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Background 

Streambank retreat, frequently called streambank erosion, occurs due to a combination of processes, 

including subaerial processes (e.g. freeze-thaw cycling), soil piping, fluvial erosion, and mass wasting (i.e. 

slope failure).  The terms “fluvial erosion” and "fluvial entrainment" describe the detachment, 

entrainment, and removal of individual soil particles or aggregates from the streambank face by 

hydraulic forces during flood events. The phrases “bank failure” or "mass wasting" denote the physical 

collapse of all or part of the streambanks as a result of geotechnical instabilities. Bank erosion and bank 

failure commonly work in concert to produce “bank retreat” or the net recession of the streambank 

(Figure 1). 

Given the temporal and spatial variability of river processes, accurately modeling the rate of streambank 

retreat is challenging.  The most common quantitative model of cohesive streambank erosion (equation 

1) predicts the erosion rate as a function of soil erodibility and a measure of flow energy (Moody, 2005):

 = KX (1) 

where  is the erosion rate; K is a soil coefficient; and X is a measure of flow energy. The soil coefficient 

is typically called soil erodibility, which is defined as the amount of soil eroded per unit of energy per 

unit area.   As presented, equation 1 is linear, although power functions have also been used with 

exponents ranging from 1.05 to 6.8 (Knapen et al., 2007).   

The flow energy, X, has been quantified many different ways, including kinetic energy per unit area 

(Poesen and Savant, 1981), the difference between near-bank velocity and average stream velocity 

(Ikeda et al., 1981; Pizzuto and Meckelnburg, 1989); near-bank velocity (Pizzuto, 2009); near bank water 

depth (Odgaard, 1989); unit stream power (Hairsine, 1988; Nearing et al., 1997; Rose et al., 1983), 

boundary shear stress (Elliot et al., 1989; Flanagan and Nearing, 1995), and the “excess shear stress”, 

which is the difference between the applied shear stress (a) and a critical boundary shear stress at 
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which erosion starts, c  (DuBoys, 1879; Partheniades, 1965; Ariathurai, 1974; Osman and Thorne, 1988; 

Hanson and Cook, 1997).   

The temporal and spatial average of the excess shear stress has been used for over 70 years and is the 

most common measure of the applied hydraulic force.  Application of this method is limited by the need 

to determine two soil parameters, namely the soil erodibility and critical shear stress. 

The average boundary shear stress (b) can be estimated using the DuBoys equation, which was derived 

from a fundamental force balance on the channel boundary (equation 2): 

 𝜏𝑏 = 𝜌𝑔𝑅𝑆 (2) 

where  is the density of water, g is the acceleration due to gravity, R is the hydraulic radius (A/P, where 

A is the cross sectional water area and P is the wetted perimeter of the channel) and S is the channel 

slope, expressed in decimal notation.  Equation 2 assumes the flow is constant, predominately in one 

direction, and uniform (not accelerating or decelerating).  In reality, local boundary shear stress varies 

along the channel and along a given cross section, particularly where topographic steering, due to 

obstructions or meander bends, creates 3-dimensional flows and may direct flows against streambanks.  

In these situations, maximum boundary shear stresses may locally exceed the average boundary shear 

stress (equation 2) by as much as a factor of 13 (Ursic et al., 2012). 

From the perspective of quantifying bank retreat rates, it should be recognized that equation 1 models 

only one bank retreat process, fluvial erosion.  However, because bank retreat typically occurs as a 

series of fluvial erosion and mass wasting events that are ultimately driven by floods, modeling fluvial 

erosion alone may be sufficient to estimate bank retreat rates.  This assumption is commonly made in 

models such as HEC-6, SWAT, and HSPF, but further research is needed to evaluate the validity of this 

assumption.  Models such as BSTEM, CONCEPTS, and HEC-RAS 5.0 calculate bank retreat rates by 

modeling both fluvial erosion and mass wasting, but require more site-specific data. 

