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https://www.usgs.gov/core-science-systems/ngp/cegis/national-terrain-mapping?qt-science_support_page_related_con=1#qt-science_support_page_related_con
https://www.usgs.gov/core-science-systems/ngp/cegis/national-terrain-mapping?qt-science_support_page_related_con=1#qt-science_support_page_related_con
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USGS GNIS: Mapping Toponyms

https://www.usgs.gov/faqs/what-geographic-names-information-system-gnis?qt-news_science_products=0#qt-news_science_products
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USGS: The National Map

https://apps.nationalmap.gov/viewer

https://apps.nationalmap.gov/viewer/
https://apps.nationalmap.gov/viewer


GNIS Classes for Eminences
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GNIS Eminence Type Counts





USGS GNIS: Mapping Toponyms
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Screenshot from https://geonames.usgs.gov

https://geonames.usgs.gov/


9

General Terrain Feature Extraction

Jasiewicz, J. & Stepinski, T. F. (2012). 

Wood, J. (1996) Weiss, (2001) & Jenness, J. (2006) 
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Wood’s 
Morphometric 

Features

Wael Hassan (2020). Comparing 
Geomorphometric Pattern 
Recognition Methods for Semi-
Automated Landform Mapping.
MS Thesis, Department of 
Geography, Ohio University, USA.



Geomorphons
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Wael Hassan (2020). Comparing 
Geomorphometric Pattern 
Recognition Methods for Semi-
Automated Landform Mapping.
MS Thesis, Department of 
Geography, Ohio University, USA.



Topographic 
Position 

Index (TPI)
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Wael Hassan (2020). Comparing 
Geomorphometric Pattern 
Recognition Methods for Semi-
Automated Landform Mapping.
MS Thesis, Department of 
Geography, Ohio University, USA.



GEOBIA Segmentation & Classification
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Arundel S.T. , Sinha G. (2018). Validating the use of object-based image analysis to map commonly
recognized landform features in the United States. Cartography and GIS, 46(5), 441-455.
DOI: 10.1080/15230406.2018.1526652

https://doi.org/10.1080/15230406.2018.1526652


Hierarchical Integrated Reasoning
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Individual Feature Extraction
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Key Col & Prominence
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CONCEPTUAL DIAGRAM FOR ILLUSTRATING THE CORE AREA AND KEY COLS (C2 – C4) OF PEAKS

(A2 – A4). THE HIGHEST PEAK A1’S KEY COL IS BEYOND THE AREA SHOWN.



Prominence Filtering of Peaks
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Snapping GNIS Summits to Peaks

Source: Samantha T. Arundel & Gaurav Sinha (2020): Automated location correction and spot
height generation for named summits in the coterminous United States.
International Journal of Digital Earth: https://doi.org/10.1080/17538947.2020.1754936

https://doi.org/10.1080/17538947.2020.1754936


Manual vs. Automated Cores

GNIS Summit features in the
Great Smoky Range of the
Blue Ridge Mountains, USA.



Manual vs. Automated Cores
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GNIS Summit features in the
Great Smoky Range of the
Blue Ridge Mountains, USA.



Small Eminences (Knob)
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Elongated Eminences (Ridges?)
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Property Statistic
Automated

Core
Manual
Polygon

Percent 
Difference

Area (m2)

Min 603 11,281 1.4
Max 17,276,850 9,795,338 74,863

Mean 1,397,879 1,001,331 1,893
Std. Dev 3,600,661 1,636,711 3,246

Perimeter 
(m)

Min 142 401 0.3
Max 101,708 18,192 1,733

Mean 9,233 3,497 123
Std. Dev 17,406 3,246 253

Quantitative Comparison



➢ At least, one method to create individualized representations
of culturally salient eminences (or a core footprint of their
peaks)

➢ Other methods may be even better, we have not explored yet!

➢ Visual and geometric comparison of automated and manually
delineated extents confirms that GNIS Summit feature class is
a general category that includes a wide variety of eminences

➢ Mapping areal representations of the individual eminence
features will reveal hitherto unknown information about the
range of shapes and sizes of eminences, not just in the United
States, but anywhere in the world.
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Summary…



Sinha G, Arundel S, Hahmann T, Stewart K, Usery EL, Mark DM (2018). The Landform Reference Ontology (LFRO): A foundation for exploring 
linguistic and geospatial conceptualization of landforms. GIScience 2018, LIPICS Vol. 114. DOI: 10.4230/LIPIcs.GISCIENCE.2018.59

Landform Reference 
Ontology (LFRO)
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http://dx.doi.org/10.4230/LIPIcs.GISCIENCE.2018.59


➢ Test other termination criteria instead of key col

➢ Test boundary contraction and morphological complexity

➢ Further explore application of Wood’s quadratic polynomial
and geomorphon based terrain characterization

➢ Context and multi-parameter eminence-core mapping
framework being developed

➢ USGS exploring machine learning based workflow for
automating feature footprint extraction for terrain features

➢ Landform Reference Ontology (LFRO) guided feature
extraction for multiple types of landforms, not just eminences

➢ULTIMATE GOAL… Creating comprehensive open-
source toolkit for extracting eminences!
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Next Steps…
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