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Abstract: This manuscript reviews the current state and advancements in applying Artificial 

Intelligence (AI) within coastal engineering. It encapsulates some journal articles, emphasizing the 

role of Machine Learning (ML) algorithms in fostering sustainable management of marine and coastal 

environments. The review delves into various aspects of ML applications, including data 

preprocessing, modeling algorithms for distinct phenomena, model evaluation, and utilizing 

dynamic and integrated models. The study highlights the significance of coastal areas, underlining 

their role in biodiversity, economic activity, cultural heritage, climate regulation, food security, 

recreational opportunities, and strategic importance. It addresses the challenges in ensuring the 

sustainability of these areas, particularly in the face of climate change, beach protection, and water 

quality management. The manuscript underscores the necessity of effective data analysis and 

augmentation for informed decision-making and sustainable management of coastal systems, noting 

the recent surge in data availability related to coastal systems. Furthermore, the review examines the 

efficacy of different ML methods in predicting wave heights and other oceanographic parameters. It 

identifies areas where ML has been successfully applied, such as data collection and analysis, 

pollutant and sediment transport, image processing and deep learning, and identifying potential 

regions for aquaculture and wave energy activities. Additionally, it discusses the application of ML 

in structural design and optimization. Despite the potential benefits, the manuscript notes that 

dynamic and integrated ML models are still underutilized in marine projects. It concludes with 

insights into the application of ML in marine and coastal sustainability and calls for future research 

to explore the untapped potential of ML in this domain. 

Keywords: Coastal Engineering; Artificial Intelligence; Machine Learning; Data processing; 

Modelling 

 

1. Introduction 

Coastal Engineering studies and manages coastal areas, which are dynamic and vulnerable to 

various natural processes such as erosion, sedimentation, and sea level rise. In recent years, the 

integration of artificial intelligence (AI) techniques has significantly impacted the field of coastal 

engineering, offering innovative solutions to address complex challenges. This literature review aims 

to explore the diverse applications of AI in coastal engineering and discuss how AI tools can support 

and enhance research in this domain (Pourzangbar, Jalali et al. 2023). Coastal areas support 

biodiversity, economic activities, cultural heritage, climate regulation, food security, and recreational 

opportunities. Ensuring their sustainability requires addressing various factors, including climate 

change adaptation, beach protection, and water quality management (Beuzen, Goldstein et al. 2019). 

In recent years, the amount of data related to coastal systems has significantly increased, necessitating 

effective data analysis and augmentation for informed decision-making and sustainable management 

(Pourzangbar, Jalali et al. 2023). 
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Integrating Artificial Intelligence (AI) into coastal engineering has opened new avenues for 

research and development in the field (Salehi and Burgueño 2018, Manzoor, Othman et al. 2021). AI’s 

ability to process large datasets and uncover patterns has proven invaluable in addressing the 

complex challenges coastal environments face (Dong, Xu et al. 2022, Kamyab, Khademi et al. 2023). 

This review will explore the fundamental concepts of AI and their relevance to coastal engineering, 

supported by recent advancements in the field. 

2. What is AI, and How is it Relevant to Coastal Engineering? 

A branch of computer science called artificial intelligence (AI) seeks to build machines that can 

carry out tasks that normally require human intelligence (Konar 2018, Shabbir and Anwer 2018, 

Korteling, van de Boer-Visschedijk et al. 2021, Sarker 2022). These tasks include learning, decision-

making, and problem-solving. In coastal engineering, AI’s relevance is profound, offering innovative 

approaches to managing and protecting our coastlines. By harnessing AI, engineers can analyse vast 

datasets - from satellite imagery to sensor data on tides and sediment movement - more efficiently 

than ever before (Kapoor, Kumar et al. 2024, Rane, Choudhary et al. 2024). This capability enables the 

prediction of coastal changes with high accuracy, facilitating better planning and decision-making. 

(Barzehkar, Parnell et al. 2021, Eapen 2023). 

AI techniques, such as ML and deep learning (DL), are instrumental in modeling complex coastal 

phenomena like erosion patterns, wave dynamics, and the impact of climate change on coastal 

structures (Fogarin, Zanetti et al. 2023, Tsiakos and Chalkias 2023, Thanh, Van Phong et al. 2024). 

