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ABSTRACT

Coastal cities and ports play a crucial role in global trade, urban development, and environmental sustainability, but they
are increasingly facing challenges related to climate change, urbanization, and complex operational demands. Within the
framework of the OCEANIDS project, this study explores the integration of satellite imagery, climate data, meteorological
and socioeconomic indicators, and artificial intelligence (Al) methodologies to improve the monitoring and management
of coastal and port environments. By leveraging multi-source Earth Observation data and advanced machine learning
techniques, a systematic approach is developed for environmental monitoring, operational assessments, and the detection
of critical environmental changes. This integrated approach incorporates explainable Al techniques and data fusion
methodologies to improve decision transparency, predictive accuracy, and operational planning. The implemented
methodologies have resulted in actionable insights for managing urban growth, optimizing port operations, and mitigating
environmental risks. End-user feedback from pilot sites in the Mediterranean, Boreal, and Atlantic regions highlights
shared priorities, including wind forecasting, coastal changes, and sea level rise monitoring, as well as region-specific
needs such as landslide risk assessments in the Azores and coastal changes monitoring in Malaga. The results underscore
the importance of combining satellite data with forecasting models, predictive analytics, and GIS-based tools to support
navigation safety, environmental monitoring, and climate risk management. A Decision Support System shall provide
opportunities for scenario evaluation and policy development. This work establishes a scalable framework for sustainable
coastal and port management, directly contributing to international sustainability objectives, including the European Green
Deal and the United Nations Sustainable Development Goals.
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1. INTRODUCTION

Coastal cities and ports are critical to the global economy, serving as hubs for trade, transportation, and cultural exchange.
However, rapid urbanization and industrialization of these areas present significant environmental challenges. Globally, a
high amount of geohazards and natural disasters threaten coastal zones?, focusing not only on marine-induced ones, such
as coastal erosion and sea level rise?, but also on inland continental geohazards, like land subsidence?, flash floods*, and/or
anthropogenic impacts.

Effective resource management and sustainability measures are crucial, especially as stakeholders endeavour to balance
economic growth with environmental preservation®. Understanding the interconnection between ports and their
surrounding urban areas is essential, emphasizing the need for integrated development and management strategies, aiming
to foster sustainable growth that aligns with the broader goals of environmental preservation and societal well-being.
Research by Smith et. al (2021)%, indicates the utility of high-resolution satellite imagery for coastal wetland shoreline
change monitoring, while highlighting the transformative impact of satellite monitoring in coastal science. Despite these
advances, integrating diverse data sources and developing comprehensive analytical frameworks remains challenging.
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Recent advances in coastal monitoring have taken advantage of satellite remote sensing” and Al-driven analysis® to offer
new insights into these continuously dynamic environments. Satellite-based coastal monitoring systems in combination
with machine learning algorithms can offer an attractive solution for the observation, using relatively high-resolution data
with frequent revisits, and prediction of coastal changes and risk, improving this way ports’ management strategies. Despite
the significant advancements in monitoring coastal dynamics, several challenges remain. While satellite imagery and Al-
driven analysis have transformed coastal monitoring, limitations in spatial and temporal resolution, cost barriers, and data
integration complexities hinder widespread adoption. For instance, real-time monitoring of coastal changes often requires
integrating data from multiple sources, such as ground-based sensors and satellite observations, which can lead to
discrepancies in data accuracy and consistency °.

The OCEANIDS project'® aims to address these challenges through an interdisciplinary approach. This project is a
collaborative initiative aimed at addressing the challenges faced by coastal cities and ports through the integration of
innovative monitoring technologies. The project is coordinated by a consortium comprising academic institutions,
industrial partners, and research organizations, ensuring a multidisciplinary approach to tackling complex environmental
and operational issues. The project is funded by a European Union initiative focused on fostering sustainable development
and resilience in coastal regions. Its objectives align with broader governmental and non-governmental initiatives, such as
the European Green Deal®, which emphasizes climate resilience, digital transformation, and environmental sustainability.
Moreover, the project contributes to the United Nations’ Sustainable Development Goals (SDGs)*?, particularly SDG 13
(Climate Action)*® and SDG 14 (Life Below Water)'. These synergies ensure that the project’s outcomes have a tangible
impact on global and regional policy frameworks.

By addressing critical challenges such as climate change, urbanization, and maritime safety, OCEANIDS aims to provide
actionable insights and scalable solutions for coastal and port management, leveraging the latest advancements in EO data
and Al. This alignment with international initiatives reinforces the project’s relevance and its capacity to drive innovation
in coastal resilience and sustainability. By leveraging advanced Al methodologies and satellite imagery, complemented by
supporting data, the project focuses on monitoring and assessing coastal and port environments. Al techniques improve
the analysis of these diverse data sources, allowing the detection of patterns and trends that might be overlooked by
traditional methods. Fiorino et. al (2018)*° underscores the need for a multidisciplinary strategic plan and integrated tools to
effectively monitor urban transformations in coastal cities.

The project includes pilot sites in various geographical locations, incorporating ports from different climatic zones, such as
the Mediterranean regions, such as in the Crete region (Greece), Greek islands, Malaga City and Port (Spain), Baltic regions
(Coastal Finland), and Atlantic regions (Region of Bretagne, Azores and Bremen). These sites face various climate change
risks and natural hazards, including landslide phenomena in Crete island'é, sea level rise and extreme weather events'’ in
coastal Finland, for example, as well as more climatic hazards such as increased sea surface temperature, increased acidity,
changes in phytoplankton communities, an increasing number of marine dead zones, the risk of biodiversity loss, and large
increases in heat extremes. Addressing these challenges in these areas helps tackle some of the most pressing environmental
issues coastal cities and ports face today. Building on the initiatives of the OCEANIDS project, this study presents an
innovative approach to coastal monitoring.

Our research integrates satellite imagery with supporting data and applies state-of-the-art Al algorithms to provide precise
and timely information. This approach not only improves the accuracy of environmental assessments but also contributes
to the development of more resilient and sustainable coastal urban areas. The primary goal of this work is to demonstrate
the value of this interdisciplinary collaboration and technological innovation in addressing the complex challenges faced
by coastal cities and ports. In the upcoming sections, the materials and methods will be introduced as agreed among the
project partners, followed by some preliminary results where the interconnection and flow of the data will be documented,
and lastly, the discussions will be presented.

2. MATERIALS AND METHODS

The OCEANIDS project employs a holistic and adaptive methodology aimed at creating tools and collecting, harmonizing,
and curating existing climate data services. This approach ensures that all data is accessible, reusable, and interoperable,
facilitating the development of localized adaptation strategies to address the complex environmental challenges faced by
coastal cities and ports. The methodology described below provides sufficient detail to enable replication and further
exploration of its results. The OCEANIDS project employs a systematic workflow that integrates diverse data sources to
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generate accurate and actionable insights for coastal monitoring. Figure 1 illustrates the data processing framework used
to harmonize satellite imagery, environmental datasets, and Al-driven analytics, which form the basis for regional analyses
and decision-making.
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Harmonization,
curation of Data
§ EURO- Seasonal
i | Climate Data CORDEX Forecasting

Data Data

Figure 1. Architecture of the OCEANIDS data processing workflow, showcasing data collection from multiple sources, preprocessing
workflows, harmonization through the OCEAN-DC framework, and storage in the CREODIAS infrastructure. The diagram highlights
the integration of climate data, EUROCORDEX data, and seasonal forecasting data into a centralized processing system.

