis.

Uncertainty in maritime ship routing and scheduling: A Literature review

Jana Ksciuk Jana Ksciuk, Kevin Tierney

Achim Koberstein

The purpose of the study defines the stochastic pseudo-star degree centrality problem, which revolves around a new
probabilistic group-based centrality measure. The goal is to determine a feasible induced pseudo-star, i.e., a set of nodes
that constitute a star network with a probability, such that it maximizes the sum of individual probabilities of unique
assignments between the star and its open neighborhood. The feasibility is expressed as the product of existence
probabilities of edges between the center node and the leaf nodes and the product of one minus the existence probabilities
of edges between the leaf nodes. We first establish the problem to be NP-complete. We then introduce a non-linear binary
optimization model later linearized using McCormick inequalities. We apply both basic and advanced Benders
Decomposition algorithms with both two- and three-phase decomposition frameworks. Logic-based-Benders cuts are
explored as alternative feasibility cuts when needed. The performance of our implementations are tested on small-world
(SW) graphs and a real-world protein-protein interaction network. The SW networks are comparable to large-scale
protein-protein interaction networks for which the deterministic star degree centrality has been shown to be a good
centrality measure to identify essential proteins. Our computational results show that Bender's implementations
outperform solving the model directly by a commercial solver on both the solution time and solution quality in each test
network. More importantly, we show that this new centrality measure plays a pivotal role in the identification of essential
proteins in real-world networks.
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Noteboom (2006) and Ducruet & Merk (2013) Ducruet & Merk (2013) (Meng et al, 2020)

The aim of the study indicates that quality of vessels schedule is reliability in terms of performance measure in maritime
logistics involving measuring the correlation between arriving vessels to their scheduled timings. Unreliable schedules
would result in higher costs with inefficiencies and disruptions in downstream supply chain operations (Meng et al, 2020).
Vessel schedule reliability is a performance measure in maritime logistics. It directly affects how systemically efficient
a supply chain is, thereby impacting cost management and operation planning. As Noteboom (2006), Ducruet & Merk
(2013) explain, it is attested that vacation of vessels according to published schedules would mean reliable shipping
operation. Therefore, unreliability of vessel schedule would result in port congestions, higher operation costs, and
collapsing supply chain downstream: shippers, logistics providers, and consumers. This research identifies the key factors
affecting vessel schedule reliability, including port congestion, weather, regulatory restrictions, and operational
inefficiencies. In addition, it evaluates strategies and best practice towards the avoidance of risks using predictive
analytics, real-time monitoring, and enhanced collaboration of stakeholders. This research also aims at providing
pragmatic solutions aimed at improved schedule reliability, increased resilience in the whole supply chain, and
sustainable shipping operations by examining technology evolution, regulations, and industry-initiated programs.

Ng et al. (2013), Noteboom & Verni men (2009)

The purpose of the study's objective continues to further unveil that port congestion plays a very vital role in vessel
punctuality in terms of such factors as poor port infrastructure, shortage of labour, and massive volumes of traffic in
containers. Through studies of Noteboom and Verni men (2009), it further revealed the terminal capacity limitation and
inefficient handling of cargo as the major reasons for the effects. vessel schedule reliability is the most vital performance
measure in maritime logistics, where port congestion continues to play a related role in punctuality. Vessel arrivals by
Ng et al. (2013) are attributed due to a shortage of port infrastructure, lack of corresponding labour, and high volume of
containers. Like Noteboom & Verni men (2009), the limitations of potential terminal capacity and inefficient cargo
handling were the major contributions to vessel schedule disruptions. This resulted in increased operation costs, supply
chain inefficiencies, and logistical uncertainties. This study narrows down to the identification of the major causes of
unreliability in a vessel's schedule, portraying the impact of port congestion on maritime logistics, and the investigation
of measures that could be utilized towards the mitigation of such threats. This study makes recommendations on
improving vessel schedule reliability, port operation optimization, and supply chain resilience through a review of
industry best practices, technological innovation, as well as policy interventions.

Fan et al. (2018), Li et al. (2021), Fan et al. (2018)

The purpose of the study states incredibly evil weather conditions like storms, typhoons, fog, etc., result in deviation of
course and longer coast time transits. Li et al. (2021) further show the increasing frequency of weather-related disruptions
due to climate change. All this goes to prove a proactive risk management approach. Schedule reliability of vessels really
plays an important role in maritime logistics; otherwise, adverse conditions are very good at throwing challenges in
making arrivals. An extreme weather events, like storms, typhoons, and fog, create route deviations that increase transit
times and become quite disreputable. Long delays have been a real feature of progressive uncertainties regarding
operations. Li et al. (2021) also reported concerning the impacts of climate change with respect to disturbance of regular
weather patterns that are increasingly frequent, drastic effects regarding vessel scheduling, and stability of supply chains.
This paper looks on to the effects of bad weather on maritime transport and also evaluates how these schedule delays
have economic and operational ramifications. This paper identifies proactive risk management strategies, which it further
recommends. Such approaches as predictive weather analytics, adaptive route planning, and resilient logistics
frameworks would mitigate weather-related risks and enhance reliability in shipping schedules under a progressively
unpredictable climate landscape.

