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LOGISTICS:

1. Ensure you have a Gmail account and at least 500 MB of Google 

Drive space

2. Create an OpenTopography account (if you do not already have 

one) at https://portal.opentopography.org/newUser

3. Bring a laptop capable of connecting to the conference WiFi 

network, ideally with a webGL enabled browser like Chrome or 

Firefox

https://portal.opentopography.org/newUser


INTRODUCTIONS:

1. Name & affiliation?

2. Your research area  / application of high-resolution topography 

and topographic differencing?

3. Experience with lidar / topographic data and geospatial data 

analysis?
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Democratize online access to high resolution topography

Data access (lidar, photogrammetry, satellite) and derived data products

What is OpenTopography?
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https://opentopography.org/



Founded in 2009 

Supported by US National Science 
Foundation (EAR Award No. 2410799, 
2410800 & 2410801)

Who We Are
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Topographic data hosting and distribution

On-demand derived data products and 
visualizations (DEMs, hillshade, slope, contours, 
etc.)

Portal, APIs, cloud native data, notebooks, open 
source code

Education and training in use of high-resolution 
topography

What Do We Do?
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Topographic Data & Derivatives

Vector: ContoursPoint cloud

Indianapolis Motor Speedway

Raster: DEMs, 

hillshade, slope
9



Topography data products and access mechanisms for a 
diverse user community

Range of available data products:

- Easy to access products for browsing and education
- Browse images, Google Earth, 3D visualization 

- Majority of users want a standard gridded product
- GIS products (e.g. DTM, DSM)

- “Raw” point cloud data for modeling or analysis

Multiple Access Pathways

- Web Portal interfaces, APIs and web services,
Bulk Downloads (Cloud Optimized GeoTIFFs - COGs)

Data Services
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85 trillion points from 
lidar & photogrammetry

17 global & regional 
topographic datasets 
(e.g., SRTM, COP30, 
USGS 3DEP 10m)

Goal: Streamlined 
access without the 
need for specialized 
software or local 
compute resources

The Data
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62 lidar point cloud datasets in OpenTopography 

covering 261,600 sq km (3.1 trillion points)

New Zealand National Lidar Program
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SRTM, NASADEM, ALOS World 3D, Copernicus, GEDI L3, GEBCO, ArcticDEM, 
REMA, etc. 

USGS 1m, 10m, 30m
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Global & Regional Topography Data

SRTM 30 m, 90 m

USGS 10 m

Mount Fuji, Japan (SRTM)

Mt Etna, Sicily (Continental Europe DTM)



Vertical Differencing

Data Services

3D Differencing Hydrology Tools 

(TauDEM)

3D Visualization

Canopy Height ModelTopographic 

Hillshades

Digital Elevation Models

TIN / Local Gridding
Contour Lines
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Point Cloud Viewer

Mount Hood
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Visualization Products

Crater Lake 

colored DTM 

hillshade overlain 

on Google Earth 

imagery



Raw DEM Pit Removal (Filling)

Flow Field

Channels, Watersheds, Flow 

Related Terrain Information

From David Tarboton, USU
17

Hydrologic Routing

D8

D-Infinity



GIS Visualizations

Flow Direction Contributing Area

Hydrologic Routing



Topographic Differencing

Multi-temporal data 

comparison / change detection

How do we best utilize the 

growing availability of multi-

temporal topography?

Challenges:

- Methods

- Error assessment

- Data management

LA County Wildfires, January 2025

Palisades Fire Post-fire lidar: NV5 & ALERT California
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Topographic Differencing 

Vertical differencingHillshade 3D differencing

Tools for on-demand 

comparison of datasets. 