These models can predict how coastlines will evolve over time, allowing engineers to design more 

resilient coastal defense systems. Furthermore, AI-driven analytics can optimize the placement and 

design of structures like seawalls, breakwaters, and groins, ensuring they provide maximum 

protection while minimizing environmental impact (Stansby 2013, Grove, Rickards et al. 2023). 

Artificial Intelligence (AI) has revolutionized numerous scientific disciplines, with coastal 

engineering emerging as a significant beneficiary of this technological renaissance (Schwab and Davis 

2018, Beuzen, Goldstein et al. 2019, Weber-Lewerenz 2021). This field is pivotal for the sustainable 

management of coastal zones under increasing stress due to anthropogenic activities and climate 

change (Marr 2019, Mastrocicco and Colombani 2021, Lawyer, An et al. 2023, Srivastava and Maity 

2023, Bibri, Krogstie et al. 2024, Kapoor, Kumar et al. 2024). 

Coastal regions, characterized by their dynamic nature, are subject to complex processes that 

necessitate sophisticated analytical approaches for their understanding and management (Nebbioso 

and Piccolo 2013, Werner, Bakker et al. 2013, Bachmann, Tripathi et al. 2022). Recent advancements 

in AI, particularly Machine Learning (ML), have provided unprecedented opportunities to address 

these complexities (Dwivedi, Hughes et al. 2021, Guo, Yang et al. 2021, Gill, Xu et al. 2022, Kasula 

2023). ML algorithms have demonstrated remarkable capabilities in enhancing predictive accuracy 

and computational efficiency in various coastal engineering applications, ranging from shoreline 

change prediction to optimizing coastal structures (Abujaber, Nashwan et al. 2022, Torens, Durak et 

al. 2022, Santorsola and Lescai 2023, Sharma, Lysenko et al. 2024). 

Integrating AI into coastal engineering aligns with the global thrust towards smart, data-driven 

solutions for environmental challenges. (Chen, Huang et al. 2022, Dong, Xu et al. 2022, Shafiq 2023) 

highlight the transformative impact of AI tools in identifying, forecasting, and parameterizing ocean 

phenomena, which are integral to coastal engineering practices. Similarly, (Nieves, Radin et al. 2021) 

underscore the potential of ML in predicting regional coastal sea level changes, emphasizing the 

importance of such predictions for strategic planning and coastal protection measures. 

Furthermore, the sustainable use of coastal areas has been significantly advanced by applying 

various ML methods. For instance, Artificial Neural Networks (ANNs) have been employed for 

water quality predictions, while Decision Trees (DTs) and Random Forests (RFs) have been utilized 

for classifying environmental factors and predicting human impacts on coastal environments 

(Ahmed, Othman et al. 2019, Gambín, Angelats et al. 2021, Ewuzie, Bolade et al. 2022, Sinha, Gupta 
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et al. 2022, Wai, Chia et al. 2022, Pourzangbar, Jalali et al. 2023). These applications underscore the 

versatility and adaptability of ML methods in addressing diverse coastal engineering challenges 

(Ghani, Kumar et al. 2023, Wang, Liu et al. 2023, Okem, Nwokediegwu et al. 2024, Ro, Li et al. 2024). 

The burgeoning field of AI in coastal engineering is not only limited to predictive modeling but 

also extends to real-time monitoring and decision support systems (Marinakis, Doukas et al. 2020, 

Venketeswaran, Lalam et al. 2022, Damodaran, Kumar et al. 2024, Waqar 2024). The integration of 

Internet of Things (IoT) devices and sensors with AI algorithms has enabled the real-time collection 

and analysis of coastal data, leading to more responsive and adaptive management strategies 

(Palaniswami, Rao et al. 2017, Glaviano, Esposito et al. 2022). For example, the work of Pourzangbar 

et al. (2023) demonstrates the use of ML algorithms in real-time monitoring of coastal erosion and 

accretion patterns, providing valuable insights for coastal zone management. Moreover, the 

application of AI in coastal engineering has facilitated the development of autonomous systems for 

the maintenance and inspection of coastal infrastructure. Autonomous drones equipped with AI-

powered image recognition capabilities can efficiently monitor the condition of coastal defenses, as 

discussed by (Elnabwy, Elbeltagi et al. 2022, Kapoor, Kumar et al. 2024), thereby ensuring their 

integrity and performance. 

