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Editorial on the Research Topic
Frontiers in marine geomorphometry

Marine geomorphometry is the science of quantitative terrain characterization
applied to the seabed. Like many geospatial applications, techniques used for marine
geomorphometry have been sourced from the terrestrial sciences. Through progress in the
fields of seabed mapping, marine geomorphology, benthic habitat mapping, and marine
ecology, scientists have realized new and unique requirements for characterizing the
seafloor terrain. Simultaneously, great advances in seafloor mapping technologies have
revolutionized our capacity to map the oceans in high detail. The widespread uptake of
swath mapping technologies - namely, multibeam echosounders - enables the production
of spatially continuous high-resolution bathymetric surfaces, akin to those produced using
electromagnetic remote sensing on land. In parallel, new methods for satellite-derived
bathymetry and the increasing availability of bathymetric LIDAR products provide new
digital surface models of underwater coastal environments. These innovations, coupled
with the unique data requirements of marine science, provide opportunities for innovation
within the burgeoning field of marine geomorphometry.

This Research Topic on Frontiers in Marine Geomorphometry is a forum through
which to communicate the latest innovations within this field. Here, we invited
contributions addressing all aspects of geomorphometry that introduce new knowledge
or approaches to improve understanding of seafloor environments - from the coast to the
abyss. The United Nations has declared 2021-2030 the Decade of Ocean Science for
Sustainable Development, and corresponding efforts to map the global oceans have
accelerated greatly. The influx of ocean data creates unprecedented opportunities to
study and characterize the seafloor. Our goal in establishing this Research Topic was to
support the dissemination of novel approaches and applications of quantitative analysis of
seafloor mapping datasets to enhance our ability to understand, monitor, and manage
the oceans.

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fmars.2024.1419518/full
https://www.frontiersin.org/articles/10.3389/fmars.2024.1419518/full
https://www.frontiersin.org/research-topics/46826/frontiers-in-marine-geomorphometry/overview
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fmars.2024.1419518&domain=pdf&date_stamp=2024-05-02
mailto:bmisiuk@mun.ca
https://doi.org/10.3389/fmars.2024.1419518
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/marine-science#editorial-board
https://www.frontiersin.org/marine-science#editorial-board
https://doi.org/10.3389/fmars.2024.1419518
https://www.frontiersin.org/journals/marine-science

Misiuk et al.

Marine geomorphometry applications

Marine geomorphometry has become well-established within the
last decade. The fields of marine geology, geomorphology, and habitat
mapping were early adopters of geomorphometric approaches
(Wilson et al., 2007; Lecours et al., 2016), which remain the most
represented fields in this Research Topic. Studies by Duran et al,
Hillman et al., Le Saout et al., Recouvreur et al., and Sklar et al. each
utilize geomorphometry to link morphological characteristics to
substrate or geological interpretations. Arosio et al, Huang et al,
Linklater et al, Nian et al, and Sklar et al. present different
approaches to identifying submarine features based on various
terrain attributes. These studies represent general geomorphometry
— the analysis of a surface as a spatially continuous field - to inform
specific geomorphometry classifications. Specific ggomorphometry is
the characterization of discrete surface entities, or landforms. Klein
et al. and Lucieer et al. use geomorphometry in this way to identify
known geomorphological seascape features from bathymetric data.
Marine geomorphology and habitat mapping are often closely linked,
as Fallati et al. demonstrate by associating geomorphic units to
habitat types such as bacterial mats and tubeworms. Studies by
Arosio et al, Hillman et al, Huang et al, Lucieer et al.,, and Sklar
et al. map extensive seabed areas, often with the aim of optimizing
conservation and management efforts.