Change in the vertical or in 3D.
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OT Community & Impact

260k registered portal users (2.46M jobs)

141k API users (5.3M API calls)

67k OT mailing list subscribers

Since 2009, OT has enabled 1204 peer-

reviewed publications

https://opentopography.org/blog/ot-bibliography-2024-

review-publications-using-opentopography



• “…developing a video game and want to experiment with 
landscapes”

• “…make maps for the family ranch”

• “…providing training and instruction to land surveyors and 
engineers”

• “…development of Emergency Action Plans”

• “…better understand avalanche conditions”

• “…generate fault hazard maps for the state of CA”

• “…I use these data sets both for teaching and for research”

• “…to create orienteering map contours”

• “…estimating forest canopy height and density”

Diverse Use Cases
World Machine; Mine Craft; Unreal
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3D Printing



Short courses on lidar technology, data 
processing and analysis, applications

Video tutorials on OT YouTube channel
https://www.youtube.com/user/OpenTopography

Ready to use classroom activities

Education and Training
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Jupyter Notebooks & Code 
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RiverREM

Python package for the automated generation of relative 

elevation models (REMs) in fluvial environments. 

Open source package built by OT intern Kenny Larrieu 

summer 2022. 
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Topography for 3D Printable Models

Mount Hood 3D Model

https://opentopography.org/learn/3D_printing



Conclusions
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OT provides easy access to high resolution 

and global/regional topographic data and 

derived products

Most comprehensive source of topographic 

data on the internet

Education and training resources for self-

paced learning

State and national-scale datasets present 

massive opportunities for advanced 

processing and analysis



White River, IN

Thank you!

www.opentopography.org

Contact: info@opentopography.org

Socials: @OpenTopography
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Demo: OpenTopography data discovery and access
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Vertical Topographic Differencing

Identical grid for pre and post event topography

Scott et al., (2021)



Vertical Topographic Differencing

Raster subtraction 

Scott et al., (2021)



Salt Lake City Airport

0 m- 15 m 15 m



Yosemite, California

2006-2010

0 m- 15 m 15 m

Vertical Difference (m)



Salt Lake City, Utah

Vertical Difference (m) 0-4 4



On-demand Topographic Differencing

What? 

In a few mouse clicks, users can run  
vertical and 3D differencing on OT

Why? 

Standardize approach

Democratize access to tools

Solve issues, like CRS projections

Challenges:

Legacy & Hybrid data

Algorithms: On-demand

Cyber-infrastructure  & HPC

Vertical Difference (m)
0-8 8

Iowa City, Iowa: 2008-2014

Scott, C., Phan, M., Nandigam, V., Crosby, C., Arrowsmith, R. (2021). Measuring 

change along the Earth’s surface: On-Demand vertical and 3D topographic 
differencing hosted by OpenTopography. Geosphere. 
https://doi.org/10.1130/GES02259.1

https://doi.org/10.1130/GES02259.1


White Sand National Monument, NM

Vertical differencingHillshade 3D differencing



Differencing in OT

Perform differencing on 

(many) overlapping 

datasets

~3000 datasets 

covering over 20% of 

lower 48

Many datasets in New 

Zealand

Record many 

processes

OT USGS 3DEP

NOAA New Zealand



Roundabout Creek, VA

2012 - 2019

500 m

Uncertainty in Vertical Differencing
DSM differencing



Roundabout Creek, VA

2012 - 2019

DTM differencing

500 m

Uncertainty in Vertical Differencing



Why care about uncertainty in differencing?

Errors related to dataset acquisition, processing and 

metadata recording are accentuated in differencing results - 

critical to understand and quantify the impact of these errors

Essential component of the mapping and monitoring system 

envisioned by this working group

Easily communicate the presence of different error types of 

varying orders of magnitude to non-expert users and guide 

them towards a better understanding of error



Uncertainty in Vertical Differencing

SystematicRandom

Spatially 

correlated

Spatially 

uncorrelated

Increasing correlation range length

Properties and spatial patterns of error



Systematic long-range error due to 
metadata errors 

Apparent vertical changes from 10-20 cm 
(incorrect geoid) to a few tens of meters 
(incorrect reporting of ellipsoidal and 
orthometric heights) over the entire 
dataset 

Long-range: km+ scale



Georeferencing errors of the flight 
lines make linear, swath-to-swath 
artifacts

10’s of centimeters (or less) 

Interfere with linear patterns (e.g., 
roads, faults, canals) of surface 
change. 