The potential of AI to enhance the resilience of coastal communities against extreme weather 

events is another area of active research (Nichols, Wright et al. 2019, Saravi, Kalawsky et al. 2019, 

Singh and Goyal 2023). AI-driven simulation models can predict the impact of storms and sea-level 

rise on coastal infrastructure, allowing for the design of more robust and adaptable structures (Koks, 

Le Bars et al. 2023, Ye, Du et al. 2023, Kapoor, Kumar et al. 2024). This is corroborated by recent 

studies that have employed ML techniques to simulate storm surge scenarios and assess the 

vulnerability of coastal regions (Al Kajbaf and Bensi 2020, Hadipour, Vafaie et al. 2020, Zhang, Zhang 

et al. 2022). 

Furthermore, AI applications’ ethical considerations and socio-economic implications in coastal 

engineering are gaining attention. The need for transparent and accountable AI systems that consider 

the well-being of coastal communities is paramount, as highlighted in the work of (Cabral and Aliño 

2011, Nieves, Radin et al. 2021), which emphasizes the importance of incorporating social dimensions 

into AI-driven coastal management solutions (Adeshina and Aina 2023, Kulkov, Kulkova et al. 2023, 

Bibri, Krogstie et al. 2024). 

3. Roles of AI in Coastal Engineering 

Artificial Intelligence (AI) in coastal engineering plays a pivotal role in various aspects related 

to coastal and marine environments: 

1. Biodiversity: 

Monitoring and Conservation: AI models analyze data from sensors, satellites, and underwater 

cameras to track biodiversity. They identify species, assess population dynamics, and detect changes 

in ecosystems (Lahoz-Monfort and Magrath 2021, Ditria, Buelow et al. 2022). 

Habitat Mapping: AI helps map critical habitats (e.g., coral reefs, seagrass beds) and assess their 

health. This information guides conservation efforts (Zhang 2015). 

2. Economic Activity: 

Port Operations: AI optimizes port logistics, vessel scheduling, and cargo handling. It enhances 

efficiency and reduces costs (Kumari 2021). 

Aquaculture: AI predicts optimal conditions for fish farming, monitors water quality, and 

automates feeding processes (Lafont, Dupont et al. 2019). 

Tourism: AI assists in managing tourist flows, predicting beach erosion, and ensuring 

sustainable tourism practices (Lukoseviciute and Panagopoulos 2021). 

3. Cultural Heritage: 
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Preserving Coastal Heritage: AI aids in documenting and preserving historical coastal 

structures, shipwrecks, and submerged archaeological sites (Khakzad 2015, Bulut and Yüceer 2023). 

Underwater Exploration: AI-driven underwater robots explore ancient ruins and artifacts, 

contributing to cultural heritage research (Landeschi, Caiti, Casalino et al. 2006, Jing 2019). 

4. Climate Regulation: 

Carbon Sequestration: AI models predict the impact of coastal vegetation (mangroves, seagrass) 

on carbon sequestration. This informs climate change mitigation strategies (Claes, Hopman et al. 

2022). 

Storm Surge Prediction: AI analyses weather data to predict storm surges, helping coastal 

communities prepare (Sahoo and Bhaskaran 2019, Tiggeloven, Couasnon et al. 2021). 

5. Food Security: 

Fisheries Management: AI models estimate fish stocks, recommend sustainable fishing quotas, 

and prevent overfishing (Stafford 2019, Perryman, Hansen et al. 2021). 

Aquaculture Optimization: AI enhances fish and shellfish production, ensuring a stable seafood 

supply (Rowan 2023). 

6. Recreational Opportunities: 

Beach Safety: AI analyses real-time data (waves, currents, pollution) to issue beach advisories 

and enhance safety (Chen, Zhong et al. 2020, García-Alba, Bárcena et al. 2023). 

Surf Forecasting: AI predicts wave conditions, benefiting surfers and water sports enthusiasts 

(Mach, Ponting et al. 2020). 

7. Strategic Importance: 

Coastal Defence: AI models assess vulnerability to erosion, storm damage, and sea-level rise. 

They inform coastal protection strategies (Bonaldo, Antonioli et al. 2019). 

Maritime Security: AI aids in detecting illegal fishing, smuggling, and maritime threats. AI in 

coastal engineering contributes significantly to sustainable management by integrating data-driven 

decision-making, conservation efforts, and risk assessment across various dimensions of coastal and 

marine environments (Octavian and Jatmiko 2020, Pekkanen, Aoki et al. 2022, Amuthakkannan, 

Vijayalakshmi et al. 2023). 