Marine geomorphometry applications are diverse. Mogstad
et al. and Nian et al. employ it as a predictive ecology tool while
Duran et al. and Sklar et al. focus on mapping geomorphology.
Relatedly, Klein et al. utilize geomorphometry for characterizing
volcanic islands that may be at risk of tsunami events through the
comparison of geomorphometric parameters. By using data sourced
from the General Bathymetric Chart of the Oceans (GEBCO) and
ship-based bathymetry, their analysis reveals that morphometric
parameters describing island size and slope may be useful for
assessing geohazard in areas where high-resolution bathymetric
data are lacking. Fallati et al. focus on both ecological and
geoscience concepts to explore relationships between geomorphic
units and benthic habitats using a combined ROV-based multibeam
mapping and underwater photogrammetry approach. This
workflow facilitates a deeper understanding of the role that
geomorphic variability plays in structuring benthic habitats in
extreme settings such as cold seeps.

State of the art approaches

This Research Topic highlights new trends and techniques in
marine geomorphometry. We observe decisive progress towards
establishing deep learning approaches for the automation of marine
geomorphometric and morphological analyses. Semi-supervised
and rule-based classifications remain commonplace for the (semi-
)automated mapping of marine morphology with bathymetric data,
yet new methodologies based on the implementation of
convolutional neural networks (CNN) indicate the potential for
increased automation and precision. Arosio et al. demonstrate for
the first time the application of deep learning CNN models for the
accurate semantic segmentation of marine morphological features.
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Using this approach, they show that these models may “learn” to
identify and segment seabed morphological features from
bathymetric data according to an accepted and standardized
vocabulary with a relatively small number of human annotations
over a regional extent. Nian et al. also explore the application of
deep learning to classify the seafloor according to observed
morphological classes using multibeam bathymetric data. They
indicate the potential for developing online and adaptive path
selection for underwater vehicles, based on environmental
context. Relatedly, Mogstad et al. utilize CNNs for the automated
classification of autonomous underwater vehicle acoustic data, but
for the purpose of identifying cold-water coral reefs. They mobilize
a suite of acoustic and spectral sensors to investigate the
morphology of these important habitats across the Tautra Ridge
marine protected area, Norway. Here, deep learning enabled the
automatic identification of corals from very high-resolution (4 cm)
synthetic aperture sonar (SAS) backscatter data at an impressive
level of detail and accuracy, providing a basis for morphometric
characterization of cold-water coral reefs. These studies suggest the
emergence of deep learning as a groundbreaking marine
geomorphometry tool; they are amongst the first examples of how
artificial intelligence may enhance the efficiency and accuracy with
which morphological features are mapped on the seafloor.

We observe continued innovation within the field of marine
geomorphometry, and several new tools are presented within this
Research Topic for the first time. Two of these are aimed at
facilitating efficient morphological classification through semi-
automated workflows. Huang et al. present a new toolbox for rule-
based classification of bathymetric position features (i.e., highs and
lows), as defined by the recent morphology features glossary of Dove
et al. (2020). They provided open-source Python tools within ArcGIS
that enable the flexible classification of features over multiple scales
using only bathymetric data as input, and the authors prove the
efficiency and extensibility of these at different and varied study sites.
Linklater et al. have also developed a semi-automated toolbox that
enables the classification of continental shelf bedforms within
ArcGIS. Their toolbox differs notably from that of Huang et al. by
focusing on a different set of features at the scale of continental and
island shelves. They demonstrate classification of these features using
high resolution (2 - 20 m) multibeam and bathymetric LiDAR
datasets. Each of these new semi-automated morphological
toolboxes were developed in Australia, and we note some
interesting methodological congruences such as an initial
automated bathymetric segmentation step that is subsequently
classified and reviewed by the user.

Additional novel approaches presented within this Research
Topic facilitate visualization of geomorphometric data. Gross et al.
present an asset-based framework for realistic representation
and visualization of geomorphometric data within a virtual
environment. They demonstrate how modern game engines such
as Unreal Engine 5 may be leveraged to apply realistic lighting and
physics to a classified digital surface model to produce an immersive
outreach and communication tool. Novak et al. also provide an
innovative geomorphometric visualization resource, called the
Relief Visualization Toolbox (RVT). They discuss how these tools
may enable tailored solutions for bathymetric applications using
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advanced hillshade and multiscale terrain functions, relief models,
and additional methods for “blending” these. The authors make
these tools widely and freely available through ArcGIS, QGIS,
Python, and standalone executable implementations.

