STANDARD OPERATING PROCEDURE

ASSESSING BANK EROSION POTENTIAL USING ROSGEN’S BANK EROSION HAZARD INDEX (BEHI)
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), created by Dave Rosgen of Wildland Hydrology, Inc. (Rosgen, 2001), is one of several procedures for assessing stream bank erosion condition and 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, etc.  This standard operating procedure (SOP) describes two versions of the BEHI technique.
2.0  Procedure

Below are descriptions of two BEHI procedures.  The first describes the complete BEHI procedure created by Rosgen, including identification of bankfull width.  The second describes a modified BEHI procedure, which does not require identification of bankfull width.  The modified BEHI procedure is intended for use by workers who lack experience in identifying bankfull indicators, including volunteer monitors.  Correctly identifying appropriate bankfull indicators requires considerable experience, and is the most subjective step in the original BEHI procedure.

In truth, both procedures described below are ‘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 overly reducing the utility of the procedure.

A.  Complete BEHI Procedure
The complete BEHI procedure consists of five metrics; four observational and one requiring some measurements.  They are:
1. Ratio of bank height to bankfull height

2. Ratio of root depth to bank height

3. Root density, in percent

4. Bank angle, in degrees

5. Surface protection, in percent

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’; 2 to 3 meander lengths is preferable), so that representative conditions are identified.  Conditions on both banks should be assessed, and scored separately if they are consistently different.  See Section 4 for further advice on where to make – and not make – the observations.
Ratio of 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 SOP, but it is thoroughly discussed in Williams (1978), and a useful free video is available from the U.S. Forest Service (2003).  Common bankfull indicators in stable southern Michigan streams include top of bank, top of point bars, and other changes in channel slope.  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.
Ratio of root depth to bank height.  Root depth is the ratio of the average plant root depth to the bank height, expressed as a percent (e.g., roots extending 2’ into a 4’ tall bank = 0.50.)
Root density.  Root density, expressed as a percent, is the proportion of the stream bank surface covered (and protected) by plant roots (e.g., a bank whose slope is half covered with roots = 50%).
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 angle.  Bank angle is the angle of the “lower bank” – the bank from the waterline at base flow to the top of the bank, as opposed to benches that are higher on the floodplain.  Bank angles great than 90º occur on undercut banks.  Bank angle can be measured with an inclinometer (Figure 1), though given the broad bank angle categories (Table 1), visual estimates are generally sufficient.  Bank angle is perhaps the metric most often estimated incorrectly.
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Figure 1.  Simple and More Expensive (~ $100) Inclinometers
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B.  Modified BEHI Procedure
If the field staff lack experience with identifying bank full indicators, it is recommended that the bank height/bankfull height ratio metric be dropped from the BEHI calculation, leaving four metrics:

1. Ratio of root depth to bank height

2. Root density, in percent

3. Surface protection, in percent

4. Bank angle, in degrees

Observations for these metrics are made as described in Section 2A, and the overall BEHI score is calculated using Table 2.

3.0  Data Calculation and Interpretation

A draft field sheet for recording observations for the modified BEHI procedure is in Appendix 1.  Overall scores for the Complete BEHI are calculated by summing the scores for each individual metric using the values in Table 1, and scores for the Modified BEHI are similarly calculated using the values in Table 2.  The overall BEHI score corresponds to an erosion hazard category.  It should be noted that the overall BEHI 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.  Illustrated examples from southern Michigan streams are in Appendix 2.
BEHI scores have several potential uses, including ranking multiple stations for further study or remedial actions (Figure 2).

Table 1.  Scores for the Complete BEHI.

