Appendix G: Monitoring Metrics for Stream-Related Restoration Projects 

Overview: 
This appendix describes some metrics specific to stream restoration, floodplain restoration, and aquatic connectivity projects. See Core Metrics by NBS for the list of required metrics per NBS type. 

Bank Erosion Hazard Index (BEHI)
Intent: The BEHI (Rosgen 2001) is a measure of the potential for streambank erosion and, along with other data, a low BEHI score is an indicator of a laterally stable stream. Stream restoration projects may have a wide range of goals related to reestablishing more natural hydrologic, geomorphic, and ecological function, and no one index can measure success across all dimensions. However, many stream restoration projects are designed to reduce sediment inputs from bank erosion, or to reduce bank erosion and increase channel stability for other reasons; therefore, a lowered BEHI score may be one indicator of restoration success. 

General guidance for BEHI measurements:
· Record coordinates, along-stream distance from the upstream end of the restoration site, bank (left or right, looking downstream), BEHI measurements, and BEHI values.
· Always measure the BEHI on the outside bank of a meander, not the inside. 
· Avoid measuring the BEHI in reaches with artificially armored banks or within areas influenced by culverts or other artificial obstructions.
· Follow the criteria below to choose BEHI measurement sites; however, if meeting these criteria would require more than five measurements, the additional measurements (i.e., beyond five) are optional. Using more sites may be advisable to better characterize your site.
· Measure the BEHI on the outside bank of all meanders in the restored reach, or, if the reach contains fewer than five meanders, take BEHI measurements at representative locations approximately every 500 ft of the restored reach. 
· If your required NCRF monitoring metrics include Stream width and bank measurements near barrier remediation sites, you may wish to use the transects described in that procedure upstream and downstream of the barrier for BEHI measurements as well. 
· Optionally, characterizing the stream bank and bed material at BEHI locations is recommended for understanding bank erosion risk and stream habitat quality.

BEHI method:
Detailed instructions and illustrations for calculating the BEHI may be found in USFWS (2016), cited below, and many other sources. The modified BEHI index uses four measurements, each of which is converted to a score ranging from 1 to 10 (Table H1); the four scores are summed to obtain the BEHI. This simplified procedure is derived from Rathbun (2008); for a description of the full BEHI method, which uses a fifth measurement (bankfull height) and a more complicated scoring table, see Rosgen (2001). 

1. Ratio of root depth to bank height (percentage)
· The bank height is the vertical distance from the bank toe to the top of the bank.
· The toe is the distinct slope break where the bank meets the bed. 
· If bank vegetation is typically herbaceous, the root depth is the typical depth of plant roots on the bank.
· If bank vegetation is typically woody, then add root depths for each location covered by woody vegetation. The root depth is then a cumulative vertical length of woody root coverage.
· The root depth cannot be greater than the bank height.
· Calculate (root depth/bank height) * 100 to express this value as a percentage.

2. Root density (percentage)
· Estimate the percentage of the streambank covered by plant roots.
· When the root depth to bank height ratio is small, a more accurate method is to estimate the root density within the rooting zone and then multiply by the root depth to bank height ratio; e.g., if root density within the rooting zone is 50%, but the root depth is only 10% of bank height, then the bank’s root density is 50% * 10% = 5%.

3. Surface protection (percentage):
· Estimate the percentage of the bank height covered by plant roots, downed logs, rootwads, branches, rocks, etc., that protect the bank from erosion. 
· This value will be equal to the root density if roots are the only feature present that protect the bank.

4. Bank angle (degrees):
· Examine the bank from toe to top of bank (ignoring floodplain benches higher on the floodplain).
· Choose the portion of the bank most prone to failure, usually the steepest portion, and measure its angle. 
· If possible, place a survey rod or similar on the slope to better show the angle for measurement.
· The angle may be measured with an inclinometer placed against the survey rod, or it may be estimated visually.
· The angle measurement is defined from zero (flat) to 90⁰ (vertical) or greater than 90⁰ (overhangs).

Calculating the BEHI:
· For each of the four measurements above, find the corresponding score in Table H1.
· The BEHI is the sum of the four component scores.


Table H1. Modified BEHI procedure scoring (after Rathbun 2008).

	BEHI Component Score Category
	Root Depth Score
	Root Depth Score
	Root Density
	Root Density Score
	Surface Protection
	Surface Protection Score
	Bank Angle
	Bank Angle Score

	Very Low
	90-100
	1.45
	80-100
	1.45
	80-100
	1.45
	0-20
	1.45

	Low
	50-89
	2.95
	55-79
	2.95
	55-79
	2.95
	21-60
	2.95

	Moderate
	30-49
	4.95
	30-54
	4.95
	30-54
	4.95
	61-80
	4.95

	High
	15-29
	6.95
	15-29
	6.95
	15-29
	6.95
	81-90
	6.95

	Very High
	5-14
	8.5
	5-14
	8.5
	10-14
	8.5
	91-119
	8.5

	Extreme
	<5
	10
	<5
	10
	<10
	10
	>119
	10

	
	
	
	
	
	
	

	BEHI Total 
	≤ 5.8
	5.8-11.8
	11.9-19.8 
	19.9-27.8
	27.9-34
	34.1-40

	BEHI Category
	Very Low
	Low
	Moderate
	High
	Very High
	Extreme




General guidelines on stream survey methods:
Use traditional or RTK GPS-based survey methods to determine horizontal and vertical locations. 