Long- to mid-range: 
kms - 100s of m

Flight line error



Mid-range:
10s to 100s of m

Horizontal georeferencing error



Horizontal georeferencing error



Short-range : meters to 10s of m

Misclassification error



Geometric distortion

Short-range : meters to 10s of m

A lidar sensor oblique to the ground surface leads to greater 

artificial horizontal offsets.  

This geometric distortion is particularly acute over steep 

slopes.



Uncertainty in Vertical Differencing

Very long 

range

Long range

Mid range

Short range

Very short 

range

Vertical bias

Mean correlated 

uncertainty 

values over three 

length scales

Mean uncorrelated 

uncertainty

Total mean 

uncertainty

– 0.4 m

± 0.004 m



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing

Very long 

range
Vertical bias

e.g. – 0.4 m



Uncertainty in Vertical Differencing

Long range

Mid range

Short range

Mean correlated 

uncertainty 

values over three 

length scales

Sill

Range

Variogram



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing



Uncertainty in Vertical Differencing

         

        
 
 
 
  
 
 
 
  
 
  
  
  
 
 

 

 

  

  

 

           

    

    

    

    
          



Demo



Statewide Topographic Differencing of Indiana

Scott, C. P., Beckley, M., Phan, M., Zawacki, E., Crosby, C., 
Nandigam, V., & Arrowsmith, R. (2022). Statewide USGS 
3DEP Lidar Topographic Differencing Applied to Indiana, 

USA. Remote Sensing, 14(4). 
https://doi.org/10.3390/rs14040847
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Motivation: 
Large-scale topography processing

What does a decade of change look 

like across a state? 

Why Indiana: 

Two statewide datasets 

Anticipated interesting change 

Data-hosting partnership between 
OT and Indiana

Indiana Dunes National Park 

Statewide Topographic Differencing of Indiana
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Big data: Indiana is 102-103 larger 
than the area of large past 
differencing studies 

Computation: 

• Need high performance 
computing (HPC) resources

• Memory needs, especially for 
point cloud to raster/grid 

• Final products are ~4 TB

Noise: Sources? Correct at the 
state-scale?  

Visualize the results? 

Statewide Topographic Differencing Challenges
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Fluvial and riparian

Vegetation (correlations with 

season of data acquisition)

Quarries and mining 

Flight alignment errors 

Browsable map: 
portal.opentopography.org/indiana

Scott et al., (2022)

Digital Terrain Model Digital Surface Model

Indiana Topographic Differencing
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Sinkholes

Scott et al., (2022) 79



Visualize: https://portal.opentopography.org/indiana
IN.mp4

http://drive.google.com/file/d/1zsmral_lnRCgWAIGdvo79VZGB13Yvta4/view


Palisades Fire
Blog post: https://opentopography.org/blog/using-lidar-understand-impacts-2025-

palisades-and-eaton-fires-los-angeles-ca

Data portal: https://portal.opentopography.org/lafires 

Differencing shows the impacts of the 
2025 LA Fires

https://opentopography.org/blog/using-lidar-understand-impacts-2025-palisades-and-eaton-fires-los-angeles-ca
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Differencing shows the impacts of the 
2025 LA Fires

Eaton Fire
https://opentopography.org/blog/using-lidar-understand-

impacts-2025-palisades-and-eaton-fires-los-angeles-ca
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Resources: Self-paced Learning

83

Blog posts with differencing examples 

and error discussion

Video tutorials: Differencing on OT, 3D 

differencing on Matlab

Conference presentations 

Github links to differencing code

Undergraduate differencing exercise 

https://opentopography.org/learn/differencing

https://opentopography.org/learn/differencing


Resources: Peer-reviewed Open Access Publications

84https://doi.org/10.3390/rs14040847https://doi.org/10.1130/GES02259.1

https://doi.org/10.3390/rs14040847
https://doi.org/10.1130/GES02259.1


White River, IN

Thank you!

www.opentopography.org

Contact: info@opentopography.org

Socials: @OpenTopography
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