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National Terrain Mapping

The long-term objective of this research is to automatically extract and/or map
terrain features for national mapping, and in so doing, set precedence for similar
work in other subject matter realms.

The CEGIS 3DEP Initiative involves applications research projects, including pilots and test beds in areas
such as the generation of derivative products from lidar that are National in scope, and creation of
decizion support systems with 3DEP and geospatial semantics. The modeling, identification, and
extraction mechanismes for terrain features such as mountains, hills, and valleys are in part dependent on
an understanding of their creation, on their morphometric properties such as shape and size, and on
naive perception of the physical landscape. Lidar data are being acquired as a part of the 3D Elevation
Program (3DEP)} and have sufficient resolution to capture the many and varied aspects of all types of
terrain features. The ability to use these data as a source for extraction of geomaorphologic and/or terrain
features that can then be used to support spatial reazoning and natural language processing, and
topographic science modeling and map generation, depends on a thorough understanding of both the
features themselves and the everyday human conceptions of those features.



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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What is the Geographic Names Information System (GNIS)?

The Geographic Names Information System (GNIS) was developed by the U .S Geological Survey (USGS) in cooperation with the U.S.
Board on Geographic Names (BGN), which maintains cooperative working relationships with state names authorities to standardize
geographic names. GNIS contains information about the official names for places, features, and areas in the 50 states, the District of
Columbia, and the territories and outlying areas of the United States, including Antarctica. GNIS is the geographic names component of
The Natienal Map.

GNIS contains records on more than 2 million geographic names in the United States, including populated places, schools, lakes,
streams, valleys, and ridges. It includes all feature types except for road and highway names.

Search the GNIS using its Query Form for the United States and Its Territories. A feature search on GNIS yields the longitude and
latitude of the feature, the name of the topographic map on which the feature can be found, and feature information. There are also links
to topoagraphic maps as well as aerial photography via the National Map and other sources.

Learn more:

« Geographic Names Information Guide
« An Introduction to the United States Board on Geographic Names

Explore More Science

maps and atlases

National Geographic Names
Information System (GNIS)
topographic maps

Mapping, Remote Sensing, and
Geospatial Data



https://www.usgs.gov/faqs/what-geographic-names-information-system-gnis?qt-news_science_products=0#qt-news_science_products
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GNIS TYPE

DESCRIPTION

Cliff

Very steep or vertical slope
(bluff, crag, head, headland, nose, palisades, precipice,
promontory, rim, rimrock)

Pillar

Vertical, standing, often spire-shaped, natural rock formation
(chimney, monument, pinnacle, pohaku, rock tower)

Range

Chain of hills or mountains; a somewhat linear, complex
mountainous or hilly area (cordillera, sierra)

Ridge

Elevation with a narrow, elongated crest which can be part of a
hill or mountain (crest, cuesta, escarpment, hogback, lae, rim,

spur)

Prominent elevation rising above the surrounding level of the
Earth's surface; does not include pillars, ridges, or ranges

(ahu, berg, bald, butte, cerro, colina, cone, cumbre, dome, head,
hill, horn, knob, knoll, mauna, mesa, mesita, mound, mount,
mountain, peak, puu, rock, sugarloaf, table, volcano)
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=ummit
=ummit
Summit
Summit
Summit
Summit
Summit
Sumrmnit
Surmmit
Summit
=ummit
=ummit
=ummit
Summit
Summit
Summit
Summit
Summit
Sumrmnit
Surmmit
Summit
=ummit
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GENERIC FREQ
MOUNTAIMN 21,413
HILL 16,765
PEAK 7,042
BUTTE 3,914
KNOB 3,774
POINT 1,597
MESA 1,380
ROCK 1,175
HILLS 636
TOP 601
KNOLL 512
MOUND 363
BUTTES 350
PEAKS 298
DOME 232
HEAD 23
ROCKS 218
SUMMIT 150
MOUNTAINS 182
COME 106
KNOBS 101
KNOLLS 90
TABLE 90
RIDGE &1
MOUNDS af
HUMP 48
LOOKOUT 48
ROUNDTOP 45
MIPPLE 42
TEMPLE 40
MEST a0
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Hange
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PINNACLES
MEEDLES
MEEDLE
PEAK
POINT
CASTLE
SPIRE
CHIMNEY'S
CHIMMNEY
PILLAR
THUMB
CRAGS
TOOTH
HEAD

693
066
405
&2
29
14
14
&
6
6

CLASS
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge
Ridge

GENERIC
RIDGE
MOUNTAIN
DNIDE
HILL
POINT
SPUR
HILLS
BACKBOMNE
MOUNTAINS
HOGBACK
LEAD
KNOBS
RIDGES
RANGE
REEF
CREST
BUTTE
RIM
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PEAKS
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USGS GNIS Analysis
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Feature Mame: |

