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1.0 INTRODUCTION 

The Southern Alberta Fisheries Habitat Enhancement and Sustainability Program (FISHES) of Alberta 
Environment and Parks (AEP) was initially established as a 3-year program which aimed to speed the 
restoration of disturbed habitats and mitigate the impacts to fish and fish habitat resulting from post-flood 
in-stream recovery work.  The Program’s overarching goal is to re-establish a healthy aquatic 
environment in select flood disturbed locations over the longer term.  The Evaluation, Scoring, and 
Ranking Model (ESRM) was developed to assist in achieving this goal, by prioritizing sites for restoration 
work within various high interest and flood impacted areas in southern Alberta.  The program was 
subsequently extended in 2017 for an additional three years. 

The ESRM is rooted in principles identified in British Columbia’s Watershed Restoration Program and 
builds on the program “Fish Habitat Assessment Procedures”, found in their “Technical Circulars 
(http://www.env.gov.bc.ca/cariboo/env_stewardship/wrp/reports.html).  The model also utilizes existing 
public geospatial datasets, habitat assessment techniques, and metrics currently in use in Alberta, 
including some tools developed by non-government organizations that are in common use, e.g. the 
Alberta Lotic Wetland Health Assessment for Streams and Small Rivers developed by the Alberta 
Riparian Habitat Management Society (Cows and Fish, 2018)  

In order to prioritize project locations, the ESRM quantifies geomorphic, biological, and anthropogenic 
features that affect an area’s overall quality as fish habitat, ability to resist future negative impacts, and 
potential for a habitat restoration project.  The prioritization of watersheds, reaches, and habitat units is a 
complex process that accounts for a multitude of factors.  The ESRM is used to prioritize project areas 
based on available data, local knowledge, and aerial and field-collected data, starting from the watershed 
scale and progressing to the scale of individual habitat units.  Although the ESRM can be used at any 
scale, the default metrics are intended to be used at a sub-watershed basin scale.  

The initial phase involves high level assessments that prioritize reaches within one or more watersheds 
based on user set priorities and objectives.  These high-level assessments are driven by pre-existing, 
publicly available spatial data, although more comprehensive data sources are accepted in the event they 
are available.  Such data often lacks information on characteristics of watersheds and reaches, such as 
the presence of woody debris, barriers, beaver damns, and river fordings.  Field reconnaissance surveys 
(e.g. aerial videography) can supplement the pre-existing data.  The data collected from these procedures 
are used to calculate metrics of favorable (or unfavorable) characteristics of watersheds and reaches.  
These metrics are then used to prioritize reaches for further study.  This approach enables users to focus 
the collection of detailed habitat data to the highest priority reaches. Once reaches have been prioritized, 
and detailed habitat data has been collected, the ESRM prioritizes individual habitat units within one or 
multiple watersheds for mitigation and enhancement project planning.  

To calculate metrics and to prioritize features, the ESRM is built on an ArcGIS interface and utilizes two 
programming languages; Python and R, which are part of the model package.  The Python component of 
ESRM extracts the required information from the raw spatial data provided in ArcGIS.  These data are 

http://www.env.gov.bc.ca/cariboo/env_stewardship/wrp/reports.html
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then input to R which calculates the metrics and produces the priority scores and associated graphics 
(see Figure 2-1). 
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Figure 1-1 - Watershed, reach, and habitat unit scales.   

The above figure illustrates the three scales of assessment in the ESRM:  Watershed, reach, and habitat 
scale.  Note:  The habitat unit map is not created by the ESRM but is manually created by the user.   

2.0 DEFINITIONS 

(1) Priority Score:  The value, calculated by the ESRM, used for determining locations requiring 
further assessment and project planning at a specified scale.  The higher the priority score, the 
greater the importance of that location to management objectives. 

(2) Scale:  The spatial habitat levels evaluated by the ESRM model for the priority score calculation, 
which are as follows: 

o Watershed:  The water catchment area, basin, or sub-basin of study. For FISHES, 
watersheds were selected based on the Priority Scoring and Ranking Tool. 

o Reach:  The divided segments of watercourse determined by the ESRM and prioritized 
for detailed assessment.  

o Habitat unit:  Individual channel geomorphic units (e.g. riffle, run, pool, etc.) within a 
reach where detailed field data are collected. 

(3) Index Value Scores:  The three distinct factors requiring consideration for prioritizing 
sites/projects that make up the components of the priority equation, and are used to determine 
the final priority score at and for, each scale.  The summed metrics within the index value 
categories described below determine the final score for each scale:  

o Sensitivity:  The index value that represents the ability of a watershed, reach, or habitat 
unit, to function as quality habitat for fish of all life stages. A higher sensitivity score 
positively affects the priority score. 

o Resilience:  The index value that represents the ability of the scale to adapt and/or resist 
environmental stresses while maintaining ecological functionality. A higher resilience 
score negatively affects the priority score.   

o Feasibility:  The index value that represents potential to complete work within a given 
area based on logistical, economic, and socioeconomic factors.  A higher feasibility score 
positively affects the priority score.  

(4) Metrics:  Values calculated using individual data types collected, then summed together to 
produce the index values at each scale.  These data types are obtained from a variety of sources.   
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o Major Sensitivity Factor:  The single metric that has the greatest positive effect on, or that 
drives the outcome of, the sensitivity index value. 

o Major Resilience Factor:  The single metric that has the greatest negative effect on, or 
that drives the outcome of, the resilience index value. 

See Appendix A for a list of metrics and definitions for each scale. 

(5) Weights:  A value between 0 and 1, determined by the user, to reflect the importance of each 
component, relative to the other components within each level of the ESRM equation (i.e. scale, 
index values, metrics).  Weights can be adjusted and tailored to account for different 
management objectives.  A higher weight places greater importance on the component that will 
positively or negatively influence the priority score, depending on how the component individually 
affects the outcomes.  A weight of ‘0’ will remove it from the equation entirely.    

(6) Scores:  The individual values of the equation components calculated at each level within the 
ESRM equation. 

(7) Normalization:  A function applied to all calculated values to bring them between 0 and 1, allowing 
them to be compared on an even scale.  The normalization function is applied to all calculated 
values: priority score, scale scores, index value scores, and metrics.   

𝑥𝑥 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

 

(8) Inverse Function:  A function that can be applied to any metric, subtracting the calculated metric 
value from 1. 
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Figure 2-1 - The ESRM process 

At the Watershed and Reach scale, desktop and aerial data are processed through ArcGIS and Python to create intermediate data that are run 
through the R script to calculate priority reach scores.  Priority reach scores are a weighted sum of both watershed and reach scores.  Field 
collected data and the previously calculated priority reach scores are processed through the R script to calculate final individual habitat unit priority 
scores. 
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3.0 PRIORITY EQUATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1 – Priority Score Components 

Data from multiple sources (e.g. FWMIS, GIS, aerial surveys, local knowledge, field surveys, etc.) are processed and an index value for sensitivity, 
resilience, and feasibility is calculated and assigned.  The calculated index values are compiled to calculate the score for each scale.  Scale 
scores are summed together to create a final priority score. 
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The ESRM produces priority reach and habitat unit scores by summing the score of up to three of the 
scales: watershed, reach, and habitat unit. When multiple watersheds are compared, the reach priority 
score is comprised of both the reach and watershed scores. If only one watershed is assessed, the reach 
priority score is only comprised of the reach score.  Similarly, the habitat unit score is comprised of all 
three scales, unless there is only one watershed assessed, in which case, only the reach and habitat unit 
scores are used. 

Scale scores (watershed, reach, habitat unit) are calculated by summing together sensitivity and 
feasibility index values, and subtracting the resilience index value, each of which are the sum of their 
associated metric.  See Appendix A for a detailed explanation of the ESRM equation and its components. 
See Figure 3-1 – Priority Score Components, for a visual representation of the priority score components. 

In order to deal with potential order-of-magnitude differences between calculated values due to different 
data types, a normalization function is built in to the model.  The function converts all values to a number 
between 0 and 1, which allows them to be compared on the same scale.  The normalization function is 
applied to all calculated values: metrics, index value scores, scale scores, and the priority score. 
 
The ESRM is flexible and values and scales can be weighted differently to better represent differences 
between aquatic systems and species life history or habitat requirements.  Weights can be set between 0 
and infinity, however it is highly recommended that the maximum weight be assigned a value no higher 
than 1, to avoid any unintended overrepresentation of a component.  Weights can be changed by editing 
the values in their corresponding .csv files.   
 
Each scale can be weighted to control its overall influence on the priority score.  A larger weight means 
that scale will have a greater influence on the priority score.  If for example reach and habitat unit scales 
are equally weighted, priority habitat scores are more likely to be grouped together by reach.   
 
Each index value within a scale can also be weighted to place greater importance on a specific aspect 
within a scale.  For example the resilience index value can be weighted higher than the sensitivity index 
value, if project selection should be directed towards increasing an area’s resilience more than improving 
its fish habitat potential. 
 
Each metric can be weighted to allow that metric to influence the model output more than others.  For 
example, at the habitat unit scale ‘disturbances’ can be weighted higher than ‘overhanging vegetation’ so 
that a difference in disturbance values will affect the priority score more than a difference in the amount of 
overhanging vegetation.  
 
Some metrics have subcategories that can also be weighted.  These are data that are not numeric, but 
instead are recorded as lettered values. For example, at the reach scale, ‘crossing’ has four crossing 
types: ‘Bridge Crossing’ ‘Culvert Crossing’, ‘Ford Crossing’, and ‘Other Crossing’.  Each crossing type can 
be weighted between 0 and 1 to place more or less importance on each of these subcategories 
depending on their viewed impact on a specific watercourse.  An explanation of where to find these 
metrics and how to change each weight and index value can be found in Appendix A. 
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4.0 DATA AND METRICS  

Metrics are the foundation of the priority equation and are calculated from collected data.  Calculated 
metrics are put into the ESRM to rank and prioritize reaches and individual habitat units within a 
watershed. Each scale has its own set of metrics that are categorized under the three index values. 
Metrics consider not only physical features that directly and indirectly affect the quality of fish habitat at 
each scale, but also include socio-economic considerations.  A list of all metrics, at each scale 
(watershed, reach, and habitat unit), including an explanation of each metric and its formula can be found 
in Appendix A. 

The individual metrics defining Sensitivity and Resilience were chosen based on their ability to positively 
or negatively affect fish habitat by providing for, or adding to, the sensitivity and resiliency of these 
habitats.  Metrics for Feasibility were chosen based on their ability to indicate if a project should, could, or 
would be achievable at the proposed (priority) locations within established economic and social 
constraints.  Each scale has a specific list of metrics that are set as one of the three index values: 
sensitivity, resilience, and feasibility.  An inverse function can be applied to each metric and if set to 
TRUE, subtracts the metric value from 1.  This allows for smaller metric scores to be more important than 
larger scores.  For example in the sensitivity index, if ‘instream cover’ at the habitat scale is inversed, the 
model would direct project selection to an area with little to no cover, over an area with abundant instream 
cover.  In the resilience index, if ‘disturbance’ at the habitat scale is inversed, the model would direct 
projection selection to areas with large, severe disturbances due to the decreased resilience score. 

4.1 WATERSHED SCALE 

Watershed scale metrics, e.g. basin shape and basin slope, are based on available GIS data which can 
be applied at a larger scale, i.e. it is representative of a large area, versus localized or reach scale data 
collected through site-specific assessments.  Data sources include Geographic Information System (GIS) 
layers, Fish and Wildlife Management Information System (FWMIS) data, and AEP Water Act application 
and authorization information.  Aerial reconnaissance data, if available, can also be used at this scale, but 
is not a requirement of the model. 

There are 23 watershed metrics, two of which are feasibility metrics.  The remaining 21 metrics can be set 
as sensitivity or resilience metrics, based on user input. Sensitivity and resilience metrics at this scale 
represent the watershed’s value, as a whole, to fish species of concern at all life stages.  Current land use 
issues are represented by Water Act applications and authorizations, and geomorphological aspects of 
each watershed are represented by holistic metrics, such as basin shape and basin slope.  Feasibility 
metrics assess how close the watershed is to population centers, as well as angler interest in the 
watershed. 

4.2 REACH SCALE 

Reach scale metrics are based on available and/or collected data, which can be applied over a moderate 
sized area or scale (i.e. a finer scale than data obtained from watershed metrics, but still too broad to be 
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site specific).  Data sources include GIS layers, FWMIS information, AEP Water Act application and 
authorization information, and can include data collected from aerial videography and satellite imagery. 

There are 23 reach metrics, four of which are feasibility metrics.  The remaining 19 metrics can be set as 
sensitivity or resilience metrics based on user input.  Sensitivity and resilience metrics at this scale 
represent the value of individual reaches within a watercourse to fish species of concern.  Sensitivity 
metrics consider the physical aspects of the reach that make it valuable to fish and include metrics such 
as the presence of woody debris, beaver dams, and substrate type.  Resilience metrics are the features 
that reduce or impact the quality of habitat directly or indirectly and can include land use type, riparian 
width and slope, and linear disturbances.  At the reach scale, feasibility metrics assess the accessibility of 
the reach.  This is done through metrics such as road density, which is a surrogate for access to the 
reach, and Water Act applications and authorizations.  Water Act applications and authorizations for work 
in the vicinity indicates that work has or may be planned in the area, and access may have been 
improved as a result. 

4.2.1 Aerial Reconnaissance Data 

High-resolution aerial imagery and desktop information can provide a coarse assessment of key features 
in the sub-watershed.  It may not, however, provide adequate and up-to-date detail to assess critical 
habitat features (e.g., watercourse crossings).  In the absence of recent or high-quality imagery and data, 
aerial reconnaissance (i.e., helicopter based, low level overview flights) can be used to supplement and 
evaluate the presence of key features. 

Through aerial observation, more information can be collected on areas of interest, and provide more 
confidence for focused fish and fish habitat assessment on the ground.  This approach is used to identify 
unique features of a stream, and include them in the ranking process.  This information can also be used 
to supplement watershed scale metrics. However, reach scale metrics are generally more dependent on 
the details acquired from aerial reconnaissance surveys and/or imagery. 

Data collected by aerial reconnaissance must have geo-spatial/location data associated with it, so that 
spatial data in the form of point feature classes can be created to satisfy the input requirements of ESRM.  
Metrics in the model dependent on data collected during aerial reconnaissance surveys include: 

• Potential barriers to fish movement 
• Beaver dams 
• Watercourse crossings 

o Bridge 
o Culvert 
o Ford 
o Other 

• Disturbances 
o Instream 
o Riparian 

• Non flood erosional features 
• Flood disturbances 
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• Woody debris complexes 
 

An aerial survey manual describing the aerial videography recording and scoring methodology used by 
the FISHES Program to assess metrics used by the ESRM is included as Appendix B. 

4.3 HABITAT UNIT SCALE 

Habitat assessments provide detailed information about the habitat units that make up a reach.  The 
metrics identified provide data at a fine level at the smallest scale of the ESRM. Habitat unit metrics differ 
from the other two scales in that only actual data collected in the field, within the identified habitat unit, 
should be used.  There are no GIS layers or background data associated with the input files. 

There are nine habitat unit metrics. Unlike watershed and reach metrics, habitat unit metrics can be set to 
any of the three index values: sensitivity, resilience, or feasibility.  These metrics are based directly on fish 
habitat data, typically used in mesohabitat simulation models, collected in the field, which quantify the 
current value of a habitat unit to fish, such as habitat type (pool, riffle, run), substrate type, and barriers.  
Features that can result in reduced habitat quality over time are quantified through metrics including 
riparian assessment, disturbances (natural and anthropogenic), and bank stability.  The feasibility index 
value results from a field-based assessment that considers the potential for a project, potential project 
costs, equipment requirements, and access to the potential project site.  If there does not appear to be 
any need or potential for a project, this metric can be used to lower a habitat unit’s priority. 

To maintain data continuity Site and Reach ID, as well as the date, must be recorded on each log sheet. 
Reach level channel morphology measurements can be taken in each reach to provide supplemental 
information.  Supplemental field data that is not directly used by the model such as pH, temperature, total 
dissolved solids (TDS), bank height, and bank texture can be collected for a more comprehensive fish 
habitat assessment and future project planning.  Such additional information may be invaluable to further 
assess the quality of habitat after completion of a project.  There is also the potential to incorporate new 
geomorphic information into future iterations of the ESRM. 

 

5.0 RUNNING THE ESRM 

5.1 SOFTWARE REQUIREMENTS 

5.1.1 ArcGIS 

• ArcGIS is required to run the ESRM.  The ‘GIS Evaluation’ and ‘Scoring & Ranking’ steps of 
ESRM require ArcGIS Desktop 10.1 and an ArcGIS Basic (ArcView) License.  ESRM will not run 
on a network version of ArcGIS.  
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• In addition, ESRM requires the ArcGIS Spatial Analyst and 3D Analyst extensions for running the 
‘GIS Evaluation’ of the model.  

5.1.2 R  

• R is required to run the ESRM.  

• An executable file for R is saved in the dependencies folder of the ESRM folder.  The installation 
of R is simple, and it should install by running the installation file.  

• To confirm R has been successfully installed, open command prompt in administrator mode, and 
type ‘R’, if R does not begin to run in the command prompt, there is likely an issue with your 
machine’s environmental variables.  To check this: 

1. Open Control Panel and find “Edit environment variables for your account” or “Edit the 
system environment variables” 

2. In the Environmental Variables window, scroll through System Variables box until the 
Variable PATH is found 

3. Select PATH and click the Edit… button 
4. Confirm that the Variable value string starts with C:\Program Files\R\R-3.1.2\bin 

a. Note that depending on where R was installed this path may be different. 
b. If this path is not present, add it, and try running R in command prompt again. 

5.1.3 Python 

• Python is required to run the ESRM. 

• All required Python files are located in the ESRM directory and will be used when the model is 
run through ArcMap or ArcCatalog. 

5.1.4 Environment Canada (EC) Data Explorer 

• Environment Canada (EC) Data Explorer with HYDAT database version 1.0 is recommended. 

• EC Data Explorer is not required by ESRM, however the hydrology data that it exports is 
required.  As a result, its installation is recommended for easy collection of data. 

5.1.5 Microsoft Excel 

• Microsoft Excel is required to run the ESRM. 

• Excel is used to view, edit, and create tabular inputs and outputs for ESRM. 
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5.2 GENERAL RULES 

The user needs to be aware that ESRM is reading all user generated information and cross referencing it 
with other inputs.  To reduce the risk of error or erroneous results, a few simple rules should be followed 
when modifying user input files: 

1. Do not change the names of any folders within the ESRM folder structure.  This includes the 
input folder which must remain named ‘input’ when the model is running. 

2. When weighting a value, enter a number between 0 and 1.  ESRM will still run with values 
beyond this range but doing so may have unintended effects on the model’s outputs. 

3. When entering the name of a watershed (e.g., naming a file to associate it with a watershed), use 
the same name (case and space sensitive) used to create the watershed in the Pour Point 
feature class name field (See Section 5.4.1.2).  When naming watersheds note the following: 
 

a. No spaces are allowed in the name.  For a watershed associated with ‘Waiparous Creek’, 
simplify and call it ‘Waiparous’. 

b. Input files are case sensitive.  ESRM will read ‘Waiparous’ differently from ‘waiparous’ or 
‘waiparous ’ – be consistent with the use of capital letters and eliminate 
inadvertent/unnecessary spaces. 

4. When modifying input files: 
a. Do not change the names of header columns. 

b. Do not change the names of variables (unless otherwise stated). 

c. Do not change the order of variables (unless otherwise stated). 

d. Always save, and close after modifying the file.  

e. Avoid changing names in the input and weighting files.  Typically, only the ‘VALUE’, 
‘COMPONENT’ and ‘INVERSE’ columns should be modified. 

5. When collecting habitat unit scale data in the field, in order to maintain data continuity Site and 
Reach ID, as well as the date must be recorded on each sheet. 

 

5.3 OPENING ‘RUN ESRM' INTERFACE 

Both the ‘GIS Evaluation’ and ‘Scoring & Ranking’ phases of ESRM are run using this interface. 

1. Open ArcMap or ArcCatalog.   
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ESRM can be run in ArcMap (via Catalog window) or in ArcCatalog.  A blank ‘mxd’ document should be 
used If ESRM is run in ArcMap.   

2. Navigate to the ESRM folder, then to the ‘Run ESRM’ script; double click ‘Run ESRM’ (see Figure 
5-1). 

…\scripts\ESRM.tbx\Run ESRM 

 

Figure 5-1 – ESRM toolbox 

The ESRM Interface will open (see Figure 5-2) 

Ensure your Input Folder has already been set up and is named ‘input’.  ESRM will only recognize a 
folder named ‘input’. 