4. Machine Learning (ML) Algorithms 

Machine Learning (ML) algorithms play a crucial role in advancing sustainable management of 

marine and coastal environments in the following ways: 

1. Species Identification and Monitoring: ML models can analyse underwater imagery, such as 

photos and videos, to automatically identify marine species. This aids in biodiversity assessment 

and tracking population changes over time (Danovaro, Carugati et al. 2016). 

2. Oceanographic Data Analysis: ML algorithms process large volumes of oceanographic data, 

including temperature, salinity, and currents. These insights help predict ocean behaviour, such 

as upwelling events or harmful algal blooms (Sadaiappan, Balakrishnan et al. 2023). 

3. Predictive Modeling for Ecosystem Health: ML models predict the impact of climate change, 

pollution, and human activities on marine ecosystems. This informs management decisions and 

conservation efforts (Ditria, Buelow et al. 2022). 

4. Marine Spatial Planning: ML assists in optimizing marine resource allocation by analysing 

spatial data. It helps identify suitable locations for aquaculture, marine protected areas, and 

offshore energy installations (Ditria, Buelow et al. 2022). 

5. Ocean Noise Monitoring: ML algorithms process acoustic data to detect and classify 

underwater noise sources (e.g., ships, seismic surveys). This aids in minimizing disturbances to 

marine life (Parsons, Lin et al. 2022). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 January 2025 doi:10.20944/preprints202501.0600.v1

https://doi.org/10.20944/preprints202501.0600.v1


 5 

 

6. Early Detection of Harmful Events: ML models can predict harmful events like oil spills, algal 

blooms, or coral bleaching. Timely detection allows for rapid response and mitigation (Zohdi 

and Abbaspour 2019). 

7. Fisheries Management: ML assists in estimating fish stock abundance, predicting fishing yields, 

and optimizing fishing practices. This promotes sustainable fisheries (Precioso Garcelán 2023). 

8. Coastal Hazard Assessment: ML analyses satellite imagery and sensor data to assess coastal 

erosion, storm surge risks, and sea-level rise impacts. This informs adaptation strategies (Acosta-

Morel, McNulty et al. 2021). 

Integrating AI into coastal engineering enhances the precision of project outcomes and 

significantly reduces the time and resources required for data analysis and modeling. As a result, 

engineers can focus on innovation and design, pushing the boundaries of what’s possible in coastal 

management and protection (Kamphuis 2020). 

5. Current Applications of AI in Coastal Engineering 

The applications of AI in coastal engineering are as varied as they are transformative, marking 

a new era of innovation and sustainability in the field. Find below how AI is currently being applied 

to tackle coastal challenges: 

1. Machine Learning Models in Coastal Phenomena Prediction: Machine learning (ML), a subset 

of AI, has been extensively applied to predict various coastal phenomena. ML models in coastal 

phenomena prediction is the application of different ML models, such as Artificial Neural 

Networks (ANNs), Decision Trees (DTs), and Random Forests (RFs), in predicting wave heights, 

sediment transport, and coastal erosion patterns (Tarekegn, Ricceri et al. 2020, Pourzangbar, 

Jalali et al. 2023, Pourzangbar, Jalali et al. 2023). Numerous studies have explored using ML 

algorithms to promote the sustainable management of marine and coastal environments 

(Mahrad, Newton et al. 2020, Glaviano, Esposito et al. 2022). 

2. AI-Driven Data Collection, Analysis, and Environmental Monitoring: AI technologies have 

significantly improved data collection and analysis, leading to more accurate environmental 

monitoring (Sun and Scanlon 2019, Himeur, Rimal et al. 2022). ML methods aid in collecting and 

analysing data related to coastal phenomena (Van de Plassche 2013). These algorithms handle 

large datasets efficiently, enabling a better understanding of coastal processes (Alloghani 2023, 

Mandal and Ghosh 2024). 

3. Real-Time Monitoring and Adaptive Management: The real-time capabilities of AI have 

enabled more responsive and adaptive management strategies for coastal areas (Nichols, Wright 

et al. 2019, Ditria, Buelow et al. 2022, Glaviano, Esposito et al. 2022). AI has been used for real-

time monitoring of coastal erosion and accretion patterns, providing valuable insights for coastal 

zone management. 

4. Autonomous Systems and Infrastructure Inspection: AI has facilitated the development of 

autonomous systems for the maintenance and inspection of coastal infrastructure. AI-powered 

image recognition capabilities have been employed in drones to monitor the condition of coastal 

defences (Nieves, Radin et al. 2021). 

