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Outline
• Vertical and 3D topographic differencing

• Examples of change 

• State-wide Indiana Differencing 

• Vertical differencing on QGIS: Raster Math



Vertical Topographic Differencing

Identical grid for pre and post event topography



Vertical Topographic Differencing

Raster subtraction 



Vertical Topographic Differencing

Error Calculation: Limit of detection
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Besl and McKay (1992); Geiger et al., 

(2012); Nissen et al., (2012; 2014); Scott 

et al., (2018)

3D Topographic 
Differencing



Iterative Closest Point



3D differencing: GitHub code & video

https://github.com/opentopography



Vertical- Change is mostly vertical

Examples: erosion and depositional along rivers, coastal processes, 
earthquakes, landslides, cliff collapse, volcanic eruptions, urban growth, 
forest changes

3D: landscape shifts laterally

Examples: tectonic fault motion (earthquake or creeping fault), creeping 
landslide, sand dune migration

Recommend starting with vertical differencing: Meter-scale results 
capture errors & vertical change of & around feature of interest

Vertical vs. 3D Differencing?



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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Construction in Indianapolis

Scott et al., (2022) 17



Sinkholes
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Visualize: https://portal.opentopography.org/indiana



Resources: Self-paced Learning

20

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

21https://doi.org/10.3390/rs14040847https://doi.org/10.1130/GES02259.1

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


Differencing on QGIS: Raster Math

Dataset acquired first: 

• DEM(t₁)
• Pre

• Compare

Dataset acquired second: 

• DEM(t2)

• Post

• Reference



Three different ways to write out:

Δz = DEM(t₂) – DEM(t₁)

Change = Post - Pre

Change = Reference – Compare

Differencing equation

Results: 

Up: + 

Down: -





Digital Elevation Model (DEM): Changes to the bare-earth, 
vegetation, buildings 

ΔzDEM = DEM(t₂) – DEM(t₁)

Digital Terrain Model (DTM):  Changes to the bare-earth 

ΔzDTM = DTM(t₂) – DTM(t₁)

Differencing
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