
COMMON APPROACHES TO 
ESTIMATING DEM ERRORS

GEOMORPHIC CHANGE DETECTION



TERMINOLOGY

• Check out: https://www.fgdc.gov/standards/projects/FGDC-standards-
projects/accuracy/part1/chapter1

https://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part1/chapter1


WHAT ARE SOURCES OF POINT ERROR?

• From Sensor

– Instrument precision

– Positional error of 
instrument/sensor

– Orientation errors

– Network occupation error

– Range errors

• At sample point

– Footprint

– Angle of incidence

– Range distance

– Swath angle

– What part of surface is 
being sampled

z   Z ZDEMActual

• User Errors

– Incorrect rod-heights, offsets, settings

– What part of surface is being sampled

– Tilt errors



WHEN WE SAY ERROR…

• In statistics, an error is defined as the difference 
between a computed, estimated, or measured value and 
the accepted true, specified, or theoretically correct 
value

• In practice, we often 
treat the more 
precise method as 
‘theoretically correct’



DISTRIBUTIONS OF ERROR

How do I get something like this?



WHAT DO WITH UNCERTAIN XYZ POINTS?

• We interpolate them to 
a TIN

• We then further 
interpolate them to a 
raster



WHAT IS DEM ERROR?

• A measure of how uncertain DEM is?

• The DEM is a raster model of elevation, so error 
is only considered in vertical (i.e. elevation)

• If horizontal accuracy >> cell resolution, this is 
okay (if not… we’re in trouble)



FEDERAL STANDARDS – FGDC – Class 1

• Horizontal or 
Vertical (which 
ever is limiting)

• 1:200 (2.5 cm)

• 1:1000 (25 cm)

See: 
https://www.fgdc.gov/standards/projects/FGDC-
standards-projects/accuracy/part3/chapter3

https://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3


WHAT ARE SOURCES OF DEM UNCERTAINTY?

• Point-Based

– Total Propagated 
Uncertainty at each point?

– Horizontal accuracy

– Vertical accuracy

– Busts & Blunders

• Interpolation-Based

– Interpolation models 
used (e.g. TIN & TIN to 
Raster vs. IDW, Kriging)

– Cell Resolution used

– Resampling errors!

• User Choices (Structural 

Uncertainty)

– Projections…

– Methods for interpolation

– Methods for cleaning

– Sampling



DEM ERROR

• Most common approach is to use one value 
everywhere! i.e.  

• WRONG thing to do is to use manufacture 
reported instrument precision (way too liberal)

• Probably too conservative to use full error 
budgeting or TPU (total propagated uncertainty)

• What to use for that one value?

z   Z ZDEMActual
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DEM error



FGDC – SPATIAL ACCURACY STANDARD

• From: https://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3

https://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3


FGDC – ACCURACY TEST

• From: https://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3

https://www.fgdc.gov/standards/projects/FGDC-standards-projects/accuracy/part3/chapter3


POSITIONAL UNCERTAINTIES IN XYZ 
COORDINATES
• Horizontal & Vertical Accuracies summarized with RMSE

• Example from: Appendix 3-A of FGDC Geospatial Positioning Accuracy 

Standards



CHECK POINTS: rtkGPS vs. LIDAR

• Accuracy assessment reported for LiDAR… rtkGPS
used as ‘independent source of higher accuracy’

In Revision. Schaffrath K, Belmont P and Wheaton JM. Landscape-scale geomorphic change 
detection: Quantifying spatially-variable uncertainty and circumventing legacy data issues.



CHECK-POINT REPEAT OBSERVATION

• Re-survey same 5 check points multiple times during each 
survey (e.g. beginning and end of day)

• Use simple statistics of variance as proxies for error

From Wheaton (2008): 
http://etal.usu.edu/Wheaton/Downloads/Thesis/JMWthesis_V7_LR_Chapter04.pdf

http://etal.usu.edu/Wheaton/Downloads/Thesis/JMWthesis_V7_LR_Chapter04.pdf


REVIEW

• What is the difference between point accuracy 
and DEM accuracy?