5. Enhancing Coastal Resilience Against Extreme Weather Events: AI-driven simulation models 

have been instrumental in predicting the impact of storms and sea-level rise on coastal 

infrastructure. Coastal resilience has employed ML techniques to simulate storm surge scenarios 

and assess the vulnerability of coastal regions (Pourzangbar, Jalali et al. 2023). 

6. Ethical Considerations and Socio-Economic Implications: AI applications’ ethical 

considerations and socio-economic implications in coastal engineering are critical. This create 

the need for transparent and accountable AI systems that consider the well-being of coastal 

communities (Sineviciene, Hens et al. 2021). 

7. Enhanced Emergency Response and Recovery: AI systems can play a pivotal role in emergency 

response and recovery efforts following coastal disasters (Abid, Sulaiman et al. 2021). By 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 January 2025 doi:10.20944/preprints202501.0600.v1

https://doi.org/10.20944/preprints202501.0600.v1


 6 

 

analysing data from multiple sources, including social media, emergency services can use AI to 

prioritize response efforts, allocate resources more efficiently, and better understand the impact 

of disasters on coastal communities (Sun, Bocchini et al. 2020). 

6. Enhancing Coastal Engineering Projects with AI 

Enhancing Coastal Engineering Projects with AI involves the integration of advanced artificial 

intelligence (AI) technologies to improve the design, analysis, and management of coastal 

infrastructure (Kumar and Leonardi 2023). AI can provide significant benefits in various aspects of 

coastal engineering, from predictive modeling and data analysis to real-time monitoring and decision 

support systems. The integration of Artificial Intelligence (AI) into coastal engineering not only 

promises enhanced predictive and analytical capabilities but also introduces innovative solutions to 

longstanding challenges (Glaviano, Esposito et al. 2022). Here’s an overview of how AI can enhance 

coastal engineering projects: 

 Predictive Analytics and Modeling: AI algorithms, especially machine learning models, can 

analyse vast datasets to predict coastal phenomena such as erosion patterns, wave dynamics, 

and the impact of climate change on coastal structures. These predictions help engineers design 

more resilient coastal defense systems (Morris, Konlechner et al. 2018, Ojewumi, Kayode et al. 

2019). 

 Data Analysis and Environmental Monitoring: AI can process and analyse data from satellite 

imagery, sensors, and other sources to monitor environmental conditions in coastal areas. This 

enables a better understanding of coastal dynamics and supports informed decision-making for 

sustainable management (Himeur, Rimal et al. 2022). 

 Real-Time Monitoring and Adaptive Management: The real-time data processing capabilities 

of AI allow for the implementation of adaptive management strategies. AI systems can provide 

immediate insights into coastal changes, enabling quick responses to emerging issues like 

erosion or pollution (Casazza, Lorenz et al. 2023). 

 Infrastructure Inspection and Maintenance: AI-powered autonomous systems, such as drones 

equipped with image recognition technology, can efficiently monitor the condition of coastal 

defense and infrastructure, ensuring their integrity and performance (Kapoor, Kumar et al. 

2024). 

 Decision Support Systems: AI can assist in the evaluation of different coastal protection options, 

optimizing the placement and design of structures like seawalls, breakwaters, and groins to 

provide maximum protection with minimal environmental impact (Ojewumi, Emetere et al. 

2017, Ojewumi and Roosevelt 2022, Kumar and Leonardi 2023). 

 Challenges and Ethical Considerations: While AI offers numerous advantages, it also presents 

challenges such as ensuring the accuracy of models, dealing with complex environmental data, 

and addressing ethical considerations related to the impact of AI-driven decisions on coastal 

communities (Nishant, Kennedy et al. 2020). 

By leveraging AI, coastal engineering projects can achieve enhanced efficiency, accuracy, and 

sustainability, leading to better protection and management of valuable coastal resources. As AI 

technology continues to evolve, its applications in coastal engineering are expected to expand, 

offering new solutions to the challenges faced by coastal areas worldwide. 

Table 1 presents a compilation of previously published manuscripts focusing on AI Applications 

in Coastal Engineering. It outlines the perspectives, identifies gaps, and summarizes each author’s 

work. 
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Table 1. Previous work done. 

 S/N Article Perspectives Gaps Summary Ref. 

1. 