2.1. Data Collection and Sources

The study integrates data from multiple sources, as shown in Figure 1, to provide a detailed understanding of coastal and
port dynamics. EO imagery, climate data on a regional scale, downscaled meteorological records, and operational datasets
are gathered, offering detailed spatial and temporal insights into phenomena such as port operations, coastal erosion, and
sea level changes. Complementing satellite data, meteorological data, including wind speed, temperature, precipitation,
and humidity, are obtained from global and regional monitoring networks, providing essential inputs for climate risk
assessments. Additionally, operational data, such as ship movements, air quality measures, and pipeline mapping, is
provided through collaborations with local authorities and project partners. In addition, biological and chemical parameters,
such as ocean acidity and changes in phytoplankton communities, are included to assess ecosystem health. The data sources
underpinning these methodologies include Copernicus Sentinel missions, high-resolution commercial EO data, and climate
projections from the EURO-CORDEX program. The latter datasets are further enriched with socio-economic indicators to
ensure a holistic analysis. Feature engineering processes derive critical indices, such as coastal vulnerability assessments,
heat stress indices, and infrastructure exposure models, which serve as essential inputs for Al-driven analyses. These bias-
adjusted EURO-CORDEX datasets'® provide high-resolution regional climate projections, including daily minimum,
maximum, and average temperatures, precipitation flux, and daily maximum wind speed. These datasets are dynamically
downscaled to improve local climate assessments and address variability across the studied regions. By collecting all this
data, this project adopts a comprehensive approach, providing a holistic overview of decision-making.

2.2. Preprocessing and Integration

Collected data undergoes rigorous preprocessing to ensure accuracy, consistency, and harmonization for seamless
integration. The Ocean-DC framework®® has been implemented, providing harmonization and homogenization between
the aforementioned datasets. Atmospheric corrections are applied to satellite imagery to eliminate distortions, while
georeferencing will align datasets spatially. Normalization processes are used to harmonize data formats from different
sources, facilitating seamless integration. A spatiotemporal alignment process synchronizes the data across spatial and
temporal dimensions, ensuring compatibility between satellite imagery, climate data, and operational records. Quality
control measures are also implemented throughout this stage to validate the datasets and maintain their integrity.
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2.3. Downscaling of Data

High-resolution datasets were produced through a combination of statistical and dynamical downscaling methods to tailor
global and regional climate model outputs to the spatial scales relevant for each pilot site. Statistical downscaling was
applied using quantile mapping and bias correction techniques on EURO-CORDEX projections, reducing systematic errors
and aligning outputs with in-situ observations. Dynamical downscaling leveraged regional climate models with finer
spatial grids (~5-10 km resolution) to capture local topographic effects, such as orographic precipitation in Crete or wind
channeling in coastal Finland. These enhanced datasets improve the granularity of seasonal forecasts and climate
projections, enabling more accurate localized risk assessments for hazards including storm surges, extreme winds, ice
formation, and coastal erosion. Validation was performed against historical records from meteorological stations, tide
gauges, and EO-derived products to ensure representativeness of local climatic and oceanographic conditions.

24. CREODIAS Storage

All processed and curated datasets are stored in the CREODIAS cloud infrastructure?®, which provides scalable storage
and high-performance computing capabilities for large Earth Observation datasets. Data ingestion follows FAIR principles
(Findable, Accessible, Interoperable, Reusable) and adheres to 1SO 19115 metadata standards for geospatial resources. The
architecture supports automated ingestion pipelines, OGC-compliant services (WMS, WFS), and API-based access for
integration with the OCEANIDS Decision Support Systems. By hosting the harmonized datasets within CREODIAS, the
project ensures secure long-term storage, rapid retrieval, and computational scalability to support advanced analytics and
near-real-time processing. The system’s distributed nature enables multiple partners and end-users to query and process the
same data without redundancy, supporting both operational use (e.g., daily forecasts) and research-oriented large-batch
processing.

2.5.  Feature Engineering

Following preprocessing, raw datasets are transformed into derived indices and thematic products tailored to coastal and
port management needs. Examples include:

e Coastal dynamics indicators: shoreline change rates, erosion susceptibility indices, wave power indices.

e Port activity metrics: vessel density heatmaps, berth occupancy rates, emission hotspots derived from AIS and
air quality sensor data.

e Climate stress indicators: extreme wind exceedance probabilities, heat stress indices, and flooding risk maps.

e  Marine ecosystem health indicators: sea surface temperature anomalies, chlorophyll a concentration trends, and
ocean acidity change rates.

Feature generation workflows are implemented in an automated, modular fashion using Python-based processing chains
and containerized services to ensure reproducibility. These features feed directly into Al models for classification,
forecasting, and change detection, allowing the system to detect emerging hazards, evaluate historical patterns, and support
“what-if” scenario simulations for adaptation planning.

2.6. Data Analysis, Al Methods, and Machine Learning

Having prepared all the necessary tools and datasets, the remaining phase of the project will focus on analyzing the derived
features using advanced data analytics and machine learning (ML) techniques to extract patterns, identify trends, and
generate actionable recommendations. Methods such as regression analysis, time-series modeling, and clustering will be
applied to reveal relationships and temporal variations within the data. ML models will be trained to detect significant
temporal shifts in environmental parameters, thereby enhancing the user experience and supporting informed decision-
making.

To address the complex environmental and operational challenges faced by coastal urban and port environments, the
OCEANIDS project, as its main goal, applies advanced methodologies in combination with multi-source EO and climate
data. These methodologies are aligned with the project’s pilot site implementations across the Mediterranean, Atlantic, and
Baltic regions, supporting both environmental monitoring and socio-economic risk assessments.

The Al techniques used within the project focus on classification and change detection to monitor urban expansion, port
infrastructure development, and coastal land use transformations, providing critical insights for sustainable planning. In
addition, time-series forecasting models are developed in parallel to assess seasonal risks, including air quality monitoring,
extreme wind events, and potential flooding. These predictive models support operational decision-making by enabling
ports to implement early warning systems, optimize maintenance scheduling, and mitigate economic disruptions.
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Furthermore, Al models contribute to comprehensive socio-economic risk assessments by integrating environmental
variables such as sea level rise and temperature anomalies with operational port data, including traffic flows and emission
levels. This integration supports the OCEANIDS Decision Support Platform, enabling scenario-based evaluations and the
development of adaptation strategies for climate resilience.

In support of stakeholder engagement and inclusive governance, the project also incorporates Al-powered natural language
processing techniques through the development of interactive chatbots. These tools provide intuitive interfaces for
querying climate-related risks and adaptation options, thereby fostering better communication between technical experts,
policymakers, and local communities.

2.7. Risk Assessment and Recommendations

Moving forward, the analysis produces detailed recommendations and risk assessments tailored to the project’s specific
pilot sites. These recommendations will include the impact of high temperatures, air quality, and extreme wind events on
coastal and port systems. Risk assessments quantify potential economic indirect and direct losses, identify vulnerable areas,
and highlight measures required for critical infrastructure, providing actionable insights into the environmental and
operational risks faced by ports and coastal regions.

2.8. Actionable Insights

The final stage of the methodology involves translating the previously conducted assessments into actionable
recommendations. These recommendations include physical interventions, such as flood protection measures and
infrastructure adjustments, as well as operational strategies, such as rescheduling port activities, implementing safety
protocols, and raising awareness of potential hazards. By aligning recommendations with stakeholder feedback, the
methodology shall ensure that outputs are practical and relevant to real-world needs.

2.9. Validation and Performance Metrics

The reliability of the methodology is validated through comparisons with ground-truth data and in situ observations. Cross-
validation techniques, such as k-fold validation, will be used to ensure the robustness of the machine learning models and
minimize overfitting. Key performance metrics will be taken into account to evaluate the accuracy of the models and
identify opportunities for further refinement. This integrated approach of combining satellite imagery, supporting data, and
Al techniques provides a robust framework for monitoring coastal cities and ports. The adaptability of this methodology
will be evident in the pilot sites, spanning diverse climatic and geographic zones and thus highlighting its potential for
broader applications.

3. RESULTS

As the OCEANIDS project is still ongoing, with a scheduled completion date of June 2026, the results presented here are
preliminary. The collaboration among partners, as well as the integration of individual tasks, remains in the early stages.
However, initial findings have already demonstrated the applicability and robustness of the OCEANIDS methodology in
addressing the environmental challenges faced by coastal cities and ports. By integrating EO data, climate and
meteorological data, supporting datasets, and advanced analytical techniques, the project will provide actionable insights
into environmental dynamics, risk management, and adaptation strategies for diverse pilot sites. In this section, the overall
progress and preliminary results will be presented, allowing the introduction of the progress of the project.

