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Introduction
Nature provides numerous examples of lateral erosion 
in bedrock rivers but the mechanisms and drivers of 
lateral bedrock erosion are not well understood. Lateral 
wall erosion, 

Lateral Erosion on 
Geologic Time Scales
bedrock terraces indicate 
extended periods of lateral 
erosion. What drives lateral 
migration of bedrock 
rivers? Climate? Sediment 
supply?

such as the undercut banks 
shown to the left, enables a 
channel to alter its width, a 
critical parameter in 
determining the ability of a 
river to transport water and 
sediment. A better

(Hancock and Anderson, 2002)

Open Questions
1) What are the mechanisms of lateral bedrock 
erosion?

Particle Impacts Erosion by Fluid Shear

2) What controls the ratio of lateral to vertical 
incision rates (sediment supply, discharge)?
3) Does sediment cover and bed roughness 
influence rates of lateral erosion? 

negatively correlated; (B) lateral erosion rates (dashed) vary 
with changes in discharge (gray line). This model assumes 
lateral erosion scales with shear stress and doesn’t consider 
the mechanism of erosion or changes in bed roughness that 
may accompany changes in sediment supply.

Experimental Results – Lateral Erosion Rates and Erosion Morphology

Take Home Message
1. Reach-average erosion rates in ‘rough-bed’ 

sections are 3 to 5 times greater than those 
in ‘smooth-bed’ sections

2. Rates of lateral erosion via bedload impact 
are insensitive to continued increases in bed 
roughness beyond a threshold roughness

3. Longitudinal variability in cross-section 
erosion increases continuously with increases 
in roughness/embedded particle size
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Bed Characterization: Bed Relief vs. Erosion Rate Water Surface Profile

Results Summary

Preliminary Fit

Acknowledgements
This research supported by the National Science Foundation through the National 
Center for Earth Surface Dynamics and through IGERT Grant No. DGE-0504195.

Empirical relationship for particle saltation
velocity (Sklar&Dietrich, 2004)

Volume Eroded
per Impact
(Sklar & Dietrich, 2004)

Non-equilibrium dynamics through
space and time: a common approach for
engineers, earth scientists & ecologists

Preliminary Set of Equations

Undercut bank collapse along the
Kettle River, near Sandstone, MN

Stokes Number (Schmeekle, 2003)
Used to estimate if impacting

particle will cause erosion

Velocity normal to wall after
deflection and impact velocity

Maximum distance from wall a particle
may be deflected and still cause erosion

Particle flux within
Nmax distance of wall

Unit width
particle flux

Rate of particle
deflections

Mass flux per
unit width

Lateral Erosion on 
Human Time Scales
Lateral erosion of rock 
underlying bridge 
abutments (or erosion 
of the structure itself) is 
problematic for 
transportation 
networks.  

Hancock & Anderson(2002)

Experimental Methods and Setup
•Bed roughness is primary variable: varied along channel by changing size of embedded particles
•Downstream trend in bed roughness also varied: 1) Increasing; 2) Decreasing; 3) Alternating

understanding of lateral erosion mechanisms will provide 
much needed insight into what determines channel width.

Previous Work (Hancock & Anderson, 2002)
Numerical model 
results indicate: 
(A) lateral 
erosion rates 
(dashed line) are 
insensitive to 
changes in 
sediment supply 
(gray line), while 
vertical erosion 
rates (black) are

Experimental Channels
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