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SUMMARY 

Coastline monitoring is a crucial area of environmental, geological, and information research, requiring 
advanced data processing and analysis techniques. This study explores an innovative approach to 
monitoring coastal dynamics by combining Sentinel-2 satellite imagery with the TPXO10-atlas-v2 
global tide model. Open Data Cube (ODC) was used for efficient processing of Big geospatial data and 
the pyTMD software for tidal predictions. Sentinel-2’s sun-synchronous satellites capture only a portion 
of the full tidal range, highlighting the importance of using tidal models to reduce observational biases. 
By analyzing scenes with varying tidal dynamics, from microtidal to mesotidal tidal ranges, the research 
showcases the approach adaptability across different coastal hydrographic regimes. By leveraging 
insights into tidal heights measured at their minimum and maximum levels over an 8-year period (2017–
2024), this study underscores the profound impact of tidal fluctuations on shoreline mapping. This 
approach provides a robust solution with flexibility for monitoring coastline variability. These findings 
will be useful for erosion management, infrastructure planning, and climate change impact studies. 
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Introduction 

Coastal regions are characterized by constant changes driven by both natural forces and human 
activities. Satellite Earth observation serves as a robust approach for monitoring dynamic coastlines, 
leveraging the extensive geographic and historical coverage of coastal zones worldwide. (Nesterovskyi 
et al., 2024). A vast collection of high-resolution satellite imagery is freely available, and its processing 
can be performed efficiently using open-source Python libraries. Monitoring  changes  in  coastline  
contours  is  an  actual  topic  in  the  field  of  environmental,  geological  and  information  research.  
However,  tasks  of  this  kind  are  complex  and  require  using  modern  methods  of  data  processing  
and  analysis, including remote sensing data (Okhrimchuk et al., 2024). Satellite imagery provides a 
cost-effective and scalable alternative to traditional survey methods, such as LiDAR and aerial 
photogrammetry (Bishop-Taylor et al., 2019). Unlike these conventional approaches, satellite imagery 
enables fast and frequent data acquisition at a significantly lower cost, making coastal monitoring more 
accessible (Okhrimchuk, Demidov, & Sliusar, 2025). Freely available datasets like Sentinel-2, 
combined with the powerful processing capabilities of Open Data Cube (ODC), facilitate the analysis 
of massive Earth observation datasets, enabling efficient and continuous coastal monitoring. Platforms 
such as Digital Earth Australia and Digital Earth Africa leverage ODC to manage and analyze Big Earth 
Observation (EO) data, supporting detailed studies on shoreline evolution (Leith et al., 2024; Mubea et 
al., 2024). However, limitations still exist, particularly in regions where shoreline changes are slower 
compared to oceanic regions. To improve shoreline accuracy, recent studies have integrated satellite-
derived shorelines with tidal models to adjust waterline positions at the time of image capture, 
enhancing the reliability of coastal change assessments (Bishop-Taylor et al., 2019). This study builds 
on these advancements by analyzing coastline dynamics in regions with varying tidal activity, including 
microtidal and mesotidal environments, demonstrating the effectiveness of combining Sentinel-2 
satellite data with the TPXO10-atlas-v2 tidal model to improve the monitoring of coastline variability. 
This approach plays a crucial role in shoreline detection, suppressing short-term shoreline variability 
and enabling accurate tracking of the dominant shoreline position on an annual scale (Bishop-Taylor et 
al., 2021) 

Methods 

Shoreline variability is also influenced by river-driven and wind-driven water level fluctuations, along 
with seasonal variability (Nesterovskyi, Deiak, & Tarnovetskyi, 2023). Accurately capturing shoreline 
variability requires addressing tidal influence, a critical factor in coastal dynamics, particularly in low-
gradient coastal environments. Reliable coastal monitoring is essential for managing erosion, 
infrastructure planning, and assessing the impacts of climate change and human activities (Tonkha et 
al., 2020). Many existing approaches fail to fully account for tidal fluctuations, leading to 
inconsistencies and misinterpretations of coastal change trends. Neglecting these variations can result 
in significant errors, especially when monitoring long-term shoreline evolution. To account for tidal 
influence on shoreline variability, we used the TPXO10-atlas-v2 global tide model (Egbert & Erofeeva, 
2002) to derive instantaneous tide heights corresponding to each Sentinel-2 satellite image acquisition. 
TPXO10-atlas-v2 is the most recent global tidal model developed by Oregon State University, released 
on August 14, 2024, with a spatial resolution of 1/6 degree. Previous versions of this model have been 
widely applied for intertidal mapping and coastal elevation modeling at large scales (Bishop-Taylor et 
al., 2019; Bishop-Taylor et al., 2021). To account for water level fluctuations in satellite-based shoreline 
analysis, it is essential to define the tidal range, which helps mitigate tidal bias in sun-synchronous 
satellite sensors (Bishop-Taylor et al., 2021). These sensors do not capture the full tidal cycle due to 
their fixed overpass times, potentially skewing shoreline observations. To address this limitation, we 
analyzed the distribution of Sentinel-2 observations relative to the full tidal range, allowing us to assess 
the proportion of tidal variability captured by the satellite time series.  
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Project implementation practice 
 