3.1 OCEANIDS Architecture and Data Flow

The seamless interconnection between the different tools of the OCEANIDS system will ensure the development of a
robust single access window - the integrated EO and spatial data platform (EO-P) or the frontend application. The main
Decision Support Systems (DSSs) comprising the main modules feeding the frontend component are: i) the Climate
Change-Hazard and Risk-Decision-Support System (CC-HR-DSS) and ii) the OCEANIDS Decision Support Platform (O-
DSP), each one contributing to the outcome. Figure 2 illustrates the architecture and data flow within the OCEANIDS system,
showcasing how various data sources, user interactions, and DSS modules integrate to provide actionable insights.

The overall system is divided into several components:

« Backend of the EO-P: This layer processes user requests, integrates the data coming from various sources,
including EO imagery, geospatial data, climate data, and hazard data, and communicates with other components
of the system, such as the CC-HR-DSS, O-DSP, and the EO processes ecosystem.
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+ EO Data and Processing Ecosystem: Data from EO sources are harmonized and curated. This ecosystem could
include processes like extracting built-up areas, port area identification, and ice coverage detection, which are
critical for risk and impact assessments. The algorithms and outputs will be highly dependent on the assessment
of current gaps between the stakeholders’ needs and existing applications and services available

* CC-HR-DSS: This module provides pre-event, short-term, and post-event risk assessments based on EURO-
CORDEX climate projections, seasonal forecasting, and EO data. The outcomes will be used by the O-DSP and
contribute to decision-making processes regarding CC impacts. This module will accommodate different types of
datasets (e.g., hazard, assets, fragilities) and risk analysis algorithms. The platform will be interconnected with the
frontend of the EO-P and O-DSP, which will provide suitable user interface elements for scenario and data
repository management, analysis workflows setup, intuitive result visualization, and reporting.

«  Frontend of the EO-P: The user interface allows stakeholders and end-users to interact with the platform. Key
functionalities include requesting EO data, a risk assessment module, a decision support module, visualizations,
and initiating on-demand EO processes.
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Figure 2. Workflow and data flow architecture of the OCEANIDS system, showcasing the integration of user interactions, data sources,
and analytical processes. The platform includes a frontend for user requests and visualizations, a backend for data integration and
processing, DSSs for climate risk assessments, and an EO processes ecosystem for extracting critical environmental insights. The
architecture through the DSS risk assessment enables pre-event, short-term, and post-event risk assessments, facilitating effective
decision-making and adaptive management for coastal cities and ports. Integrating these components ensures a seamless flow of data
and enables the generation of timely, actionable insights for the stakeholders.

3.2. Visualization and Decision Support

The results of the analysis will be presented in user-friendly formats to facilitate decision-making. The single access
window that will be developed shall provide interactive maps highlighting critical areas of concern, such as coastal erosion
hotspots, biodiversity risks, etc., focusing on the results of the two decision support modules, and near-real-time dashboards
and graphs will provide updates on air quality, wind conditions, and other key parameters. These visualizations will enable
stakeholders to interpret complex data and make informed decisions to mitigate risks and improve sustainability. In Figure
3, the first mock-up of the platform is illustrated.
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Figure 3. The OCEANIDS Decision Support System, integrated within the OCEANIDS Platform.

3.3. Validation and Accuracy

Ground-truth data and field observations validated model predictions. Cross-validation techniques, such as k-fold cross-
validation, will ensure robustness. This rigorous validation process will demonstrate the accuracy and applicability of the
methodology across diverse environmental contexts. Model outputs were validated using ground-truth datasets and field
observations collected at multiple pilot sites, representing diverse climatic zones. Validation data sources include:

e Tide gauge and buoy records for sea level, wave height, and wave period (e.g., Azores).

e Meteorological station measurements for wind speed/direction, temperature, and precipitation (e.g., Coastal
Finland, Malaga).

e In-situ air and water quality sensors deployed in ports and coastal areas (e.g., Heraklion Port, Crete, and
Malaga, Spain).

Statistical validation methods included k-fold cross-validation for machine learning models, root mean square error
(RMSE) and mean absolute error (MAE) for continuous predictions, and confusion matrices for classification tasks.
These comparisons will demonstrate the alignment between model predictions and measured data for parameters such as
coastline change, wind speed forecasting, and flood risk mapping. Performance metrics will be further refined in upcoming
project phases as additional ground-based measurements are collected, ensuring continued calibration and reliability across
diverse environmental contexts.

3.4. Site-Specific Findings

The tailored methodologies implemented at each pilot site highlight the diverse environmental and operational challenges
faced by the coastal regions and ports. For each Climatic zone, a chart is displayed, representing a stacked bar graph that
visualizes the total scores of importance for various solutions as rated by OCEANIDS end-users in each zone. Each bar
represents a specific solution (e.g., "Forecast and map winds"), with the total height of the bar indicating its overall
importance score across the regions. The bars are divided into several colored segments -the number varies for each zone-
each representing the contributions from one of the regions. Additionally, monochromatic colors differentiate the regions
while maintaining a cohesive visual design. The x-axis lists the solutions provided by OCEANIDS (e.g., "Detect and
monitor ice risk at sea"), while the y-axis quantifies their total scores of importance based on interviews. The key findings
for each climatic zone are summarized below.
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*  Mediterranean Climatic Zone - Regions: Crete Island, Heraklion port, Greek islands (Greece), and Malaga (Spain)

The results for the Mediterranean region, specifically focusing on Crete Island in Greece (abbreviation: CRETE), Heraklion
port on Crete Island (abbreviation: HPA), Greek islands and Malaga (Spain) (abbreviation: MLG), provide a
comprehensive understanding of the environmental and operational challenges of the region, as illustrated in the diagram
in Figure 4. The prioritization of solutions by the end-users reflects the varying needs and vulnerabilities of these areas,
shaped by their geographical, climatic, and socioeconomic contexts.

Total Score from OCEANIDS End-Users vs Solutions Provided by OCEANIDS
Mediterranean regions

Regions
- HPA
- MLG
CRETE
Greek Islands

Total Score of Importance Based on Interviews

Solutions provided by OCEANIDS (Data and Services)

Figure 4. Regional Prioritization of OCEANIDS Solutions Based on End-User Interviews - Mediterranean regions

The diagram illustrates the total scores of importance assigned to various solutions provided by OCEANIDS across (4)
four Mediterranean regions: Heraklion (Crete Island), Malaga (Spain), Crete (Greece), and the Greek islands. Each bar
represents the cumulative score for a solution, with individual contributions from regions depicted using shades of blue.
High-priority solutions, such as Monitor Air Quality, Coastline Tracking, and Map and Assess Flooding, exhibit significant
regional alignment, while others show variability in importance based on localized needs. This visualization underscores
the diverse regional demands for ocean and environmental monitoring services.

Air quality monitoring emerged as a high-priority solution across Crete (Greece), Heraklion (Crete Island), and Malaga
(Spain), with stakeholders assigning equal importance. This reflects the growing concerns over air pollution caused by
industrial activities, urbanization, and maritime operations in these densely populated and economically critical zones. For
instance, studies have documented the adverse effects of port emissions on urban air quality, emphasizing the need for

real-time monitoring systems to mitigate health and environmental impacts, focusing on Mediterranean regions?: 22 23 24
25, 26, 27, 28, 29, 30, 31.