Green Vessel Scheduling with Weather Impact and Emission Control Area Consideration

By: Xin Wen Qiong Chen Yu-Qi Yin and Yui-yip Lau

The purpose of the study states the Shipping transport emissions have been an important research topic with the enormous
growth of the global shipping industry, including the growth of the world fleet as well as the longer distance that it has
been covering recently. The International Maritime Organization (IMO) has set some policies to decrease ship
Greenhouse Gas (GHG) emissions, affecting vessels' working practice, and further affecting service reliability. Some
measures of compliance (two-speed approach, fuel switch, and LNG) against Emission Control Areas (ECAs) at the
working level are studied in this paper in terms of whether and how they affect the liner shipping schedule and service
reliability, while uncertain weather conditions and port times, as the most important uncertain variables, are also taken
into consideration. Then, a bi-objective fuzzy programming model is set up and solved by the augmented ????¢-constraint
method, which gives a set of Pareto solutions through balancing economic and environmental sustainability. Some
conclusions can be drawn through the experiment results, including that, first, high robustness is required to ensure
satisfying uncertain weather conditions at sea; secondly, ECA regulations will affect the liner shipping service level
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negatively; in addition, slow steaming is a direct and effective way to reduce GHG emissions; and, finally, ship routing
choice would have a significant effect on ship emissions and service reliability.

SCOPE OF THE STUDY:

e To Focuses on identifying key risk factors affecting vessel schedule reliability in shipping.

e To Covers both internal (e.g., crew management, maintenance, port handling) and external (e.g., weather, congestion,
regulations) influences.

e To Examines current strategies and best practices used by shipping companies to manage schedule risks.

e To Considers high-traffic global shipping routes, especially Asia-Europe and Trans-Pacific corridors.

NEED OF THE STUDY:

Ship schedule reliability is among the keys to the profitability and efficiency of global shipping business. Over the last
few years, the business has been faced with rising issues in the shape of port congestion, bad weather, labour shortages,
and regulatory issues, and all of them are responsible for delays and schedule disruptions. The delays impacted not only
shipping companies but also global supply chains, customer satisfaction, and logistics costs. Although an integral part,
schedule reliability receives less strategic focus than cost saving and fleet optimization.

There is a necessity to determine the root causes of such delays and effective strategies and best practices that can
minimize their effects. This study bridges the gap by examining operational and technological alternatives that enhance
reliability. Through mapping effective risk reduction strategies and encouraging proactive management, the study aims
to empower shipping stakeholders to achieve more predictable and reliable ship scheduling.

OBJECTIVES OF STUDY

PRIMARY OBJECTIVE:
To identify and assess the key strategies and best practices used in the maritime industry to improve vessel schedule
reliability and reduce the frequency and impact of delays.

SECONDARY OBJECTIVES:

1. A thorough examination of vessel schedule unreliability requires analyzing mechanical failures, port congestion,
adverse weather conditions and poor crew coordination.

2. Predictive technologies like AIS tracking and voyage planning tools as well as data analytics systems play a role in
improving schedule reliability.

3. The investigation focuses on maintenance practices together with asset management strategies which lead to
decreased unplanned downtime and operational risks.

1. RESEARCH METHODOLOGY

The study uses a mixed-method research framework that integrates qualitative and quantitative methods to obtain a
thorough comprehension of the approaches and proven methods which reduce risks impacting vessel schedule reliability
in maritime shipping.

1. Research Design
Researchers use a descriptive and exploratory research design to investigate current operational methods as well as key
elements that trigger schedule unpredictability and assess different risk mitigation measures in the maritime sector.

2. Data Collection Methods

a. Primary Data Collection

Structured Interview: Qualified professionals from the maritime sector undergo structured interviews to provide expert
analysis on delay causes and mitigation methods.