To handle the vast volume and complexity of Big EO data, the Open Data Cube (ODC) was leveraged, 
enabling efficient data management, seamless integration, and high-performance processing 
(Okhrimchuk, Demidov, & Sliusar, 2024). Sentinel-2 imagery was sourced from the Amazon Web 
Service’s Simple Cloud Storage (Amazon S3) bucket "Sentinel-2 Cloud-Optimized GeoTIFFs" and 
indexed into the ODC. These datasets are available under a "no-sign-request" policy, allowing users to 
download these data for free, even without data transfer fees. To optimize the data indexing process, 
the STAC API to DC command line tool was used. The global tidal model was provided by Oregon 
State University upon request. TPXO10-atlas-v2 achieves an RMS of 0.51 mm for M2 vertical ocean 
tide loading displacements using the aPREM_M2 Green's function, highlighting its high accuracy and 
positioning it as one of the most reliable global tidal models (Wang & He, 2025). Python-based tidal 
prediction software - pyTMD - was used to utilize this model. For this study, only Sentinel-2 images 
with at least 30.0% good-quality pixels were selected. The assessment of good-quality pixels was based 
on the Scene Classification Layer (SCL). The percentage was calculated by measuring the proportion 
of pixels classified as "cloud high probability," "cloud medium probability," "thin cirrus," "cloud 
shadows," and "saturated or defective" relative to the total number of pixels in the scene. Using open-
access tools from the Digital Earth Australia and Digital Earth Africa repositories, insights were 
obtained on scenes with different tidal range dynamics (Fig. 1). 

                                                 tidal range                         Sentinel-2 observations 

 
      a. Eastern coast of Marajó Island 

 
      b. Southwestern coast of Mauritius Island 

 
      c. Western Black Sea coast near the Danube Delta 

 
      d. Northwestern coast of Crimea 

 
Figure 1 The distribution of Sentinel-2 observations relative to the full tidal range. The proportion of 
the tidal range used to extract tide datum shorelines from satellite data based on four example scenes 
where sun-synchronous Sentinel-2A and Sentinel-2B satellites: (a) observe 74% of the 4.66 m modeled 
astronomical tidal range, with the lowest 20% and highest 5% of astronomical tides never observed; 
(b) observe 73% of the 0.89 m modeled astronomical tidal range, with the lowest 17% and highest 10% 
never observed; (c) observe 65% of the 0.10 m modeled astronomical tidal range, with the lowest 2% 
and highest 33% never observed; and (d) observe 64% of the 0.15 m modeled astronomical tidal range, 
with the lowest 2% and highest 34% never observed. 
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Based on the obtained insights into tidal heights for the four study scenes corresponding to each 
Sentinel-2 observation, various data aggregation techniques can be applied. For instance, this approach 
was used to develop a data aggregation methodology for generating an annual median composite, 
allowing for the monitoring of shoreline dynamics over the years (Bishop-Taylor et al., 2021). To 
illustrate the flexibility and effectiveness of this approach, we provide an example representing the 
coastline at the extremes of coastline heights over 8 years from 2017 to 2024. To achieve this, we 
computed the Modified Normalized Difference Water Index (MNDWI) for Sentinel-2 imagery using 
the formula: MNDWI = (Green - SWIR) / (Green + SWIR). Using the selected Sentinel-2 images, we 
identified the 2nd and 98th quantiles of coastline heights across 8 years. We then aggregated the images 
corresponding to these quantiles to provide representations of the coastline at minimum and maximum 
tidal heights, offering valuable insights into coastline variability and tidal influences. (Fig. 2). 
 

 
      a. Eastern coast of Marajó Island 

       
      b. Southwestern coast of Mauritius Island 

 
      c. Western Black Sea coast near the Danube Delta      

      d. Northwestern coast of Crimea 

 
Figure 2 Representations of coastline positions at minimum and maximum tidal heights: (a) displays 
substantial shoreline fluctuations, particularly in estuarine regions; (b) highlights variations in coastal 
exposure due to tidal dynamics; (c) illustrates shoreline changes influenced by sediment transport and 
hydrodynamics; and  (d) shows differences in coastline positions, reflecting the effects of tidal 
fluctuations and geomorphological processes. 
 
Conclusions 

This study demonstrates the effectiveness of integrating Sentinel-2 imagery with the TPXO10-atlas-v2 
tidal model for monitoring coastal dynamics. By leveraging high-resolution Earth observation data and 
open-source tools, it provides valuable insights into shoreline variability. The analysis confirms that 
tidal fluctuations significantly affect shoreline detection, as Sentinel-2 satellites capture only a limited 
portion of the tidal range, underscoring the need for tidal models to improve shoreline assessments and 
reduce observational biases. We provided an example illustrating the effectiveness of combining remote 
sensing data with a tidal model for shoreline analysis.  This approach offers a highly adaptable 
framework, enabling data aggregation across different temporal scales and tidal conditions to account 
for the significant variability inherent in coastal environments. The synergy between remote sensing 
and tidal modeling enhances the precision of shoreline assessments, making it a valuable tool for 
monitoring scenes experiencing a high degree of change.  
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