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Abstract
Geomorphological processes shape the landforms which define the terrain of a given area, and the landforms in

turn support different ecological or geological processes. Accurate and detailed classification of landforms

within a given area are necessary for land use planning, precision agriculture, habitat determination, landslide

susceptibility, and more. This study examines the usage of a landform classification scheme based on

Topographic Position Index (TPI) in the Willamette Valley of Oregon. Starting combining elevation of points to

the neighborhood mean and the relative slope of the point, this method of landform determination then

combines a large and small scale analysis to classify all points in a raster into one of ten landform types. These

landforms, ranging from deeply incised canyons to small streams; plains to moderate slopes; and local ridges to

mountain tops, were then cross-referenced with both the landcover and the lithology of the Willamette Valley.

The model accurately separated rough, mountainous terrain from broad flat areas, but failed to recognize

landforms on a large enough scale to encompass the entire valley.
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Background

● Landform classification: simplifies terrain into distinct landforms
○ Example landforms: mountains, plateaus, plains, channels, pits

● Topographic features are created by geologic and biologic processes

● Are landforms over a given area distinctly influenced by bedrock geology 

and do they influence landcover? 

● Can we automatically classify landforms for an entire area, such as the 

Willamette Valley, starting with a DEM?
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Regional Context--Willamette Watersheds



Topographic Position Index (TPI)

Compares elevation of a cell to the mean elevation of the neighborhood around it

Takes slope into account 



Topographic Position
Classification



Each point is 
compared to the 
average value of 
the annulus.

Slope is used to 
separate broad 
open slopes 
from broad flat 
areas.





Landform Classification Scheme: Combine



Landform Classification 









Landcover Analysis





Percent Area of Landcover Type 
per TPI Class

Percent Area of TPI Class 
per Landcover Type

Evergreen forests present in all 
topographic positions

Hay and pasture 
dominant in plains

Perennial snow on slopes, 
mesas, and ridges

Plains are dominant for 
development, hay, pasture, 
crops, and wetlands

Open slopes for forest



Lithology Analysis





Percent Area of Lithology Type per TPI Class

Percent Area of TPI Class per Lithology Type

Landscape is predominantly 
volcanic in all areas except 
“plains”, where surface sediment 
dominates. Sediment collects in 
depressed landforms--valleys 
and canyons. Plutonic rocks seen 
mostly on ridges. 

Most rocks found on open slopes, 
most sediment found on plains. 



Verification



Erwin Raisz--Landforms of the Northwestern United States



Errors & Accuracy

● TPI has limitations on heterogeneous landscapes
○ Large scale analysis of broad mountains/river valleys not 

possible

● Attempted scale of analysis larger than previous 

uses of TPI to classify landforms 

● There is no standard method for determining sizes 

other then trying multiple scales and testing for 

desired sensitivity

● Original DEM from DOGAMI has strange artifact, not 

sampled well--this proved an issue with detailed 

analysis 
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Discussion & Future Applications

● TPI is great for detailed, small scale landform classification 

● Landform classification set in terms of immediate relationships, then 

contextualized within larger relationships

● Possible Uses: 
○ Landslide susceptibility on local scales

○ Watershed development and management

○ Agricultural analysis and planning based on landform shape

● Next steps:
○ Finer resolution DEM

○ Smaller scale analysis to provide more useful landforms

○ More detailed geological analysis

○ 3 scale combination of TPI to classify more specific landforms
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