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Geomorphological map characterizes the relief of the surface according to its morphography; it is compiled manually for the purpose of cartographic (visual) analysis. Geomorphometric (GMPM) map is an interpreted (thematic)
map of topography; it is generated by a computer algorithm from a DEM. A GMPM map constitutes a database
for automated analysis of landscapes. In its cartographic
form it can also be used in lieu of shaded relief for visual interpretation of landscapes. We have developed a novel
method for robust and eﬃcient generation of GMPM maps.
Our method is based on the principle of machine vision
rather than traditional diﬀerential geometry. In order to
demonstrate the power of our method we have applied it
to generate a 30m/pixel resolution GMPM map for the
entire conterminous United States.
The core of our method is a notion of geomorphon [1]. A
geomorphon is a relief-invariant, orientation-invariant, and
size-ﬂexible abstracted elementary unit of terrain. It is
calculated from DEM using simple ternary patterns deﬁned
on a neighborhood which size adapts to the character of
local terrain.
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Pattern in the form of a string can also be
considered as a ternary number which can
be converted to a decimal number.

There are 498 patterns
that are invariant to rotation and reﬂection.
These patterns are refered to as geomophons.
Geomorphones constitute a comprehensive
and exhaustive set of
idealized landforms. In a
typical ﬂuvial landscape
only about 60% of all
possible geomorphons
are actually present. The top 30 geomorphons account for
85% of all cells in a raster. A single scan of a DEM results in
a raster (map) of geomorphones.
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The geomorphons method does not use a ﬁxed-size
neighborhood, instead the size and the shape of a neighborhood, from which the landform type is determined,
adjusts automatically to the geometry of the local terrain
using the line-of-sight principle originally proposed in connection with the notion of terrain openness [3]. This allows
our method to determine the most appropriate landform
type (and its scale) in a single scan of the DEM.
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Multiple diﬀerent geomorphons correspond
to a single semantic landform type (for example,
valley)

Lookup table for reclassiﬁ1
cation of geomorphones
into the 10 most common
landform types.
Rows/columns in a
table indicate number of
(-1)/(1) ternary elements in geomorphon
pattern. Abbreviations for common landform types are: FL - ﬂat; PK - peak; RI ridge; SH - shoulder; HL - hollow; SL - slope;
SP - spur; FS - footslope; VL - valley; PT - pit.
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Basin and Range
province in
Nevada. GMPM
map shows
dominance of ﬂat valley ﬂoors (gray)
which become slopes (yellow) toward
mountain ranges . Ranges themselves
are shown as intricate patterns of ridges
(red) and valleys (blue).

Example close ups
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Appalachian
Mountains in Virginia. The middle
of GMPM map
shows Ridge and Valley Province dominated by long slopes (yellow). Highly disected regions (small-scale pattern of red,
yellow, and blue) are in NW (Appal. plateau) and in SE (Blue Ridge Mtns.)

This GMPM map
was auto-generated
from the 30m/pixel
National Elevation
Dataset (NED) [2]
DEM. The raster
map has 168000 x
104000 cells. It was
calculated using a GRASS GIS
extension written in ANSI C.
Calculations took 60 hours
using a computer with a
single Intel 4 cores , 2.66
GHz processor and 18GB
memory.
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Conclusions

Geomorphons represent a paradigm shift in DEM classiﬁcation because the method is underpinned by principles of
machine vision rather than diﬀerential geometry resulting
in robust and eﬃcient terrain classiﬁcation.
A single pass through a
raster assigns elementary terrain patterns to all raster cell resulting in fast processing of
large datasets.
A ﬁnite number of elementary patterns is suﬀcient to encapsulate all possible landforms.

Self-adaption to actual terrain results in detection of landforms on most appropriate
spatial scale.
Assigned landforms can be
reclassiﬁed into a small number
of most common landform
types.

The output of geomorphons processing is a geomorphometric map which interpretes topography in categorical
fashion.

Wisconsin drumlin ﬁeld. The terrain is generally
ﬂat (gray) and
made up of drumlins, oblong hills that on
GMPM map show as elongated features
consisting of ridges (red) and footslopes
(green) oriented northeast to southwest
in the direction of the glacial ice ﬂow.

On large scale a GMPM map
can be used in lieu of or in addition to a map of shaded relief to
delineated and interpret landscapes.

A GMPM is an input for
future “landscape search
engine” - an algorithm for query
and retrieval of similar landscapes in large datasets.

On smaller scale a GMPM
map can be used for quantitative analysis of landforms

A GMPM is an input for cartographic generalization algorithm which delineates boundaries of physiographic provinces.
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