In addition to the new geomorphometry tools presented by
Linklater et al. and Huang et al,, there is a conspicuous movement
towards improving the standardization and objectivity of marine
morphological classifications. Lucieer et al. propose a systematic
and repeatable approach for the broad-scale mapping of
morphological features across 37 Australian Marine Parks to
produce consistent data products that may support regional
science, planning, and conservation. They demonstrate how this
approach enables morphological characterization and comparison
of the parks using a standardized and accepted classification
scheme. Sklar et al. implement an alternative data-driven
approach to mapping morphological features in the Gulf of St.
Lawrence, Canada. They derive representative geomorphometric
features from broad-scale bathymetry, which were ordinated and
clustered to produce a set of discrete morphological features that
were interpreted and labelled according to established and
standardized definitions from the literature. Recouvreur et al. also
demonstrate the advantages of automated and objective approaches
to regional mapping of bedrock areas across the northeast Atlantic
Irish continental margin. Again, such approaches are enabled
through characterization of the terrain using geomorphometry
and the calculation of terrain attributes from bathymetric data.

Conclusions

Marine geomorphometry was recognized in 2015 as a distinct
sub-discipline of geomorphometry by the International Society
for Geomorphometry. It is now a well-established discipline, yet
this Research Topic demonstrates continuous evolution of tools
and approaches. While “traditional” marine geomorphometry
techniques remain highly relevant for studying the marine
environment, new approaches are fast developing, such as deep
learning and structure-from-motion photogrammetry (Arosio et al.,
Fallati et al.,, Mogstad et al.). These are now being used to analyze an
increasing diversity of mapping datasets from satellite and drone
systems (Gross et al.), AUV/ROV multibeam (Le Saout et al.),
bathymetric LIDAR (Linklater et al.), and synthetic aperture sonar
(Mogstad et al.). Compared to terrestrial datasets though, these data
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remain scarce, and there is a strong need to increase discoverability
and accessibility of ocean mapping data. The Ocean Decade and
other large-scale efforts to compile bathymetric data are promising,
but increased data sharing by individual groups has potential to
accelerate ocean science, and to benefit the scientific community at
large. The trajectory of marine geomorphometry research currently
suggests that characterization of seafloor features and habitats
are likely to become increasingly automated, while novel
geovisualization techniques show great potential to improve
interpretation by managers and stakeholders. As the field
continues to progress, we look forward to continued innovation
that will push the frontiers of marine geomorphometry.

Author contributions

BM: Writing - review & editing, Writing - original draft. VL:
Writing - review & editing, Writing - original draft,
Conceptualization. MP: Writing — review & editing, Writing -
original draft. MG: Writing - review & editing, Writing - original
draft. TA: Writing - review & editing, Writing — original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Wilson, M. F. J., O’Connell, B., Brown, C., Guinan, J. C., and Grehan, A. J. (2007).
Multiscale terrain analysis of multibeam bathymetry data for habitat mapping on the
continental slope. Mar. Geod. 30, 3-35. doi: 10.1080/01490410701295962

frontiersin.org


https://doi.org/10.3389/fmars.2023.1258556
https://doi.org/10.3389/fmars.2023.1236788
https://doi.org/10.3389/fmars.2023.1302108
https://doi.org/10.3389/fmars.2024.1306396
https://doi.org/10.3389/fmars.2023.1258070
https://doi.org/10.3389/fmars.2023.1228867
https://doi.org/10.3389/fmars.2023.1269197
https://doi.org/10.3389/fmars.2022.848888
https://doi.org/10.3389/fmars.2023.1229489
https://doi.org/10.3389/fmars.2023.1273574
https://doi.org/10.3389/fmars.2023.1258556
https://doi.org/10.3389/fmars.2022.848888
https://doi.org/10.5281/ZENODO.4071939
https://doi.org/10.5194/hess-20-3207-2016
https://doi.org/10.1080/01490410701295962
https://doi.org/10.3389/fmars.2024.1419518
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Editorial: Frontiers in marine geomorphometry
	Marine geomorphometry applications
	State of the art approaches
	Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