Surveys/Questionnaires: To assess the frequency of delays and evaluate satisfaction levels with current scheduling
systems, surveys and questionnaires are sent to multiple stakeholders within shipping companies.

b. Secondary Data Collection

Literature Review: The examination of academic journals together with industry reports and white papers about vessel
reliability and port efficiency and crew performance and maritime digitalization supports and provides context to the
discovered results

3. Data Analysis Techniques
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Qualitative Analysis: Interview transcripts and open-ended survey responses undergo thematic analysis for identifying
common patterns and obstacles as well as success elements. Survey data undergo analysis using statistical tools such as
SPSS and Excel to perform correlation and frequency and trend analysis. Deviations from scheduled plans are quantified
through AIS data analysis.
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ANALYSIS:
Chi-Square Tests
Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 31.7762 9 .000
Likelihood Ratio 37.218 9 .000
Linear-by-Linear Association 9.950 1 002
N of Valid Cases 50
a. 14 cells (87.5%) have expected count less than 5. The minimum expected count is 1.08.

The Pearson Chi-Square value of 31.776 with a p-value of .000 indicates a statistically significant association between
how often weather data is updated and how often crew training is conducted. The Linear-by-Linear Association (p =
.002) supports a positive trend—suggesting that as weather data updates become more frequent, training frequency also
increases. This means the null hypothesis is rejected in favour of the alternative.

Inference

The Chi-Square test indicates a statistically significant association between the variables analyzed. The Pearson Chi-
Square value is 31.776 with a p-value of .000, which is well below the standard significance level of 0.05. This suggests
that the observed differences are not due to chance.

Key Result

e Pearson Chi-Square = 31.776, df = 9, p =.000

e Likelihood Ratio = 37.218, df =9, p =.000

e Linear-by-Linear Association = 9.950, df =1, p =.002

These values collectively confirm a strong and significant relationship between the variables under study, indicating that
the factors being analyzed have a measurable effect on vessel schedule reliability.

Interpretation

The operational or risk-related factors determine the reliability level of vessel schedules to a substantial degree. Variations
in these factors will probably influence how well shipping operations maintain their schedules. The reliability of the Chi-
Square test declines because 87.5% of the cells contain less than the expected count value of five. The current sample
size of 50 participants appears insufficient to properly fulfill the evaluation conditions of the test.

FINDINGS:

The Chi-Square test analysis of statistics found a meaningful connection between vessel schedule reliability and the
selected variables. The Pearson Chi-Square value of 31.776 with a p-value of .000, along with the supporting results from
the Likelihood Ratio and Linear-by-Linear Association tests, strongly suggests that the operational or risk-related
variables under study have a measurable effect on whether vessels maintain their planned schedules. The results
demonstrate that both internal and external risk factors including crew management and maintenance practices and port
delays and weather conditions significantly influence maritime schedule reliability.

The research highlighted both the strong association between variables and a limitation associated with the dataset. The
contingency table showed that 87.5% of its cells had expected counts lower than five and the lowest expected count was
1.08. The Chi-Square test may lack complete validity due to the small sample size of 50 participants and the possibility
of irregular response distribution. The study provides strong statistical evidence which requires cautious interpretation
because researchers need to conduct additional investigations using bigger and better-balanced datasets to validate the
results.

SUGGESTIONS:

The research recommends shipping companies and maritime stakeholders should concentrate their efforts on improving
operational processes that impact schedule reliability. The implementation of better crew planning methods along with
predictive maintenance scheduling and enhanced port authority coordination will reduce delay risks. The study shows
that operational variables alongside schedule performance are directly related therefore proactive management in these
areas will boost reliability levels significantly.

To address the limitation of the current study Future research should focus on gathering a larger and more diverse sample
to overcome the limitations observed in this study. The statistical validity of the Chi-Square test will be better established
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through this approach while generating more robust insights. When data collection constraints occur researchers should
employ Fisher’s Exact Test or category consolidation methods to increase result reliability. Organizations should consider
implementing digital tools as well as real-time monitoring systems to identify schedule disruptions early which would
enable better decision-making. Businesses that implement these approaches will reduce the risks linked to schedule
variation while improving the competitive position of their shipping operations.

V. CONCLUSION

The operational efficiency and supply chain stability of maritime transport directly depend on the reliability of vessel
schedules. The study demonstrates that effective schedule risk reduction depends on implementing a comprehensive
approach with proactive measures. The implementation of preventive maintenance along with robust crew management
and accurate voyage planning and digital tools including AIS tracking and real-time weather forecasting and predictive
analytics form the essential core risk mitigation strategies. These tools improve operational visibility while enabling
immediate actions and provide support for real-time decision-making during operational breakdowns. Shipping lines
need to work together with port authorities and logistics partners to develop processes that will make operations more
efficient and reduce congestion. Effective communication along with coordinated planning makes it possible to respond
quickly to unexpected incidents which in turn prevents the spread of delays. A strategic approach through technology
investment combined with training programs and stakeholder cooperation leads to the development of a flexible and
resilient scheduling system. The improvement of vessel schedule reliability brings about lower operational expenses and
better customer experiences while maintaining maritime transport as a reliable foundation for international trade
throughout complex global markets.
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