3. Complete editable fields in the ESRM Interface as applicable (Section 5.4.1.2 explains each of 
the editable sections of the ESRM interface). 

- ‘Run Name’ and ‘Run Type’ fields are always mandatory.  

- The remaining fields may or may not be required depending on the type of run 
and stage of your analysis.  Data from desktop (reach level) and field analysis 
(habitat level) should be combined where applicable.   

- If GIS Evaluation is already complete and you are running the Scoring & 
Ranking phase of the model at the Reach scale, go to Section 5.5 for details on 
how to set up your Input Folder.   

- If that is also complete and you are ready to run the Scoring & Ranking phase 
of the model at the Habitat Scale, go to section 5.5.2 for details on how to set 
up your Input Folder.   

- Only the ‘Run Name’ and ‘Run Type’ fields are required when running only the 
Scoring & Ranking phase.  Select ‘Run Type’ of ‘Desktop’ for the Reach scale 
run and select ‘Field’ for the Habitat Scale run. 

4. Click OK. 
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Figure 5-2 – ESRM Interface as seen in ArcGIS 
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5.4 GIS EVALUATION 

In the ‘GIS Evaluation’ phase, ESRM creates spatial data, representing streams, reaches, riparian areas 
and watershed boundaries, based on the Digital Elevation Model (DEM) and Pour Point spatial files. 
ESRM then evaluates these files with other spatial inputs, calculating raw values and measurements at 
the Reach Scale and Watershed Scale, generating tabular outputs in the form of three .csv files (see 
Section 5.4.1.2).  These outputs are subsequently used as inputs by the Scoring & Ranking phase via R 
to calculate metrics (see Appendix A for a complete list of these metrics). 

5.4.1 Inputs 

5.4.1.1 Input Folder (tabular inputs) 

The Input Folder contains all tabular inputs (.csv files) for all Ranking & Scoring phases of ESRM.  The 
habitat folder will be in the input folder regardless of whether ‘DESKTOP’ or ‘FIELD’ model runs are being 
conducted.  Habitat input files will have to be manually filled in for the ‘FIELD’ run.  

Before running ESRM, at minimum the following files within the Input Folder must be modified to include 
the watershed which is being evaluated. 

…\input\feasibility\ 
input_anglers.csv 
 

…input\watershed\ 
\Catches\ (Fish Survey data) 
\Flow\ (Peak Flow Data) 
input_fish.csv 
input_flood.csv 
input_somc.csv 
input_spawning.csv 

 

For details on setting up these files, as well as the entire Input Folder, see section 5.5.1.  If these files are 
not set up correctly, the model will halt and/or provide incomplete results.  Remember naming 
conventions for watersheds as explained in the General Rules section. 

The rest of the Input Folder may be set up now, or after the GIS Evaluation run of the model. ESRM is 
designed to complete Scoring & Ranking at the Reach Scale concurrent with the GIS Evaluation run, or 
after it is completed.  The GIS Evaluation may require multiple runs to achieve desired results (which can 
be a lengthy process) so it may be more convenient to score and rank reaches after GIS Evaluation. 

5.4.1.2 Run ESRM Interface & Spatial Inputs 

‘Run ESRM’ input fields are described below as they appear in the Interface (see Figure 5-2 – ESRM 
Interface as seen in ArcGIS). 
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Run Name:  Run name will be the name of the folder created in the output directory.  Be aware that 
data may be overwritten if a run name already exists. 
 
Run Type: This can be set to “DESKTOP” or “FIELD”. This is directly passed to R. 
 DESKTOP – a DESKTOP run calculates watershed and reach scores and can incorporate GIS 
layers. 
 FIELD – a FIELD run calculates individual habitat unit scores, incorporating watershed and reach 
scores into it. 
 
Run GIS Calculations:  Checking this box enables the GIS Calculations to be run, creating spatial 
data in the Workspace Directory, along with the three .csv ‘GIS Evaluation’ phase outputs/’Ranking & 
Scoring’ inputs.  If selected, ensure appropriate GIS data inputs are entered correctly.   

 
Create Reaches:  Specifies whether or not to create reaches.  If the box is checked, it will create 
and/or overwrite streams/reaches.  If unchecked it will use the reaches already created in the GIS 
Workspace Directory folder.  If known inaccurate reaches need to be deleted, edit the feature class in 
the workspace then re-run the model with Create Reaches unchecked. 
 
Workspace Directory:  Create a folder to be used as a GIS workspace.  This is where intermediate 
data will go.  The folder should be large enough to hold several raster datasets which will be placed 
here. 

 
Digital Elevation Model Raster Dataset:  This should be a raster dataset.  Higher quality data will 
generate better results, but will also take longer to run. 
 
The stream/reach feature classes created based on this DEM may contain inaccuracies if the data 
aren’t ‘clean’.  In assessing accuracy of the delineated streams, it is helpful to compare with aerial 
imagery, existing hydrology feature classes, and/or first-hand knowledge of the area. For example, 
bridge crossings may be misinterpreted by ArcGIS as the end or redirection of a stream, due to their 
increased elevation/cell value.  One solution is to adjust/subtract from these cell values in the DEM, 
using Raster Calculator to ‘burn’ segments of the stream into it, and use the resulting DEM to re-
create the streams.  Use the elevation values in surrounding cells to determine the value used in the 
‘burn’ raster.  
 
While it may seem easier to use one large value to create a deep burn in the DEM to ensure the 
stream’s new path is correct, it is preferable to use the smallest value possible to create elevation 
values and flow accumulation similar to the surrounding streams.  This will prevent reaches from 
artificially scoring high based on flow accumulation.  Multiple intermediate raster datasets are 
generated from this DEM.  To save time, you may clip the DEM to a smaller file size as long as it 
envelopes an area larger than the boundary of the watershed. 

 
Pour Points Feature Class:  The pour points are stored in a feature class.  It is best to place the 
point close to a high flow accumulation location at the mouth of the watercourse, so it is 
recommended to run a flow direction, then flow accumulation, and then place the pour point at the 
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nearest pour point location.  The tool has a snap tolerance, with a default of 100m. In order to avoid 
disturbances, such as roads, that may interfere with accurate watercourse delineation, it may be 
helpful to use data, such as an existing hydrology layer and aerial imagery, along with the flow 
accumulation to determine the ideal location and snap tolerance for this feature.  This feature class 
also needs a unique ID and Name to identify the watershed. Watershed IDs can be any letter or 
number combination, but should not have any spaces.  The watershed name used in the entire model 
is based on the name as entered in this feature class and selected in the Pour Point Name Field input 
below.  The watershed name must be consistent with naming as described in the General Rules (one 
word, no spaces, case sensitive, etc.) 

 
Pour Point ID Field:  The pour point ID field must be an integer.  This will be used to create 
watersheds and IDs with the spatial analyst tool. 

 
Pour Point Name Field:  The pour point name field must be a text field.  This will be used to create 
watersheds and names with the spatial analyst tool. 

 
ABMI Landcover Feature Class:  The landcover feature class that should be used for this is 
obtained from the Alberta Biodiversity Monitoring Institute (ABMI).  It is a wall to wall feature class 
which should contain a field called LC_Class, with a coded domain, with integer values of: 20, 31, 32, 
33, 34, 50, 110, 120, 210, 220, 230.  It should also contain a field called ‘MOD_TY’ with string values 
including ‘Burnt’ and ‘Cutblock’.  The script simplifies and categorizes these values for land use 
metrics as follows in Table 1: 
 

Table 1 – ABMI Landcover Feature Classes 

Coded Domain ABMI Description Land use metric category 
20 Water Water 
31 Snow/Ice Water 
32 Rock/Rubble Rock 
33 Exposed land Exposed 
34 Developed Developed 
50 Shrubland Shrubland 
110 Grassland Grassland 
120 Agriculture Agriculture 
210 Coniferous forest Forest 
220 Broadleaf forest Forest 
230 Mixed forest Forest 
n/a Cutblock Cutblock 
n/a Burnt Burnt 
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Linear Disturbance Feature Class:  This should be a polyline feature class of linear disturbances. 
This can include trails, roads, and other linear features.  If this feature’s extent is beyond the extent of 
the DEM, it may cause the model to halt.  Clip this feature to within the extent of the DEM. 
 
Water Act Application Feature Class:  This feature class should include Alberta Water Act 
Applications for work in the study area.  This should be a point feature class.  It is used to determine 
counts. 
 
Water Act Authorization Feature Class:  This feature class should be Water Act Authorizations in 
the study area. This should be a point feature class.  It is used to determine counts. 
 
Barrier Feature Class:  The barrier feature class should represent all features that could be a barrier 
to fish.  This should be a point feature class.  It is used to determine counts.  This may be a 
combination of desktop and field data (aerial reconnaissance). 
 
Beaver Dams Feature Class:  This feature class should contain beaver dams in the study area.  It 
should be a point feature class, and will be used to determine counts.  This may be a combination of 
desktop and field data (aerial reconnaissance). 
 
Crossing Feature Class:  This feature class should contain watercourse crossings in the study area. 
This should be a point feature class.  It is used to determine counts.  This may be a combination of 
desktop and field data (aerial reconnaissance).  Please note that this feature class requires a field 
called "TYPE".  Values contained in this field must be 'Bridge Crossing', ‘Culvert Crossing’, ‘Ford 
Crossing', or 'Other Crossing'.  
 
Erosion:  This should contain the locations of known erosional issues in point feature class format. It 
is used as a count for the reach and watershed metrics.  This may be a combination of desktop and 
field data (aerial reconnaissance). 
 
Instream Disturbance:  This should contain identified instream disturbances in point format. This can 
consist of anthropogenic disturbances found in a reach or watershed.  It is used as a count for the 
reach and watershed metrics.  This may be a combination of desktop and field data (aerial 
reconnaissance). 
 
Riparian Disturbance:  This should contain identified riparian disturbance locations in point format. 
This can consist of anthropogenic disturbances found adjacent to the stream.  It is used as a count for 
the reach and watershed metrics.  This may be a combination of desktop and field data (aerial 
reconnaissance). 
 
Woody Debris:  This should contain woody debris locations in point format.  It is used as a count for 
the reach and watershed scale metrics.  This may be a combination of desktop and field data (aerial 
reconnaissance). 
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Flood Disturbance:  The flood disturbance feature class should represent all features that exhibit 
noticeable changes attributable to flood(s).  This should be a point feature class.  It is used to 
determine counts.  This may be a combination of desktop and field data (aerial reconnaissance). 
 
FSI Feature Class:  This should be an Alberta “Fish Sustainability Index” (FSI) polygon feature class.  
It requires two integer fields: ‘CurrentAdultDensity’ and ‘HistoricAdultDensity’. 
 
FWMIS Feature Class:  This should be an Alberta FWMIS ‘aquatic habitat survey’ point feature 
class.  Fields required are: 'bedrock', 'fines', 'small_gravel', 'large_gravel', 'cobble', 'boulder'. These 
fields must be floating point or double type.  There is an example of this dataset in the example 
geodatabase. 
 
Pour Point Snap Distance:  Pour point snap distance is the distance which a pour point can be 
snapped to the highest flow accumulation cell.  This helps adjust any deviations in data sources when 
creating watersheds. 

 
Maximum Reach Length:  Streams will be divided into individual reaches with the length specified in 
the maximum reach length +/- the reach split tolerance.  The default is to have 500 metre long 
reaches as a maximum but can be changed by the user to better match the study area. 
 
Reach Split Tolerance:  The reach split tolerance allows dangling i.e. short segments of reaches, 
which are less than the maximum reach length, to be included with the previous reach.  The default is 
100.  For example, a stream segment is 572 m long.  With a maximum length of 500 m and a 
tolerance of 100 m, everything under 600 m will be grouped with the previous reach, so that the 72 m 
is added to the 500 m reach, making one 572 m long reach. 
 
Access Roads:  This should be a combined access feature class.  Roads and trails wide enough for 
the required equipment for remediation works can be included.  This input will be used in feasibility 
distance and slope calculations.  If this feature extends beyond the area of the DEM, it must be 
clipped to within the extent of the DEM or it will cause the model to halt.  
 
Towns:  This should be a point feature class containing population centres (cities, towns, villages, 
hamlets, etc.).  It is used to calculate watershed distance to communities. 
 
Flow Accumulation Cut-off:  Streams and reaches are created from a flow accumulation.  The flow 
accumulation cut-off will be the minimum amount of flow that should count as a stream.  When 
selecting a flow accumulation cut-off value, it is important to consider the resolution of the DEM being 
used.  For example, a DEM with 1 metre resolution may require a flow accumulation cut-off of 200000 
for desirable results whereas a 10 metre DEM may require a cut-off value of 3000.  If the resulting 
streams created are not acceptable, it may be helpful to review the flow accumulation raster in the 
BASE.gdb within your workspace, to save time prior to re-running the model.  Symbolize the 
flow_accumulation raster by adjusting the minimum value to get a preview of what your streams will 
look like at a given cut-off value.  Once you determine the appropriate value, re-run the model 
keeping only the previously created BASE.gdb to save time and re-create the metrics.gdb.  This 
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variable may take a few runs to adjust values to achieve the best possible accuracy for streams and 
reaches. 

 
1. It is best to snap the reconnaissance point features to the nearest stream as the helicopter may be 

too far away from the watercourse/riparian area to be included as an input automatically.  Review 
each point to ensure that the features are snapping to the correct location and waterbody. 
 

2. In addition, sample spatial data/feature classes have been posted in 
…\data\ExampleSpatialData\ExampleInputs.gdb (e.g., ABMI Landcover, Crossings, and FWMIS files) 
- data being input to the model should have the same schema as the provided examples. 

5.4.2 Python Scripts 

All ESRM spatial calculations are executed with Python via the toolbox (…\scripts\ESRM.tbx) which calls 
on the required Python scripts (…\Scripts\Python) when the user double-clicks ‘Run ESRM’.  These 
scripts include and are responsible for: 

1. Run_model.py:  This script is directly called by the toolbox.  It handles taking inputs, calling the 
prep_data module, merging together each dataset, calling watershed and reach classes from the 
calc_metrics module, calling the calc_feas function from the feas_comm module, and calls the R 
script to run, while taking output data and joining it to the reaches layer. 

2. Prep_data.py:  This script is responsible for creating watersheds, streams, reaches, and riparian 
areas from an input digital elevation model, in addition to a point file of barriers.  These datasets 
are created in the workspace with each watershed having its own geodatabase.  Run_model 
combines all the input to the metrics.gdb with feature class names of reaches, streams, 
watersheds, and riparian_areas. 

3. Calc_metrics.py:  This script runs watershed and reach level metrics.  Output files are stored in 
the assigned locations.  Most of the calculations will be added to watersheds and riparian_areas 
feature classes and recorded to the required csv files. 

4. Feas_comm.py:  This module runs feasibility metrics and outputs the csv to the assigned location. 

5.4.3 Outputs 

5.4.3.1 Tabular Outputs 

The GIS Evaluation run generates tabular outputs/spreadsheets in the form of three .csv files 
automatically saved to the Input Folder that become inputs called on by the R code in the Scoring & 
Ranking phase of the model.  These files are: 

input_feasibility  

(…\input\feasibility\) 
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input_reach  

(…\input\reach\) 

input_watershed  

(…\input\watershed\) 

Note:  input_watershed.csv should have only one row of data representing one polygon that delineates 
the approximate boundary of the watershed of interest.  If this file has more than one row of data, it is 
likely ESRM has crashed and has provided incomplete results.  Erroneous row(s) of data may be created 
because of irregularities in the watershed polygon generated from the DEM.  One row/polygon will have a 
large area representing the watershed and subsequent rows/polygons will have a small area representing 
the irregularity.  To correct this, edit the watershed polygon feature class (located within your workspace 
watershed file geodatabase) by deleting any slivers/small polygons and re-run the GIS Calculations. 

5.4.3.2 Spatial Outputs 

Once run, ESRM will create spatial data outputs to three geodatabase files within the Workspace 
Directory folder you assigned.  These files can provide the user with data to visualize how ESRM has 
delineated the available data.  

1. BASE geodatabase - spatial outputs based on the input DEM raster located in BASE.gdb include 
filled_dem, flow_accumulation and flow_direction.  This geodatabase will be quite large in size and 
is time consuming to create.  When rerunning the model to recalculate GIS metrics or change flow 
accumulation, re-use this geodatabase.  The model will recognize BASE.gdb in your workspace 
and will not recreate it, instead using it to recreate the metrics and watershed geodatabases.   

 

Figure 5-3 – BASE geodatabase output 

2. Metrics geodatabase - Key spatial outputs are located in metrics.gdb and include:  

Reaches:  this will be the primary output feature class to prioritize targets and will have spatial 
metrics results attached - it is created from splitting the streams dataset.  Each reach is 
automatically assigned a unique identifier called the Reach ID or Priority ID, consisting of 
Watershed Name, Stream Number and Reach Number e.g. Waiparous-23-114.  This ID forms 
the basis of all analysis and scoring in ESRM and is later combined with a habitat unit number to 
generate a Habitat ID when scoring habitat units e.g.Waiparous-23-114-1.  This feature class will 
automatically be joined, using the Reach ID, in ArcMap to Scoring & Ranking data in the output 
folder, priority_reach table file (…\output\priority\priority_reach..xlsx). 
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Figure 5-4 – Metrics Geodatabase Output 
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Riparian Areas:  These are created using the stream order, with buffers of 12.5 metres for each 
order of magnitude, which appear to line up well with the Stream Order Derived Riparian Areas - 
a majority of the spatial metrics are added to this feature class. 

Streams:  These are the original streams from the output which should match reaches, but not be 
split - these are created from the input surface raster/DEM. 

Watersheds:  The watersheds feature class is created from the input surface raster and should 
contain most of the watershed level spatial metrics. 

 

3. Watershed geodatabase  

Please note that spatial outputs for habitat level data are not incorporated into ESRM i.e. spatial outputs 
only pertain to the reach and watershed level.  

 

Figure 5-5 – Watershed Geodatabase Output 

5.4.4 Reviewing the Results 

ESRM can be run after the required inputs have been correctly entered.  After running ERSM for the first 
time, check the results of the script.  If there appears to be missing data it may be useful to snap all point 
data to the reach’s feature class and re-run the model.  

It may also be necessary to remove known dry tributaries or streams created from the DEM that are 
known to be inaccurate.  This should be done directly to the streams, reaches, and riparian areas in the 
metrics geodatabase.  If streams need to be removed, delete the reaches and then run again with “create 
reaches” unchecked, and “GIS calculations” checked.  This will retain all the original reaches created, but 
will not rename any of the reaches.  

Running the model for project selection may be done in multiple steps.  At each step, outputs should be 
reviewed to ensure assigned weights are supporting management objectives.  A list of all output files is 
included in Appendix A  which may be useful in ensuring the model has run properly.  

Once priority watersheds are selected through the ESRM, the model is run again to determine priority 
reaches. ‘Run Type’ would be set to ‘DESKTOP’.  The field run combines watershed and reach priority 
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scores, to produce a final priority score for each reach.  The Reach scale run results in a feature class 
with priority scores linked to each reach.  This layer can be used to produce GPS files, which can be 
loaded into portable GPS units for use in the field, as well as field maps for detailed habitat unit surveys 
(Figure 5-6 - ESRM Reach Scale Map). 

 

Figure 5-6 - ESRM Reach Scale Map 

 

After detailed habitat unit data are collected and entered into the input files, the ESRM is run once more 
with ‘Run Type’ set to ‘FIELD’.  The field run combines watershed, reach, and habitat unit priority scores 
to produce a final priority score for each habitat unit. 
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5.5 SCORING & RANKING 

Once the GIS Evaluation run is successful, ESRM uses the results and combines them with the rest of 
the input folder to score & rank reaches/habitat units and generate the final output folder.  This section 
explains how to set up the entire input folder. 

5.5.1 Input Folder - File Structure 

To enter non-spatial data, retrieve output, or modify variable weights from the R component of ESRM, the 
user must understand ESRM file structure.  Remember to follow the naming convention/rules for a 
Watershed, as explained in the General Rules (section 5.2.1).  Refer to Appendix A for an explanation of 
all file locations. 

The input folder stores all ESRM input files.  Within this folder, there are subfolders pertaining to 
individual parts of the model. Within these subfolders are tabular .csv files (comma separated value file) 
that act as the inputs to the ESRM model.  A .csv file is a data matrix in a text file format, where rows are 
divided by line and columns are divided by commas.  These files are categorized into four types: 

1. GIS-derived .csv files:  These are files created during the ‘GIS Evaluation’ of ESRM using the 
Python script, and typically should not be modified.  These outputs become input files for the 
‘Scoring & Ranking’ side in the model.  They are: input_feasibility, input_reach, and 
input_watershed. 

2. User Input Files:  These files require user input prior to running the Python script, unless they 
are field data and only a desktop run of ESRM is being conducted. 

