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Bank Assessment for Nonpoint Source Consequences of
Sediment (BANCS) Model Guidance

Assessing Streambank Erosion Potential Using Rosgen’s BANCS Model — Bank Erosion
Hazard Index (BEHI) and Near Bank Stress (NBS)

It is important to note that if applications of this technique are intended for use in projects funded for
Michigan EGLE Nonpoint Source (NPS) Program grants, it is highly recommended that EGLE NPS
monitoring and engineering staff be contacted to ensure that this technique is appropriate for the
scope and goals of the project.
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1.0 Overview

While stream bank erosion is a natural process that occurs in every watershed, excessive erosion
has serious adverse consequences for the physical and biological function of rivers. Eroding stream
banks can be a major source of sediment to a stream (up to 80% of the annual load; Simon and
Thorne, 1996), and human activities such as urbanization or dam construction can accelerate bank
erosion rates by more than an order of magnitude. It is often difficult, however, to distinguish
between stream banks that are eroding at a natural rate from those that are or have the potential to
erode at unnaturally high rates due to altered watershed hydrology or sediment loads. The Bank
Erosion Hazard Index (BEHI) and Near Bank Stress (NBS), created by Dave Rosgen of Wildland
Hydrology, Inc. (Rosgen, 2001), is one of several procedures for assessing stream bank erosion
condition and erosion potential. It assigns point values to several aspects of bank condition and
provides an overall score that can be used to inventory stream bank condition over large areas,
prioritize eroding banks for remedial actions, estimate erosion rates, etc. This guidance document
describes the BEHI technique and two of the seven techniques to determine NBS.

2.0 Procedure

Below are descriptions of the BEHI and NBS procedures. The BEHI procedure created by Rosgen,
includes identification of bankfull height and width. Correctly identifying appropriate bankfull
indicators requires considerable experience and is the most subjective step in the BANCS procedure.
Individuals not familiar with determining bankfull indicators should work with an experienced
individual to determine the bankfull indicators before the evaluation begins. The two NBS procedures
listed are the easiest of the seven methods developed by Rosgen.

The BEHI procedure described below is ‘modified’, in that the step of calculating BEHI scores has
been simplified such that there is only a single score for each metric, rather than the range of
possible scores provided in Rosgen’s original paper. This simplification is intended to remove some
unnecessary subjectivity from the field observations, without reducing the utility of the procedure.

2.1 BEHI Procedure
The BEHI procedure consists of the following seven metrics - six observational and one requiring
some measurements:
1. Ratio of study bank height to bankfull
height
2. Ratio of root depth to bank height

Bank angle, in degrees
Surface protection, in percent

Bank material adjustment

No ok

3. Weighted root density, in percent Stratification adjustment
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Brief descriptions of each metric are provided below.

Point values for these metrics (Table 1) should only be assigned after a sufficient length of the
stream channel (the ‘stream reach’) has been examined (at least 100 feet; 2 to 3 meander lengths
are preferable), so that representative conditions are identified. Conditions on both banks should be
assessed and scored separately. See Section 4 for further advice on where to make, and not make,
the observations.

Ratio of study bank height to bankfull height

This is the most challenging of the BEHI metrics, as it requires accurate identification of bankfull
indicators. A full discussion of different bankfull indicators is beyond the scope of this guidance, but
it is thoroughly discussed in Williams (1978) and may be available as a useful free YouTube video
that was originally produced by the U.S. Forest Service (2003). Common bankfull indicators in stable
Michigan streams include top of bank and top of point bars. Vegetative indicators are seldom useful
in southern Michigan streams. Bankfull indicators in unstable streams (i.e. incising or aggrading
streams) can be more difficult to identify but are usually less than top of bank. A general note about
bankfull dimensions changing along stream reaches, if there are significant changes to a channel’s
cross-sectional area in a particular feature (e.g., riffle to riffle) or noticeable changes in channel slope
or particle size distribution, it is likely that bankfull dimensions have changed. It is important to be
mindful of these changes and take frequent bankfull measurements. The bankfull height
measurement for BEHI should be measured from the toe of the bank and compared to the study
bank height, which is the height of the bank that is subject to erosion (i.e. excludes high terraces that
are not subject to erosion) again measured from the toe of the bank.

Ratio of root depth to study bank height:

Root depth is the ratio of the average plant root depth from the top of the bank to the study bank
height, expressed as a decimal (e.g., roots extending 2’ into a 4’ tall bank = 0.50.)

Weighted root density:

Root density, expressed as a percentage, is the root mass per unit volume of soil within the rooting
zone of the bank (e.g., if a handful of soil was 50% root mass it has a 50% root density). This
percentage is then multiplied by the ratio of root depth to study bank height to determine the
weighted root density.