Machine learning 

application in modeling 

marine and coastal 

phenomena: a critical 

review 

The article 

extensively reviews 

over 200 journal 

papers focusing on 

using Machine 

Learning (ML) 

algorithms for 

sustainable 

management of 

marine and coastal 

environments. 

 

Despite the 

potential 

advantages, 

dynamic and 

integrated ML 

models remain 

underutilized in 

marine projects 

The research covers 

various facets of ML 

algorithms, including 

data preprocessing, 

modeling algorithms 

for distinct 

phenomena, model 

evaluation, and the 

use of dynamic and 

integrated models. It 

invites future 

investigations to 

exploit ML’s 

untapped marine and 

coastal sustainability 

potential. 

 

(Pourz

angbar, 

Jalali et 

al. 

2023) 

2. 

Exploring deep 

learning capabilities for 

surge predictions in 

coastal areas 

Based on regional 

weather 

circumstances, the 

study investigates 

the potential of 

artificial intelligence, 

especially four deep-

learning techniques, 

to forecast the surge 

component of sea-

level variability. 

 

The 

improvement in 

performance 

remains 

insufficient to 

fully capture 

observed 

dynamics in 

some regions, 

such as the 

tropics 

The article suggests 

that the Neural 

Network (NN) models 

could be adapted for 

use in forecasting 

extreme sea levels or 

emergency response 

(Tiggel

oven, 

Couas

non et 

al. 

2021) 

3. 

Recent Developments 

in Artificial Intelligence 

in Oceanography 

This paper reviews 

the applications of 

AI tools in 

identifying, 

forecasting, and 

parameterizing 

ocean phenomena. 

There is a need 

for causality-

adherent 

physics-informed 

neural networks 

and Fourier 

neural networks 

in oceanography 

The review stimulates 

future research 

toward the usage of 

these advanced AI 

methodologies in 

oceanography 

(Dong, 

Xu et 

al. 

2022) 

4. 

Conceptual prediction 

of harbor 

sedimentation 

quantities using AI 

approaches to support 

integrated coastal 

structures management 

 

The article discusses 

how AI can be 

harnessed to 

revolutionize coastal 

engineering, making 

the complex 

interplay between 

man-made structures 

and natural forces 

not just manageable 

but also predictably 

beneficial 

The complexity 

of coastal 

environments 

creates obstacles 

for emergency 

responders and 

coastal 

management 

AI offers innovative 

approaches to 

managing and 

protecting coastlines 

with its predictive 

analytics and design 

optimization 

(Elnab

wy, 

Elbelta

gi et al. 

2022) 
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5.  

Predicting Sea Level 

Rise Using Artificial 

Intelligence: A Review 

 

The paper discusses 

the development of 

AI and forecasting 

approaches for sea 

level rise. 

The complexity 

of processes 

affecting 

predictions at 

various periods 

poses significant 

challenges 

 

The review assesses 

studies conducted 

between 2010 and 

2022, focusing on 

prediction 

methodologies, 

modeling accuracy, 

and parameter 

assessment for 

anticipating sea level 

rise. 

 

(Bahari

, 

Ahmed 

et al. 

2023) 

 

6. 

Review on Applications 

of Machine Learning in 

Coastal and Ocean 

Engineering 

Discusses ML 

applications for 

predicting wave 

formation, tidal 

changes, and 

hydraulic properties 

around structures 

The article does 

not explicitly 

mention gaps. 

However, it’s 

essential to 

recognize that 

the field of 

coastal and ocean 

engineering is 

continually 

evolving, and 

there may be 

unexplored areas 

where ML 

techniques could 

be further 

applied 

The article reviews the 

use of ML in coastal 

and ocean 

engineering, 

emphasizing its 

potential for 

improving predictions 

and understanding 

complex marine 

processes. 

(Kim 

and 

Lee 

2022) 

7. 

Application of artificial 

intelligence in 

geotechnical 

engineering: A 

comprehensive review 

Focuses on AI 

methods in 

geotechnical 

engineering 

While the article 

provides a 

comprehensive 

overview of AI 

applications in 

geotechnical 

engineering, 

there is room for 

more research on 

specific AI 

techniques’ 

performance and 

robustness in 

geotechnical 

modeling and 

analysis 

The article provides a 

comprehensive review 

of AI applications in 

geotechnical 

engineering, covering 

various techniques 

and their impact on 

geotechnical analysis 

and design 

(Kha�i 

and 

Grover 

2022) 

8.   