3. Weight Input Files:  These files contain weights of categories of many different variables in the 
ESRM analysis, default values are provided, however these files can be modified to change the 
weighting of a given variable, or portion of a variable. 

4. Equation Weighting Files:  These files contain the weights of the main parameters in the model. 
Modification of these files is recommended when the user wishes to change the relative 
importance of a part of the ESRM model, or the weighting or categorization of metrics.  

Modifying the order of these .csv files is not recommended, as ESRM makes assumptions about the order 
of some .csv files for reading in weights of values. 

5.5.1.1 Non-Spatial Input 

Some of the metrics used by ESRM are non-spatial, and provide the user with an opportunity to provide 
qualitative, anecdotal, opinion, or otherwise-based input.  The inputs are: 

• input_anglers.csv allows the user to specify the importance to anglers of each watershed being 
evaluated; 
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• Input_fish.csv contains a list of all fish species, a column for their status (e.g., Sensitive, Secure, 
etc.) and their niche (e.g., Forage, Sport); 

• input_flood.csv allows users to set confidence interval (CI) strings, confidence interval (CI) steps, 
and set how far back to review flood data; 

• input_somc.csv allows the user to specify a list, and relative value of species of management 
concern; and 

• input_spawning.csv contains a list of all fish species, and a column for each watershed evaluated. 
A number between 0 and 1 should be entered to represent the estimated probability of each 
species spawning in each of the watersheds. 

Before running ESRM, these files need to be modified to include all of the watersheds subject to 
evaluation.  Modifying these files is simple; for example, input_spawning.csv (Figure 5-7) contains three 
columns identifying fish species found in Alberta, and a column for each evaluated watershed.  

 

Figure 5-7 - Screen shot of input_spawning.csv 

To fill in this particular file, enter the probability (between 0.0 and 1.0, i.e. likelihood of use, with 1.0 
indicating verified use) that each species spawns in each watershed.  In the example data file in Figure 
5-7, an estimated probability entered for cutthroat trout (Oncorhynchus clarki) spawning in the watershed 
Lynx is 1.0 (verified), and in the Waiparous watershed is 0.8 (very likely).  

 

Figure 5-8 – Screenshot of input_anglers.csv  

Figure 5-8 describes how to input one or more watersheds depending on the number of watersheds being 
assessed. 

The other input files, and all of the metric weight input files (where modification is optional), are structured 
in a similar way to as input_spawing.csv.  Watershed specific information is not conveyed in any other 
files except for input_anglers.csv.  Instead, the weights associated with metrics are modified (see 
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Appendix C for habitat data collection methods).  ESRM uses quantitative data, specifically data from the 
Fish and Wildlife Management Information System (FWMIS) and from the Water Survey of Canada.  

Fish Survey / catches data:  Fish and Wildlife Management Information System (FWMIS) ‘Fish Survey’ 
data (as is exported from the Fish and Wildlife Internet Mapping Tool; FWIMT), should be appended 
together so that all data for each watershed to be evaluated is in a single .csv file.  The file should be 
renamed so that it matches the watershed name (i.e., the name of the pour point used to delineate the 
watershed).  This file should then be saved in the ‘catches’ folder (…\input\watershed\catches\). 
Examples of these data files can be found in the data folder (…\data\catches\). 
 
Peak Flow Data:  Water Survey of Canada’s HYDAT database should be used (via Environment Canada 
Data Explorer application) to download peak flow information so ESRM can assess the frequency and 
intensity of recent flow events within or near the watershed of interest.  The resulting .csv file should be 
renamed so that it matches the watershed name (i.e., the name of the pour point used to delineate the 
watershed).  This file should then be saved in the ‘flow’ folder (…\input\watershed\flow\). Examples of 
these data files can be found in the data folder (…\data\flow\). 
 

5.5.2 Habitat Unit Survey Input 

With desktop data, ESRM results can be used to select or prioritize sites for more detailed site surveys. 
Upon completing the surveys, the field data can be added to the previous input folder and be re-entered 
back into ESRM to further prioritize spatial units (i.e., the habitat units).  The methodology for what and 
how to collect data during field visits for detailed site surveys is described in Appendix C.  This section 
describes how collected field data can be entered into the ESRM. 

For habitat unit scale metric calculations, all input files are located in the ‘habitat’ folder, located 
in‘…/input/’.  There are three separate input files where data must be manually entered by the user: 
input_habitat.csv, input_barrier.csv, and input_disturbance.csv.   

‘input_habitat.csv’ is where the habitat data is entered, generally following the same format as the 
detailed site survey field sheet (Appendix C).  Some non-numeric data is used in the input_habitat.csv 
file; as a result, specific characters and capitalization must be used to designate those observations.  The 
specific characters are outlined in the input tables in Appendix A. 

The file named ‘input_disturbance.csv’ is where observations pertaining to disturbances to habitat units 
are entered.  Within ‘input_disturbance.csv’ there are seven columns: Watershed, Stream, Reach, Unit, 
Type, Area, and Severity.  The first four columns link the data to the corresponding data in other files.  
The last three columns describe the disturbance type, its area, and the severity of the disturbance.  These 
specific characters are also described in Appendix A.  Type is intended to be one of eight disturbances: 
ford, culvert, bridge, armour, other, instream, riparian, and flood. 

Area is intended to be a proportion of the habitat unit affected by the disturbance, calculated as: 
(disturbance.area/(unit length*(riparian width + bankful width)).  This must be manually calculated before 
being entered into ‘input_disturbance.csv’ and should be capped at a maximum value of 1.  This will keep 
disturbances that are larger than the habitat unit from skewing the results. 
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Severity is intended to represent the seriousness of the alteration on the habitat unit: one of L (low), M 
(moderate), or H (high) (see Appendix A for more information). 

The file ‘input_barrier.csv’ is where observations pertaining to barriers to fish passage are entered. Within 
‘input_barrier.csv’ there are six columns:  Watershed, Stream, Reach, Unit, Type, and Severity.  The first 
four columns link the data to the corresponding data in other files.  The last two columns describe the 
barrier type and severity.  These specific characters and capitalization are also described in Appendix A. 
Type is intended to represent the origin of the barrier; one of A (anthropogenic), N (natural), or B (both).  
Severity is intended to represent the seriousness of the barrier; one of L (low i.e. temporary), M (medium 
i.e. partial), or H (high i.e. permanent). 

5.5.2.1 ESRM Scale Weight Input 

Once feasibility, resilience, and sensitivity indexes are calculated on each scale, they can be used to 
calculate priority scores.  A problem with combining multiple scales of indexes together when calculating 
a single score is that large scale indexes can dominate the analysis.  This could result in priority scores 
being primarily controlled by watershed-scale processes or reach-scale processes.  To address this 
potential bias, each scale is normalized between 0 and 1 so that the degree of influence that each scale 
has on priority scores will be equal.  This additional weighting allows ESRM to include large scale and 
small scale indexes, and thus accommodate a variety of user questions.  In addition, each scale can be 
weighted so that the influence that each scale has on priority scores can be adjusted.  

To change the weights of each scale, modification of the file ‘weights_equation.csv’ is required, which is 
located in ‘…/input/priority/’.  This file contains two columns: ‘COMPONENT’ and ‘WEIGHT’. The 
‘COMPONENT’ category contains the scales of the ESRM equation, and the weights of the sensitivity, 
resilience, feasibility index values associated with each of the scales.  Each of the ‘WEIGHT’ values can 
be adjusted to change the appropriate term in the priority equation.  See Appendix A for a list of all 
metrics and associated weight files. 

   

Figure 5-9 - Screen shot of weights_equation.csv 



 
29 

 

5.5.2.2 ESRM Metric Weight Input 

Once metrics are calculated (i.e., parameter weights, user input files and folders, and the raw data 
provided by the Python program), they are used to calculated indexes of resilience, sensitivity, and 
feasibility.  Not all metrics are valued equally.  Depending on management objectives, and the user’s 
objectives or opinions, these metrics can be modified to change their weight and where they fit into the 
equations to calculate indexes.  A higher weight places greater importance on the component which will 
then influence the priority score more.  It should be noted that habitat metrics cannot be removed 
(weighted 0).  However if they are not seen as an important component, they can be weighted very low 
(e.g., 0.000001).  This effectively removes the metrics influence on the equation.  Watershed and reach 
metrics can be set as resilience or sensitivity, whereas habitat unit metrics can be set as resilience, 
sensitivity, or feasibility. 

The metrics can be modified using a series of .csv files.  These files can be found at ’…/input/metrics/’ 
and are: 

• metrics_feasibility.csv modifies the weights of all feasibility metrics (except those on the habitat 
unit scale); 

• metrics_habitat.csv modifies the weights of all habitat unit metrics (those collected during field 
assessment); 

• metrics_reach.csv modifies reach-scale metrics; and 

• metrics_watershed.csv modifies watershed-scale metrics. 

Each of these .csv files are formatted the same having four columns:  ‘METRIC’, ‘WEIGHT’, 
‘COMPONENT’, and ‘INVERSE’ (Figure 5-10).  The ‘METRIC’ column indicates the metric.  The 
‘WEIGHT’ column indicates the relative weight of the metric in calculating an index. This value should be 
between 0.0 (to omit the metric for all but habitat scale) and 1.0 (to give a full weight to the metric).  The 
‘COMPONENT’ column indicates the index (i.e. resilience or sensitivity) a metric should be used to 
calculate.  The ‘INVERSE’ column indicates whether the metric should be inversed (i.e. should a high 
value of the metric reduce the total index score, where ‘INVERSE’ is listed as TRUE) or increase the total 
index score (where ‘INVERSE’ is listed as FALSE).  When ‘INVERSE’ is set to FALSE, the metric value 
remains unchanged.  When ‘INVERSE’ is set to TRUE, the metric value becomes 1-value. 

See Table 1 for acceptable inputs for the ‘COMPONENT’ column for each input file. 
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Figure 5-10 - Screen shot of metrics_reach.csv 

  



 
31 

 

Table 2 - Acceptable Inputs for the ‘COMPONENT’ Column for Metric Weighting Files 

File Acceptable Inputs on the ‘COMPONENT’ column 
metrics_feasibility.csv do not modify the component column 

metrics_habitat.csv feasibility 
resilience 
sensitivity 

metrics_reach.csv resilience 
sensitivity 

metrics_watershed.csv resilience 
sensitivity 

5.5.2.3 Parameter Weight Input 

Many parameters used by ESRM are weighted themselves; for instance the value of fish presence in a 
watershed is weighted by its conservation status (COSEWIC) in Alberta and its ‘ecological niche’.  The 
input files for these weights are generic, so they are generally formatted the same.  

Within each file, all of which are .csv, the first column is the name of the category; for example, in 
weight_fsi.csv this column is called ‘FSI.RANK’.  The second column is typically called ‘VALUE’, which 
contains the weight for each category.  In the case of weight_fsi.csv, the FSI.RANK column indicates the 
five FSI categories, and the VALUE column indicates how each of these categories is valued in ESRM.  
In this case, an FSI rank of ‘High Risk’ is the most valued, whereas ‘Functionally Extirpated’ is the least 
valued.  

 

Figure 5-11 - Screen shot of weight_fsi.csv 

ESRM contains many parameter weighting files such as the one shown in Figure 4-6.  The user is 
encouraged to explore and review these values, as they provide the basis for many metrics and can have 
a considerable impact on model outputs e.g. reach or habitat unit priorities.  Modified parameter 
weightings contribute to ESRM’s flexibility, and provide the user with the options to address many 
different questions.  Details as to how weights are applied to each metric are outlined in the equation in 
Appendix A. 
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5.5.3 R Outputs 

R will create several outputs in the specified subfolder within the ESRM/output directory.  Outputs are 
layer, csv, and image files.  Key files and label information are described below.  

Reach labels have three parts: watershed name, stream ID, and reach ID.  The watershed name is the 
name of the watershed, stream ID is a natural number that starts at one and increases by one at 
confluences, and reach ID is a natural number that starts at one and increases by one moving 
downstream. e.g., Silvester-1-1, Silvester-1-2, Silvester-2-3. Habitat Unit ID’s have four parts: watershed 
name, stream ID, reach ID, and habitat unit ID. 

For each uniquely named ESRM run, ESRM will create a folder within the output folder named according 
to the name of the run. Within this folder there are six folders: 

• feasibility:  This folder is populated with several plots involving the reach and watershed scale 
feasibility results. 

• habitat:  This folder is populated with several plots involving the habitat scale weightings, 
sensitivity, resilience, and feasibility results. 

• metrics:  This folder is populated with plots involving metric weightings at all scales utilized in the 
ESRM run.  This folder also includes several .csv files including the sensitivity and resilience 
results for all levels, and metric results for all levels. 

• reach:  This folder is populated with several plots involving the reach scale weightings, sensitivity, 
resilience, and feasibility results. 

• watershed:  This folder is populated with several plots involving the watershed scale weightings, 
sensitivity, resilience, and feasibility results. 

• priority:  This folder is populated with several plots, and text files that make up the key results of 
the ESRM run.  Priority score files are in this folder, which are used to determine priority 
watersheds, reaches, and habitat units. 

Many of the output plots only show the top 10 reaches/habitat units, and two additional columns showing 
mean and median for all observations at all spatial levels (Figure 4-8).  Other output plots will help the 
user visualize how resilience, sensitivity, and feasibility compare to one another by labelling the top five 
priority score features for each spatial level (Figure 5-13).  Each scale will have a plot generated that 
shows the distribution of priority scores, providing an indication of where priorities begin to level off 
(Figure 5-14).  This folder will also provide tabular and spatial outputs (see Table 2). 

A detailed list of all output files can be found in Appendix A.  Reviewing this list after a model run is 
helpful to ensure the model has run correctly i.e. by checking to make sure that all output files were 
created. 
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Figure 5-12 - Reach Scale Priority Score Plot  

Similar outputs are generated for metrics at all scales. 

 

Figure 5-13 - Reach Scale Comparison of Indexes Plot for an ESRM Run.  
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Similar graphics are generated for the habitat unit scale. 

 

Figure 5-14 - Reach Scale Distribution of Priority Scores. 

This graphic can be used to determine a cut-off point for detailed habitat unit surveys by looking for natural breaks or 
change in slope.  Similar graphics are generated for the habitat unit scale. 
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Table 3 – Locations of key tabular and spatial outputs of ESRM 

File Location Description 

/priority/priority_reach.csv Contains combined and summarized information from all 
metrics.  The most significant metrics in determining each 
priority score are noted under the columns 
‘Sen_Major.Factor’ and ‘Res_Major.Factor’. 

/priority/reach_metrics_output.csv Results from each reach scale metric.  

/priority/watershed_metrics_output.csv Results from each watershed scale metric.  

/priority/priority_reach.lyr Spatial layer join of the reaches and the output priority file 
in priority_reach Excel worksheet. 

 

 

5.5.4 Reviewing the Results 

Running the model for project selection may be done in multiple steps.  At each step, outputs should be 
reviewed to ensure assigned weights are supporting management objectives. 

It is recommended that the list of output files (A.5) be reviewed after the model is run to ensure that it has 
run properly.  If files are missing, you can review the R output file (…/scripts/esrm.Rout) to assist in 
determining where the model stopped running.  Note that this file is overwritten after each model run. 

Once priority watersheds are selected, either through the ESRM or by an internal selection, the model is 
run to determine priority reaches.  ‘Run Type’ would be set to ‘DESKTOP’.  The field run combines 
watershed and reach, priority scores to produce a final priority score for each reach.  The Reach scale 
run results in a feature class with priority scores linked to each reach.  This layer can be used to produce 
GPS files to be loaded into GPS units as well as field maps for detailed habitat unit surveys (Figure 5-6 - 
ESRM Reach Scale Map).  

After detailed habitat unit data are collected and entered into the input files, the ESRM is run once more.  
‘Run Type’ would be set to ‘FIELD’.  The field run combines watershed, reach, and habitat unit priority 
scores to produce a final priority score for each habitat unit. 
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 ESRM PRIORITY EQUATION 

A.1 ESRM PRIORITY EQUATION 

 

 

𝑃𝑃 = 𝑊𝑊 + 𝑅𝑅 + 𝐻𝐻 
Equation 1 The basic priority equation 

Table 4 Overall equation variable explanations 

Metric Name Equation Description Associated Files 

𝑛𝑛𝑛𝑛𝑛𝑛 𝑓𝑓(𝑥𝑥) =  
𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
 The normalization function used to normalize scores between 0 and 1 NA 

W (Watershed score) 𝑊𝑊
= 𝑛𝑛𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑊𝑊
+ 𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑊𝑊) 

The watershed score is composed of the normalized sensitivity, resilience, and feasibility scores. ESRM/output/runname/priority/priority_watershed.csv 
     - contains normalized watershed scale priority score, index values, and major 
watershed sensitivity and resilience factors in order of priority. 

R (Reach score) 𝑅𝑅
= 𝑛𝑛𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑅𝑅 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅
+ 𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑅𝑅) 

The reach score is composed of the normalized sensitivity, resilience, and feasibility scores. ESRM/output/runname/priority/priority_reach.csv 
     - contains normalized watershed, and reach scale priority scores, index values, 
and major reach sensitivity and resilience factors in order of priority. 

H (Habitat Unit score) 
𝐻𝐻
= 𝑛𝑛𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝐻𝐻 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝐻𝐻
+ 𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝐻𝐻) 

The habitat unit score is composed of the normalized sensitivity, resilience, and feasibility scores. ESRM/output/runname/priority/priority_habitat.csv 
     - contains normalized watershed, reach, and watershed scale priority scores, 
index values, and major habitat unit sensitivity and resilience factors in order of 
priority.  This file is only created when a “FIELD” run is conducted 

 

The ESRM priority equation sums the weighted scores of the watershed (W), reach (R), and habitat unit (H) scales to provide a final priority score.  The model is intended to be run in two steps. Once priority watersheds are determined by the 
user and optional further aerial data are collected, the model is run using the watershed and reach scales to determine priority reaches for field data collection.  After priority reaches are selected, field data are collected for the habitat unit 
analysis.  Once field data are collected, the model is run with all three scales to prioritize individual habitat units for mitigation/enhancement work. 
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𝑛𝑛𝑛𝑛𝑛𝑛𝑃𝑃 = 𝑛𝑛𝑛𝑛𝑛𝑛(𝑊𝑊𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑊𝑊 + 𝑊𝑊𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅 + 𝑊𝑊𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝐻𝐻) 
 
Equation 2 - The expanded priority score equation showing scale weighting and normalization. 

Table 5 Scale level variable explanations 

Metric Name Equation Description Associated Files 

𝑊𝑊𝑊𝑊 - w.scale User Input 
The weight associated with the watershed scale score. ESRM/input/priority/weights_equation.csv 

     - set weight for scale 

𝑊𝑊𝑅𝑅 - r.scale User Input The weight associated with the reach scale score. ESRM/input/priority/weights_equation.csv 
     - set weight for scale 

𝑊𝑊𝐻𝐻 - h.scale User Input The weight associated with the habitat unit scale score. ESRM/input/priority/weights_equation.csv 
     - set weight for scale 

W (Watershed score) 𝑊𝑊 = 𝑛𝑛𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑊𝑊 + 𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑊𝑊) The watershed score is composed of normalized sensitivity, resilience, and feasibility scores 
calculated from watershed metrics. 

ESRM/output/runname/priority_watershed.csv 
     - contains normalized priority and index value scores 

R (Reach score) 𝑅𝑅 = 𝑛𝑛𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑅𝑅 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅 + 𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑅𝑅) The reach score is composed of normalized sensitivity, resilience, and feasibility scores 
calculated from reach metrics. 

ESRM/output/runname/priority_watershed.csv 
     - contains normalized priority and index value scores 

H (Habitat Unit score) 
𝐻𝐻 = 𝑛𝑛𝑛𝑛𝑛𝑛(𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝐻𝐻 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝐻𝐻 + 𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝐻𝐻) 

The habitat unit score is composed of normalized sensitivity, resilience, and feasibility scores 
calculated from habitat unit metrics. 

ESRM/output/runname/priority_watershed.csv 
     - contains normalized priority and index value scores 

𝑛𝑛𝑛𝑛𝑛𝑛 𝑓𝑓(𝑥𝑥) =  
𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
 The normalization function used to normalize scores between 0 and 1 NA 

 

Each scale is normalized (nrm) between 0 and 1 to negate any large differences in scale values and then weighted according to its perceived value to the priority score as determined by management objectives.  The 
combination of all three index values is normalized between 0 and 1 to give a priority score. 
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𝑃𝑃 = 𝑛𝑛𝑛𝑛𝑛𝑛�
𝑊𝑊𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 −𝑊𝑊𝑅𝑅𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑊𝑊 + 𝑊𝑊𝐹𝐹𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑊𝑊� +
𝑊𝑊𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑅𝑅 −𝑊𝑊𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅 + 𝑊𝑊𝐹𝐹𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑅𝑅� +
𝑊𝑊𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝐻𝐻 −𝑊𝑊𝐹𝐹𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝐻𝐻 + 𝑊𝑊𝐹𝐹𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝐻𝐻�

� 

 

 

Equation 3 The expanded scale portion of the priority equation. 