	BEHI

Category
	Bank Height/

Bankfull Height
	BH/BFH

Score
	Root

Depth

(% of BFH)
	Root Depth Score
	Root

Density

(%)
	Root

Density

Score
	Surface Protection (Avg. %)
	Surface Protection Score
	Bank Angle (degrees)
	Bank Angle Score
	Total Score, by Category

	Very low

Low

Moderate

High

Very high

Extreme
	1.0-1.1

1.11-1.19

1.2-1.5

1.6-2.0

2.1-2.8

>2.8
	1.45

2.95

4.95

6.95

8.5

10
	90-100
50-89
30-49
15-29
5-14
< 5
	1.45

2.95

4.95

6.95

8.5

10
	80-100
55-79
30-54
15-29
5-14
< 5
	1.45

2.95

4.95

6.95

8.5

10
	80-100

55-79

30-54

15-29

10-14

< 10
	1.45

2.95

4.95

6.95

8.5

10
	0-20

21-60

61-80

81-90

91-119

> 119
	1.45

2.95

4.95

6.95

8.5

10
	≤ 7.25

7.26 – 14.75

14.76 – 24.75

24.76 – 34.75

34.76 – 42.50

42.51 - 50


Table 2.  Scores for the Modified BEHI.

	BEHI

Category
	Root

Depth

Values
	Root

Depth

Scores
	Root

Density

(%)
	Root Density Scores
	Surface Protection (Avg. %)
	Surface Protection Scores
	Bank Angle (degrees)
	Bank Angle Scores
	Total Score, by Category

	Very low

Low

Moderate

High

Very high

Extreme
	90-100
50-89
30-49
15-29
5-14
< 5
	1.45

2.95

4.95

6.95

8.5

10
	80-100

55-79

30-54

15-29

5-14

< 5
	1.45

2.95

4.95

6.95

8.5

10
	80-100

55-79

30-54

15-29

10-14

< 10
	1.45

2.95

4.95

6.95

8.5

10
	0-20

21-60

61-80

81-90

91-119

> 119
	1.45

2.95

4.95

6.95

8.5

10
	≤ 5.8

5.8 – 11.8

11.9 – 19.8

19.9 – 27.8

27.9 – 34.0

34.1 - 40


Figure 2.  BEHI Score Example
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4.0  Quality Control Issues

(1) 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.
(2) 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.
(3) 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 SOP 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.

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

· Stream bank conditions are naturally variable even in stable streams, and to characterize a stream reach it is recommended that at least 200’ of the stream reach be viewed before the BEHI observations are made.

· 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 geomorphically stable streams.

· 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 BEHI 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.
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(Circle one in each column)

	Root

Depth

(% of BH)
	Root

Density

(%)
	Surface Protection (Avg. %)
	Bank Angle (degrees)

	90-100
50-89
30-49
15-29
5-14
< 5
	80-100
55-79
30-54
15-29
5-14
< 5
	80-100

55-79

30-54

15-29

10-14

< 10
	0-20

21-60

61-80

81-90

91-119

> 119
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15-29
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Appendix 2.  Examples of Different Bank Conditions in Southern Michigan Streams
Figure A.  Tributary, Kalamazoo River watershed
	
[image: image2]
	Bank Height/Bankfull Height ≈ 1.0-1.1
Root Depth/Bank Height ≈ 0.9-1.0
Root Density ≈ 80-100%
Bank Angle ≈ 0-20º ?
Surface Protection ≈ 80-100%

BEHI Score = 7.25 (Very low)


Figure B.  Kalamazoo River

	
[image: image3]
	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 ≈ 81-90º

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.


Figure C.  Rouge River
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	Bank Height/Bankfull Height ≈ 1.0-1.1 (assuming top of bank = bankfull)
Root Depth/Bank Height ≈ 0.9-1.0
Root Density ≈ 5-14%
Bank Angle ≈ 81-90º

Surface Protection ≈ 10-14%

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 a dam, where erosion is usually atypically high due to “hungry water” created by the impoundment.




Figure D.  Hagar Creek , Ottawa County
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	[image: image7.bmp]Bank Height/Bankfull Height ≈ > 2.8
Root Depth/Bank Height ≈ 0.3-0.49 at best
Root Density ≈ 5-14%
Bank Angle ≈ 81-90º
Surface Protection ≈ 10-14% 

BEHI Score = 38.9 (Very high)
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