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Why care about grain size?
• Major characteristic that defines habitat. 

(Depth, Velocity, Grain Size)

• Salmon spawning habitat modeling 

• Sediment transport modeling

• Hydraulic modeling



Study Site
• Gravel bars on Merced River, California

• Split into two focus areas
• Lower Merced (Restoration Reach)
• Upper Merced (Natural Reach)

• SfM maps of each study site

• Quantify amount of spawnable gravel 
present



Background
• Increased access to high resolution point clouds

• New technology and techniques
• Terrestrial Laser Scanner
• Multi-beam Sonar
• Structure from Motion (SfM)

• Statistical tool kits designed for point cloud analysis

• Map grain size from SfM derived point clouds



Link Grain Size to GPS 

Process in DGS GUI 

Collect Images at DGS 
Sites

SfM Workflow

Convert .las to .pts

Calculate Roughness 
(ToPCAT)

Convert ToPCAT Outputs 
to GeoTiff

Output Dense Point 
Cloud

Relate Grain Size to 
Roughness

Extract Roughness Value 
at DGS Site

Apply Linear Regression 
to Point Cloud

Grain Size Mapping Workflow

Output Grain Size Map

Digital Gravelometer
Software Workflow



Point Cloud Roughness
• Topographic Point Cloud Analysis Toolkit 

(ToPCAT)

• Local detrending
• Detrended standard deviation of 

elevation (Roughness metric)
• Varied resolutions 

• Brasington et. al. 2012 
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Digital Grain Size 

• Uses photos to provide a grain 
size distribution

• Effective over a wide range of 
grain sizes

• Problems with large amounts of 
sand

• RtK GPS corners of box
Buscombe (2013)





Roughness-Grain Size
• Create linear regressions 

for each combination of 
grain size and ToPCAT
resolution.

• Grain size D10-D90

• ToPCAT 0.1-1 m 
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Results Single
• Single gravel bar (LM 03)

• Resolution of roughness 
calculation plays large 
role in determining R2

• 0.1 m Resoultion
produces strongest 
correlation with larger 
particles
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Results Merge
• All gravel bar data 

merged

• Resolution has less 
impact on R2

• Stronger correlations 
result from merging data 
sets
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Results Map

Lower Merced Bar 6

SfM Point Cloud

D84 Map @ 0.75 m



Results Map
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Teton Creek Restoration, ID



Conclusion

• SfM is an inexpensive and powerful tool that can provide not only high 
resolution topographic data, but also grain size information.

• This tool has the potential to be implemented on a wide array of river 
restoration projects.

• Sub-meter grain size mapping will allow for more detailed and 
quantifiable analysis of habitat.



Questions?
Funding Contact

RyanRichardson.Geo@gmail.com

www.FluvialRemoteSensing.org

@Fluvial Remote Sensing

@RyanRichardsonGeo
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