The review 

highlights the 

growing interest in 

AI and big data 

applications in the 

maritime sector 

The article does 

not explicitly 

mention gaps. 

 

This bibliometric 

review explores the 

applications of big 

data and artificial 

intelligence (AI) in the 

maritime industry. It 

(Muni

m, 

Dushe

nko et 

al. 

2020) 
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covers predictive 

maintenance, vessel 

performance 

optimization, safety, 

and environmental 

impact. The study 

emphasizes the 

growing interest in AI 

and big data within 

the maritime sector 

7. Challenges and Limitations of AI in Coastal Engineering 

Integrating Artificial Intelligence (AI) into coastal engineering can revolutionize the field, 

offering advanced tools for predictive modeling, real-time monitoring, and decision-making. 

However, the application of AI in this domain is not without its challenges and limitations. Here are 

some of the key issues that need to be addressed: 

 Data Availability and Quality: For AI models to train efficiently, vast quantities of high-quality 

data are needed. Because coastal settings are dynamic and data collecting is expensive, obtaining 

such datasets for coastal engineering might be difficult(Glenn, Dickey et al. 2000, Mills, Buckley 

et al. 2005). 

 Model Accuracy and Reliability: While AI can provide predictions, the accuracy of these 

models is crucial, especially when they inform decisions that affect public safety and 

infrastructure (Abduljabbar, Dia et al. 2019, Sun, Bocchini et al. 2020). Ensuring the reliability of 

AI predictions in the face of complex, changing coastal processes is a significant challenge 

(Tiggeloven, Couasnon et al. 2021). 

 Interpretability and Transparency: AI models, particularly deep learning models, are often seen 

as “black boxes” due to their complex nature. This lack of transparency can be a barrier to their 

acceptance and use in critical engineering decisions (Carabantes 2020, Hassija, Chamola et al. 

2024). 

 Ethical Considerations: Using AI in coastal engineering raises ethical questions, particularly 

regarding the impact of decisions on local communities and ecosystems. Ensuring that AI 

applications are developed and used ethically is a key concern (Galaz, Centeno et al. 2021). 

 Integration with Existing Systems: Incorporating AI into existing coastal management 

frameworks and systems can be difficult. Compatibility with legacy systems and the need for 

specialized knowledge to operate and maintain AI tools can be limiting factors (Abioye, Oyedele 

et al. 2021, Chen, Li et al. 2021). 

 Overreliance on Technology: There is a risk of becoming overly dependent on AI technologies, 

which could lead to a reduction in human expertise and oversight in coastal engineering 

practices (Galaz, Centeno et al. 2021). 

 Environmental and Social Impact: AI-driven decisions in coastal engineering must consider the 

potential environmental and social impacts. Balancing technological capabilities with 

sustainable and socially responsible practices is essential (Demianchuk, Bezpartochnyi et al. 

2021). 

Large amounts of high-quality data are required for AI models to train well. Obtaining such 

datasets for coastal engineering may be challenging due to the dynamic nature of coastal locations 

and the high cost of data collection (Nishant, Kennedy et al. 2020). Collaborative efforts between 

researchers, practitioners, and policymakers are necessary to develop AI applications that are not 

only technologically advanced but also socially and environmentally responsible (Dwivedi, Hughes 

et al. 2021, Rakova, Yang et al. 2021). As the field progresses, continuous evaluation and adaptation 
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of AI tools will be crucial to overcome these limitations and fully harness the benefits of AI in coastal 

engineering (Salehi and Burgueño 2018). 

Despite these challenges, the potential benefits of integrating AI into coastal engineering are 

undeniable. Overcoming these hurdles requires concerted efforts from engineers, researchers, 

policymakers, and technology developers. Continuous innovation, coupled with responsible 

practices, will pave the way for the successful adoption of AI in coastal engineering, leading to more 

resilient and sustainable coastal communities. 

8. The Future of AI in Coastal Engineering 

The future of AI in coastal engineering looks promising, with advancements poised to further 

revolutionize how we manage and protect our coastlines. As we navigate the challenges and harness 

the potential of AI, several key trends and innovations are likely to shape the future of this field 

(Kamphuis 2020). 

Integrating AI into coastal engineering is not just about technological advancement; it’s about 

reimagining our relationship with the coastal environment. By leveraging AI, we can create a future 

where coastal communities are safer, ecosystems are protected, and the natural beauty of our 

coastlines is preserved for generations to come (Shuster 2019, Berglund, Monroe et al. 2020). 