Each scale (watershed, reach, habitat unit) is composed of three index values; sensitivity, resilience, and feasibility.  Each index value has an associated weight that can be used to place greater or less importance on an 
index value relative to another index value in the same scale.  Index values are the sum of all metrics assigned to it.   

Table 6 Index value variable explanations 

Metric Name Equation Description Associated Files 

𝑛𝑛𝑛𝑛𝑛𝑛 𝑓𝑓(𝑥𝑥) =  
𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
 The normalization function used to normalize scores between 0 and 1 NA 

𝑊𝑊𝑊𝑊 – w.scale User Input The weight associated with the watershed scale score. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑊𝑊𝑆𝑆𝑊𝑊– w.sensitivity User Input The weight associated with the watershed sensitivity index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑆𝑆𝑊𝑊 Sum of all watershed 
sensitivity metrics 

The sum of all associated sensitivity metrics. ESRM/output/runname/priority_watershed.csv 
     - contains normalized watershed scale priority score, index values, and 
major watershed sensitivity and resilience factors in order of priority. 
ESRM/output/runname/metrics/watershed_indexes.csv 
     - contains normalized watershed scale index values in order of input 

𝑊𝑊𝑅𝑅𝑊𝑊– w.resilience User Input The weight associated with the watershed resilience index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑅𝑅𝑊𝑊 Sum of all watershed 
resilience metrics 

The sum of all associated resilience metrics. ESRM/output/runname/priority_watershed.csv 
     - contains normalized watershed scale priority score, index values, and 
major watershed sensitivity and resilience factors in order of priority. 
ESRM/output/runname/metrics/watershed_indexes.csv 
     - contains normalized watershed scale index values in order of input 

𝑊𝑊𝐹𝐹𝑊𝑊  – w.feasibility User Input The weight associated with the watershed feasibility index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 



 

 
A-4 

Metric Name Equation Description Associated Files 

𝐹𝐹𝑊𝑊 Sum of all watershed 
feasibility metrics 

The sum of all associated feasibility metrics. ESRM/output/runname/priority_watershed.csv 
     - contains normalized watershed scale priority score, index values, and 
major watershed sensitivity and resilience factors in order of priority. 
ESRM/output/runname/metrics/watershed_indexes.csv 
     - contains normalized watershed scale index values in order of input 

𝑊𝑊𝑅𝑅 – r.scale User Input The weight associated with the reach scale score. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑊𝑊𝑆𝑆𝑅𝑅– r.sensitivity User Input The weight associated with the reach sensitivity index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑆𝑆𝑅𝑅 Sum of all reach sensitivity 
metrics 

The sum of all associated sensitivity metrics. ESRM/output/runname/priority_reach.csv 
     - contains normalized watershed, and reach scale priority scores, index 
values, and major reach sensitivity and resilience factors in order of 
priority. 
ESRM/output/runname/metrics/reach_indexes.csv 
     - contains normalized reach scale index values in order of input 

𝑊𝑊𝑅𝑅𝑅𝑅  – r.resilience User Input The weight associated with the reach resilience index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑅𝑅𝑅𝑅 Sum of all reach resilience 
metrics 

The sum of all associated resilience metrics. ESRM/output/runname/priority_reach.csv 
     - contains normalized watershed, and reach scale priority scores, index 
values, and major reach sensitivity and resilience factors in order of 
priority. 
ESRM/output/runname/metrics/reach_indexes.csv 
     - contains normalized reach scale index values in order of input 

𝑊𝑊𝐹𝐹𝑅𝑅  – r.feasibility User Input The weight associated with the reach feasibility index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝐹𝐹𝑅𝑅 Sum of all reach feasibility 
metrics 

The sum of all associated feasibility metrics. ESRM/output/runname/priority_reach.csv 
     - contains normalized watershed, and reach scale priority scores, index 
values, and major reach sensitivity and resilience factors in order of 
priority. 
ESRM/output/runname/metrics/reach_indexes.csv 
     - contains normalized reach scale index values in order of input 

𝑊𝑊𝐻𝐻 – h.scale User Input The weight associated with the Habitat scale score. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑊𝑊𝑆𝑆𝐻𝐻– h.sensitivity User Input The weight associated with the Habitat sensitivity index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝑆𝑆𝐻𝐻 Sum of all habitat 
sensitivity metrics 

The sum of all associated sensitivity metrics. ESRM/output/runname/priority_habitat.csv 
     - contains normalized watershed, reach, and habitat unit scale priority 
scores, index values, and major habitat unit sensitivity and resilience 
factors in order of priority. 
ESRM/output/runname/metrics/habitat_indexes.csv 
     - contains normalized Habitat scale index values in order of input 

𝑊𝑊𝑅𝑅𝐻𝐻– h.resilience User Input The weight associated with the Habitat resilience index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 
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Metric Name Equation Description Associated Files 

𝑅𝑅𝐻𝐻 Sum of all habitat resilience 
metrics 

The sum of all associated resilience metrics. ESRM/output/runname/priority_habitat.csv 
     - contains normalized watershed, reach, and habitat unit scale priority 
scores, index values, and major habitat unit sensitivity and resilience 
factors in order of priority. 
ESRM/output/runname/metrics/habitat_indexes.csv 
     - contains normalized habitat scale index values in order of input 

𝑊𝑊𝐹𝐹𝐻𝐻 – h.feasibility User Input The weight associated with the Habitat feasibility index value. ESRM/input/priority/weights_equation.csv 
     - set weight for index value 

𝐹𝐹𝐻𝐻 Sum of all habitat feasibility 
metrics 

The sum of all associated feasibility metrics. ESRM/output/runname/priority_habitat.csv 
     - contains normalized watershed, reach, and habitat unit scale priority 
scores, index values, and major habitat unit sensitivity and resilience 
factors in order of priority. 
ESRM/output/runname/metrics/habitat_indexes.csv 
     - contains normalized habitat scale index values in order of input 
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A.2 ESRM WATERSHED SCALE METRICS  

𝑃𝑃 = 𝑛𝑛𝑛𝑛𝑛𝑛�
𝑊𝑊𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 −𝑊𝑊𝑅𝑅𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑊𝑊 + 𝑊𝑊𝐹𝐹𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑊𝑊� +
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𝑊𝑊𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝐻𝐻 −𝑊𝑊𝑅𝑅𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝐻𝐻 + 𝑊𝑊𝐹𝐹𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝐻𝐻�
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𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎ℎ𝑎𝑎𝑜𝑜𝑚𝑚𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎ℎ𝑎𝑎𝑜𝑜𝑚𝑚𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 +

𝑊𝑊𝑏𝑏𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑑𝑑𝑜𝑜.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑑𝑑𝑜𝑜.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑎𝑎𝑜𝑜𝑎𝑎𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑐𝑐.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑜𝑜𝑎𝑎𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑐𝑐.𝑑𝑑𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 +

𝑊𝑊𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑚𝑚 +

𝑊𝑊𝑓𝑓𝑚𝑚𝑑𝑑ℎ.𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑚𝑚𝑑𝑑ℎ.𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑓𝑓𝑚𝑚𝑑𝑑ℎ.𝑜𝑜𝑚𝑚𝑎𝑎ℎ𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑚𝑚𝑑𝑑ℎ.𝑜𝑜𝑚𝑚𝑎𝑎ℎ𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 +

𝑊𝑊𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.ℎ𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.ℎ𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑑𝑑 +

𝑊𝑊𝐹𝐹𝑆𝑆𝐹𝐹𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝐹𝐹𝑆𝑆𝐹𝐹 +
𝑊𝑊𝑑𝑑𝑎𝑎𝑚𝑚𝑎𝑎𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑎𝑎𝑚𝑚𝑎𝑎 +

𝑊𝑊𝑑𝑑𝑎𝑎𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐.𝑘𝑘𝑚𝑚𝑎𝑎𝑠𝑠𝑎𝑎𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑎𝑎𝑚𝑚𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚𝑐𝑐.𝑘𝑘𝑚𝑚𝑎𝑎𝑠𝑠𝑎𝑎𝑑𝑑𝑑𝑑𝑐𝑐𝑑𝑑 +
𝑊𝑊𝑠𝑠𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑.𝑑𝑑𝑑𝑑𝑏𝑏𝑜𝑜𝑚𝑚𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑠𝑠𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑.𝑑𝑑𝑑𝑑𝑏𝑏𝑜𝑜𝑚𝑚𝑑𝑑 + ⎠
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𝑊𝑊𝑏𝑏𝑚𝑚𝑑𝑑𝑚𝑚𝑚𝑚.𝑑𝑑ℎ𝑚𝑚𝑎𝑎𝑑𝑑�1− 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑚𝑚𝑑𝑑𝑚𝑚𝑚𝑚.𝑑𝑑ℎ𝑚𝑚𝑎𝑎𝑑𝑑� +
𝑊𝑊𝑏𝑏𝑚𝑚𝑑𝑑𝑚𝑚𝑚𝑚.𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑(1− 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑚𝑚𝑑𝑑𝑚𝑚𝑚𝑚.𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑) +
𝑊𝑊𝑏𝑏𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜.𝑑𝑑𝑚𝑚𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜.𝑑𝑑𝑚𝑚𝑚𝑚 +
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𝑊𝑊𝑎𝑎𝑚𝑚𝑚𝑚𝑑𝑑.𝑎𝑎𝑑𝑑𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑚𝑚𝑚𝑚𝑑𝑑.𝑎𝑎𝑑𝑑𝑑𝑑 +
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+ 𝑊𝑊𝐹𝐹𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛�
𝑊𝑊𝑚𝑚𝑚𝑚𝑐𝑐𝑎𝑎𝑑𝑑𝑜𝑜.𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑜𝑜𝑑𝑑𝑑𝑑𝑎𝑎𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑚𝑚𝑐𝑐𝑎𝑎𝑑𝑑𝑜𝑜.𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑜𝑜𝑑𝑑𝑑𝑑𝑎𝑎 +
𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑�1 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑� +�

⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎞

⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎞

 

Equation 4 The watershed scale metrics of the priority equation 

The above equation shows all of the metrics at the watershed scale, where W is the associated metric weight, and V is the calculated metric score. For simplicity, R and H scales are not shown, however, they are still part of the overall equation.   

Table 6 - Watershed Scale Metrics provides a detailed description of each watershed scale metric.  Before being used to calculate an index, each metric is normalized. 

The model is delivered with settings and weightings used by the FISHES program.  These are specific to the FISHES project, and are subject to change depending on the question being asked by the user.  It is encouraged to explore 
alternatives, as the recommended weightings are not the only weightings that could deliver defensible and justifiable results.  For example, substrate values set for Cutthroat Trout are not the same values that would be used for Lake Sturgeon. 

Note that metrics set to sensitivity and resilience can be set to either index value.  Feasibility metrics however cannot be set to any metric but feasibility.   

Some metrics have a further sub category with value components.  They are:  crossing.density, disturbance, land.use and substrate.  Corresponding editable files are listed in the following table. 



 

 
A-7 

 

Table 7 - Watershed Scale Metrics 

Metric Name Equation (V) Description Associated Files Supporting 
Literature 

𝑛𝑛𝑛𝑛𝑛𝑛 𝑓𝑓(𝑥𝑥) =  
𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
 The normalization function used to normalize scores between 0 and 1 NA  

angler.interest 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛 𝐼𝐼𝑛𝑛𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼𝐼𝐼 The importance of each watershed to anglers is defined by the user, giving biologists and other landscape 
managers an opportunity to rank the socio-economic importance of watersheds based on anecdotal, qualitative, 
or quantitative factors. 

ESRM/input/metrics/metrics_feasibility.csv 
     - set metric weight 
ESRM/input/feasibility/input_anglers.csv 
     - set importance value for each watershed 
ESRM/input/feasibility/input_feasibility.csv 
      - input file. This file is created by GIS and does not need to be 
edited. 

 

application.density =
𝐴𝐴
𝐵𝐵

 

𝐴𝐴 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼 
𝐵𝐵 = 𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 

The number of Water Act Applications per unit area within a watershed. Water Act Applications indicate works in 
or near water have been planned and submitted to AEP, as well as areas where work was considered due to a 
potential circumstance on the watercourse.  
These applications provide an approximation as to the number of proposed works that may have occurred within 
a watershed. Such works could provide restoration opportunities. 
This metric is related to the initial sorting of the application data and can reflect flood related projects only, or all 
potential projects near water.  Although the number may be similar to approved projects, this metric may reflect 
upcoming work in the watershed. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Water Act Application point feature class 
     - DEM-derived watershed polygon 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited.   
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 
 

authorization.density =
𝐴𝐴
𝐵𝐵

 

𝐴𝐴 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝑁𝑁𝐼𝐼ℎ𝑜𝑜𝑛𝑛𝐴𝐴𝑜𝑜𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼 
𝐵𝐵 = 𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 

The number of Water Act Authorizations per unit area within a watershed.  
Water Act Authorizations indicate works that have been approved by AEP under the Water Act.  These approvals 
provide an approximation as to the number of works that actually occurred in the watershed and could provide 
flood related restoration opportunities.  
This metric is related to the initial sorting of the authorization data and can reflect flood related projects only, or 
all approved projects near water. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Water Act Authorization point feature class 
     - DEM-derived watershed polygon 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 
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Metric Name Equation (V) Description Associated Files Supporting 
Literature 

barrier.density =
𝐵𝐵𝑚𝑚
𝐿𝐿

 

𝐵𝐵𝑚𝑚 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐵𝐵𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 
𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 

The number of barriers per length of streams found in a watershed.  Barriers can impede migration and gene 
flow of fish populations, limit habitat development by obstructing bedload movement and large woody debris 
transport, and can provide effective opportunities for habitat restoration or identify locations of species 
separation. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Barrier point feature class (aerial reconnaissance)  
     - DEM-derived Streams line feature class 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

basin.shape =
2 ∗ ln (0.25 ∗ 𝑃𝑃)

ln (𝐵𝐵)
 

𝑃𝑃 = 𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 𝑃𝑃𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 
𝐵𝐵 = 𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 

Basin shape may provide important information on the erosional process, and the susceptibility of a basin to 
respond poorly to a disturbance, including a flood. 
To capture shape, a metric used commonly in landscape ecology to measure shapes of habitat patches is fractal 
dimensional index.  This equation ranges from 1-2. 2 indicating a complex shape, and 1 indicating a simple 
shape such as a circle.  Round basins have a potential to have greater confluence effects than narrow basins, 
which can result in an increase of channelized disturbance from the confluences. 
While this can be a valuable metric, the loose relationship between basin shape (compared to a circle) and 
system resilience needs to be further developed. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     -DEM-derived watershed polygon 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

basin.slope = 𝑀𝑀 ∗ 𝑆𝑆 
𝑀𝑀 = 𝑀𝑀𝐴𝐴𝑀𝑀𝐴𝐴𝐴𝐴𝑛𝑛 𝑆𝑆𝐴𝐴𝑜𝑜𝐴𝐴𝐴𝐴 
𝑆𝑆 = 𝑆𝑆𝑆𝑆 𝑜𝑜𝑓𝑓 𝑆𝑆𝐴𝐴𝑜𝑜𝐴𝐴𝐴𝐴 

The basin slope metric is intended to measure size of slopes and the variability of slopes found in the watershed.  
Complex slope features could indicate susceptibility of watersheds to disturbance such as flood damage and 
slope failure, and the ability to conduct flood related work.  
A steep-sloped basin may be less resilient to large storm events, with flows accumulating faster than in a less 
steep basin.  
While this can be a valuable metric, the loose relationship between basin slope and system resilience needs to 
be further developed. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - DEM-derived watershed polygon 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

beaver.dam =
𝐵𝐵𝑑𝑑
𝐿𝐿

 

𝐵𝐵𝑑𝑑 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐵𝐵𝐴𝐴𝐴𝐴𝐵𝐵𝐴𝐴𝑛𝑛 𝑆𝑆𝐴𝐴𝑛𝑛𝐼𝐼 
𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 

 

Beaver dams add resistance to stream disturbance by holding back sediment, increasing water tables for riparian 
growth, and dissipating energy of freshets.  Even when breached, sediment remains in the area of the pond and 
shows quick re-vegetation. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Beaver dam point feature class (aerial reconnaissance)  
     - DEM-derived Streams line feature class 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

Butler and 
Malanson 
2005 
Lokteff et al. 
2013 
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Metric Name Equation (V) Description Associated Files Supporting 
Literature 

crossing.density 
=
∑ 𝐶𝐶𝑚𝑚 ∗ 𝑉𝑉𝐶𝐶𝑖𝑖
𝐶𝐶
𝑚𝑚=1

𝐿𝐿
 

𝐶𝐶 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝑛𝑛𝑜𝑜𝐼𝐼𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴 𝐶𝐶𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 

𝐶𝐶𝑚𝑚 = 𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝐶𝐶𝑛𝑛𝑜𝑜𝐼𝐼𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴 𝐶𝐶𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝐶𝐶𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐶𝐶𝑚𝑚 

𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 

Crossings (bridge, ford, culvert, and other) per length of all streams found in a watershed. Crossings can 
potentially be associated with erosional processes, and susceptibilities to flood damage.  Therefore, watersheds 
with many crossings could provide a multitude of opportunities for flood restoration. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Crossing point feature class (aerial reconnaissance) and 
DEM-derived Streams line feature class 
ESRM/input/watershed/weight_crossings.csv 
     - set values for crossing types 𝑉𝑉𝐶𝐶𝑖𝑖 
          -bridge, culvert, ford, other 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

disturbance 
(anthropogenic) = �𝑆𝑆𝑚𝑚 ∗ 𝑉𝑉𝐷𝐷𝑖𝑖

𝐷𝐷

𝑚𝑚=1

 

𝑆𝑆 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝐶𝐶𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝑆𝑆𝑚𝑚 = 𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝑆𝑆𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝐶𝐶𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝐷𝐷𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝑆𝑆𝑚𝑚 

To support the FISHES mandate, the number of human visible anthropogenic disturbances is tallied in the basin. 
Cumulative effects from a larger number of disturbances may result in higher sensitivity to events.  These include 
works such as bank armouring, and cattle activity in the riparian area.  Watercourse crossings are considered in 
the crossing density metric and therefore not in this one. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Instream Disturbance point feature class (aerial 
reconnaissance) and DEM-derived Streams line feature class 
ESRM/input/metrics/weight_disturbance.csv 
     - set values for disturbance types 
          - Instream, Riparian 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

drainage.density =
𝐿𝐿
𝐵𝐵

 

𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 
B = Basin Area 

Drainage density measures the known length of drainages and channels inside a watershed and divides this 
value by the basin area.  
This metric measures how centralized the flow over a watershed is and the propensity of reaches to absorb the 
majority of flows during a flood event.  
Watersheds with fewer channels and drainages per basin area are predicted to be less resilient to flood damage 
and more likely to require flood related work.  
While this can be a valuable metric, the loose relationship between drainage density and system resilience needs 
to be further developed. 

ESRM/input/metrics/metrics_watershed.csv 
     -set metric weight and index value 
GIS Data Sources 
     - Watershed polygon feature class (DEM-derived) 
     - Streams line feature class DEM-derived. 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

Benda et al. 
2004 
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Metric Name Equation (V) Description Associated Files Supporting 
Literature 

erosion 
(non-flood) 
 

=
𝐸𝐸
𝐿𝐿

 

𝐸𝐸 = 𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝐸𝐸𝑛𝑛𝑜𝑜𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴 𝐹𝐹𝐴𝐴𝐴𝐴𝐼𝐼𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼 
𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 

The density of non-flood related erosional features along the length of known channels in a watershed. 
This metric measures the number of erosional features found throughout the watershed. Watersheds with few 
erosional features should have fewer enhancement opportunities than do watersheds with many erosional 
features.  

