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REGULATORY SETTING
• Focus in Bay Contributing 

States on TMDL

• Major Challenge with What 
Credit to Give 

• Mostly used Hickey Run 
Curve or Default Rate

• Fails to Give Credit to Owner 
for Actual Reduction



PROJECT BACKGROUND

• Threat to Infrastructure
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PROJECT BACKGROUND

• Loss of land and channel capacity



PROJECT BACKGROUND

• Prioritization of areas of TMDL reduction



• Erosion Pins

• Historical Aerial Photographs

METHODS OF QUANTIFYING RIVERBANK EROSION



• Bank Surveys: Toe Pins | Scan

• Less Common: Photovoltaic | LiDAR

• Analytical Models: RUSLE | USADA Bank Stability Model

METHODS OF QUANTIFYING RIVERBANK EROSION



• Empirical models

• BANCS model: Uses erosion rate curves which relate bank-
specific ratings of erodibility to erosion rates.

• Erosion rate curve must be developed from other method 

METHODS OF QUANTIFYING RIVERBANK EROSION



METHODS OF QUANTIFYING HILLSLOPE & RIVERBANK EROSION

• New Method: Dendrogeomorphology

• Now mentioned by Chesapeake Expert Panel  

• Dick et al., River Research and Applications, 2013



WHAT IS DENDROGEOMORPHOLOGY?

• Dendrogeomorphology: Use of tree growth rings to identify dates of  
changes in earth surface processes

• Tree rings change in response to environmental factors (e.g. 
landslide, streambank, and hillslope erosion)



WHAT IS DENDROGEOMORPHOLOGY?

• Used since the 1960s

• Most research done in Europe

• Most research done on conifers

• Initial studies on fluvial erosion in 
the U.S. in 2008



WHAT IS DENDROGEOMORPHOLOGY?
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Cut disk of elm root  (Ulmus rubra)Cut disk of hackberry root (Celtis spp.)

USING DENDROGEOMORPHOLOGY
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Ring-Porous Species 
• Change from 

diffuse-porous cell 
anatomy to ring-
porous anatomy 
(resembling more 
the stem) 

BEFORE EXPOSURE

AFTER EXPOSURE

BEFORE EXPOSURE

AFTER EXPOSURE

Diffuse Porous-Sugar Maple Ring Porous- Slippery Elm

MICROSCOPIC INDICATORS

Diffuse-Porous Species 
• Decrease in size 

and increase in 
number of cells in 
post-exposure 
rings

• Division into 
earlywood and 
latewood



EROSION MAPPING



EROSION MAPPING



STREAMBANK EROSION RATE CURVE
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TMDL REDUCTION ASSESSMENT



TMDL REDUCTION ASSESSMENT



TMDL REDUCTION ASSESSMENT



PROJECT TAKE-AWAYS 

• Upland or channel erosion assessment is equally possible

• Data where none existed prior to the initiation of concern of a 
particular study area

• Local curves provide more realistic estimates for nutrient 
removal 

• Quickly get accurate erosion data on variety of time scales

• Becoming an accepted standard – Chesapeake Bay

• Cost effective – Nutrient reduction per pound
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