Water quality monitoring received significant attention in Crete and the Greek Islands (Greece), scoring highly due to the
importance of preserving coastal ecosystems and supporting tourism. The Mediterranean’s sensitivity to eutrophication,
pollution, and overfishing makes this a critical area for intervention. Although Malaga (Spain) assigned slightly less
importance, the ongoing pressures of urban expansion and industrial activities highlight the need for robust monitoring
frameworks®2 32,

Coastline tracking emerged as a top priority for Crete (Greece) and HPA (Crete Island), where stakeholders highlighted
the risks of coastal erosion and sea-level rise. These areas are particularly vulnerable to the impacts of climate change,
including increased storm intensity and flooding. The use of satellite imagery and machine learning to track and predict
coastal changes has been well-documented as a critical tool for managing these risks®* %% %, Conversely, Malaga (Spain)
rated this solution lower, suggesting regional differences in exposure or existing mitigation strategies.

Detecting land movement and subsidence was also a key concern for Heraklion (Crete Island), scoring the highest priority
in this category. The region’s susceptibility to geohazards®” %, including tectonic activity®® and soil instability®,
necessitates advanced monitoring solutions to prevent infrastructure damage and economic losses. Previous studies have
highlighted the widespread occurrence of these issues in Crete (Greece) and surrounding areas*! 42,
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Flood risk assessment was another area of strong interest in Crete (Greece) and HPA (Crete Island). The region’s
topography, characterized by steep slopes and urban areas close to rivers and coastlines, makes it prone to flash flooding
during intense rainfall events*3. The emphasis on mapping and assessing flood risks underscores the need for predictive
tools and adaptation measures to reduce the socioeconomic impacts of such hazards. These findings are consistent with
prior research that identified Mediterranean coastal zones as hotspots for climate-related disasters 4+ 4°,

Climate change risk assessment was particularly emphasized in Crete (Greece), where end-users prioritized the integration
of long-term climate projections into planning frameworks. The impacts of rising sea levels, biodiversity loss, and
extreme heat events are increasingly evident in the Mediterranean, making this a critical area of focus. This finding aligns
with international frameworks such as the Paris Agreement* and the Sendai Framework for Disaster Risk Reduction“®,
which stress the importance of adaptive strategies to address climate risks. Wind forecasting was a unique focus for Malaga
(Spain), reflecting its reliance on maritime activities and port operations. Accurate wind predictions are essential for
navigation safety, port management, and renewable energy projects like offshore wind farms*’, which are gaining traction
in the Mediterranean region®. Lastly, water-related challenges such as groundwater and runoff assessment were
highlighted as a priority for the Greek Islands. With limited freshwater resources and increasing demands from tourism
and agriculture®® 505! the need for localized data and adaptive management is evident. These concerns are documented in
studies addressing water scarcity®? and sustainability in the Mediterranean.

«  Boreal Climatic Zone: Coastal Finland

The Boreal Climatic zone encompasses critical maritime and coastal zones such as the Port of Rauma, Port of Raahe, and
Coastal Finland, each with distinct priorities shaped by their geographic, climatic, and operational contexts. The data
derived from OCEANIDS end-user feedback illustrates a thorough understanding of the environmental and operational
concerns in these areas, as demonstrated in the chart in Figure 5.

Total Score from OCEANIDS End-Users vs Solutions Provided by OCEANIDS
Boreal regions

Regions
= Fort of Rauma
= Fort of Raahe
= Coastal Finland

Total Score of Importance Based on Interviews

Solutions provided by OCEANIDS (Data and Services)

Figure 5. The chart illustrates the total scores of importance assigned by OCEANIDS end-users for various solutions provided in the
Boreal regions. Data reflects specific contributions of the Port of Rauma, Port of Raahe, and Coastal Finland, highlighting regional
variations in priority solutions.

Forecasting and mapping winds emerged as the highest-priority solution across all three regions, with scores of 5. This
uniform importance underscores its critical role in ensuring safe navigation, especially given the challenging wind
conditions common in the Boreal seas® 5 5. Accurate wind predictions are essential for vessel route optimization,
operational safety, and mitigating delays caused by adverse weather. Research has shown that advanced meteorological
models, coupled with satellite data, have significantly enhanced wind forecasting accuracy, benefiting maritime operations
in regions like the Baltic Sea 6.

Detecting and monitoring ice risks at sea received equally high scores, particularly for the Port of Raahe and Coastal
Finland, where scores of 5 reflect the criticality of this solution in Arctic-like conditions. Ice poses significant threats to
vessel safety, infrastructure integrity, and port operations in these regions®. While the Port of Rauma scored slightly lower
(4), this still highlights its relevance in mitigating risks during the winter months. Ice monitoring technologies, including
radar and satellite imaging, have become indispensable in these regions, enabling predictive assessments of ice formation
and movement®’.
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Monitoring ship movements was especially important for the Port of Raahe, with a score of 5. This likely reflects its role as

a hub for industrial exports and its high traffic of cargo vessels. Ports like Rauma and Coastal Finland rated this solution
moderately (3), possibly due to differences in traffic density and operational focus. Studies have demonstrated the
effectiveness of AIS (Automatic Identification Systems)®® and satellite tracking in improving ship movement monitoring,
reducing collision risks, and optimizing port logistics®® 6

Mapping water depth® 52 was highly prioritized at the Port of Raahe, with a score of 5, reflecting its critical importance
for ensuring safe navigation in shallow or sediment-prone areas. In contrast, both the Port of Rauma and Coastal Finland,
assigned lower scores (2 each), indicating that services might already exist and are operational. Accurate bathymetric
mapping, supported by advancements in GIS-based technologies, plays a pivotal role in maintaining navigational safety,
especially in areas affected by sediment deposition and ice-related seabed changes®® 4.

Forecasting and mapping large waves showed moderate importance at the Port of Rauma and Coastal Finland (scores of
3), whereas the Port of Raahe showed less interest with a score of 2. The variation reflects the existence of already advanced
operational services. Wave forecasting systems, such as spectral wave models®, are essential for ports facing significant
open sea influences.

Air quality monitoring was particularly important for the Port of Raahe (score: 5), emphasizing its industrial activity and
the associated need for emission control. The Port of Rauma showed lower interest (score: 2), reflecting its smaller
industrial footprint®, Continuous air quality monitoring is vital for mitigating health and environmental risks in
industrialized areas, as shown by research linking emissions in port regions to significant environmental impacts.
Monitoring snow cover was a unique priority for the Port of Raahe, which rated it at 5.

This highlights the operational challenges posed by heavy snow accumulation in northern Finland, where snow can disrupt
port logistics and infrastructure. Satellite-based snow cover models have proven effective in managing such risks by
providing real-time data for resource allocation and safety planning®’.

Assessing climate change risks was specifically emphasized by Coastal Finland, with a score of 4, reflecting its exposure
to sea-level rise®, storm surges®, and shifting ecosystems. The focus on climate risk underscores a commitment to long-
term sustainability and adaptive planning. Recent advances in climate modeling and the use of satellite data have enhanced
regional resilience strategies, making them increasingly actionable.

« Atlantic Climatic zone - Regions: Bretagne (France), Azores (autonomous region of Portugal), and Bremen
(Germany)

The analysis of OCEANIDS end-user scores for the Atlantic regions, encompassing the Azores, Bretagne, and Bremen,
reveals a broad landscape of environmental and operational priorities shaped by distinct regional challenges and
characteristics. The following insights expand upon the results to provide a comprehensive understanding of the region-
specific priorities.
Total Score from OCEANIDS End-Users vs Solutions Provided by OCEANIDS
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Figure 6. This chart depicts the total importance scores derived from OCEANIDS end-user interviews across the Atlantic regions
(Bretagne, Azores, Bremen). It highlights regional priorities in ocean monitoring and assessment solutions, such as tracking sea levels,
forecasting winds, and mapping water quality. The scores reflect a comparative analysis of user needs across diverse maritime challenges.

