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Outline

o Sources of error in lidar differencing

o Theory: variograms and spatial uncertainty

o The topochange Python tool

o Los Angeles Eaton Fire application
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The Problem: Error in Differencing

Observed change = True change + Error

Error sources are often similar in magnitude 

to true change

Older (legacy) datasets typically have more 

error

We need tools to separate signal from noise



Error vs. Uncertainty in Differencing

Error

Signed difference between 

the measured vertical 

change and the actual 

vertical change

Error = ∆𝑧𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 − ∆𝑧𝑎𝑐𝑡𝑢𝑎𝑙

Uncertainty

Spread in possible values of 

vertical change over a 

specific area given the 

presence of error

Uncertainty = 𝑉𝑎𝑟 (𝐸𝑟𝑟𝑜𝑟)

E.g., −20 cm E.g., ± 4 cm



Error in Vertical Differencing

SystematicRandom

Spatially 

correlated

Spatially 

uncorrelated

Increasing correlation range length

Error is often spatially structured and scale-

dependent, not just random noise



Sources of Error by Spatial Scale

Short-range (m to 10s of m):

Mid-range (100s of m to km):

Long-range (km+):

Calibration bias, incorrect vertical CRS metadata (geoid errors, ellipsoidal vs. 

orthometric confusion)

Horizontal alignment errors (topographically correlated), flight line striping

Random noise, point misclassification, geometric distortion on steep slopes



Sources of Error by Spatial Scale

Long-range (km+): Systematic long-range 

error due to metadata errors

Apparent vertical changes from 10-20 

cm (incorrect geoid) to tens of meters 

(incorrect reporting of ellipsoidal and 

orthometric heights) quasi-uniformly 

over the entire dataset



Sources of Error by Spatial Scale

Long-range (km+): Flight line error

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

Up to 10’s of centimeters of apparent 
vertical change

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



Sources of Error by Spatial Scale

Mid-range (10s to 100s of m): Apparent vertical 

displacement from incorrectly aligned datasets

If datasets are perfectly co-registered:



Sources of Error by Spatial Scale

Mid-range (10s to 100s of m): Apparent vertical 

displacement from incorrectly aligned datasets

If datasets are horizontally displaced:



Sources of Error by Spatial Scale

Short-range (m to 10s of m): Misclassification error

If ground is incorrectly or inconsistently 
classified, generation of incorrect DTM



Sources of Error by Spatial Scale

Short-range (m to 10s of m): Geometric distortion in 

high-slope areas

Lidar sensor oblique to the ground surface 
leads to greater artificial horizontal offsets, 
especially over steep slopes.  
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• Uncertainty and error in lidar datasets and 
vertical differencing results

• Sources of error by spatial scale
• Very long range (km+): e.g., geoid errors, 

confusion between orthometric and ellipsoidal 
coordinates

• Long range (100s of m to km): e.g., flight line 
error

• Mid range (10s to 100s of m): e.g., horizontal 
mis alignment

• Short range (m to 10s of m): e.g., point 
misclassification errors, geometric distortion

Questions?

slido.com
#8124649
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Uncertainty in Vertical Differencing



Computational innovations to allow wide-scale analysis

Variogram analysis has 

been limited to smaller 

areas due to memory 

requirements.

We fuse distance 

calculation, differencing, 

and bin accumulation into 

a single Numba-compiled 

parallel kernel with 

O(n_bins) memory 

(compared to the 

O(n_bins²) approach of 

SciKit Gstat)



Computational innovations to allow wide-scale analysis

Benchmarking of the 
variogram computation in 

topochange against SciKit-

GStat shows 
approximately 40× faster 

computation times (0.3 s 

vs. 11.7 s) and four orders 
of magnitude lower peak 

memory usage (0.2 MB vs. 

2,750 MB) at 10,000 
samples, enabling 

variogram estimation on 

large datasets without 
specialized hardware
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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

– 0.03 m

± 0.04 m



Questions?

slido.com
#8124649
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Uncertainty on OpenTopography
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Uncertainty on OpenTopography



Jupyter notebook for expert analysis



slido.com
#8124649
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