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Democratize online access to high-resolution topography 
• Lidar, photogrammetry, & satellite derived topographic data 
• Access to data – from raw point cloud to easy to use derived 

products. Co-location of data with processing



3D IMAGING WITH CAMERAS & LASERS

Johnson et al., Geosphere, 2014

D. Space-based Meters to centimeters spatial sampling



AGENDA

1. Community Dataspace

2. Data available to you: ~47 trillion pts!

3. Topographic differencing

2019 Little Cottonwood Canyon, Tanners Gulch Debris Flow, Utah
(https://doi.org/10.5069/G9FX77KF)





STRUCTURE FROM MOTION PHOTOGRAMMETRY

Photogrammetric 
model of the 
Tecolote Volcano, 
Sonora, Mexico.
https://doi.org/10.5069/G9
028PFR

~2k images = 
563 million pts

309 pt/m2

8 cm gridded 
resolution



LONG TAIL TOPOGRAPHIC DATA
siz

e

number

a.k.a “dark data” (Heidorn, 2008)

LONG TAIL

- Acquired by individual 
investigators or small teams

- Modest size but great value J. Dietrich

HEAD



OT COMMUNITY DATASPACE



DEMO: HTTPS://OPENTOPOGRAPHY.ORG/





Raster Data 
Subsetting

PC Data Filtering & 
Subsetting

Vertical Differencing

3D Visualization

Canopy Height Model Topographic 
Hillshades

Digital Elevation Models
TIN / Local Gridding

TOPOGRAPHY 
DATA

3D Differencing Hydrology Tools (TauDEM)

DATA SERVICES

Contour Lines



VERTICAL DIFFERENCING: SAND DUNE MIGRATION, WHITE
SANDS NATIONAL MONUMENT, NEW MEXICO

Compare: 1st dataset
Sept 2009

Reference: 2nd dataset
June 2010 Vertical difference



VERTICAL TOPOGRAPHIC DIFFERENCING

Identical grid for pre and post event topography



Raster subtraction 

VERTICAL TOPOGRAPHIC DIFFERENCING



Option: mask differences below error threshold 

VERTICAL TOPOGRAPHIC DIFFERENCING



• Overlapping data 
• Dataset must be on identical 

grids 
– Original raster and gridded 

point cloud data 
– Varying raster and point 

densities
• Raster subtraction 
• User-defined error threshold 
• Display difference maps and 

histogram of differences 
Infrastructure damage following the 2016 

M7 Kumamoto, Japan, earthquake.

TOPOGRAPHIC DIFFERENCING WORKFLOW



Vertical Difference (m)
0-15 15

Yosemite, CA
Differencing: 2011-2013



Vertical Difference (m)
0-8 8

Differencing: June 2008- August 2014 
Iowa City, Iowa



Vertical Difference (m)
0-15 15

Salt Lake City Airport 
Differencing: 2011-2013



Vertical Difference (m)
0-4 4

Differencing: Oct 2015- Oct 2017 

Salt Lake City, Utah



THANKS!

@OpenTopography

Facebook.com/OpenTopography

@OpenTopography

info@opentopography.org

crosby@unavco.org
Lake Agnes Rock Glacier, CO

OpenTopography.org



Publish, discover, download, cite
Arrowsmith, J R., DiMaggio, E. N., Garello, G. I., Villmoare, B. and LediGeraru Research Project (2018): 
Photogrammetric model of a portion of the Lee Adoyta Basin, Afar, Ethiopia. Distributed by 
OpenTopography. Accessed July 20, 2022. https://doi.org/10.5069/G95X271W

OT COMMUNITY DATASPACE



OT COMMUNITY DATASPACE



STATUS
• 155 datasets (vast majority UAS SfM)
• Datasets from all over the globe. International contributors.
• Functionality: Data discovery & download; 3D visualization; full processing 

coming soon…



OT COMMUNITY DATASPACE
- Platform for publication of 

long tail topographic data to 
increase impact, enable reuse

- Point clouds, raster-
derivatives, “raw” data/source 
imagery

Features:
- Automated ingest via browser-

based workflow. 
- Standardized & user friendly
- Aligned with FAIR best practices 

for data preservation, curation, 
publication & citation



3D coseismic
displacements from the 

M7 Kumamoto Earthquake 
Scott et al. (2018) 

3D TOPOGRAPHIC
DIFFERENCING



Align pre- and post- event 
point clouds

3D Topographic differencing
Iterative Closest Point 







Scott et al (In Review)



3D DIFFERENCING: WINDOW SIZE SYNTHETIC TESTING

Indiana: 2012, density: 0.6 pts/m2 Utah: 2014, Density: 7.9 pts/m2

Data resolution and quality impact window size
Scott et al (In Review)



Scott et al (In Review)

Use equation to 
recommend window 
size



SLUMGULLION LANDSLIDE, COLORADO

Landslide creep: July 3- July 10, 2015



M7 KUMAMOTO EARTHQUAKE, JAPAN



SAND DUNE MIGRATION, WHITE SANDS, NM



OPPORTUNITIES & CHALLENGES

A revolution in 3 and 4D data collection and 
analysis – ubiquitous point clouds & 3D models

Challenges:
Community needs best practices, standards, 
documentation to fully enable dataset reuse.

Sustainability: Data collection is cheap & easy 
and drones are common (govt, academia, 
industry, personal/hobbyist).