• What is the FGDC standard apply to? Points or 
Surfaces?

• Is an accuracy assessment ≈ δz  (i.e. DEM 
error)?



WHERE DOES THIS FIT IN GCD WORKFLOW?

• New DEM Error

• Old DEM Error



IN GCD, DEM ERRORS ARE PART OF SURVEY

• Each survey can have 
multiple DEM Errors

• ‘Specify’ means to 
load an existing

• ‘Derive’ means to build 
your own



PART OF POINT OF HAVING A PROJECT 
IS TO EXPLORE IMPACT OF DIFFERENT 
ERROR MODELS

• GCD allows you to have 
multiple Error models 
for every DEM survey



WET-DRY AREAS….

• Wet areas have 
one error value, 
dry have another. 

• With propagation, 
four possible 
combinations

• Derived from check 
points

From Lane et al. (2003)



RMSE FROM LIDAR BY LANDCOVER TYPES

In Revision. Schaffrath K, Belmont P and Wheaton 
JM. Landscape-scale geomorphic change detection: 
Quantifying spatially-variable uncertainty and circumventing 
legacy data issues.

• Clear differences not just 
between surveys (different 
vendors, different specs), 
but also between landcover
types

• RMSE varied for:
• Open
• Urban
• Brush
• Tall Grass
• Forested 



GRAND CANYON EXAMPLE

• Paria Reach

– FIST Reach R2

– Six Surveys over four years 
(2000 to 2004); five epochs:

• 2000 August

• 2000 September

• 2002 May

• 2004 May

• 2004 November

• 2004 December

– Used 121,843 of 311,371 points 
for 2002 & 86,142 of 251,739 
points for 2004

FIST Reach R2

Courtesy of Matt Kaplinski & 
Joe Hazel



UNCERTAINTY ESTIMATES

Kaplinski, M., et al. (2014). Monitoring Fine-Sediment Volume in the Colorado River Ecosystem, Arizona—
Construction and Analysis of Digital Elevation Models. Open File Report 2014-1052. Flagstaff, AZ, US 
Geological Survey, Grand Canyon Monitoring Research Center: 29 pp.

   methodyxfDEM ,,z 



SUBSET OF DATA

• Hybrid Data Types

– LiDaR (𝜎 =15 cm)

– Multibeam Smooth 
(𝜎 = 3 cm)

– Multibeam Rough 
(𝜎 = 12 cm)

– Total Station (𝜎 = 6 
cm)

• What to do?

Courtesy of Matt Kaplinski & 
Joe Hazel



WHAT IF ERROR VARIES IN SPACE?

• Maybe used 
different survey 
methods to make 
a hybrid DEM

• Differences 
between

– Wet & Dry areas

– Vegetated & 
Unvegetated
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PROVIDE A SHAPEFILE FOR DIFFERENT AREAS

• Change to 
multi-method 
and add a 
polygon mask 
with a text field



THEN, DERIVE ERROR 
SURFACE



A LITTLE TRICK…

• If text field matches (exact case) your Survey 
Types names, it will auto-populate with default 
value. 

• If not, it is set to zero and can be manually 
specified.



EXERCISE J:   MULTI-METHOD

1. Start New ArcMap Document

2. Create New GCD Project – Paria in K

3. Add two survey DEMs (2002 and 2004)

4. For survey method, select multi-method and 
load survey method shapefile

5. Derive Errors for each using multi-method

6. Perform probabilistic change detection

C:\0_GCD\Excercises\J_MultiMethod

   methodyxfDEM ,,z 



IF YOU FORGET WHERE IT CAME FROM…

• Run GCD Report or Edit DEM Survey Properties



GCD REPORT (BETA)

• Shows a visual 
of output, lists 
sources, 
method, etc.



EDIT DEM SURVEY PROPERTIES

• Read only view…