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Erosion point feature class (aerial reconnaissance) 
     - DEM-derived Streams line feature class 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

fish.diversity 
= �𝐹𝐹𝑚𝑚 ∗ ln (𝐹𝐹𝑚𝑚)

𝐹𝐹

𝑚𝑚=1

∗ 𝑉𝑉𝐹𝐹𝑖𝑖 

𝐹𝐹 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝑓𝑓𝐴𝐴𝐼𝐼ℎ 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 
𝐹𝐹𝑚𝑚 = 𝐹𝐹𝐴𝐴𝐼𝐼ℎ 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐴𝐴 

𝑉𝑉𝐹𝐹𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴𝐼𝐼 𝑜𝑜𝑓𝑓 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐴𝐴 

𝑉𝑉𝐹𝐹𝑖𝑖 =
𝐼𝐼𝐼𝐼𝐴𝐴𝐼𝐼𝑁𝑁𝐼𝐼 ∗ 𝑛𝑛𝐴𝐴𝐴𝐴ℎ𝐴𝐴

max(𝐼𝐼𝐼𝐼𝐴𝐴𝐼𝐼𝑁𝑁𝐼𝐼) ∗ max (𝑛𝑛𝐴𝐴𝐴𝐴ℎ𝐴𝐴) 

Biodiversity is of intrinsic value to ecological systems.  This metric uses a modified version of Shannon’s 
Diversity index, but accounts for value-laden preferences for some species by quantifying socioeconomic and 
conservation status in Alberta. 
This metric may be useful across similar areas with a large diversity of species, but for east slope sub –basins 
the suggested user weight is 0 to prevent a small sample size skew. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
ESRM/input/watershed/weight_niche.csv 
     - set values for fish niches 
          - Forage, Course, Sport, Other 
ESRM/input/watershed/weight_status.csv 
     - set values for fish status’ 
          - e.g., Exotic/Alien,  Sensitive,  At Risk 
ESRM/input/watershed/input_fish.csv 
     - set species niche and status 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

Lammert 
and Allan 
1999 

fish.richness 
= �𝐹𝐹𝑚𝑚 ∗

𝐹𝐹

𝑚𝑚=1

𝑉𝑉𝐹𝐹𝑖𝑖 

𝐹𝐹 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝑓𝑓𝐴𝐴𝐼𝐼ℎ 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 
𝐹𝐹𝑚𝑚 = 𝐹𝐹𝐴𝐴𝐼𝐼ℎ 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐴𝐴 

𝑉𝑉𝐹𝐹𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴𝐼𝐼 𝑜𝑜𝑓𝑓 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐴𝐴 

𝑉𝑉𝐹𝐹𝑖𝑖 =
𝐼𝐼𝐼𝐼𝐴𝐴𝐼𝐼𝑁𝑁𝐼𝐼 ∗ 𝑛𝑛𝐴𝐴𝐴𝐴ℎ𝐴𝐴

max(𝐼𝐼𝐼𝐼𝐴𝐴𝐼𝐼𝑁𝑁𝐼𝐼) ∗ max (𝑛𝑛𝐴𝐴𝐴𝐴ℎ𝐴𝐴) 

Fish richness is the number of species observed in the watershed, with an increased weight on user-defined 
species to allow preferences to meet local fisheries management objectives. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
ESRM/input/watershed/weight_niche.csv 
     - set values for fish niches 
          - Forage, Course, Sport, Other 
ESRM/input/watershed/weight_status.csv 
     - set values for fish status’ 
          - e.g., Exotic/Alien,  Sensitive,  At Risk 
ESRM/input/watershed/input_fish.csv 
     - set species niche and status 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 
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Metric Name Equation (V) Description Associated Files Supporting 
Literature 

flood.disturbance =
𝐹𝐹
𝐿𝐿

 

𝐹𝐹 = 𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝐹𝐹𝐴𝐴𝑜𝑜𝑜𝑜𝑀𝑀 𝑆𝑆𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 

 

The density of watercourse disturbances resulting from flooding within the length of known channels in the 
watershed.  
This metric measures the number of disturbances resulting from flood throughout the watershed.  Watersheds 
with few disturbances should have fewer enhancement opportunities than do watersheds with many flood 
disturbance features. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Flood Disturbance point feature class (aerial reconnaissance) 
     - DEM-derived Streams line feature class 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

flood.history 𝑁𝑁𝐴𝐴 The mandate of the FISHES team is to restore fish habitat damages resulting from flood related activities. 
Identifying if a flood has occurred in a given area is therefore important in prioritizing watersheds.  
Flow data from nearby flow stations can be used to identify the severity of recent flooding events.  ESRM 
currently conducts a flood frequency analysis, using an assumed Pearson Type 3 distribution to estimate the 
frequency of events over a user defined number of years (the default is 10 years). 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
     - Historic flow data, .csv file 
ESRM/input/watershed/flow      
     - Historic flow data, .csv file 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

FSI = 𝑃𝑃 ∗
𝐹𝐹𝑆𝑆𝐼𝐼ℎ𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎
𝐹𝐹𝑆𝑆𝐼𝐼𝑎𝑎𝑎𝑎𝑜𝑜𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎

 

𝑃𝑃 = 𝐶𝐶𝑁𝑁𝑛𝑛𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝐹𝐹𝑆𝑆𝐼𝐼 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 

FSI is the current, province-wide, fisheries management assessment tool that can be used to prioritize fisheries 
management actions.  
This metric uses provincial estimates on historical FSI, and the current FSI to evaluate potential for population 
improvement, and then weights this ratio with an arbitrary priority value for the current FSI status.  Priority values 
can easily be modified by the user in ESRM. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
ESRM/input/watershed/weight_fsi.csv 
     - set weights for FSI values 
          - e.g., Functionally Extirpated 
GIS Data Sources 
     -FSI polygon feature class 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

MacPherson 
2014 

land.use 
= �𝐶𝐶𝑚𝑚 ∗ 𝑉𝑉𝐿𝐿𝑖𝑖

𝐶𝐶

𝑚𝑚=1

 

𝐶𝐶 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝑛𝑛𝑀𝑀 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝐶𝐶𝑚𝑚 = 𝐴𝐴𝑛𝑛𝑜𝑜𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝑛𝑛𝑀𝑀 𝑁𝑁𝐼𝐼𝐴𝐴 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝐶𝐶𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐶𝐶𝑚𝑚 

General land use cover is used to estimate the resiliency of the watershed to flooding events and erosional 
processes.  
More resilient landscapes are predicted to require less flood related activity, in contrast to landscapes whose 
cover provides poor support to flooding situations.  
Landscape covers are categorized into ten groups: water, exposed ground, agriculture, developed land, 
grassland, shrubland, forest, exposed rock, burnt forest, and cutblock.  
This metric is calculated over the watershed scale, and is a unique metric on the reach scale.  

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
ESRM/input/watershed/weight_landuse.csv 
     - set values for land use types 
          - e.g., water, exposed, agriculture 
GIS Data Sources 
     - ABMI Landcover polygon feature class 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

Wohl 2006 
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Metric Name Equation (V) Description Associated Files Supporting 
Literature 

linear.density =
𝐿𝐿
𝐵𝐵

 

𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝑀𝑀𝐴𝐴𝐵𝐵𝐴𝐴𝐴𝐴𝑜𝑜𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼𝐼𝐼 
𝐵𝐵 = 𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 

 

Linear disturbances, such as roads, OHV trails, transmissionlines and pipeline right-of-ways are generally 
associated with sediment transport during runoff and increased motorized access to watercourses.  
Watersheds with more linear disturbance are predicted to be less resilient to flood damage and are more likely to 
require flood related work/restoration. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Linear Disturbance line feature class 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be 
edited.  The header is labelled linear disturbance instead of linear 
density in this file 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

longest.stream =
𝐿𝐿
𝐵𝐵

 

𝐿𝐿 = 𝐿𝐿𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛 𝑤𝑤𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛𝐼𝐼ℎ𝐴𝐴𝑀𝑀 
𝐵𝐵 = 𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 

 

In smaller mountain scale basins, long streams within a basin can increase the length of stream that may not be 
affected by confluence effects (trellis vs dendritic watershed form). It also is an indication of length of connected 
habitat that may be available.  Typically, longer streams provide more resilience and longer continuous habitats. 
While this can be a valuable metric, the loose relationship between maximum stream length and system 
resilience needs to be further developed. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     -Watershed polygon feature class (DEM-derived) 
     - Streams line feature class (DEM-derived) 
ESRM/input/watershed/input_watershed.csv 
     - input data. This file is created by GIS and does not need to be 
edited. 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

Benda et al 
2004 

pop.distance 
(population distance) 

𝑁𝑁𝐴𝐴 
 

Distance from the middle of the watershed to the nearest population center (i.e., town).  Population centers are 
defined using existing GIS data. 
This can arbitrarily designate potential angling pressure, public interest, and public use. 

ESRM/input/metrics/metrics_feasibility.csv 
     - set metric weight 
GIS Data Sources 
     -Point feature class representing all communities in Alberta 
     - DEM-derived watershed polygon feature class. 
ESRM/input/feasibility/input_feasibility.csv 
     - input data.  This file is created by GIS and does not need to 
be edited 

 

somc 
(species of 
management concern) 

= �𝑀𝑀𝑚𝑚

𝑀𝑀

𝑚𝑚=1

 

𝑀𝑀 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝑜𝑜𝑓𝑓 𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝑛𝑛 
𝑀𝑀𝑚𝑚
= 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝑜𝑜𝑓𝑓 𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼𝐴𝐴𝑛𝑛𝑛𝑛 𝐴𝐴 

This metric allows for heavier weighting of individual species of management concern (SOMC), beyond their 
conservation status and niche value (as in the fish diversity metric).  
Richness of species that are defined as key management species (e.g., bull trout, westslope cutthroat trout) are 
weighted by their value as species of management concern, which is user definable. 
This allows the user to select an individual target species of concern, independent of other indexes. 
The user can add the four letter species codes (e.g., RNTR, BLTR) and a relative value for that species.  This 
allows the user to manage a system for a particular species (such as whitefish) if it supports a local fisheries 
management objective. 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weightand index value 
ESRM/input/watershed/input_somc.csv 
     - include/exclude species of management        concern 
          - e.g., BLTR, CTTR 
     - set values for selected species of management concern 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 
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Metric Name Equation (V) Description Associated Files Supporting 
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spawning.knowledge 
= �𝑍𝑍𝑚𝑚

𝑍𝑍

𝑚𝑚=1

∗ 𝑉𝑉𝐹𝐹𝑖𝑖 

𝑍𝑍 = 𝐿𝐿𝐴𝐴𝐿𝐿𝐴𝐴𝐴𝐴ℎ𝑜𝑜𝑜𝑜𝑀𝑀 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐼𝐼𝐴𝐴𝐴𝐴𝑤𝑤𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴  
𝑍𝑍𝑚𝑚 = 𝐿𝐿𝐴𝐴𝐿𝐿𝐴𝐴𝐴𝐴ℎ𝑜𝑜𝑜𝑜𝑀𝑀 𝑜𝑜𝑓𝑓 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐴𝐴 𝐼𝐼𝐴𝐴𝐴𝐴𝑤𝑤𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴  

𝑉𝑉𝐹𝐹𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴𝐼𝐼 𝑜𝑜𝑓𝑓 𝐼𝐼𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼 𝐴𝐴 

Precise locations of spawning sites, for a multitude of species in any system are rarely available, making 
comparisons between watershed and drainages extremely difficult.  
This metric provides biologists with an opportunity to indicate the perceived likelihood of species are to spawn in 
a given watershed (0 for no chance, 1 verified, and in-between for uncertainty).  This metric weights perceived 
likelihoods by species value (calculated using socioeconomic and conservation status). 
The user can input local knowledge of areas that are known to support spawning of a certain species (e.g., 
Hidden Creek is known to support bull trout spawning). 

ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
ESRM/input/watershed/input_spawning.csv 
     - set likelihood of a species to spawn in study area 
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

 

woody.debris =
𝑊𝑊
𝐿𝐿

 

𝑊𝑊 = 𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝑊𝑊𝑜𝑜𝑜𝑜𝑀𝑀𝐶𝐶 𝑆𝑆𝐴𝐴𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼 𝑆𝑆𝐼𝐼𝑛𝑛𝑁𝑁𝐴𝐴𝐼𝐼𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼 
𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 

Jakober and McMahon (1998) found that complex mixes of habitat were required to maintain fall and winter 
habitat for resident bull and cutthroat trout in Montana.  In their research, they found that bull trout and cutthroat 
trout prefer habitat with pools and woody debris, or habitat with pools and boulders.  Shields, Cooper, and Testa 
(1995) found that woody debris instream is an important determination of habitat quality and fish populations 
respond negatively to the removal of woody materials.  Salmonid habitat complexity and the ability of the habitat 
to support older trout are improved with increased woody debris presence (Fausch and Northcote 1992). 
At a reach level, woody debris adds habitat complexity and cover that supports seasonal use (e.g., cover for 
large salmonids during spawning on nearby riffles). 

Aerial reconnaissance .csv file containing geotagged woody debris 
locations. 
ESRM/input/metrics/metrics_watershed.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Woody Debris point feature class (aerial reconnaissance)  
     - DEM-derived Streams line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be 
edited.   
ESRM/output/runname/metrics/watershed_metrics_output.csv 
     - contains normalized watershed metric scores 

Jakober and 
McMahon 
1998  
Fausch and 
Northcote 
1992 
Shields, 
Cooper, and 
Testa 1995 
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⎜
⎛

𝑛𝑛𝑛𝑛𝑛𝑛

⎝

⎜
⎜
⎜
⎜
⎜
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⎜
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⎛

𝑛𝑛𝑛𝑛𝑛𝑛

⎝

⎜
⎜
⎜
⎜
⎜
⎜
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⎜
⎜
⎛

𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑑𝑑 +
𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎ℎ𝑎𝑎𝑜𝑜𝑚𝑚𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎ℎ𝑎𝑎𝑜𝑜𝑚𝑚𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑑𝑑 +

𝑊𝑊𝑏𝑏𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑑𝑑𝑜𝑜𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑑𝑑𝑜𝑜𝑑𝑑 +
𝑊𝑊𝑎𝑎𝑜𝑜𝑎𝑎𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑐𝑐𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑜𝑜𝑎𝑎𝑑𝑑𝑑𝑑𝑚𝑚𝑚𝑚𝑐𝑐𝑑𝑑 +

𝑊𝑊𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑜𝑜𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑚𝑚 +

𝑊𝑊𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑓𝑓𝑎𝑎𝑎𝑎𝑠𝑠.𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑎𝑎𝑎𝑎𝑠𝑠.𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚 +

𝑊𝑊𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎ℎ.𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎ℎ.𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑑𝑑𝑎𝑎𝑏𝑏𝑑𝑑𝑎𝑎𝑜𝑜𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑎𝑎𝑏𝑏𝑑𝑑𝑎𝑎𝑜𝑜𝑚𝑚𝑎𝑎𝑑𝑑 +

𝑊𝑊𝑑𝑑𝑎𝑎𝑏𝑏𝑑𝑑𝑎𝑎𝑜𝑜𝑚𝑚𝑎𝑎𝑑𝑑.𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑎𝑎𝑏𝑏𝑑𝑑𝑎𝑎𝑜𝑜𝑚𝑚𝑎𝑎𝑑𝑑.𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑠𝑠𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑.𝑑𝑑𝑑𝑑𝑏𝑏𝑜𝑜𝑚𝑚𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑠𝑠𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑.𝑑𝑑𝑑𝑑𝑏𝑏𝑜𝑜𝑚𝑚𝑑𝑑 ⎠
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− 𝑛𝑛𝑛𝑛𝑛𝑛

⎝

⎜
⎜
⎜
⎜
⎛

𝑊𝑊𝑏𝑏𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜.𝑑𝑑𝑚𝑚𝑚𝑚𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑑𝑑𝑚𝑚𝑑𝑑𝑑𝑑𝑜𝑜.𝑑𝑑𝑚𝑚𝑚𝑚𝑑𝑑 +
𝑊𝑊𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚(1 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑎𝑎𝑑𝑑𝑑𝑑𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚) +

𝑊𝑊𝑎𝑎𝑚𝑚𝑚𝑚𝑑𝑑.𝑎𝑎𝑑𝑑𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑚𝑚𝑚𝑚𝑑𝑑.𝑎𝑎𝑑𝑑𝑑𝑑 +
𝑊𝑊𝑎𝑎𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑜𝑜.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑(1 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑜𝑜.𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑)
𝑊𝑊𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑�1 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑� +
𝑊𝑊𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑠𝑠𝑚𝑚𝑑𝑑𝑎𝑎ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑠𝑠𝑚𝑚𝑑𝑑𝑎𝑎ℎ +

𝑊𝑊𝑑𝑑𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑚𝑚𝑚𝑚𝑎𝑎𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 ⎠
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+ 𝑛𝑛𝑛𝑛𝑛𝑛
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𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑(1 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑) +
𝑊𝑊𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.𝑚𝑚𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑�1 − 𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑑𝑑𝑎𝑎𝑎𝑎𝑎𝑎𝑑𝑑.𝑚𝑚𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑� +
𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑚𝑚𝑑𝑑 +

𝑊𝑊𝑚𝑚𝑎𝑎𝑎𝑎𝑜𝑜𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑎𝑎𝑎𝑎𝑜𝑜𝑎𝑎𝑑𝑑𝑚𝑚𝑎𝑎𝑑𝑑 ⎠
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Equation 5 The Reach Scale metrics of the priority equation 

The above equation shows all of the metrics at the reach scale, where W is the associated metric weight, and V is the normalized calculated metric score. For simplicity, W and H scales are not shown, however, they are still part of the overall 
equation. 

Table 7 - Reach Level Metrics provides a detailed description of each reach level metric.  

The model is delivered with settings and weightings used by the FISHES program.  These are specific to the FISHES program.  For example, substrate values set for Cutthroat Trout are not the same values that would be used for Lake Sturgeon 
Settings and weightings are subject to change depending on the question being asked by the user, species presence and status, habitat type, etc.  Users are encouraged to explore alternatives, as the recommended weightings are not the only 
weightings that could deliver defensible and justifiable results.  Some metrics have a further sub category with weight components.  They are:  crossings, disturbance, land use, and substrate.  Corresponding editable files are listed in the 
following table:  Table 8 - Reach Level Metrics 
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Metric Name Equation (V) Description Associated Files Supporting Literature 

𝑛𝑛𝑛𝑛𝑛𝑛 𝑓𝑓(𝑥𝑥) =  
𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
 

The normalization function used to normalize scores between 0 and 1 NA  

access 𝑁𝑁𝐴𝐴 The feasibility of a restoration project is largely dependent on access conditions to a given reach. 
Distance from a reach to access roads or paths are used to evaluate the feasibility of restoration 
works for a given reach.  
Furthermore, this metric potentially evaluates the ease of access of the public to the site, and 
therefore provides some measure of the socioeconomic value of a reach. 
Maintained road access is valued higher than trail access. 

ESRM/input/metrics/metrics_feasibility.csv 
     - set metric weight 
GIS Data Sources 
     - Access Roads line feature class. 
ESRM/input/feasibility/input_feasibility.csv 
     - input data. This file is created by GIS and does not need to be edited. 

 

applications 
=
𝑊𝑊𝑚𝑚𝑎𝑎

𝐿𝐿
 

𝑊𝑊𝑚𝑚𝑎𝑎 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of applications along the length of known channels in a reach. 
The presence of Water Act applications in a given reach potentially indicate specific restoration 
opportunities, and could (depending on other metrics) warrant a more detailed field investigation. 
This metric is related to the initial sorting of the application data and can reflect flood related 
projects only, or all potential projects near water.  Although the number may be similar to 
approved projects, this metric may reflect upcoming work in the watershed. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
ESRM/input/metrics/metrics_feasibility.csv 
     - set metric weight for feasibility index value 
GIS Data Sources 
     - Water Act Application point feature class  
     - DEM-derived reaches line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/input/feasibility/input_feasibility.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

 

authorizations 
 
 
approvals 

=
𝑊𝑊𝑚𝑚𝑎𝑎

𝐿𝐿
 

𝑊𝑊𝑚𝑚𝑎𝑎 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of authorizations/approvals along the length of known channels in a reach. 
The presence of Water Act authorizations in a given reach potentially indicate specific restoration 
opportunities, and could (depending on other metrics) warrant a more detailed field investigation. 
This metric is related to the initial sorting of the authorization data and can reflect flood related 
projects only, or all approved projects near water. 
* in the ESRM coding, it is referred to as ‘authorizations’ for sensitivity/resilience and ‘approvals’ 
for feasibility 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
ESRM/input/metrics/metrics_feasibility.csv 
     - set metric weight for feasibility index value 
GIS Data Sources 
     - Water Act Authorization point feature class  
     - DEM-derived reaches line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/input/feasibility/input_feasibility.csv 
     - input data. This file is created by GIS and does not need to be edited. 