Certain priorities emerged as consistent across all three Atlantic regions, reflecting shared concerns related to maritime
and environmental challenges. The most notable of these was monitoring ocean levels and surface, which received a unified
score of 5 across all regions. This highlights a broad consensus on the need to address sea-level rise, coastal erosion, and
the impacts of extreme weather events. These concerns align with ongoing research emphasizing the importance of satellite
altimetry and oceanographic models in providing real-time data for coastal resilience.
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Similarly, assessing climate change risk was ranked as a high priority across the Atlantic regions, with a slight variation in
Bremen, which assigned a score of 4. This reflects the pervasive impact of climate change on ocean dynamics, fisheries,
and coastal infrastructure. Advanced climate modeling tools are being increasingly employed to evaluate these risks,
providing actionable data for regional adaptation strategies.

The Azores demonstrated a distinct set of priorities shaped by its geographic and geophysical context. The highest-rated
task, forecasting and assessing landslides, with a score of 6, underscores the region’s susceptibility to landslide events due
to its volcanic terrain and steep coastal slopes. Landslide forecasting technologies, such as GIS-based models and remote
sensing, have proven invaluable in similar environments, enabling early warning systems and mitigation strategies in
addition to landslide risks. The Azores assigned consistent importance to coastline tracking and air quality monitoring,
reflecting its need to balance environmental protection with increasing tourism and maritime activities. Research highlights
the value of satellite imagery and high-resolution topographic mapping for monitoring coastline changes and addressing
air quality issues in small island settings. Bretagne prioritized monitoring ocean levels and surface and forecasting, and
mapping large waves, both receiving scores of 5. This reflects the region’s exposure to powerful Atlantic storm systems,
which pose significant risks to coastal infrastructure, shipping, and fishing activities. Advanced wave modeling systems,
coupled with local observation networks, play a critical role in predicting storm surges and mitigating their impacts.

In contrast, tasks such as monitoring ship movements were assigned lower scores (~1), indicating that maritime traffic
management may not be a primary concern for the region. This aligns with Bretagne’s emphasis on environmental
monitoring over logistical challenges, suggesting a focus on sustainable maritime practices rather than high-volume port
operations.

Bremen exhibited a more balanced but less intensive prioritization across tasks, with scores slightly lower than those of
the Azores and Bretagne. Monitoring air quality and ship movements received moderate scores of 3 and 2, respectively.
These priorities reflect Bremen’s industrial and urban context, where air quality monitoring is critical for managing
emissions from shipping and nearby industrial activities. The city’s moderate concern for ship movement monitoring could
stem from its established logistics infrastructure, which already integrates AIS and satellite tracking technologies to
optimize port operations. Bremen’s emphasis on monitoring ocean levels and surface and assessing climate change risk is
slightly lower than in other regions, highlighting a regional awareness of the broader impacts of climate change on urban
infrastructure and maritime activities. Research indicates that adaptive planning in urbanized port areas, such as Bremen,
is crucial to mitigating long-term risks from rising sea levels and changing weather patterns.

The Azores stand out for their unique emphasis on landslide forecasting, driven by the region’s volcanic terrain and
vulnerability to slope instability. In contrast, Bretagne’s high prioritization of wave forecasting and ocean monitoring
reflects its exposure to powerful Atlantic storms. Bremen demonstrates a more moderate approach, balancing concerns
about industrial emissions and the broader impacts of climate change on maritime and urban systems.

Despite these regional differences, the uniform emphasis on monitoring ocean levels and surface and assessing climate
change risk underscores a shared commitment to addressing global environmental challenges. These priorities highlight
the importance of integrated solutions that combine advanced satellite technology, predictive modeling, and localized risk
assessments to ensure sustainability across the Atlantic regions.

3.5. Broader Implications

These preliminary results underscore the importance of integrating EO data and machine learning techniques for the
sustainable management of coastal and urban environments. The adaptability of the methodology in various climatic and
geographic zones highlights its potential for broader applications, providing a scalable framework to address climate risks
and improve resilience in coastal regions.

Expanding the focus from regional to broader outcomes provides an opportunity to evaluate the overall implications of the
OCEANIDS end-user scores, emphasizing cross-regional patterns and their relevance for global environmental and
operational challenges. This detailed examination reveals shared priorities and highlights overarching trends that transcend
regional differences.

Across all regions, the consistent emphasis on monitoring ocean levels and surface underscores its critical importance.
This task is universally recognized as essential for managing the impacts of sea-level rise, storm surges, and oceanic
circulation changes. High scores across Boreal, Atlantic, and Mediterranean regions reflect the global reliance on accurate
and real-time ocean monitoring for safeguarding coastal communities and maritime infrastructure. Research demonstrates
the effectiveness of satellite altimetry, coupled with oceanographic models, in providing actionable data for policymakers
and industry stakeholders. The strong prioritization of assessing climate change risk highlights a universal awareness of
the growing threats posed by climate change. Across regions, climate risk assessment serves as a cornerstone for
developing adaptive strategies, from mitigating the effects of extreme weather events in the Atlantic to addressing long-
term ecological shifts in the Mediterranean and Boreal regions. The integration of predictive climate models and localized
risk assessments has been shown to enhance resilience against climate-related disasters on a global scale.
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Certain tasks, such as forecasting landslides in the Azores or monitoring ice risk in the Boreal regions, are tied to specific
regional vulnerabilities. However, their broader relevance becomes evident when considering similar challenges in other
parts of the world. For instance, landslide forecasting technologies developed for volcanic islands can be adapted for use
in mountainous coastal regions elsewhere. Similarly, ice risk monitoring systems in the Boreal regions offer valuable
insights for managing Arctic shipping routes and mitigating risks in polar regions experiencing increasing maritime
activity.

The prioritization of advanced forecasting and monitoring solutions across all regions points to the increasing reliance on
technology to address complex challenges. Satellite data, GIS-based models, and Al-driven analytics are emerging as
pivotal tools for achieving both regional and global sustainability goals. These technologies not only enhance accuracy
and efficiency but also enable cross-regional collaboration by providing standardized datasets and tools applicable to
diverse contexts.

The OCEANIDS end-user scores reveal a global consensus on the critical role of monitoring and forecasting in
addressing environmental and operational challenges. While specific priorities vary across regions, the overarching trends
reflect a shared commitment to sustainability, safety, and resilience. By focusing on solutions that address both localized
and universal concerns, the findings underscore the interconnected nature of maritime and environmental challenges in a
rapidly changing world.

4. DISCUSSION

The preliminary findings underscore the pressing need for integrated and scalable solutions to manage climate risks in
coastal cities and ports. Coastal zones are increasingly recognized as critical hotspots for climate change impacts, facing
challenges such as sea level rise, biodiversity loss, and extreme weather events. The OCEANIDS methodology proposes
a practical framework for addressing these challenges by combining EO data with advanced analytical tools to generate
actionable insights for stakeholders. These findings align with previous studies that emphasize the critical role of EO data
and Al techniques in assessing environmental risks and supporting decision-making for climate adaptation strategies. For
instance, the identification of flood-prone zones in Bretagne and Bremen justifies existing research highlighting the
vulnerability of low-lying coastal regions to sea level rise and extreme weather events. Similarly, the requirement outlined
by the end-users for air quality monitoring and urban growth assessments in Malaga (Spain) aligns with studies
emphasizing the environmental pressures posed by industrialized port operations.

The methodological framework of the OCEANIDS project adds value to the existing literature by addressing data
integration challenges through spatiotemporal alignment and harmonization processes. The incorporation of bias-
adjusted EURO-CORDEX datasets for long-term climate projections ensures that risk assessments are grounded in reliable
data, bridging gaps identified in earlier studies or addressed as needed by the end-users of the project.

From a broader perspective, the project’s emphasis on user-friendly visualizations and decision support systems aligns
with global efforts to enhance climate resilience through accessible and transparent data platforms. The ability to provide
pre-event, short-term, and post-event risk assessments ensures that stakeholders can adopt proactive and adaptive
strategies, reducing the socioeconomic impacts of climate-related hazards. These contributions are particularly relevant in
the context of international frameworks such as the Paris Agreement “¢ and the Sendai Framework for Disaster Risk
Reduction “°, which prioritize data-driven and participatory approaches to climate adaptation.