[l Exact Match

State: | Chio

Click the feature name for details and to access map Services

Click any column name to sort the list ascending & or descending ¥

Acme Hill

1063506

Summit

Medina

410135N

0814756W

Seville

01-0CT-1991

Allen Knokb

1048452

Summit

Fairfield

394133N

0823020W

Amanda

12-JUL-1979

Anstineg Hill

Countg..'_:| w

1963544

Summit

Hardin

403531N

0835019W

Roundhead

11-SEP-2002

Asher Hill

1037515

Summit

Ross

391956M

0831455W

Bourneville

12-JUL-1979

Backus Knoh

1056212

Summit

Tuscarawas

401636M

0813001W

Mewcomersiown

12-JUL-1879

Bacon Hill

1067182

Summit

Fortage

410012N

D811728W

Suffield

01-FEB-1992

Eald Hill

1037529

Summit

Ross

J02332N

0825602W

Kingston

12-JUL-1879

Bald Knob

1062578

Summit

Ashland

403916MN

na21421W

Loudonville

01-APR-1991

Bald Knobh

1048433

Summit

Fuoss

391506M

0831917W

South Salem

12-JUL-1879

Bald Knob

1048432

Summit

Fike

390154M

0830432W

Fiketon

12-JUL-1979

Bald Knob

1061350

Summit

Licking

400204MN

DE822224W

Hanover

12-JUL-1879

Bald Knob

1060241

Summit

Licking

400640M

0821133W

Toboso

12-JUL-1979

Bald Knob

1048431

Summit

Logan

401726MN

08341420

Zanesfield

12-JUL-1879

Ball Knob

1037599

Summit

Ross

391314N

0830441W

Summithill

12-JUL-1979

Ballards Hill

1067569

Summit

Geauga

413523N

02810835W

Chardon

01-FEEB-1992

View & Print all Save as pipe " delimited file

Screenshot from https://geonames.usgs.qov

|row(s) 1-1507243 v | @)

(&)



https://geonames.usgs.gov/
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HIGH MOUNTAINS

Low MOUNTAINS
TABLELANDS

HIGH HILLS
ROUGH HILLS
SMOOTH HiLLS
IRREGULAR PLAINS

FLAT PLAINS

A RANGE SOURCES: ESRI, USGS, NOAA

® SUMMIT 2

+ VALLEY
KILOMETERS
N

[] ENcLOSED VALLEY A

ENCLOSED SUMMIT AND VALLEY

[] EncLOSED SummMmIT

1. HUDSON MOUNTAIN  12. BARLOW CHRISTIAN MOUNTAIN
2. MIDDLE MOUNTAIN 13.ICELEDO MOUNTAIN

3. RIDDLE POINT 14. PINE HILL

4. ROUND HiLL 15. CHINQUAPIN KNOB

5. ROUND MOUNTAIN 16.RED HILL

6. BLAYLOCK KNOB 17. DANIEL MOUNTAIN

7. KENT MOUNTAIN 18. ROCK HOUSE HOLLOW
8. RICKETTS MOUNTAIN 19. HURRICANE HOLLOW
9. JUDEA MOUNTAIN 20. CEDAR HoLLOW

10. LOST MOUNTAIN 21.LAWYER HOLLOW

11. HORN MOUNTAIN

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

13


https://doi.org/10.1080/15230406.2018.1526652

LEVELS

Examples

2000
LANDFORM

Mountain Range,
Mountain, Hill,
Valley, Plain,

BN

LANDSCAPE
ONTOLOGY

]

LANDFORM
OBJECT

Mount, Range,
Summit, Peak,
Ridge

2

Peak, Pass,Ridge,
Pit, Plain,
Slope-facets

LANDFORM
OBJECT
ONTOLOGY

' DEM PIXEL

Pixel, Cluster,
Segment,
Region

;

ORPHOMETRIC
ONTOLOGY
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Ai =2 Morphometric peak

Ci = Key col

"Core A2

Ca

CONCEPTUAL DIAGRAM FOR ILLUSTRATING THE CORE AREA AND KEY COLS (CZ - C4) OF PEAKS
(AZ —A4). THE HIGHEST PEAK AI'S KEY COL IS BEYOND THE AREA SHOWN.




A 4

(e) Prommence >100 ft (92) (f) Prommence > 200 ft (49) ‘ (@ Prommence > 500 ft (16). (h) Prommence > 1000 ft (5)
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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.orq/10.1080/17538947.2020.1754936
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GNIS Summit features in the
Great Smoky Range of the
Blue Ridge Mountains, USA.
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A GNIS Summit Features
[:l USGS Reference Polygons
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GNIS Summit features in the
Great Smoky Range of the
Blue Ridge Mountains, USA.
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Property

Statistic

Automated
Core

Manual
Polygon

Percent
Difference

Area (m?)

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

Distribution of CAC

— Mean : 0.277

0171 0.256 0.241 0426 0.512 0.597 0.682 0.767 0.853 0.938

CAC




> 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.




Specialization <——— DOL:PhysicalEndurant

AN AN | DOL:

Parthood < DependentPlaceFeature | J
]

|
Physical dependence < | | DOL:PhysicalObject | |DOL:AmountofMatter| | | DOL:Feature

i L DOL:

RelevantPartFeature
Terrestrial A
PlanetaryBody
PlanetaryBodySurface
/|
supportedBy

Landform

SupportedLF MatDependentLF

I ]

PlanarLF SaddleLF ConcavelF |_- Hole
ﬁk hostedBy
P EminenceLF HorzPlanarLF VertPlanarLF DepreszonLF
L _ _ ? [ ]
SupportedEminencelLF DependentEminencelLF OpenDepressionLF ClosedDepressionLF
LongSupported LongDependent Long
EminencelLF EminenceLF OpenDepressionLF

Sinha G, Arundel S, Hahmann T, Stewart K, Usery EL, Mark DM (2018). The Landform Reference Ontology (LFRO): A foundation for exp/og’ng
linguistic and geospatial conceptualization of landforms. GIScience 2018, LIPICS Vol. 114. DOI: 10.4230/LIPIcs.GISCIENCE.2018.59



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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