The Bank Assessment for Non-point source Consequences of Sediment (BANCS) model follows a similar 

form as equation 1 presented above, where K is qualitatively estimated by the bank erosion hazard 

index (BEHI) and the flow energy is quantified as the near bank stress (NBS).  While BEHI qualitatively 

assesses bank resistance to multiple retreat processes, including soil piping, fluvial erosion, and mass 

wasting; NBS only estimates the magnitude of the force driving fluvial erosion.  Thus, the force balance 

modeled by BANCS is inconsistent.   

BANCS provides seven methods for estimating bankfull NBS in the field: 

1. The presence of channel features that may direct flows towards the banks, such as transverse 

and/or central bars, chute cutoffs, converging flows 

2. The ratio of the radius of curvature to the bankfull channel width (Rc/W) 

3. The ratio of the pool slope to the average channel slope 

4. The ratio of the pool slope to the riffle slope 

5. The ratio of the near bank maximum depth to the mean depth 

6. Ratio of near-bank shear stress to bankfull shear stress 

7. The measured velocity gradient adjacent to the bank 
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Method 1 assumes that where flows are directed towards streambanks, the hydraulic force will be 

“extreme.”  Method 2 is related to studies by Hooke (1975) and Dietrich et al. (1979) that showed 

boundary shear stress in meander bends is typically a maximum along the outside of the meander bend, 

just downstream of the bend apex.  However, Method 2 neglects observations by Hickin and Nanson 

(1984) that channel migration rates increase with Rc/W, peak at values of Rc/W of 2-3, and then 

decrease for tighter bends.  The origin of methods 3 and 4 are unknown and do not have a readily 

apparent foundation in fluid mechanics or fluvial geomorphology.  Similar to method 2, method 5 

provides an indication of the possible development of 3-dimensional flows and/or flow impingement on 

the bank.  Method 6 calculates non-dimensional estimates of the local boundary shear stress using 

equation 2.  Method 7 is related to the law of the wall, a method for calculating the boundary shear 

stress; however, to determine , the measured velocity data must be statistically fit to the log-law 

equation (Wilcock, 1996).    

Numerical values calculated by methods 2-7 are then converted into qualitative ratings of NBS ranging 

from “very low” to “extreme” using data provided by Rosgen.  The methods used to develop these 

conversion factors are not available in publicly available literature and have not been tested.   

Streambank retreat rates for a given BEHI and NBS value are then determined from regional erosion 

rating curves that are developed by measuring bank retreat in the field at multiple locations over a 

range of BEHI and NBS ratings.  A significant limitation of the BANCS method is that the data used to 

develop the sediment rating curve is limited to bankfull flow events (Rosgen, 2019).  In stream systems 

where the hydrology is not driven by snow melt, data collection is limited to one to two data points per 

year, greatly extending the time necessary to develop a regional sediment rating curve. 

Recommendations 

Given the need for rapid assessments of bank erosion rates for use in TMDL crediting and the difficulty 

in directly measuring soil erodibility, soil critical shear stress, and boundary shear stress in the field, use 

of a qualitative index method, such as BANCS, is recommended.  However, given the weak theoretical 

basis for the NBS calculation methods, use of the DuBoys equation (equation 1) to directly calculate 

average boundary shear stress is recommended to directly quantify NBS.  The DuBoys equation has a 

strong theoretical foundation, is simple to apply, and is widely used.  Additionally, by measuring stream 

stage simultaneously with bank retreat rates, the boundary shear stress for each erosion event can be 

calculated, greatly expanding the data available for creating regional sediment rating curves.   

The DeBoys equation can be easily applied by conducting a standard stream survey and then using a 

pressure transducer or a crest gage to record stream depth.  A significant limitation of the DeBoys 

equation is that it assumes 1-dimensional, uniform flow.  Both of these assumptions are violated in 

meander bends, where bank retreat is most commonly observed.  However, shear stress multipliers 

(FHWA, 2005;  Ursic et al., 2012) can be used to adapt 1-D calculations of boundary shear stress to  

meander bends, based on Rc/W. 

Future work should include testing of the current and recommended BANCS models in the mid-Atlantic 

US and the development of sediment rating curves for use in the Chesapeake Bay watershed. 
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