Bank angle:

Bank angle is the angle of the portion of the study bank that would contribute the largest volume of
sediment due to erosion. Bank angles greater than 90° occur on undercut banks. Bank angle can be
measured with an inclinometer (Figure 1) or most cell phones with the appropriate app, though given
the broad bank angle categories (Table 1), visual estimates are generally sufficient.
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Surface protection:

Surface protection is the percentage of the stream bank covered (and therefore protected) by plant
roots, downed logs and branches, rocks, etc. In many streams in southern Michigan, surface
protection and root density are synonymous.

Bank material adjustment

Bank material adjustment allows for the removal or addition of points to the overall BEHI score for a
bank based on the soil type present at the bank. This provides a way to account for those soil types
that are less erodible (e.g., large cobbles or clay) or more erodible (e.g., sand).

Stratification adjustment

Stratification adjustment is for those cases where there is clear evidence of stratification within the
soils in the bank profile. This can result in soil bands that are more likely to erode and can create
voids that destabilize the bank and lead to increased erosion.

For additional information on these adjustments or any of the BEHI metrics please refer to the
Rosgen River Assessment Field Guide (2022) or reach out to NPS staff.

O )

Figure 1. Examples of Simple and More Expensive (~$100) Inclinometers

2.2 NBS Procedures

NBS is a measure of how flow patterns within the stream affect the erosion of the study bank. Flow
patterns can be influenced by a number of factors and Rosgen developed seven methods for
determining NBS. Methods two and five are typically used as they are the simplest methods to
perform.

Method two is used on a bend in the river and utilizes the ratio of the radius of curvature to bankfull
width. The radius of curvature can be determined by using areal imagery and a program like Google
Earth or in the field with a measuring tape. The bankfull width is measured in the field as part of the
field assessment. This method should only be used if assessor is comfortable determining the
bankfull width.
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Method five is the easiest to determine and is the ratio of the deepest depth in the third of the river
nearest to the bank being evaluated to the deepest depth of the remaining two thirds of the river
both measured to bankfull elevation (see Figure 2). The NBS numerical values can be converted to a
stream reach condition using Table 2.

Study
Bank

_\ Near Bank 1/3 Wgyr 2/3 Wik / Bankfull Height

NBS = d, /d,

Figure 2. NBS Method 5

There are five additional methods for evaluating NBS not discussed in this document. For more
information on these methods please contact NPS monitoring and engineering staff.

3.0 Data Calculation and Interpretation

Overall scores for the BEHI are calculated by summing the scores for each individual metric using the
values in Table 1, and the scores for NBS are determined for Method 2 or 5 using Table 2. The
overall BANCS score corresponds to an erosion hazard category. It should be noted that the overall
BANCS scores and categories were created by Rosgen’s work in the Rocky Mountain states, and in
the future, these may be modified for conditions in Michigan. lllustrated examples from southern
Michigan streams are in Appendix 1. BANCS scores have several potential uses, including ranking
multiple stations for further study or remedial actions. An example field sheet for recording
observations for the BANCS procedure is in Appendix 2.

It is important to note that the modification of the BEHI scores and limited NBS techniques presented
here are intended to aid in the field score determination for the BANCS model. An alternative
approach is to collect values for the metrics associated with each bank and then determine the BEHI
and NBS scores and categories afterward. To aid in this approach, EGLE NPS staff have developed an
excel worksheet that uses the metrics as inputs and determines the BEHI and NBS scores based on
the Rosgen curves. It also expands the NBS methods to include methods one through five. If
interested in this approach, the excel sheet is available upon request. Since this approach utilizes the
Rosgen curves in the scoring calculation, it is possible that it may result in more precise erosion rate
estimates.



BANCS Model Guidance

Nonpoint

Source

Table 1. Scores for the Complete BEHI.

Bank Bank Root Root
BEHI Height/ Height/ Depthto  Depth to Roo.t Roo.t Surfacfe Surfatfe Bank Bank Total Score,
casgrs | o' S | o g | Doty Somty | Pecton Proeton | nde 408 | o, Gt
Ratio Score Ratio Score .
Very low 1.0-1.1 1.45 0.9-1 1.45 80-100 1.45 80-100 1.45 0-20 1.45 <7.25
Low 1.11-1.19 2.95 0.50-0.89 2.95 55-79 2.95 55-79 2.95 21-60 295 | 7.26-14.75
Moderate 1.2-1.5 4.95 0.30-0.49 4.95 30-54 4.95 30-54 4.95 61-80 495 |14.76-24.75
High 1.6-2.0 6.95 0.15-0.29 6.95 15-29 6.95 15-29 6.95 81-90 6.95 |24.76-34.75
Very High 2.1-2.8 8.5 0.05-0.14 8.5 5-14 8.5 10-14 8.5 91-119 85 |34.76-42.50
Extreme >2.8 10 <0.05 10 <5 10 <10 10 >119 10 42.51-50
Table 2. Converting NBS Values to an NBS Rating
NBS Rating NBS Method Method
Score Number 2 Number 5
Very Low 1 >3.00 <0.50
Low 2 2.21-3.00 0.50-1.00
Moderate 3 2.01-2.20 1.01-1.20
High 4 1.81-2.00 1.21-1.30
Very High 5 1.50-1.80 1.31-1.50
Extreme 6 <1.50 >1.50
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4.0 Erosion Rates