The findings from this study demonstrate the effectiveness of integrating satellite imagery, Al-driven analytics, and EO
data in addressing diverse challenges faced by coastal and port environments. By tailoring solutions to specific regional
needs, the study highlights significant advancements in environmental monitoring and operational efficiency.

In the Boreal regions, the prioritization of ice risk monitoring and snow cover analysis underscores the importance of
climate-specific tools to mitigate hazards that disrupt navigation and port operations. The Port of Raahe, in particular,
benefited from enhanced bathymetric mapping, reflecting the critical need for precise seabed data in sediment-prone and
ice-affected areas. Similarly, in the Mediterranean region, air quality monitoring emerged as a key focus, particularly for
industrialized ports, where emissions significantly impact local environments. Advanced satellite monitoring and
predictive modeling were shown to effectively address these concerns, supporting both environmental and public health
objectives.

The Atlantic regions revealed unique priorities, such as landslide risk forecasting in the Azores and wave forecasting in
Bretagne, demonstrating the importance of region-specific strategies. The high prioritization of ocean level monitoring
across all regions highlights the universal relevance of this solution for mitigating risks from sea-level rise and extreme
weather events.
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The results also validate the role of Al and EO technologies in enabling cross-regional scalability while addressing
localized challenges. By combining real-time data analytics and tailored decision-making frameworks, the study provides
actionable insights for policymakers and stakeholders, advancing the sustainable management of coastal and port systems.
The results presented in this study are constrained by the ongoing nature of the project. Further integration of datasets and
refinement of analytical models are anticipated as the project progresses. Future directions include incorporating additional
datasets, enhancing model performance, and expanding the analysis to explore long-term climate scenarios. The insights
generated thus far provide a solid foundation for continued development and application of the OCEANIDS methodology.

ACKNOWLEDGEMENTS

The authors would like to express their gratitude to all partners within the OCEANIDS project for their cooperation and
invaluable contributions. Their expertise and collaborative efforts have been crucial in advancing the project’s objectives.
The authors also acknowledge the support provided by the European Union under the GA. 101112919 for funding this
initiative and enabling the development of innovative solutions to address environmental challenges in coastal cities and
ports.

REFERENCES

[1] Asariotis, R., Monioudi, I. N., Mohos Naray, V., et al., “Climate Change and Seaports: Hazards, Impacts and
Policies and Legislation for Adaptation,” Anthropocene Coasts 7, 14 (2024); https://doi.org/10.1007/s44218-024-
00047-9.

[2] Thiéblemont, R., le Cozannet, G., Rohmer, J., et al., “Sea-Level Rise Induced Change in Exposure of Low-Lying
Coastal Land: Implications for Coastal Conservation Strategies,” Anthropocene Coasts 7, 8 (2024);
https://doi.org/10.1007/s44218-024-00041-1.

[3] Shirzaei, M., Freymueller, J., Térnqvist, T. E., Galloway, D. L., Dura, T., and Minderhoud, P. S. J., “Measuring,
Modelling and Projecting Coastal Land Subsidence,” Nat. Rev. Earth Environ. 2, 40-58 (2021);
https://doi.org/10.1038/s43017-020-00115-x.

[4] Johnson, D. R. and Ahmadi Gharehtoragh, M., “Prediction of Storm Surge on Evolving Landscapes under Climate
Change,” arXiv preprint arXiv:2401.00862 (2023).

[5] Darwish, K., “Integrated Coastal Zone Management (ICZM) Using Satellite Remote Sensing and GIS
Technology,” in New Advancements in Geomorphological Research, J. Das and S. Halder, Eds., Geography of
the Physical Environment, Springer, Cham, (2024); https://doi.org/10.1007/978-3-031-64163-3_21.

[6] Smith, K. E. L., Terrano, J. F., Pitchford, J. L., and Archer, M. J., “Coastal Wetland Shoreline Change Monitoring:
A Comparison of Shorelines from High-Resolution WorldView Satellite Imagery, Aerial Imagery, and Field
Surveys,” Remote Sens. 13(15), 3030 (2021); https://doi.org/10.3390/rs13153030.

[7] Vitousek, S., Buscombe, D., Vos, K., Barnard, P. L., Ritchie, A. C., and Warrick, J. A., “The Future of Coastal
Monitoring through Satellite Remote Sensing,” Cambridge Prisms: Coastal Futures 1, el0 (2022);
https://doi.org/10.1017/cft.2022.4.

[8] Li, H., Zhang, Y., and Wang, L., “Al-Powered Monitoring of Coastal Water Contaminants Using Satellite
Imagery,” IEEE Trans. Geosci. Remote Sens. 61, 10670116 (2023);
https://doi.org/10.1109/TGRS.2023.10670116.

[9] Razzano, F., Di Stasio, P., Mauro, F., Meoni, G., Esposito, M., Schirinzi, G., and Ullo, S. L., “Al Techniques for
Near Real-Time Monitoring of Contaminants in Coastal Waters on Board Future PhiSat-2 Mission,” arXiv
preprint arXiv:2404.19586 (2024).

Proc. of SPIE Vol. 13816 138160Z-13



[10] OCEANIDS Project, “User-Driven Applications and Tools for Climate-Informed Maritime Spatial Planning and
Integrated Seascape Management,” Available online (2024); https://www.oceanids-project.eu/ (accessed on 30
December 2024).

[11] European Commission, “The FEuropean Green Deal: Priorities 2019-2024,” Available online;
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en (accessed on 15
January).

[12] United Nations (UN), “Sustainable Development Goals: 17 Goals to Transform Our World,” Available online;
https://www.un.org/en/61e9xhib17-goals-transform-world (accessed on 15 January).

[13] United Nations (UN), “Goal 13: Take Urgent Action to Combat Climate Change and Its Impacts,” Available
online; https://sdgs.un.org/goals/goal13 (accessed on 15 January).

[14] Global Goals, “Goal 14: Life Below Water,” Available online; https://www.globalgoals.org/goals/14-life-below-
water/ (accessed on 15 January).

[15] Fiorino, D. J., A Good Life on a Finite Earth: The Political Economy of Green Growth, Oxford University Press,
Oxford (2018).

[16] Argyriou, A. V., Polykretis, C., Teeuw, R. M., and Papadopoulos, N., “Geoinformatic Analysis of Rainfall-
Triggered Landslides in Crete (Greece) Based on Spatial Detection and Hazard Mapping,” Sustainability 14, 3956
(2022); https://doi.org/10.3390/su14073956.

[17] Pellikka, H., Johansson, M. M., Nordman, M., and Ruosteenoja, K., “Probabilistic Projections and Past Trends of
Sea Level Rise in Finland,” Nat. Hazards Earth Syst. Sci. 23(4), 1613-1630 (2023); https://doi.org/10.5194/nhess-
23-1613-2023.

[18] EURO-CORDEX, “EURO-CORDEX: High Resolution Regional Climate Projections,” Available online;
https://euro-cordex.net/060378/index.php.en (accessed on 30 December 2024).

[19] Kavouras, I., Rallis, 1., Doulamis, N., and Doulamis, A., “Ocean-DC: An Analysis-Ready Data Cube Framework
for Environmental and Climate Change Monitoring over the Port Areas,” arXiv preprint arXiv:2405.06730
(2024).

[20] CREODIAS, “CREODIAS: Cloud Infrastructure for Earth Observation Data,” Available online;
https://creodias.eu/ (accessed on 31 December 2024).

[21] Lozano, A., Usero, J., Vanderlinden, E., Raez, J., Contreras, J., and Navarrete, B., “Air Quality Monitoring
Network Design to Control Nitrogen Dioxide and Ozone, Applied in Malaga, Spain,” Microchem. J. 93(2), 164—
172 (2009); https://doi.org/10.1016/j.microc.2009.06.005.

[22] Nunes, R. A. O., Alvim-Ferraz, M. C. M., Martins, F. G., Calderay-Cayetano, F., Duran-Grados, V., Moreno-
Gutiérrez, J., Jalkanen, J.-P., Hannuniemi, H., and Sousa, S. I. V., “Shipping Emissions in the Iberian Peninsula
and the Impacts on Air Quality,” Atmos. Chem. Phys. 20(15), 9473-9489 (2020); https://doi.org/10.5194/acp-20-
9473-2020.