The future of AI in coastal engineering is poised to be transformative, with advancements in 

technology expected to further enhance the capabilities and applications of AI in this field (Galaz, 

Centeno et al. 2021, Kapoor, Kumar et al. 2024). Here are some key areas where AI is likely to shape 

the future of coastal engineering: 

Advanced Predictive Modeling: AI will continue to improve in its ability to predict complex 

coastal phenomena with greater accuracy. This includes more sophisticated models for forecasting 

erosion, sea-level rise, and the impact of extreme weather events on coastal infrastructure (Brown, 

Hanson et al. 2014, Nourani, Baghanam et al. 2014, Goldstein, Coco et al. 2019). 

Integration with IoT: The Internet of Things (IoT) will increasingly be integrated with AI to 

collect and analyse real-time data. This will enable more dynamic and responsive coastal 

management strategies, allowing for immediate action in response to environmental changes (Brown, 

Hanson et al. 2014, Nazarnia, Nazarnia et al. 2020). 

Autonomous Systems: The use of autonomous drones and underwater vehicles equipped with 

AI will become more prevalent for monitoring and maintaining coastal infrastructure. These systems 

will be able to operate in challenging environments, providing critical data and performing tasks 

without human intervention (Brown, Hanson et al. 2014, Ubina and Cheng 2022). 

Enhanced Decision-Making: AI will offer more powerful decision support systems, utilizing 

vast amounts of data to inform the design and implementation of coastal projects. This will lead to 

more efficient and effective solutions for coastal protection and management (Westmacott 2001, 

Brown, Hanson et al. 2014). 

Ethical AI Development: As AI becomes more integrated into coastal engineering, there will be 

a greater focus on developing ethical AI systems. These systems will need to consider the potential 

impacts on local communities and ecosystems, ensuring that AI-driven decisions are made 

responsibly (Brown, Hanson et al. 2014, Walsh, Levy et al. 2019). 

Interdisciplinary Collaboration: The future of AI in coastal engineering will likely involve 

increased collaboration between engineers, computer scientists, environmental scientists, and 

policymakers. This interdisciplinary approach will be essential for addressing the complex challenges 

faced by coastal regions (Brown, Hanson et al. 2014, Nichols, Wright et al. 2019). 

Education and Training: With the growing importance of AI in coastal engineering, there will 

be a need for specialized education and training programs. These programs will prepare the next 

generation of engineers with the skills necessary to leverage AI in their work (Brown, Hanson et al. 

2014, Baidoo-Anu and Ansah 2023, Türkistanli 2024). 
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In summary, AI is set to play a crucial role in the future of coastal engineering, offering 

innovative solutions to some of the most pressing challenges faced by coastal areas. As technology 

continues to evolve, it will be important for professionals in the field to stay informed and adapt to 

these changes to ensure the sustainability and resilience of coastal environments. 

9. Conclusion 

Integrating AI technologies offers immense potential for advancing research and innovation in 

coastal engineering, enabling more accurate predictions, sustainable management practices, and 

informed decision-making processes. By harnessing the capabilities of AI tools, researchers can 

enhance the effectiveness and efficiency of literature reviews, gain deeper insights into complex 

coastal systems, and contribute to developing resilient and adaptive coastal infrastructure solutions. 

Further interdisciplinary collaboration and research are essential to harness the full potential of AI in 

addressing emerging challenges and opportunities in coastal engineering. Highlighting the 

increasing availability of data pertaining to coastal systems, the manuscript advocates for robust data 

analysis and augmentation techniques to inform evidence-based decision-making processes. It 

elucidates the diverse applications of ML across various domains within coastal engineering, 

including wave prediction, pollutant transport modeling, image processing, structural design 

optimization, and identification of suitable areas for aquaculture and renewable energy initiatives. 

However, despite the promising potential of ML, the manuscript identifies a gap in the utilization of 

dynamic and integrated ML models in marine projects, suggesting an area ripe for further exploration 

and research. It concludes with a call to action for future studies to delve deeper into the untapped 

possibilities of ML in enhancing marine and coastal sustainability efforts. 

In essence, this manuscript serves as a valuable resource for researchers, practitioners, and 

policymakers seeking to harness the power of AI, particularly ML, to address the complex challenges 

facing coastal regions and pave the way toward a more resilient and environmentally sustainable 

future. 
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