 

barriers 
=
𝐵𝐵𝑚𝑚
𝐿𝐿

 

𝐵𝐵𝑚𝑚 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐵𝐵𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of barriers along the length of known channels in a reach. 
Barriers in a reach that may affect fish movements and habitat development (e.g., obstruct 
bedload, woody debris).  Barriers resulting from flooding activities, or flood related works, are 
potentially site-specific opportunities for restoration or opportunities for barrier removal. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Barriers point feature class (aerial reconnaissance) 
     - DEM-derived reaches line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 
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Metric Name Equation (V) Description Associated Files Supporting Literature 
beaver.dams =

𝐵𝐵𝑑𝑑
𝐿𝐿

 

𝐵𝐵𝑑𝑑 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐵𝐵𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of beaver dams along the length of known channels in a reach. 
Beaver dams can provide resilience to watersheds and reaches.  During highwater events, beaver 
ponds hold back water.  During winter and summer, they provide deep water refugia for fish. 
Furthermore, they are rarely complete barriers to fish movement, often providing upstream spring 
passage. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Beaver Dam point feature class (aerial reconnaissance) 
      - DEM-derived reaches line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

Butler and Malanson 2005 
Lokteff et al. 2013 

crossings =
𝐶𝐶
𝐿𝐿

 

𝐶𝐶 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐶𝐶𝑛𝑛𝑜𝑜𝐼𝐼𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of crossings along the length of known channels in a reach. 
Stream crossings can be susceptible to damage from flooding and related works.  They are also 
important disturbance points on a watercourse that might affect fish movement, downstream 
habitat, and mobilization of sediment. 
Stream crossings (e.g., roads, and paths) on the reach scale could therefore provide site-specific 
restoration opportunities. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Crossing point feature class (aerial reconnaissance) 
     - DEM-derived reaches line feature class. 
ESRM/input/reach/weight_crossing.csv 
     - set values for crossing types 
          - e.g., Bridge Crossing, Culvert Crossing 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

 

disturbance 
(anthropogenic) = �𝑆𝑆𝑚𝑚 ∗ 𝑉𝑉𝐷𝐷𝑖𝑖

𝐷𝐷

𝑚𝑚=1

 

𝑆𝑆 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝑀𝑀𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝑆𝑆𝑚𝑚 = 𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝑀𝑀𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝐷𝐷𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝑆𝑆𝑚𝑚 

To support the FISHES mandate, the number of human visible anthropogenic disturbances is 
tallied in the reach.  Cumulative effects from a larger number of disturbances may result in higher 
sensitivity to events.  These include works such as bank armouring, and cattle activity in the 
riparian area. Watercourse crossings are considered in the crossing density metric and therefore 
not in this one 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Instream Disturbance point feature class (aerial reconnaissance) 
     - DEM-derived reaches line feature class. 
 
ESRM/input/reach/weight_disturbance.csv 
     - set values for disturbance types 
          - Instream, Riparian 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  
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Metric Name Equation (V) Description Associated Files Supporting Literature 
elevation = 𝐸𝐸𝐴𝐴𝐴𝐴𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 Elevation comparisons between watersheds are not useful for the purposes of ESRM, as strict 

elevation does not account for latitude, surrounding landscape, or the direction of slope.  
However, the elevation of a reach in the context of the elevation of the watershed provides 
important information as to where in the watershed the reach is located, as the resilience of a fish 
community in the headwaters of a stream is likely much less than a similar community located at 
the lowest point of a basin.  
Reach elevation is defined as the median elevation of a reach. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Digital Elevation Model (DEM)  
     - Reaches line feature class 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

Yau and Taylor 2014  
 
Paul and Post 2001 

erosion 
(non-flood) 

=
𝐸𝐸
𝐿𝐿

 

𝐸𝐸 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐸𝐸𝑛𝑛𝑜𝑜𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴 𝐹𝐹𝐴𝐴𝐴𝐴𝐼𝐼𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of erosional features along the length of known channels in a reach. 
This metric measures the number of erosional features found throughout the reach.  Reaches with 
few erosional features should have fewer enhancement opportunities than do reaches with many 
erosional features. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Erosion point feature class (aerial reconnaissance) 
     - DEM-derived reaches line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

 

flood.disturbance =
𝐹𝐹
𝐿𝐿

 

𝐹𝐹 = 𝑁𝑁𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐹𝐹𝐴𝐴𝑜𝑜𝑜𝑜𝑀𝑀 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑀𝑀 𝑆𝑆𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝐿𝐿 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 

The density of watercourse disturbances resulting from flooding within the length of known 
channels in the watershed.  
This metric measures the number of disturbances resulting from flood throughout each reach. 
Reaches with few disturbances should have fewer enhancement opportunities than do reaches 
with many flood disturbance features. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Flood Disturbance point feature class (aerial reconnaissance) 
     - DEM-derived reaches line feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 
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Metric Name Equation (V) Description Associated Files Supporting Literature 
flow.accumulation 𝑁𝑁𝐴𝐴 Flow accumulation, is calculated using a GIS function that evaluates the area that flows into a 

given point using a digital elevation model.  Points that have a large area flowing into them are 
associated with larger values than points that have a small area flowing into them.  Larger 
streams are generally more capable of sustaining fish populations and provide diverse habitats.  
In the absence of additional data, flow accumulation models provide a continuous and accurate 
estimate of relative flow across a landscape. 
This metric calculates the median flow accumulation value of each reach. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Digital Elevation Model (DEM) raster. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

 

land.use 
= �𝐶𝐶𝑚𝑚 ∗ 𝑉𝑉𝐿𝐿𝑖𝑖

𝐶𝐶

𝑚𝑚=1

 

𝐶𝐶 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝐴𝐴𝑛𝑛𝑀𝑀 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝐶𝐶𝑚𝑚 = 𝐴𝐴𝐴𝐴𝑛𝑛𝑀𝑀 𝑁𝑁𝐼𝐼𝐴𝐴 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝐶𝐶𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐶𝐶𝑚𝑚 

General land use cover is used to estimate the resiliency of the reach to flooding events and 
erosional processes.  
More resilient reaches are predicted to require less flood related activity, in contrast to reaches 
whose cover provides poor support to flooding situations.  
Landscape covers are categorized into ten groups:  agriculture, burnt, cutblock, developed land, 
exposed ground, forest, grassland, exposed rock, shrubland, water.  
This metric is also calculated over the watershed scale, but is a unique metric over land use on 
the reach scale. 
Percentage of each landcover type within a given reach’s riparian area buffer. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
ESRM/input/reach/weight_landuse.csv 
    -  set values for land use types 
          - e.g., water, exposed, agriculture 
GIS Data Sources 
     - ABMI Landcover polygon feature class  
     - Riparian Areas (stream order buffer) polygon feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

Poff et al. 2006 
Wohl 2006 

linear.disturbance =
𝐿𝐿
𝑅𝑅𝑚𝑚

 

𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝑀𝑀𝐴𝐴𝐵𝐵𝐴𝐴𝐴𝐴𝑜𝑜𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼𝐼𝐼 
𝑅𝑅𝑚𝑚 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 

The length of linear disturbances in the riparian area of a given reach. 
Linear disturbances, such as roads, OHV trails, and pipeline right of ways are generally 
associated with sedimentation and erosion during flooding events.  Reaches with more linear 
disturbance are predicted to be less resilient to flood damage, and more likely to require flood 
related work, and restoration in response to this work. 
The riparian area is calculated by multiplying the stream order by a constant (12.5 metre radius; 
as per ESRD’s method), and using the result as a buffer distance around the reach alignment, to 
estimate a riparian area. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value  
GIS Data Sources 
     - Linear Disturbance line feature class 
     - Riparian Areas (stream order buffer) polygon feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

 

reach.slope 𝑁𝑁𝐴𝐴 The slope from one end of a reach to the other. 
Steeper reaches should correspond to a higher flows, greater sediment transport, and potentially 
greater erosion rates.  Steep reaches could be more resilient to flooding events.  
The suggested user weight is 0.  While this can be a valuable metric, the loose relationship 
between reach slope and reach resilience needs to be further developed. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Digital Elevation Model (DEM) raster. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 
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Metric Name Equation (V) Description Associated Files Supporting Literature 
riparian.slope 𝑁𝑁𝐴𝐴 The mean slope found within the riparian area. 

Steeper riparian areas should correspond to a higher erosion rates, and less vegetation growth. 
Steep riparian areas could be less resilient to flooding events.  
The suggested user weight is 0.  While this can be a valuable metric, the loose relationship 
between reach slope and reach resilience needs to be further developed. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Digital Elevation Model (DEM) raster 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

 

riparian.width =
𝑅𝑅𝑠𝑠
𝐹𝐹𝑚𝑚

 

𝑅𝑅𝑠𝑠 = 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝑊𝑊𝐴𝐴𝑀𝑀𝐼𝐼ℎ 
𝐹𝐹𝑚𝑚 = 𝐹𝐹𝐴𝐴𝑜𝑜𝑤𝑤 𝐴𝐴𝐴𝐴𝐴𝐴𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 

The width of riparian areas divided by the flow accumulation value associated with the reach.  
The riparian area is calculated by multiplying the stream order by a constant (12.5 metre radius; 
as per the Alberta Environment and Parks method), and using the result as a buffer distance 
around the reach alignment, to estimate a riparian area. 
Larger riparian areas respective of the flow that moves through a watercourse (as estimated by 
flow accumulation) are anticipated to be more resilient to ongoing environmental change, 
including flooding events.  

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Digital Elevation Model (DEM) raster 
     - Riparian Areas (stream order buffer) polygon feature class. 
ESRM/input/reach/input_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

 

sinuosity 𝑁𝑁𝐴𝐴 Sinuosity is described by ratio of the stream distance between two points of the channel of a 
stream and the straight-line distance between these same two points, taken from a topographic 
map.  
At this scale, the sinuosity of a reach is a function of the ability of the channel to meander (i.e., the 
lateral mobility in a response to gradient and friction). 
Increased sinuosity often indicates a lower streambed gradient relative to the average valley 
slope. 
The suggested user weight is 0. While this can be a valuable metric, the loose relationship 
between sinuosity and system resilience needs to be further developed. 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - DEM-derived reaches line feature class. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores  

 

slope.access 
=

|𝐸𝐸𝐴𝐴 − 𝐸𝐸𝑅𝑅|
𝑆𝑆

 

𝐸𝐸𝐴𝐴 = 𝐸𝐸𝐴𝐴𝐴𝐴𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼 

𝐸𝐸𝑅𝑅 = 𝐸𝐸𝐴𝐴𝐴𝐴𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 𝑜𝑜𝑓𝑓 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 

𝑆𝑆 = 𝑆𝑆𝐴𝐴𝐼𝐼𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝑓𝑓𝑛𝑛𝑜𝑜𝑛𝑛 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼 𝐼𝐼𝑜𝑜 𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 

Steep slopes along access routes could preclude restoration activities.  To measure this, the 
difference in elevation is divided by the distance to access, and is used as a metric of ease of 
access.  
Furthermore, this metric potentially evaluates the ease of access of the public to the site, and 
therefore provides some measure of the socioeconomic value of a reach. 

ESRM/input/metrics/metrics_feasibility.csv 
     - set metric weight 
GIS Data Sources 
     - Access Roads line feature class 
     - Reaches line feature class 
     - Digital Elevation Model (DEM) raster. 
ESRM/input/feasibility/input_feasibility.csv 
     - input data. This file is created by GIS and does not need to be edited. 
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Metric Name Equation (V) Description Associated Files Supporting Literature 
substrate 

 = ��𝑆𝑆𝑚𝑚 ∗ 𝑉𝑉𝑆𝑆𝑖𝑖

𝑆𝑆

𝑚𝑚=1

� 

𝑆𝑆 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝑆𝑆𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴 𝐶𝐶𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝑆𝑆𝑚𝑚 = 𝑆𝑆𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴 𝐶𝐶𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝑆𝑆𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝑆𝑆𝑚𝑚 
 

Substrates can inform the quality of available fish habitats.  Average substrate distributions will be 
compared quantitatively to habitat suitability index equations using cutthroat trout HSI curves as a 
default for preferred substrates, or as the user input defines.  The substrate will be rated on the 
potential usefulness to cutthroat spawning (as the default) or the user preference.  
As this data source is not complete, this index does not require complete data.  Reaches missing 
substrate data are assumed to have an intermediate value of the index (0.5). 
The equation for this metric is derived from a Cutthroat Trout HSI model (Hickman and Raleigh 
1982). 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
ESRM/input/reach/weight_substrate.csv 
     - set values for substrate types 
          - e.g.,fines, small.gravel, large.gravel 
GIS Data Sources 
FWMIS Aquatic Habitat Survey 
ESRM/input/metrics/metrics_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

Hickman and Raleigh 
1982 

substrate.diversity 

= ��
1

𝑁𝑁𝑚𝑚 − 1
�(𝑥𝑥𝑚𝑚𝑗𝑗−�̅�𝑥)2
𝑁𝑁𝑖𝑖

𝑗𝑗=1

𝑆𝑆

𝑚𝑚=1

 

𝐼𝐼 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼𝐴𝐴𝐼𝐼 

𝑁𝑁𝑚𝑚 = 𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝐴𝐴𝑜𝑜𝐴𝐴 𝑜𝑜𝑓𝑓 𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼 𝐴𝐴 

𝑥𝑥𝑚𝑚𝑗𝑗 = 𝑜𝑜𝑁𝑁𝐼𝐼𝐴𝐴𝑛𝑛𝐵𝐵𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 𝑗𝑗 𝑜𝑜𝑓𝑓 𝐼𝐼𝐴𝐴𝑜𝑜𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼 𝐴𝐴 

�̅�𝑥𝑚𝑚 = 𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝑜𝑜𝑓𝑓 𝐼𝐼𝐴𝐴𝑜𝑜𝐴𝐴 𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐼𝐼 𝐴𝐴 

FWMIS ‘Aquatic Habitat Survey’ data provides some insight in the habitat available in a given 
reach through the availability of substrate information, and the complexity of that habitat.  In 
addition, inferences from the size of substrates can imply ongoing depositional and erosional 
processes.  
Substrate diversity will be calculated by summing the standard deviation of all substrate 
observations in a given reach.  
As this data source is not complete, this index does not require complete data.  Reaches missing 
substrate data are assumed to have an intermediate value of the index (0.5). 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - FWMIS ‘Aquatic Habitat Survey’ point feature class 
ESRM/input/metrics/metrics_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

 

woody.debris =
𝐶𝐶𝑜𝑜𝑁𝑁𝑛𝑛𝐼𝐼 𝑜𝑜𝑓𝑓 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝑊𝑊𝑜𝑜𝑜𝑜𝑀𝑀𝐶𝐶 𝑆𝑆𝐴𝐴𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼

𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴ℎ 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ
 Jakober and McMahon (1998) found that complex mixes of habitat were required to maintain fall 

and winter habitat for resident bull and cutthroat trout in Montana.  In their research, they found 
that bull trout and cutthroat trout prefer habitat with pools and woody debris, or habitat with pools 
and boulders.  Shields, Cooper, and Testa (1995) found that woody debris instream is an 
important determination of habitat quality and fish populations respond negatively to the removal 
of woody materials.  Salmonid habitat complexity and the ability of the habitat to support older 
trout are improved with increased woody debris presence (Fausch and Northcote 1992). 
At a reach level, woody debris adds habitat complexity and cover that supports seasonal use 
(e.g., cover for large salmonids during spawning on nearby riffles). 

ESRM/input/metrics/metrics_reach.csv 
     - set metric weight and index value 
GIS Data Sources 
     - Woody Debris point feature class (aerial reconnaissance) 
     - DEM-derived reaches line feature class. 
ESRM/input/metrics/metrics_reach.csv 
     - input data. This file is created by GIS and does not need to be edited. 
ESRM/output/runname/metrics/reach_metrics_output.csv 
     - contains normalized reach metric scores 

Jakober and McMahon 
1998 
Fausch and Northcote 
1992 
Shields, Cooper, and 
Testa 1995 
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A.4 ESRM HABITAT UNIT SCALE METRICS 

𝑃𝑃 = 𝑛𝑛𝑛𝑛𝑛𝑛�
𝑊𝑊𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑊𝑊 −𝑊𝑊𝑅𝑅𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑊𝑊 + 𝑊𝑊𝐹𝐹𝑊𝑊𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑊𝑊� +
𝑊𝑊𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝑅𝑅 −𝑊𝑊𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝑅𝑅 + 𝑊𝑊𝐹𝐹𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝑅𝑅� +
𝑊𝑊𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛�𝑊𝑊𝑆𝑆𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑆𝑆𝐻𝐻 −𝑊𝑊𝑅𝑅𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝑅𝑅𝐻𝐻 + 𝑊𝑊𝐹𝐹𝐻𝐻𝑛𝑛𝑛𝑛𝑛𝑛𝐹𝐹𝐻𝐻�

� 

 

𝑊𝑊𝐻𝐻

⎝

⎜⎜
⎛
𝑛𝑛𝑛𝑛𝑛𝑛

⎝

⎜
⎜
⎛
𝑛𝑛𝑛𝑛𝑛𝑛�

𝑊𝑊ℎ𝑚𝑚𝑏𝑏𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎.𝑎𝑎𝑑𝑑𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉ℎ𝑚𝑚𝑏𝑏𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎.𝑎𝑎𝑑𝑑𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑚𝑚𝑚𝑚𝑑𝑑𝑎𝑎𝑜𝑜𝑑𝑑𝑚𝑚𝑚𝑚.𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑚𝑚𝑚𝑚𝑑𝑑𝑎𝑎𝑜𝑜𝑑𝑑𝑚𝑚𝑚𝑚.𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑜𝑜 +

𝑊𝑊𝑏𝑏𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑑𝑑𝑜𝑜𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑚𝑚𝑜𝑜𝑜𝑜𝑚𝑚𝑑𝑑𝑜𝑜𝑑𝑑 +
� − 𝑛𝑛𝑛𝑛𝑛𝑛

⎝

⎜⎜
⎛

𝑊𝑊𝑏𝑏𝑚𝑚𝑚𝑚𝑘𝑘.𝑑𝑑𝑎𝑎𝑚𝑚𝑏𝑏𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑏𝑏𝑚𝑚𝑚𝑚𝑘𝑘.𝑑𝑑𝑎𝑎𝑚𝑚𝑏𝑏𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑑𝑑 +
𝑊𝑊𝑎𝑎𝑑𝑑𝑑𝑑𝑜𝑜ℎ𝑑𝑑𝑚𝑚𝑑𝑑.𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑎𝑎𝑑𝑑𝑑𝑑𝑜𝑜ℎ𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑑𝑑𝑑𝑑𝑜𝑜 +
𝑊𝑊𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑑𝑑𝑑𝑑𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑑𝑑𝑑𝑑𝑐𝑐 +

𝑊𝑊𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑠𝑠𝑚𝑚𝑑𝑑𝑎𝑎ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑜𝑜𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑚𝑚𝑚𝑚𝑚𝑚.𝑠𝑠𝑚𝑚𝑑𝑑𝑎𝑎ℎ +
𝑊𝑊𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛(1 − 𝑉𝑉𝑑𝑑𝑚𝑚𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜𝑏𝑏𝑚𝑚𝑚𝑚𝑎𝑎𝑑𝑑) ⎠

⎟⎟
⎞

⎠

⎟
⎟
⎞

+ 𝑛𝑛𝑛𝑛𝑛𝑛(𝑊𝑊𝑓𝑓𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑏𝑏𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛𝑉𝑉𝑓𝑓𝑑𝑑𝑚𝑚𝑑𝑑𝑚𝑚𝑏𝑏𝑚𝑚𝑎𝑎𝑚𝑚𝑎𝑎𝑑𝑑)

⎠

⎟⎟
⎞

 

Equation 6 The Habitat Unit scale metrics of the priority equation 

 
Table 8 - Habitat Survey Metrics provides a detailed description of each habitat scale metric.  Before being used to calculate an index, each metric is normalized between 0 and 1. 

Within this table, user weightings recommendations and a recommended category (feasibility, sensitivity, and resilience) are provided, however, these are specific to the FISHES program, and are subject to change depending on the question 
being asked by the user.  We encourage you to explore alternatives, as the recommended weightings are not the only weightings that could deliver defensible and justifiable results.  It should be noted that metrics in the habitat level category 
cannot be moved into other categories.  

Some metrics have a further sub category with weight components.  They are: barriers, disturbance, feasibility, habitat type, instream cover, riparian vegetation, and bank stability.  Corresponding editable files are listed in the following table. 
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Table 9 - Habitat Survey Metrics 

Metric Name Equation (V) Description Associated Files Supporting Literature 

𝑛𝑛𝑛𝑛𝑛𝑛 𝑓𝑓(𝑥𝑥) =  
𝑥𝑥𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚

𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚
 

The normalization function used to normalize scores between 0 and 1 NA  

barriers = 𝑆𝑆𝐴𝐴𝐵𝐵𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼𝐶𝐶 ∗ 𝐶𝐶𝐴𝐴𝑁𝑁𝐼𝐼𝐴𝐴 
𝑆𝑆 = 𝑆𝑆𝐴𝐴𝐵𝐵𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼𝐶𝐶 𝑜𝑜𝑓𝑓 𝑁𝑁𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐵𝐵𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 
𝐶𝐶 = 𝐶𝐶𝐴𝐴𝑁𝑁𝐼𝐼𝐴𝐴 𝑜𝑜𝑓𝑓 𝑁𝑁𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐵𝐵𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 

 

Barriers are classified as man-made or natural obstructions so as to 
differentiate between potential restoration locations.  Each type is then 
classified as a full barrier (high severity), partial barrier (moderate severity), or 
temporary barrier (low severity). 
 