[23] Marquez-Ballesteros, M.-J., Mora-Lopez, L., Lloret-Gallego, P., Sumper, A., and Sidrach-de-Cardona, M.,
“Measuring Urban Energy Sustainability and Its Application to Two Spanish Cities: Malaga and Barcelona,”
Sustain. Cities Soc. 45, 335-347 (2019); https://doi.org/10.1016/j.5¢s.2018.10.044.

[24] Lopez, M., Giner-Cifre, C., Lopez-Lilao, A., Sanfélix, V., Monfort, E., and Viana, M., “An Integrated Strategy
for Air Quality Monitoring and Management in Industrial Port Areas,” Cleaner Eng. Technol. 19, 100729 (2024);
https://doi.org/10.1016/j.clet.2024.100729.

[25] Viana, M., Hammingh, P., Colette, A., Querol, X., Degraeuwe, B., de Vlieger, |., and van Aardenne, J., “Impact
of Maritime Transport Emissions on Coastal Air Quality in Europe,” Atmos. Environ. 90, 96-105 (2014);
https://doi.org/10.1016/j.atmosenv.2014.03.001.

[26] Viana, M., Amato, F., Alastuey, A., Querol, X., Moreno, T., Garcia Dos Santos, S., Herce, M. D., and Fernandez-
Patier, R., “Chemical Tracers of Particulate Emissions from Commercial Shipping,” Environ. Sci. Technol.
43(19), 7472-7477 (2009); https://doi.org/10.1021/es901558t.

[27] Song, S.-K., Shon, Z.-H., Moon, S.-H., Lee, T.-H., Kim, H.-S., Kang, S.-H., Park, G.-H., and Yoo, E.-C., “Impact
of International Maritime Organization 2020 Sulfur Content Regulations on Port Air Quality at an International
Hub Port,” J. Clean. Prod. 347, 131298 (2022); https://doi.org/10.1016/j.jclepro.2022.131298.

[28] Merico, E., Donateo, A., Gambaro, A., Cesari, D., Gregoris, E., Barbaro, E., Dinoi, A., Giovanelli, G., Masieri,
S., and Contini, D., “Influence of In-Port Ship Emissions on Gaseous Atmospheric Pollutants and Particulate
Matter of Different Sizes in a Mediterranean Harbour in Italy,” Atmos. Environ. 139, 1-10 (2016);
https://doi.org/10.1016/j.atmosenv.2016.05.024.

Proc. of SPIE Vol. 13816 138160Z-14



[29] Genga, A., lelpo, P., Siciliano, T., and Siciliano, M., “Carbonaceous Particles and Aerosol Mass Closure in PM2.5
Collected in a Port City,” Atmos. Res. 183, 245-254 (2017); https://doi.org/10.1016/].atmosres.2016.08.022.
[30] Cesari, D., Genga, A., Ielpo, P., Siciliano, M., Mascolo, G., Grasso, F. M., and Contini, D., “Source
Apportionment of PM2.5 in the Harbour—Industrial Area of Brindisi (Italy): Identification and Estimation of the
Contribution of In-Port Ship Emissions,” Sci. Total Environ. 497-498, 392-400 (2014);

https://doi.org/10.1016/j.scitotenv.2014.08.007.

[31] Logothetis, 1., Antonopoulou, C., Sfetsioris, K., Mitsotakis, A., and Grammelis, P., “Comparison Analysis of the
Effect of High and Low Port Activity Seasons on Air Quality in the Port of Heraklion,” Environ. Sci. Proc. 8, 3
(2021); https://doi.org/10.3390/ecas2021-10329.

[32] Demetropoulou, L., Lilli, M. A., Petousi, I., Nikolaou, T., Fountoulakis, M., Kritsotakis, M., Panakoulia, S.,
Giannakis, G. V., Manios, T., and Nikolaidis, N. P., “Innovative Methodology for the Prioritization of the Program
of Measures for Integrated Water Resources Management of the Region of Crete, Greece,” Sci. Total Environ.
672, 61-70 (2019); https://doi.org/10.1016/j.scitotenv.2019.03.397.

[33] Alonso Castillo, M. L., Sanchez Trujillo, 1., Vereda Alonso, E., Garcia de Torres, A., and Cano Pavon, J. M.,
“Bioavailability of Heavy Metals in Water and Sediments from a Typical Mediterranean Bay (Malaga Bay,
Region of Andalucia, Southern Spain),” Mar. Pollut. Bull. 76(1-2), 427-434 (2013);
https://doi.org/10.1016/j.marpolbul.2013.08.031.

[34] Smith, K. E. L., Terrano, J. F., Pitchford, J. L., and Archer, M. J., “Coastal Wetland Shoreline Change Monitoring:
A Comparison of Shorelines from High-Resolution WorldView Satellite Imagery, Aerial Imagery, and Field
Surveys,” Remote Sens. 13, 3030 (2021); https://doi.org/10.3390/rs13153030.

[35] Thiéblemont, R., le Cozannet, G., Rohmer, J., et al., “Sea-Level Rise Induced Change in Exposure of Low-Lying
Coastal Land: Implications for Coastal Conservation Strategies,” Anthropocene Coasts 7, 8 (2024);
https://doi.org/10.1007/s44218-024-00041-1.

[36] Vitousek, S., Buscombe, D., Vos, K., Barnard, P. L., Ritchie, A. C., and Warrick, J. A., “The Future of Coastal
Monitoring Through Satellite Remote Sensing,” Cambridge Prisms: Coastal Futures 1, el0 (2023);
https://doi.org/10.1017/cft.2022.4.

[37] Argyriou, A. V., Sarris, A., and Teeuw, R. M., “Using Geoinformatics and Geomorphometrics to Quantify the
Geodiversity of Crete, Greece,” Int. J. Appl. Earth Obs. Geoinf. 51, 47-59 (2016);
https://doi.org/10.1016/j.jag.2016.04.006.

[38] Argyriou, A. V., Teeuw, R. M., Rust, D., and Sarris, A., “GIS Multi-Criteria Decision Analysis for Assessment
and Mapping of Neotectonic Landscape Deformation: A Case Study from Crete,” Geomorphology 253, 262-274
(2016); https://doi.org/10.1016/j.geomorph.2015.10.031.

[39] Fassoulas, C., “The Tectonic Development of a Neogene Basin at the Leading Edge of the Active European
Margin: The Heraklion Basin, Crete, Greece,” J. Geodyn. 31(1), 49-70 (2001); https://doi.org/10.1016/S0264-
3707(00)00017-X.

[40] Kouli, M., Loupasakis, C., Soupios, P., and Vallianatos, F., “Landslide Hazard Zonation in High-Risk Areas of
Rethymno Prefecture, Crete Island, Greece,” Nat. Hazards 52, 599-621 (2010); https://doi.org/10.1007/s11069-
009-9403-2.

[41] Mourtzas, N., Kolaiti, E., and Anzidei, M., “Vertical Land Movements and Sea Level Changes Along the Coast
of  Crete (Greece) Since the Late Holocene,” Quat. Int. 401, 43-70 (2016);
https://doi.org/10.1016/j.quaint.2015.08.008.

[42] Tapoglou, E., Vozinaki, A. E., and Tsanis, I., “Climate Change Impact on the Frequency of Hydrometeorological
Extremes in the Island of Crete,” Water 11, 587 (2019); https://doi.org/10.3390/w11030587.

[43] Asariotis, R., Monioudi, I. N., Mohos Naray, V., et al., “Climate Change and Seaports: Hazards, Impacts, and
Policies and Legislation for Adaptation,” Anthropocene Coasts 7, 14 (2024); https://doi.org/10.1007/s44218-024-
00047-9.