After determining both BEHI and NBS scores along the reach of interest, erosion rates can be
estimated using erosion curves. There are two ways to obtain erosion curves. The easiest and
recommended approach is to use the “Colorado Bank Erosion Rate Curves” developed by Rosgen
and available in the “River Assessment Field Guide Third Edition” (Rosgen et al., 2022). This
approach is built into the expanded BANCS excel file discussed previously. The second approach to
create a regional/local erosion curve by identifying all unique combinations of BEHI and NBS
category (BEHI: High, NBS: Low; BEHI: Moderate. NBS: High, etc.) for the reach of interest and set up
erosion monitoring (e.g., toe pins and monumented cross-sections) and then perform regular
(monthly/annually) evaluations to track the changes in the bank profile to determine local erosion
rates. This process requires significant time and resources to accomplish.

5.0 Quality Control Issues

Accuracy: Accuracy as traditionally defined is difficult to assess for this largely subjective,
observational procedure. When performed by volunteers, however, the accuracy of their observations
can be maximized by training from others more experienced in river morphology studies and verified
by spot-checks of their work by the trainers. It may also be helpful to start each survey by evaluating
a section of the stream as a group to determine the probable bankfull elevation and calibrate the
results of each parameter evaluation.

Precision: Precision as traditionally defined is also difficult to assess for this largely subjective,
observational procedure. Spot-checks within a few weeks of volunteer observations can be used to
assess precision as well as accuracy.

Reference reaches: In addition to the erosion hazard categories generated by this procedure, it can
also be useful to make these observations at reference reaches - stream reaches in portions of the
same watershed, or an adjacent watershed, that are believed to be (relatively) undisturbed by urban
development, stream channelization, etc. A good document describing how to choose and document
conditions at a reference site is the U.S. Forest Service report by Harrelson, et al. (1994).
Alternatively, contact the author of this guidance document for advice on selecting a representative
reference reach. In general, reference reaches are best established in the same watershed as the
stream reach of interest, in a stream of the same size (e.g., same stream order, or baseflow wetted
width) and with similar soil type and channel slope.

Stream reach selection (Representativeness): Selection of specific stream reaches for BANCS
observations will depend on the objectives of the study, but a few general rules apply:

e Stream bank conditions are naturally variable even in stable streams, and to characterize a
stream reach it is recommended that at least 200 feet of the stream reach be viewed before
the BANCS observations are made.
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e Stream banks adjacent to riffle areas tend to be the most stable section of a stream channel,
while banks in meander bends tend to have the highest erosion rates - even in
geomorphologically stable streams.

e Stream banks in ‘high traffic’ areas (parks, livestock crossings, etc.) are not representative of
average conditions and should be avoided - unless they are the specific focus of the study.

While volunteers can collect large amounts of useful BANCS data with adequate training and
supervision, experience has shown that they are prone to overemphasizing small, atypical bank
erosion “hot spots,” even when asked to score more representative banks.

6.0 References

Harrelson C. C., Rawlins, C. L. and Potyondy J. P. 1994. Stream Channel Reference Sites: An
Illustrated Guide to Field Technique, General Technical Report RM-245, USDA - Forest Service,
Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colorado, 61 pages.
Available from: https://www.fs.usda.gov/research/treesearch/20753

Rosgen, D.L. 2001. A Practical Method of Computing Streambank Erosion Rate.
Proceedings of the Seventh Federal Interagency Sedimentation Conference, Vol. 2, pp. Il - 9-15,
March 25-29, 2001, Reno, NV. Available on the Wildland Hydrology website:
https://semspub.epa.gov/work/01/554370.pdf

Rosgen, David L., Darcie Frantila, and H. Lee Silvey. 2022. River Assessment Field Guide Third
Edition. Wildland Hydrology.

Simon, A., and C. Thorne. 1996. Channel Adjustment of an Unstable Coarse-Grained Alluvial Stream:
Opposing Trends of Boundary and Critical Shear Stress, and the Applicability of Extremal
Hypothesis. Earth Surface Processes and Landforms 21:155-180.