Stream Width and Bank Height
Intent: Channel width and the amount of constriction at a road crossing or dam can be indicators of site passability for aquatic organisms. Changes post-implementation can indicate instability of the restored reach. 
The methodology for this metric is largely excerpted or adapted from NOAA (2022), cited below.

· Establish three permanent transects for measurements:
· One transect upstream and one downstream of the barrier, just beyond any influence of the barrier on channel width, channel slope, or water surface slope
· This distance may be 5-20 stream widths upstream and downstream, but it should be found by observation. 
· If there is a scour pool immediately downstream of the barrier, which may be followed by an unusually high riffle bed, do not establish the transect at these features.
· One transect at the site of the barrier: 
· At the pre-removal spillway crest (dams)
· At the downstream end of the culvert (road crossings).
· Mark the ends of each transect with rebar or other durable survey markers and record the locations with GPS.
· Record the location of each bank.
· Measure stream width (bank to bank). 
· Measure height of each bank (toe to top of bank).
· The toe is the distinct slope break where the bank meets the bed. 
Channel profile and bed slope
Intent: For aquatic organism passage, large differences between the average slope and the maximum slope over a restored reach are noteworthy and may indicate a problem for stream stability and/or aquatic organism passage.

· Measure a longitudinal elevation profile along the restored stream reach. At the thalweg centerline, for each measurement station, record distance, stream bed elevation, and water surface elevation. 
· Measure from the upstream to the downstream end of the restoration site, including relevant points between, especially including any riffle beds. 
· If the Bank Erosion Hazard Index (BEHI) metric is required for your project, include these locations as measurement stations.
· If there is a distinct slope break or jump, measure immediately up- and downstream of it.
· Wherever possible, include “like to like” measurement stations, e.g., from one riffle bed to the next, to help characterize the typical bed slope.
· Plot the measured stream profile to visualize pools, riffles, and any other areas where elevation changes rapidly.
· Calculate slope using “like to like” measurements (e.g., riffle bed to riffle bed rather than from a pool to a riffle bed).
· Major changes in channel elevation over distances less than 5-10 feet (depending on profile resolution) should be considered jumps (see Maximum jump height), rather than bed slopes, for the purposes of this metric. 
· Calculate and report the maximum bed slope and its location:
· If possible, interpret the location of maximum bed slope: Does it represent a headcut or other feature that may be an indicator of channel instability? If this is post-restoration survey, is this location as designed?
Maximum jump height 
Intent: Maximum jump height is the highest a fish would need to jump to pass the site. High values indicate likely barriers to aquatic organism passage.

General guidance on jump height:
· A jump is an abrupt discontinuity in the bed elevation that would require a fish to jump to transit the site at low flows. 
· For this metric, a jump can be defined as a major change in stream profile elevation over a distance less than 5-10 feet (depending on profile resolution).
· For dam removal projects surveyed pre-removal, the dam height itself is usually the maximum jump height.

Maximum jump height method:
· Survey channel profile and bed slope as described in this appendix.
· Plot and examine the longitudinal to find jumps.
· Report the maximum jump height.
Culvert Remediation Indicators
Intent: Perch (a vertical jump from stream grade to a culvert’s inlet) and similar elevation jumps in culverts are obstacles to aquatic organism passage (AOP), and a continuous substrate from the stream through the culvert is a key indicator of the success of the culvert removal or mitigation for AOP. 

This metric includes basic indicators of AOP restoration or impairment. It is adapted and greatly shortened from the North Atlantic Aquatic Connectivity Collaborative (NAACC) and Southeast Aquatic Resources Partnership (SARP) assessment procedures for tidal and non-tidal culverts, respectively. If continued AOP impairment is suspected after culvert replacement, it may be advisable to assess the replacement using the full procedure given in those references.

If you remediate a culvert, dam, or other aquatic organism passage (AOP) barrier, please optionally share this information with the National Aquatic Connectivity Collaborative (NACC), via contact information at https://aquaticbarriers.org/, to update the National Aquatic Barrier Inventory, which tracks the AOP barriers most in need of remediation to serve the conservation community.

Culvert remediation indicators method:

· For tidal culverts, assess the culvert within one hour of low tide. Estimate high tide by looking for high water marks and answer the checklist questions for both low and high tide.
· For nontidal culverts, to the extent possible, assess at typical low-flow conditions. At these conditions, stream water levels are likely to be below the bank vegetation, exposing areas of stream banks and bottoms.
· If a road crossing includes multiple culverts, answer each question for the worst-case example observed.
· Enter the following in the data reporting template:
· For the inlet and the outlet, is the invert (the inside bottom of the culvert) perched above the water level in the channel?
· For the inlet and the outlet, is the invert at the same elevation as the adjacent stream bed, such that there is no jump in bed elevation as water enters (exits) the culvert?
· Does the culvert substrate match the stream?
· If AOP is not impaired, “Perched” will be “No” and the other questions “Yes.”
· Note any other AOP impairments remaining at the site after restoration.
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