Barriers should always be recorded as the upstream end of a habitat unit. 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/weight_severity_barrier.csv 
     - set values for barrier severity 
          - L, M, H 
ESRM/input/habitat/weight_type_barrier.csv 
     - set values for barrier type 
          - A, N, B 
ESRM/input/habitat/input_barrier.csv 
     - input data.  This data is manually entered from field data 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  

 

disturbance 
 

= 𝑆𝑆 ∗ 𝐶𝐶 ∗ 𝐴𝐴 
𝑆𝑆 = 𝑆𝑆𝐴𝐴𝐵𝐵𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼𝐶𝐶 𝑜𝑜𝑓𝑓 𝑀𝑀𝐴𝐴𝐼𝐼𝐼𝐼𝑁𝑁𝑛𝑛𝑁𝑁𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴 𝐵𝐵𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 

𝐶𝐶 = 𝐶𝐶𝐴𝐴𝑁𝑁𝐼𝐼𝐴𝐴 𝑜𝑜𝑓𝑓 𝑁𝑁𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐵𝐵𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 
𝐴𝐴 = 𝑃𝑃𝑛𝑛𝑜𝑜𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 𝑜𝑜𝑓𝑓 ℎ𝐴𝐴𝑁𝑁𝐴𝐴𝐼𝐼𝐴𝐴𝐼𝐼 𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼 𝐴𝐴𝑓𝑓𝑓𝑓𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑀𝑀 

 

The presence of natural and human caused disturbances on the stream and 
riparian area.  Both in-channel e.g., riprap, ford, culvert or in the riparian area 
e.g., campsite, adjacent trail, eroding banks are included in this metric. 
High severity indicates habitat that is not usable by fish or a feature that blocks 
passage completely e.g., perched culvert, gabion, or paved channel. 
Moderate severity indicates habitats where function may be impaired or 
reduced compared to undisturbed environments e.g., significant armoured 
banks. 
Low severity indicates habitat that still fully functions for resident fish, but may 
be changed from what was historically undisturbed e.g., bank modifications 
above the 1:2 or clear-span bridges. 
Area of disturbance is measured as the proportion of the habitat unit that is 
affected.  As such, values should remain between 0 and 1.  A value of 1 
indicates that the entire habitat is affected and/or covered by the disturbance. 
Anything greater than 1 may result is disproportionate output and skew the 
results and should be capped at a value of 1. 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/weight_severity_disturbance.csv 
     - set values for disturbance severity 
          - L, M, H 
ESRM/input/habitat/weight_disturbance.csv 
     - set values for disturbance type 
          - e.g., ford, culvert, bridge 
ESRM/input/habitat/input_disturbance.csv 
     - input data. This data is manually entered from field data 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  

 

feasibility = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝑓𝑓𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝑁𝑁𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐶𝐶 𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴𝑛𝑛𝐴𝐴 An individual accessing the site and walking along the banks can make a 
judgement on how feasible the location would be for a habitat project.  This 
judgment should be based on accessibility, available habitats, and potential to 
“fix” or correct deficiencies. 
Feasibility is based on opinion and could be weighted lower if the detailed 
survey information is highly subjective. 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data 
ESRM/input/habitat/weight_feasibility.csv 
     - set values for feasibility 
          - N, L, M, H 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  
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Metric Name Equation (V) Description Associated Files Supporting Literature 
habitat.type 

= �𝑇𝑇 ∗ ���𝑆𝑆𝑚𝑚 ∗ 𝑉𝑉𝑆𝑆𝑖𝑖

𝑆𝑆

𝑚𝑚=1

� ∗ 𝐸𝐸�� ∗ (𝑍𝑍 ∗𝑊𝑊 ∗ 𝐿𝐿) 

𝑇𝑇 = 𝐻𝐻𝐴𝐴𝑁𝑁𝐴𝐴𝐼𝐼𝐴𝐴𝐼𝐼 𝑇𝑇𝐶𝐶𝐴𝐴𝐴𝐴 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 
𝑆𝑆 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝑆𝑆𝑚𝑚 = 𝐼𝐼𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐼𝐼𝐴𝐴 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝑆𝑆𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐶𝐶𝑚𝑚 
𝐸𝐸 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐴𝐴𝑛𝑛𝑁𝑁𝐴𝐴𝑀𝑀𝐴𝐴𝑀𝑀𝑛𝑛𝐴𝐴𝐼𝐼𝐼𝐼 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 

𝑍𝑍 = 𝑀𝑀𝐴𝐴𝑥𝑥 𝑀𝑀𝐴𝐴𝐴𝐴𝐼𝐼ℎ  
𝑊𝑊 = 𝑊𝑊𝐴𝐴𝐼𝐼𝐼𝐼𝐴𝐴𝑀𝑀 𝑤𝑤𝐴𝐴𝑀𝑀𝐼𝐼ℎ 

𝐿𝐿 = 𝐿𝐿𝐴𝐴𝑛𝑛𝐴𝐴𝐼𝐼ℎ 𝑜𝑜𝑓𝑓 ℎ𝐴𝐴𝑁𝑁𝐼𝐼𝐴𝐴𝐴𝐴𝐼𝐼 𝑁𝑁𝑛𝑛𝐴𝐴𝐼𝐼 

This metric combines the habitat type with substrate, and substrate 
embeddedness and an approximation of volume.  This is done by multiplying a 
substrate score by embeddedness; the product is then multiplied by a value 
associated with a habitat unit.  This product is then multiplied by an 
approximation of volume.  
The habitat unit is indicated present within the wetted area, as identified in 
Table 5 6 - Channel Unit Classification for small rivers or streams.  Falls are 
captured as natural barriers, not as an individual habitat unit.  The value of 
habitat types is set by the user based on management objective and species 
presence. 
Embeddedness is the degree that cobble, gravel, and boulder (coarse) 
substrates are surrounded, impacted in, or covered by fine materials (sand and 
silt).  Embeddedness decreases the value of the substrate within the habitat 
unit.  Very High >75% of site area, High 50-75%, Moderate 25-50%, Low 
<25% 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/weight_habitat.csv 
     - set values for habitat types 
          - e.g., backwater, BW, cascade, CA 
ESRM/input/habitat/weight_substrate.csv 
     - set values for substrate types 
          - e.g., artificial, bedrock, boulder 
ESRM/input/habitat/weight_embededness.csv 
     - set values for embededness 
          - Very High, High, Moderate, Low, None 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  

 

instream  
(instream cover) = �𝐶𝐶𝑚𝑚 ∗ 𝑉𝑉𝐶𝐶𝑖𝑖

𝐶𝐶

𝑚𝑚=1

 

𝐶𝐶 = 𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑛𝑛𝐼𝐼𝐼𝐼𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐴𝐴𝑜𝑜𝐵𝐵𝐴𝐴𝑛𝑛 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐴𝐴𝐴𝐴𝐼𝐼 
𝐶𝐶𝑚𝑚 = 𝑃𝑃𝑛𝑛𝑜𝑜𝐴𝐴𝑜𝑜𝑛𝑛𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 𝑜𝑜𝑓𝑓 𝐴𝐴𝑜𝑜𝐵𝐵𝐴𝐴𝑛𝑛 𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐴𝐴𝑜𝑜𝑛𝑛𝐶𝐶 𝐴𝐴 

𝑉𝑉𝐶𝐶𝑖𝑖 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐶𝐶𝑚𝑚 

This metric is broken into five categories: boulders, depth, undercuts, 
vegetation, and woody debris. 
Boulders are stream substrates larger than 256 mm in diameter providing 
cover when they create a turbulent flow and provide emergence points for 
invertebrates. 
Depth (deep pool) can be considered cover when it is 75-100% deeper than 
the average depth of surrounding habitat units usable by fish for resting or 
cover.  Undercut Banks occur where the bank hangs over part of the stream, 
providing cover. 
Vegetation instream includes aquatic plants (floating and submergent), algae, 
emergent plants, and submerged terrestrial vegetation. 
Woody Debris including root wads, with a min. diameter >10 cm or piles of 
debris with the total diameter greater than 10 cm and providing in-channel 
cover for fish.  Woody debris does not have to be attached or embedded in the 
stream or bank to provide cover but must be within 1m of the water surface. 
Proportion of cover (Ci) is measured as a percentage representing how much 
of a habitat unit is covered by that cover type. 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/metrics/weight_cover.csv 
     - set values for instream cover types 
          - boulders, depth, undercut, vegetation, woody debris 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data  
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  

 

overhead 
(overhead cover) 

= % 𝑂𝑂𝐵𝐵𝐴𝐴𝑛𝑛ℎ𝐴𝐴𝐴𝐴𝑀𝑀 𝐶𝐶𝑜𝑜𝐵𝐵𝐴𝐴𝑛𝑛 The percent amount of canopy closure provided by riparian vegetation that 
hangs over the habitat unit and is <1 m above the water surface. 
Overhead vegetation provides cover (protection from predators), food inputs, 
and shade.  

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data  
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  

 

riparian 
(riparian vegetation) 

= (𝑆𝑆1 ∗ 𝑉𝑉1) + (𝑆𝑆2 ∗ 𝑉𝑉2) 
𝑆𝑆1 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝑀𝑀𝑜𝑜𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 

𝑆𝑆2 = 𝑉𝑉𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 𝑜𝑜𝑓𝑓 𝐼𝐼𝑁𝑁𝑁𝑁𝑀𝑀𝑜𝑜𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝑛𝑛𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 
𝑉𝑉1 = 𝑊𝑊𝐴𝐴𝐴𝐴𝐴𝐴ℎ𝐼𝐼 𝑜𝑜𝑓𝑓 𝑀𝑀𝑜𝑜𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 

𝑉𝑉2 = 𝑊𝑊𝐴𝐴𝐴𝐴𝐴𝐴ℎ𝐼𝐼 𝑜𝑜𝑓𝑓 𝐼𝐼𝑁𝑁𝑁𝑁𝑀𝑀𝑜𝑜𝑛𝑛𝐴𝐴𝑛𝑛𝐴𝐴𝑛𝑛𝐼𝐼 𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐴𝐴𝐼𝐼𝐴𝐴𝑜𝑜𝑛𝑛 
 

The presence of riparian vegetation, the type of vegetation, and the potential 
cover provided by the vegetation is an important factor of stream health. 
Riparian Cover - is classified by dominate and sub-dominate types of 
vegetation: none (n), grass (g), shrubs (s), coniferous (c), deciduous (d), mixed 
(m), wetland (w), and other (o). 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/weight_riparian.csv 
     - set values for riparian vegetation type 
          - N, G, S, C, D, M, W 
ESRM/input/habitat/weight_riparian_dominance.csv 
     - set values for dominant and subdominant 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  
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Metric Name Equation (V) Description Associated Files Supporting Literature 
riparian.width =

𝑅𝑅𝐴𝐴𝐴𝐴𝐴𝐴𝑛𝑛𝐴𝐴𝐴𝐴𝑛𝑛 𝑊𝑊𝐴𝐴𝑀𝑀𝐼𝐼ℎ
𝐶𝐶ℎ𝐴𝐴𝑛𝑛𝑛𝑛𝐴𝐴𝐴𝐴 𝑊𝑊𝐴𝐴𝑀𝑀𝐼𝐼ℎ

 Riparian width includes non-vegetated channel (wetted width and bankful), the 
wetter riparian area (active floodplain), and drier riparian species (upper 
terrace) based on the Cows and Fish Riparian Health Assessment. 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  

Cows and Fish 2018 

stability 
(bank stability) 

= 𝐶𝐶 ∗ 𝑆𝑆 
𝐶𝐶 = 𝐶𝐶𝐴𝐴𝑁𝑁𝐼𝐼𝐴𝐴 𝑜𝑜𝑓𝑓 𝐼𝐼𝐼𝐼𝐴𝐴𝑁𝑁𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐶𝐶 𝐵𝐵𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 
𝑆𝑆 = 𝑆𝑆𝐼𝐼𝐴𝐴𝑁𝑁𝐴𝐴𝐴𝐴𝐴𝐴𝐼𝐼𝐶𝐶 𝑜𝑜𝑓𝑓 𝑁𝑁𝐴𝐴𝑛𝑛𝐿𝐿𝐼𝐼 𝐵𝐵𝐴𝐴𝐴𝐴𝑁𝑁𝐴𝐴 

A metric of evidence of streambank susceptibility to erosion and active erosion.     
The banks of each habitat unit are assessed and visually evaluated on stability 
(stable, moderately unstable, or unstable).  Although the left or right bank can 
be individually identified, for the model the presence of any unstable bank 
adjacent to the habitat unit is important. 
Indicate whether the bank is natural (N), anthropogenic (A), a mixture of 
human and natural influences (B), or flood (F).  Natural erosion is not part of 
the mandate of the FISHES program, so this allows the prioritization of 
anthropogenically caused erosional problems. 

ESRM/input/metrics/metrics_habitat.csv 
     - set metric weight and index value 
ESRM/input/habitat/weight_stability.csv 
     - set values for bank stability values 
          - S, MS, US 
ESRM/input/habitat/weight_stability_cause.csv 
     - set values for bank stability cause 
          - A, N, B, F 
ESRM/input/habitat/input_habitat.csv 
     - input data. This data is manually entered from field data 
ESRM/output/runname/metrics/habitat_metrics_output.csv 
     - contains normalized habitat metric scores  
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A.4.1 ESRM Reach Scale Metrics – Input Structure 

 

Table 10 input_habitat.csv example. 

Allowable input values for input_habitat.csv.  The ‘watershed’ value must be written the same as it is in input_watershed.csv and input_reach.csv, including capitalization.  Stream and reach ID’s must also match input_watershed.csv and input_reach.csv.  The program 
matches up the three scale scores based on those unique ID’s for priority score calculation.  Values put into the input_habitat.csv must be written as above with the same capitalization, or the model will not read it correctly.  Any accidental spaces after a value will also 
cause the model to read it incorrectly. 

watershed stream reach unit habitat.unit unit.length max.depth feasability wetted.width channel.width bank.stability cause artificial organic fines sand sm.gravel lg.gravel cobble boulder bedrock embededness 

Silvester 1 1 1 BW 10 0.37 N 4 2 S A 10 20 10 10 10 10 10 10 10 N 

    CA   L 4.5 2.3 MS N          L  

    CH   M   US B          M 

    FL   H    F          H 

    GL                 V 

    IP1                  

    IP2                  

    IP3                  

    LG                  

    P1                  

    P2                  

    P3                  

    RA                  

    RF                  

    R1                  

    R2                  

    R3                  

    ST                  

    SN                   

    SP                  
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Table 11 input_disturbance.csv example. 
Table 10 provides examples of allowable input values for input_disturbance.csv.  The ‘watershed’ value must be written the same as it in in input_watershed.csv and input_reach.csv, including capitalization.  Stream and reach ID’s must also match input_watershed.csv 
and input_reach.csv.  The program matches up the three scale scores based on those unique ID’s for priority score calculation. Input values must be written as above with the same capitalization, or the model will not read it correctly. Any accidental spaces after a value 
will also cause the model to read it incorrectly. 
 
 

watershed stream reach unit Type Area Severity 

Silvester 1 1 1 ford 0.12345 L 

    culvert 1.2345 M 

    bridge 1 H 

    armor   

    other   

    instream   

    riparian   

    flood   

 
Table 12 input_barrier.csv example.   
 
Table 11 provides examples of allowable input values for input_barrier.csv.  The ‘watershed’ value must be written the same as it in in input_watershed.csv and input_reach.csv, including capitalization.  Stream and reach ID’s must also match input_watershed.csv and 
input_reach.csv.  The R code matches up the three scale scores based on those unique ID’s for priority score calculation. Input values must be written as above with the same capitalization, or the model will not read it correctly. Any accidental spaces after a value will 
also cause the model to read it incorrectly. 
 
 

watershed stream reach unit Type Severity 

Silvester 1 1 1 A L 

    N M 

    B H 
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A.5 ESRM OUTPUT FILES 
Table 13 ESRM output file structure and file explanations. 

Folder File Name File Description 
ESRM/output/name/feasibility/… feasibility_anglers.png Visually displays metric value for angler interest 

feasibility_reach.png Visually displays metric value for reach feasibility 
feasibility_watershed.png Visually displays metric value for watershed feasibility 

ESRM/output/name/habitat/… habitat_barrierseverity.png Visually displays weight settings for barrier severity 
habitat_barriertype.png Visually displays weight settings for barrier type 
habitat_cover.png Visually displays weight settings for instream cover types 
habitat_dis_sev.png Visually displays weight settings for disturbance severities 
habitat_disturbance.png Visually displays weight settings for disturbance type 
habitat_embed.png Visually displays weight settings for embeddedness  
habitat_feasibility.png Visually displays weight settings for feasibility values 
habitat_habitattype.png Visually displays weight settings for habitat types 
habitat_resilience.png Visually displays top 10 resilience scores, mean, median 
habitat_riparian.png Visually displays weight settings for riparian vegetation 
habitat_ripariandom.png Visually displays weight settings for riparian dominance 
habitat_sensitivity.png Visually displays top 10 sensitivity scores, mean, median 
habitat_site_feasibility.png Visually displays weight settings for feasibility 
habitat_stability.png Visually displays weight settings for feasibility 
habitat_stabilitycause.png Visually displays weight settings for stability cause 
habitat_substrate.png Visually displays weight settings for substrate types 

ESRM/output/name/metrics/… habitat.png Visually displays weight settings for habitat metrics 
habitat_indexes.csv Normalized habitat sensitivity, resilience and feasibility scores 
habitat_metrics.csv Normalized habitat metric scores 
reach.png Visually displays weight settings for reach metrics 
reach_indexes.csv Normalized reach sensitivity, resilience and feasibility scores 
reach_metrics.csv Normalized reach metric scores 
watershed.png Visually displays weight settings for watershed metrics 
watershed_indexes.csv Normalized watershed sensitivity, resilience and feasibility scores 
watershed_metrics.csv Normalized watershed metric scores 

ESRM/output/name/priority/… habitat_priority.png A scatter plot of habitat sensitivity and resilience scores with feasibility displayed by marker colour. 
priority_habitat.csv Habitat unit priority scores, major sensitivity and resilience factors, and corresponding index values for all scales. 
priority_reach.csv Reach priority scores, major sensitivity and resilience factors, and corresponding index values for reach and watershed scales. 
priority_watershed.csv Watershed priority scores, major sensitivity and resilience factors, and corresponding index values for reach and watershed scales. 
priorityhabitat_hfeasibility.png Visual display of top ten habitat unit feasibility scores 
priorityhabitat_hpriority.png Visual display of top ten habitat unit priority scores 
priorityhabitat_hresilience.png Visual display of top ten habitat unit resilience scores 
priorityhabitat_hsensitivity.png Visual display of top ten habitat unit’s corresponding reach sensitivity scores 
priorityhabitat_rfeasibility.png Visual display of top ten habitat unit’s corresponding reach sensitivity scores 
priorityhabitat_rpriority.png Visual display of top ten habitat unit reach priority scores 
priorityhabitat_rresilience.png Visual display of top ten habitat unit’s corresponding reach sensitivity scores 
priorityhabitat_rsensitivity.png Visual display of top ten habitat unit’s corresponding reach sensitivity scores 
priorityhabitat_wfeasibility.png Visual display of top ten habitat unit’s corresponding watershed sensitivity scores 
priorityhabitat_wpriority.png Visual display of top ten habitat unit’s watershed priority scores 
priorityhabitat_wresilience.png Visual display of top ten habitat unit’s corresponding watershed sensitivity scores 
priorityhabitat_wsensitivity.png Visual display of top ten habitat unit’s corresponding watershed sensitivity scores 
priorityhabitatdist.png A graph displaying priority habitat score against priority rank 
priorityreach_rfeasibility.png Visual display of top ten reach feasibility scores 
priorityreach_rpriority.png Visual display of top ten reach priority scores 
priorityreach_rresilience.png Visual display of top ten reach resilience scores 
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priorityreach_rsensitivity.png Visual display of top ten reach sensitivity scores 
priorityreach_wfeasibility.png Visual display of top ten reach’s corresponding watershed feasibility scores 
priorityreach_wpriority.png Visual display of top ten reach’s corresponding watershed priority scores 
priorityreach_wresilience.png Visual display of top ten reach’s corresponding watershed resilience scores 
priorityreach_wsensitivity.png Visual display of top ten reach’s corresponding watershed sensitivity scores 
priorityreachdist.png A graph displaying priority reach score against priority rank 
reach_priority.png A scatter plot of reach sensitivity and resilience scores with feasibility displayed by marker colour. 
watershed_priority.png A scatter plot of watershed sensitivity and resilience scores with feasibility displayed by marker colour. 