[44] Roukounis, C. N., Tsoukala, V. K., and Tsihrintzis, V. A., “An Index-Based Method to Assess the Resilience of
Urban Areas to Coastal Flooding: The Case of Attica, Greece,” J. Mar. Sci. Eng. 11, 1776 (2023);
https://doi.org/10.3390/jmse11091776.

[45] United Nations Framework Convention on Climate Change (UNFCCC), “The Paris Agreement,” Available
online; https://unfccc.int/process-and-meetings/the-paris-agreement (accessed on 30 December 2024).

[46] United Nations Office for Disaster Risk Reduction (UNDRR), “Sendai Framework for Disaster Risk Reduction
2015-2030,” Available online; https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-
2015-2030 (accessed on 30 December 2024).

Proc. of SPIE Vol. 13816 138160Z-15



[47] Martinez, A., and Iglesias, G., “Evaluation of Offshore Wind Energy Zones Within Marine Spatial Planning: A
Case Study in the Spanish Mediterranean Sea,” Energy Rep. 11, 3461-3473 (2024);
https://doi.org/10.1016/j.eqyr.2024.03.018.

[48] Chirosca, A.-M., and Rusu, L., “Characteristics of the Wind and Wave Climate along the European Seas Focusing
on the Main Maritime Routes,” J. Mar. Sci. Eng. 10, 75 (2022); https://doi.org/10.3390/jmse10010075.

[49] Kechagias, E., and Katsifarakis, K. L., “Planning Water Resources Management in Small Islands: The Case of
Kalymnos, Greece,” Water Air Soil Pollut.: Focus 4, 279-288 (2004);
https://doi.org/10.1023/B:WAF0.0000044805.61705.09.

[50] Kourtis, I. M., Kotsifakis, K. G., Feloni, E. G., and Baltas, E. A., “Sustainable Water Resources Management in
Small Greek Islands under Changing Climate,” Water 11, 1694 (2019); https://doi.org/10.3390/w11081694.

[51] Kourgialas, N. N., Karatzas, G. P., Dokou, Z., and Kokorogiannis, A., “Groundwater Footprint Methodology as
Policy Tool for Balancing Water Needs (Agriculture Tourism) in Water Scarce Islands — The Case of Crete,
Greece,” Sci. Total Environ. 615, 381-389 (2018); https://doi.org/10.1016/j.scitotenv.2017.09.308.

[52] Feloni, E., and Nastos, P. T., “Evaluating Rainwater Harvesting Systems for Water Scarcity Mitigation in Small
Greek Islands under Climate Change,” Sustainability 16, 2592 (2024); https://doi.org/10.3390/su16062592.

[53] Lehmann, A., and Myrberg, K., “Upwelling in the Baltic Sea—A Review,” J. Mar. Syst. 74(Suppl), S3-S12
(2008); https://doi.org/10.1016/j.jmarsys.2008.02.010.

[54] Hieronymus, M., Dieterich, C., Andersson, H., and Hordoir, R., “The Effects of Mean Sea Level Rise and
Strengthened Winds on Extreme Sea Levels in the Baltic Sea,” Theor. Appl. Mech. Lett. 8(6), 366-371 (2018);
https://doi.org/10.1016/j.tam1.2018.07.006.

[55] Soomere, T., Bishop, S. R., Viska, M., and Radmet, A., “An Abrupt Change in Winds That May Radically Affect
the Coasts and Deep Sections of the Baltic Sea,” Clim. Res. 62, 163-171 (2015); https://doi.org/10.3354/cr01269.

[56] Rikka, S., Pleskachevsky, A., Jacobsen, S., Alari, V., and Uiboupin, R., “Meteo-Marine Parameters from Sentinel-
1 SAR Imagery: Towards Near Real-Time Services for the Baltic Sea,” Remote Sens. 10, 757 (2018);
https://doi.org/10.3390/rs10050757.

[57] Hoglund, A., Pemberton, P., Hordoir, R., and Schimanke, S., “Ice Conditions for Maritime Traffic in the Baltic
Sea in Future Climate,” Boreal Environ. Res., PDF Link (2017).

[58] Fu, X., Lind, M., Michaelides, M., Ward, R., and Watson, R. T., “AIS Data Analytics for Intelligent Maritime
Surveillance Systems,” in Maritime Informatics, Lind, M., Michaelides, M., Ward, R., and Watson, R. T., Eds.,
Progress in IS, Springer, Cham (2021); https://doi.org/10.1007/978-3-030-50892-0_23.

[59] Feng, M., Shaw, S.-L., Peng, G., and Fang, Z., “Time Efficiency Assessment of Ship Movements in Maritime
Ports: A Case Study of Two Ports Based on AIS Data,” J. Transp. Geogr. 86, 102741 (2020);
https://doi.org/10.1016/j.jtrange0.2020.102741.

[60] Metcalfe, K., Bréheret, N., Chauvet, E., Collins, T., Curran, B. K., Parnell, R. J., Turner, R. A., Witt, M. J., and
Godley, B. J., “Using Satellite AIS to Improve Our Understanding of Shipping and Fill Gaps in Ocean
Observation Data to Support Marine Spatial Planning,” J. Appl. Ecol. 55(4), 1834-1845 (2018);
https://doi.org/10.1111/1365-2664.13139.

[61] Vahtmde, E., and Kutser, T., “Airborne Mapping of Shallow Water Bathymetry in the Optically Complex Waters
of the Baltic Sea,” J. Appl. Remote Sens. 10(2), 025012 (2016); https://doi.org/10.1117/1.JRS.10.025012.

[62] Vahtmée, E., and Kutser, T., “Mapping Bottom Type and Water Depth in Shallow Coastal Waters with Satellite
Remote Sensing,” J. Coastal Res. 50(sp1), 185-189 (2007); https://doi.org/10.2112/JCR-S150-036.1.

[63] Gao, J., “Bathymetric Mapping by Means of Remote Sensing: Methods, Accuracy, and Limitations,” Prog. Phys.
Geogr. 33(1), 103-116 (2009); https://doi.org/10.1177/0309133309105657.

[64] Jagalingam, P., Akshaya, B. J., and Hegde, A. V., “Bathymetry Mapping Using Landsat 8 Satellite Imagery,”
Procedia Eng. 116, 560-566 (2015); https://doi.org/10.1016/j.proeng.2015.08.326.

[65] Roland, A., and Ardhuin, F., “On the Developments of Spectral Wave Models: Numerics and Parameterizations
for the Coastal Ocean,” Ocean Dyn. 64, 833-846 (2014); https://doi.org/10.1007/s10236-014-0711-z.

[66] Karppinen, T., Sundstrom, A.-M., Lindqvist, H., Hatakka, J., and Tamminen, J., “Satellite-Based Assessment of
National Carbon Monoxide Concentrations for Air Quality Reporting in Finland,” Remote Sens. Appl.: Soc.
Environ. 33, 101120 (2024); https://doi.org/10.1016/j.rsase.2024.101120.

[67] Sawyer, G., Dubost, A., de Vries, M., and van de Kerk, 1., “Copernicus Sentinels’ Products Economic Value: A
Case Study of Winter Navigation in the Baltic,” European Association of Remote Sensing Companies, HAL
Archive ID: hal-04610150 (2015).

Proc. of SPIE Vol. 13816 138160Z-16



[68] Wolski, T., Wisniewski, B., Giza, A., Kowalewska-Kalkowska, H., Boman, H., Grabbi-Kaiv, S., Hammarklint,
T., Holfort, J., and Lydeikaite, Z., “Extreme Sea Levels at Selected Stations on the Baltic Sea Coast,” Oceanologia
56(2), 259-290 (2014); https://doi.org/10.5697/0c.56-2.259.

[69] Wolski, T., and Wisniewski, B., “Characteristics and Long-Term Variability of Occurrences of Storm Surges in
the Baltic Sea,” Atmosphere 12, 1679 (2021); https://doi.org/10.3390/atm0s12121679.

Proc. of SPIE Vol. 13816 138160Z-17