U.S. Forest Service. 2003. Identifying Bankfull Stage in Forested Streams in the Eastern United
States. No longer available on U.S. Forest Service Webpage. Free from: Identifying Bankfull
Stage in Forested Streams in the Eastern United States - YouTube at the time this procedure
was finalized.

Williams, G.P. 1978. Bank-Full Discharge of Rivers. Water Resources Research 14(6):1141-1154.

Guidance Prepared by:
Joe Rathbun; Revised by Dale Ehinger, PE and Matthew Herman, Ph.D.
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Appendix 1. Examples of Different Bank Conditions in Southern

Michigan Streams

Figure A. Tributary, Kalamazoo River watershed

Bank Height/Bankfull Height ~ 1.0-1.1
Root Depth/Bank Height ~ 0.9-1.0
Root Density ~ 80-100%

Bank Angle = 0-20°

Surface Protection = 80-100%

BEHI Score = 7.25 (Very low)

Figure B. Kalamazoo River

Bank Height/Bankfull Height = 1.0-1.1
Root Depth/Bank Height ~ 0.9-1.0

Root Density = 30-54%, not counting sod
slump

Bank Angle ~ 81-90°
Surface Protection = 30-54%
BEHI Score = 19.75 (Moderate)

Note sod slumping into channel - a sure
indication of an unstable bank, presumably
because streamside vegetation = mowed
grass, not woody vegetation. Otherwise, the
channel is in pretty good shape
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Figure C. Rouge River Figure D. Hagar Creek, Ottawa County
Bank Height/Bankfull Height = 1.0-1.1 Bank Height/Bankfull Height = > 2.8
(assuming top of bank equals bankfull) Root Depth/Bank Height ~ 0.3-0.49 at best
Root Depth/Bank He|ght ~0.9-1.0 Root Density ~ 5-14%

Root Density ~ 5-14% Bank Angle ~ 81-90°

Bank Angle ~ 81-90° Surface Protection ~ 10-14%

Surface Protection ~ 10-14% BEHI Score = 38.9 (Very high)

BEHI Score = 26.85 (High)

Interesting site - roots extend to waterline but
are so few that they provide minimal bank
protection. Also, this site is downstream from
an impoundment which interrupts the
sediment transport cycle resulting in high
erosion (i.e. “hungry water”).

10



Nonpoint

BANCS Model Guidance
Source

Appendix 2. Modified BANCS Field Form

cGLE

MICHIGAN DEPARTMENT OF ENVIRONMENT, GREAT LAKES, AND ENERGY

Water Resources Division
Modified Bank Assessment for Nonpoint Source Consequences of Sediment (BANCS) Field Form

Site ID: Location: Coordinates: Lat: Lon:
Personnel: Date:
(Circle one or fill in each Bank Erosion Hazard Index (BEHI) column and circle one in either Near Bank Stress (NBS) column)
BEHI BEHI BEHI BEHI BEHI BEHI BEHI NBS NBS
Bank Height/ Root Root Surface Bank Bank Material | Stratification Method Method
Bankfull Depth to | Density | Protection Angle Number 2 Number 5
Height BFH (%) (Avg. %) (degrees)
1.0-1.1 0.9-1 80-100 80-100 0-20 See 1 below See 2 below > 3.00 < 0.50
1.11-1.19 0.50-0.89 55-79 55-79 21-60 2.21-3.00 0.50-1.00
1.21.5 0.30-0.49 30-54 30-54 61-80 2.01-2.20 1.01-1.20
1.6-2.0 0.15-0.29 15-29 15-29 81-90 1.81-2.00 1.21-1.30
21-28 0.05-0.14 5-14 10-14 91-119 1.50-1.80 1.31-1.50
> 2.8 < 0.05 <5 <10 > 119 < 1.50 > 1.50

1) Use the following descriptions for the dominant material of the channel bank to enter a value into the Bank Material box:
a. Bedrock: overall very low BEHI category
Boulders: overall low BEHI category
Cobble: Subtract 10 points if uniform medium- to large-sized cobble; subtract 5 points if cobble with low percent gravel/sand
Gravel or Composite Matrix: no adjustment if <20% sand/silt; add 5 points if 20-50% sand/silt; add 10 points if >50% sand/silt
Sand: add 10 points if uniform sand or >50% sand; add 5 points if 20-50% sand
Silt: add 10 points if uniform silt or >50% silt; add 5 points if 20-50% silt
g. Clay: no adjustment if low percentage of clay; subtract 10 points if high percentage of clay; subtract 20 points if uniform clay

0o aogT

2) Add 5-10 points depending on position of unstable layers in relation to bankfull stage

Comments:

Michigan.gov/EGLE Page 1 of 2 EQP9389 (1/2026)
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