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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).
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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 (MNDWTI) 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).
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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
Sfluctuations 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.

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14—17 April 2025, Kyiv, Ukraine




Monitoring’2025 EAGE

References

Bishop-Taylor, R., Sagar, S., Lymburner, L., & Beaman, R. J. (2019). Between the tides: Modelling the
elevation of Australia’s exposed intertidal zone at continental scale. Estuarine, Coastal and Shelf
Science, 223, 115-128. https://doi.org/10.1016/j.ecss.2019.03.006

Bishop-Taylor, R., Nanson, R., Sagar, S., & Lymburner, L. (2021). Mapping Australia's dynamic
coastline at mean sea level using three decades of Landsat imagery. Remote Sensing of
Environment, 267, 112734. https://doi.org/10.1016/j.rse.2021.112734

Egbert, G. D., & Erofeeva, S. Y. (2002). Efficient inverse modeling of barotropic ocean tides. Journal
of Atmospheric and Oceanic Technology, 19(2), 183-204. https://doi.org/10.1175/1520-
0426(2002)019%3C0183:eimobo%3E2.0.co0;2

Leith, A., Adams, C., Borges, D., & Sundwall, J. (2024). Cloud native geospatial: Realizing the digital
earth vision. IGARSS 2024 - 2024 IEEE International Geoscience and Remote Sensing

Symposium, 6886—6889. https://doi.org/10.1109/IGARSS53475.2024.10642711
Mubea, K., Boamah, E., Rebelo, L., Yuan, F., & Lewis, A. (2024). Digital earth Africa—
operational EO-based insights for Africa’s development challenges. In Southern Space Studies
(pp. 487-495). Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-64213-5 31

Nesterovskyi, V., Deiak, M., Tarnovetskyi, A. (2023). Lithological and mineralogical composition of
accumulative beach sediments of the Dniester-Dnipro segment of the Black Sea. Visnyk of Taras
Shevchenko  National  University of Kyiv  Geology, 4  (103), 55-65.
https://doi.org/10.17721/1728-2713.103.07

Nesterovskyi, V., Tarnovetskyi, A., Deiak, M., Hrychchenko, N., & Manyuk, V. (2024). Role of river
transport and coastal abrasion in forming modern coastal and marine sediments in the
Northwestern Black Sea. Journal of Geology, Geography and Geoecology, 33(2), 340-353.
https://doi.org/10.15421/112432

Okhrimchuk, R., Demidov, V., & Sliusar, K. (2024). Innovative approaches to big earth observation
data processing in earth science. International Conference of Young Professionals «GeoTerrace-
2024», 1-5. https://doi.org/10.3997/2214-4609.2024510006

Okhrimchuk, R., Demidov, V., Sliusar, K., & Lukomskyi, V. (2024). Study on exogenous processes
along the western coast of the Crimean Peninsula using deep learning methods. Visnyk of
Taras Shevchenko National University of Kyiv Geology, 1(104), 124-131.
https://doi.org/10.17721/1728-2713.104.15

Okhrimchuk, R., Demidov, V., & Sliusar, K. (2025). Sea-land segmentation models in deep learning
from remote sensing data. Visnyk of Taras Shevchenko National University of Kyiv Geology, 4
(107), 122—130. https://doi.org/10.17721/1728-2713.107.15

Tonkha, O., Menshov, O., Bykova, O., Pikovska, O., & Fedosiy, I. (2020). Magnetic methods
application for the physical and chemical properties assessment of Ukraine soil. XIV
International Scientific Conference “Monitoring of Geological Processes and Ecological
Condition of the Environment,” 1-5. https://doi.org/10.3997/2214-4609.202056027

Wang, J., & He, X. (2025). Accuracy assessment of ocean tide models in the Eastern China marginal
seas using tide gauge and GPS data. Journal of Marine Science and Engineering, 13(3), 395.
https://doi.org/10.3390/jmse13030395

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14—17 April 2025, Kyiv, Ukraine



https://doi.org/10.1016/j.ecss.2019.03.006
https://doi.org/10.1016/j.rse.2021.112734
https://doi.org/10.1175/1520-0426(2002)019%3C0183:eimobo%3E2.0.co;2
https://doi.org/10.1175/1520-0426(2002)019%3C0183:eimobo%3E2.0.co;2
https://doi.org/10.1109/IGARSS53475.2024.10642711
https://doi.org/10.1007/978-3-031-64213-5_31
https://doi.org/10.17721/1728-2713.103.07
https://doi.org/10.15421/112432
https://doi.org/10.3997/2214-4609.2024510006
https://doi.org/10.17721/1728-2713.104.15
https://doi.org/10.17721/1728-2713.107.15
https://doi.org/10.3997/2214-4609.202056027
https://doi.org/10.3390/jmse13030395


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