ESRM/output/name/reach/… reach_crossing.png Visually displays weight settings for crossing types 
reach_disturbance.png Visually displays weight settings for disturbance type 
reach_landuse.png Visually displays weight settings for land use 
reach_resilience.png Top 10 reach resilience scores 
reach_sensitivity.png Top 10 reach sensitivity scores 
reach_substrate.png Visually displays weight settings for substrate type 

ESRM/output/name/watershed/name/… Name_pe3.csv Flow Data (year and return period) 
Name_pe3.png Graphical output of ‘Non-Exceedence Probability’ and ‘Annual Maximum Flow’ 

ESRM/output/name/watershed/… crossings.png Visually displays weight settings for crossing type 
watershed_disturbance.png Visually displays weight settings for disturbance type 
watershed_fsi.png Visually displays weight settings for FSI rank 
watershed_landuse.png Visually displays weight settings for land use 
watershed_niche.png Visually displays weight settings for niche value 
watershed_resilience.png Top 10 watershed resilience scores 
watershed_sensitivity.png Top 10 watershed sensitivity scores 
watershed_somc.png Visually displays weight settings for species of management concern (somc) 
watershed_status.png Visually displays weight settings for fish status 
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Overview 
The purpose of this manual is to describe the aerial videography recording, assessment and 
scoring methodology used to assess damage to fish habitat resulting from the 2013 and 2014 
Alberta floods under the Fisheries Habitat Enhancement and Sustainability (FISHES) Program.  
This information should be used in conjunction with the Evaluation, Scoring, and Ranking Model 
(ESRM) completed by FISHES.  The manual covers two main components:  high definition 
aerial videography (HDAV) methodology, and the review of that video and subsequent scoring 
of impacts and features along the watershed.  More information on the ESRM flood impact 
assessments can be found in the ESRM Manual (ISBN 978-1-4601-4616-3 
https://open.alberta.ca/publications/9781460146163) 

HDAV Guidelines 

HDAV is a method of watershed assessment that utilizes low speed helicopter flight, high 
definition (HD) videography, audio recording, and GPS information to obtain coarse preliminary 
information.  HDAV is able to assess much larger areas in a shorter time period than what is 
possible through ground level assessments or drone flights.  HDAV methods can also be used 
in other large scale land-use assessments, or natural resource inventories e.g. ungulate 
surveys, trail assessments, etc. 

Staff roles and responsibilities: 

The Government of Alberta has very specific operating, safety, flight following, and contracting 
requirements for the charter of aircraft.  In addition to those requirements, which are described 
elsewhere in various department policies and procedures (including Safe Operating Procedures, 
and specific Hazard Assessments), the following recommendations will prove useful for 
conducting HDAV surveys. 

Crew 

Pilot:  The crew should specify a machine with sufficient power to provide the necessary margin 
of safety for low level, low speed operations.  Additionally, the pilot should be experienced in 
flying in the mountains at low speeds and low elevations, with the rear door open during flight, 
or removed completely prior to take off.  The pilot should also be amenable to minor deviations 
from the flight plan, as required, to provide additional video coverage of any features of 
particular interest.  

Navigator:  A department staff member who is knowledgeable about the local geography and 
flight area and is responsible for communicating with the pilot to ensure the actual flight path 
tracks the correct waterbody.  The navigator is also responsible for providing the ongoing in-
flight commentary, noting significant features, contributing factors, and points of interest which 
are critical to the after-flight ESRM scoring and ranking process.  The commentary is also very 
useful as it is time stamped and georeferenced which can be very helpful if further investigation 
or filming is required. 

https://open.alberta.ca/publications/9781460146163


Videographer:  A department staff member who has the knowledge and experience required to 
handle the specialized audiovisual equipment required in-flight.  The videographer is directly 
responsible for recording in-flight videography and the related audio track.  The videographer is 
also responsible for the general maintenance and handling of the camera equipment, ensuring 
equipment compatibility with onboard systems, synchronization and testing, and file 
management. 

Note taker:  A third department staff person is required in-flight to record notes and any 
additional information such as GPS waypoints or photo numbers.  The notetaker should also 
provide and be proficient with the use of a digital camera to supplement videography as 
required.  

Helicopter 

The helicopter should provide seating for a crew of three with good ground visibility for the 
videographer.  The machine should be capable of flying with the rear left door open, or removed 
prior to flight.  The helicopter should be an appropriate size and type for the expected terrain, 
crew, and weight, while providing a suitable margin of safety for the required flying conditions 
i.e. low speed and low altitude.  An A-star B2 was the preferred aircraft for the FISHES 
Program. 

Equipment Recommendations and Safety 

 Flight plan and manifest provided to the helicopter and safety check-in 
 Flight Following plan in place per department requirements 
 Full body fall restraint harness properly sized for the videographer 
 Cell phone(s) 
 SPOT unit or InReach unit 
 Survival kit 
 Flight helmets 
 Seatbelt cutters (one per crew member) 

 
Videography Equipment 

 Canon EOS C100 Mark II Camera with 24-105 mm lens with Optical Image Stabilizer and dual 
recording capabilities.  

 Two (2) 128GB memory cards 
 Spare Camera Battery 
 Garmin 64S GPS or GPS equivalent with tracking ability 
 Spare GPS batteries 
 Helicopter audio recording cable 
 Push-to-talk cable 
 Lens wipes 
 Camera rain cover 

Additional equipment 

 Adequate food and water for the duration of the work 
 Nausea medication 
 Paper maps 
 Notebook 
 Pencils  



Methodology 

Prior to flight, all equipment should be checked to ensure it is in proper working condition, that 
there is adequate storage capacity on the memory cards, and batteries are fully charged.  A 
flight plan, which includes the watershed and specific watercourses to be assessed, should be 
loaded into the handheld GPS and provided to the pilot prior to flight. 

Prior to boarding, confirm the route and any specific flight or safety requirements with the pilot 
including any required safety orientation or pre-flight briefing.  Ensure the pilot is comfortable 
with any required operation of aircraft doors in flight, and the videographer is briefed and 
knowledgeable about the aircraft door mechanisms if they will be responsible for opening and 
closing them during flight. 

Once boarded, set up all camera equipment (see Figure 1 for reference).  The audio recording 
cable allows the camera to capture any audio sent through the microphones while still allowing 
the videographer to communicate with the pilot and other passengers.  The push to talk button 
can be used by the navigator to eliminate the noise caused by wind activating the 
videographer’s microphone, which results in better audio.  Set the GPS unit to track the flight.  

When ready to begin recording, the navigator will confirm with the pilot and videographer that 
everything is set up and it is safe to open the door if needed.  When recording begins, the 
navigator should provide an auditory introduction of the project, including date, time, team 
members, and watershed being flown for later reference. 

During recording, the navigator is responsible for communicating with the pilot to ensure the 
targeted watercourses and tributaries (as required) are identified, tracked, and recorded.  The 
navigator may also require the pilot to circle a complex feature or re-track a portion of the flight 
path to obtain adequate video coverage.  Throughout the flight the navigator should also be 
providing ongoing, detailed commentary to assist in video review and ESRM scoring at a later 
date.  It is important that the videographer confirm the camera is continually recording, as it is 
possible to inadvertently stop recording if the ‘record’ button is pressed again after record mode 
has started.  

The Canon EOS C100 Mark II camera has the ability to simultaneously record on two (2) SD 
cards.  However, once the flight is completed the data should be backed up as soon as possible 
to further avoid any data corruption or loss. 

  



 

 

Figure 1: Set up of camera equipment for in flight recording of audio. 

 

 



High Definition Videography Assessment Guideline 

The purpose of the High Definition Videography Assessment Guideline is to provide definitions, 
and clear and consistent methods for scoring the metrics used during the ‘preliminary 
assessment’ phase of a FISHES project; scores will then be entered into the FISHES Program 
Evaluation Scoring and Ranking Model (ESRM).  Use of this guide will help ensure that the 
outputs from the ESRM e.g. priority reach maps, reach scores and subsequent reach priorities, 
are consistent between projects and users of the ESRM.  A list of materials, definitions, scoring 
methodology and common scoring scenarios for videography assessments follows.  A thorough 
review of the guideline should be completed before reviewing and attempting to score 
videography for use with the ESRM.  

Prior to reviewing the videography, the GPS data collected in-flight should be overlaid with the 
video.  This is completed using Dashware, a free program available for download that allows 
travel paths, speed, altitude, and any other data collected via GPS to be shown on the video.  
When syncing the GPS data to the video it is important to ensure the GPS track is following the 
flight path as closely as possible to ensure accurate spatial references.  Well synchronized 
video and GPS an be confirmed and is most easily seen by viewing a section of the video when 
the helicopter makes a tight turn such as when circling a feature or when turning back at the end 
of a flight.  

For ease of scoring after reviewing the manual, designate one individual to record the required 
information in the excel file (see Preliminary Assessment Videography Tracking Template.xlsx).  
A second individual should be responsible for running the video, providing information to the 
recorder such as GPS location, metric observed, time of observation on video etc.  
Supplementing the videography with the best available i.e. high definition satellite imagery of the 
project area can also be very useful.  This will help the second reviewer to estimate lengths of 
various disturbances so they can be accurately scored, by following the video and utilizing a 
browser measuring tool to estimate disturbance lengths.  

The time of observation of a feature should be noted when the feature can be best seen in the 
video, ideally centered on the screen (as opposed to when the feature is called on the audio 
track or first appears).  GPS location is assigned in one of three ways:  previously from a hand-
held unit recorded during flight, from the helicopter location, or from satellite imagery.  The 
accuracy of these waypoints varies due to helicopter position and timing and may need to be 
confirmed using programs such as Google Earth.  Be sure to consult the manual if ambiguous 
scenarios arise and record your reasons for choosing the metric you did.  

  



List of Materials for Videography Scoring 

- Video with overlaid GPS information 
- Two laptops 
- External hard-drive with recorded aerial video 
- Large screen for viewing video  
- Video projector with connected computer 
- Laser pointer 
- Excel Videography tracking file 
- Satellite imagery: Google Earth, Bing, GOA imagery, Alberta Backroad Maps 
- FISHES Aerial Scoring Manual and Habitat Collection Manual 

 

Scoring Methodology  

Geo-spatial Reference – The GPS coordinate in latitude and longitude (decimal degrees) 
corresponding to the location of the feature.  This point will be loaded into ArcMap as part of the 
reach score evaluation. 

Point source features (beaver dams, barriers, watercourse crossings and woody debris) have 
one GPS coordinate at the location of the feature.  

Linear disturbances features (anthropogenic, flood disturbance and non-flood erosion) can have 
more than one GPS coordinate depending on the feature length. 

Linear feature Geo-Spatial Reference – linear features will be referenced based on their 
downstream linear extent to the upstream linear extent according to the following criteria: 

0 m to 100 m = 1 geo-spatial reference point 
101 m to 200 m = 2 geo-spatial reference points 
201 to 300 m = 3 geo-spatial reference points, and so on and so forth 

All disturbances with two or more points will be geo-spatially referenced at the midpoint 
of the spatial category.  For example, a 200 m linear disturbance would have one geo-
referenced point at the 50 m mark and another at the 150 m mark.  A 150 m linear 
disturbance would have one geo-spatially referenced point at the 50 m mark and another 
at the 125 m mark. 

Metrics 

1. Beaver Dams – Geospatial Reference Point  
Dam(s) built by beavers that typically span the width of the active channel perpendicular to 
the banks.  Beaver dams increase a stream’s ability to resist disturbance by holding back 
sediment, increasing water tables for riparian growth and dissipating energy during high 
flows.  Beaver dams are distinct from ‘Large Woody Debris” in that dams show consistency 
in width and shape, are typically made from mud and sticks, and can cause impoundment 
upstream of the dam. 
 



2. Anthropogenic Disturbance – Geospatial Reference Point  
2.1 Anthropogenic Instream Disturbance – is a human caused disturbance to the active 
channel, below the ordinary high-water mark.  Cumulative effects from a large number of 
these types of disturbances may result in higher sensitivity of the watershed to flood 
events.  These activities include, but are not limited to: 

2.1.1. Off-highway vehicle(s) that enter the stream channel, below the ordinary 
high-water mark, and continue within the active channel, parallel to the 
direction of flow for a distance greater than 1.5 times the channel width. 
For example, an off-highway vehicle (OHV) trail enters a watercourse 
(channel width 40m) and parallels the direction of flow for a distance of 
80 m before exiting the watercourse.  Off-highway vehicles that drive in 
circles or meander in the stream before exiting are counted as a point 
source feature. 

2.1.2. Bank armouring structures built from hard materials e.g. riprap and 
gabian baskets.   Riprap located or associated around watercourse 
crossings is not recorded as a separate feature and should be 
considered part of the crossing.  Riprap that extends 50 meters beyond 
the edge of the crossing Right of Way (ROW) should be considered a 
new feature.  

2.1.3. Anthropogenic debris located within the active channel.  This could 
include concrete slabs, building materials, abandoned vehicles, etc. 

2.1.4. Cattle walking within the active channel. 
 

but does not include:  Watercourse crossings e.g. fords, bridges, culverts, etc. (See 
Section 4 Watercourse Crossings) 

2.2 Anthropogenic Riparian Disturbance - is a human caused disturbance to the riparian 
area that occurs within 10 m of the ordinary high-water mark.  Standing water on an 
OHV trail is also considered an additional anthropogenic disturbance if the area in 
question has a minimum of 3 m by 2.5 m disturbance area, roughly the footprint size 
of a 4x4 vehicle.  This can occur on a trail in the riparian zone or directly adjacent to 
a ford.  Riparian disturbances that occur further than 10 m from the ordinary high-
water mark can be considered if there is a direct or intermittent path for sediment to 
enter the watercourse.  Cumulative effects from a large number of these types of 
disturbances may result in higher sensitivity of the watershed to flood events.   
These activities include, but are not limited to, off-highway vehicle trail networks, 
random campsites, access points, logging activity, right-of-ways, agricultural fields, 
and grazing activity that is within 10 meters of the bankful width active channel or 
where there is visual evidence of sediment contribution to the water body.  For 
example, a random camp site within 10 m of the ordinary high-water mark would 
receive one geo-spatial point.  If off-highway vehicle(s) mud bogging is occurring 
outside 10 m of the riparian area but shows evidence of direct sediment input into the 
watercourse this feature would receive one geo-spatial point. 

 
2.2. Potential Barriers – Geospatial Reference Point– are any physical, physiographic, 

chemical, or biological obstacles to fish movement.  Barriers can provide effective 
opportunities for habitat restoration or identify locations of species separation.  Barriers 
include, but are not limited to, falls, chutes, velocity barriers, perched culverts, weirs, 
etc. Beaver dams are not considered barriers in the preliminary assessment. 



 
3. Watercourse Crossings – Geospatial Reference Point 

Permanent or temporary crossing(s) and any associated permanent or temporary structures 
that are or will be constructed to provide access over or through a water body, including but 
not limited to bridge, culvert, or ford.  Crossings can potentially be associated with erosional 
processes, and are susceptible to flood damage.  
3.1. Bridge crossing means a watercourse crossing that is constructed using a single span 

bridge, single span pipeline bridge, multi-span bridge with abutments or piers, or other 
similar structure.  Note any extensive armoring at crossings.  Recall that riprap located 
or associated around watercourse crossings is not recorded as a separate feature and 
should be considered part of the crossing.  However, riprap that extends 50 meters 
beyond the edge of the crossing Right of Way (ROW) can be considered a new feature. 

3.2. Culvert crossing means a watercourse crossing that is constructed using a round, arch, 
box culvert or other similar structure, on or within the bed of a water body; 

3.3. Ford crossing is a low-level crossing that results in disturbance to the active channel 
and adjacent riparian area.  A ford has only one access and egress point that includes 
the area 50 m from the active channel, and crosses the water body in a perpendicular 
manner to the flow.  Access and egress trails that split within 50 m of the active channel 
do not encompass a typical ford crossing and should be considered as an additional 
anthropogenic riparian disturbance.  Notes can be included to help determine the 
primary users of the ford (ATV, 4x4, livestock or wildlife). 

3.4. Other crossing is all other potential crossings including logfill, recreational foot, pipeline 
etc; 
 

4. Large Woody Debris – Geospatial Reference Point 
Logs, sticks, branches, and other large woody material that are located within the active 
channel.  Instream woody debris is an important component of fish habitat; fish populations 
often respond negatively to the removal of woody debris.  Large woody debris will be geo-
spatially referenced according to the following criteria: 
 

Clusters of three or more logs will receive one geo-spatial referenced point; this rule 
applies when low numbers of clusters are present.  When numerous logs are 
encountered in an area e.g. forest fire burn, every fifth log represents one geo-spatially 
referenced point of large woody debris. 

 
5. Flood Disturbance – Linear Disturbance 

A disturbance to the natural channel geometry resulting from high flow events which include, 
but are not limited to, braided channels, excessive gravel depositions, and eroded banks. 
Use pre-flood satellite imagery to determine the extent of flood damage.  In some cases, this 
imagery will show historic flood disturbances in a location presently disturbed, in which case 
the existing disturbance is not counted.  Natural bank erosion is categorized as ‘Non-flood 
Erosion’ as the disturbance has not been impacted by high flow events. 

 
6. Non-flood Erosion – Linear Disturbance 

Eroded banks caused by alluvial processes that are not a result of extreme high flow events. 
Extreme high flow events are defined as flood events equal to or greater than 1 and 100 
year flood events. 



Example Scoring Scenarios 

 
The following legend should be used in conjunction with the example scoring scenarios 
provided in Figure 1through Figure 6 below. 
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Figure 1. The above scenario has two ford crossings (c), one bridge crossing (b) and one 
anthropogenic riparian disturbance (a).  

(a) Anthropogenic Riparian Disturbance –standing water on the OHV trail is considered an 
additional anthropogenic disturbance if the area in question has a minimum dimension of 
3 m by 2.5 m of disturbance i.e. roughly the footprint of a 4x4 road vehicle.  The standing 
water area also has a direct or intermittent path for sediment to enter the watercourse   

(b) Bridge Crossing – the watercourse is being crossed by a bridge.  Note that riprap located 
or associated around watercourse crossings is not recorded as a separate feature and 
should be considered part of the crossing.  Riprap that extends 50 meters beyond the 
edge of the bridge or associated ROW can be considered a new feature. 

(c) Ford Crossing – the watercourse is being crossed by OHV(s) adjacent to the bridge 
crossing that is typical of a ford crossing. 

(d) Anthropogenic Riparian Disturbance – the small area of standing water on the OHV trail 
is NOT considered a unique feature as the area in question is smaller than 3 m by 2.5 m.  
Watercourse crossings have a typical level of anthropogenic disturbance associated with 
them such as standing water, compact soil and erosion/sediment input.  Additional 
anthropogenic disturbances should only be considered when the disturbance in question 
is beyond or above the typical level of disturbance associated with that activity.   

  



 

Figure 2.  The above scenario has two anthropogenic riparian disturbances (a, c) and one ford 
crossing (b).  

(a) Anthropogenic Riparian Disturbance – the ford crossing immediately branches out into 
three trails within 50 m of the watercourse and has the potential to cause additional 
adverse effects on the watercourse that are greater than a single OHV trail associated 
with a typical ford crossing.  

(b) Ford Crossing – the watercourse is being crossed by OHV(s) using the existing ROW as 
an access and egress point. 

(c) Anthropogenic Riparian Disturbance – the ROW has disturbed the natural riparian area 
around the watercourse. 

  



 

 

Figure 3. The above scenario has four fording crossings (b) and two riparian disturbances (c). 

(a) Anthropogenic Riparian Disturbance – the trail paralleling the watercourse is NOT 
considered a ‘Riparian Disturbance’as the access/egress point leaves the watercourse 
and fords the watercourse again less than 100 m from the previous ford.  The allowance 
of 50 m for access and egress on each ‘Ford Crossing’ is the reason the 50 m and 75 m 
trails were not considered an anthropogenic riparian disturbance.  

(b) Ford Crossing – the watercourse is being crossed at four unique locations. 
(c) Anthropogenic Riparian Disturbance – the trail stays within the 10 m riparian buffer zone 

of the watercourse, and is longer than the 50 m allowance for each ford crossing.  
 

  



 

 

 

Figure 4. The above scenario has three anthropogenic instream disturbances (a, c, d) and two 
anthropogenic riparian disturbances (d,e). 

(a) Anthropogenic Instream Disturbance – hard bank armouring (riprap) for a total length of 
200 m is considered an instream disturbance and two geo-spatial reference points at 50 
m and 150 m were applied to this scenario. 

(b) Non-Anthropogenic Riparian Disturbance – the trail paralleling the watercourse is greater 
than 10 m away and therefore is NOT considered a riparian disturbance. 

(c) Anthropogenic Instream Disturbance – hard bank armouring (rip-rap) for 75 m is 
considered an instream disturbance and one geo-spatial reference point was applied to 
this scenario.  

(d) Anthropogenic Riparian Disturbance – the trail approaches the watercourse within the 10 
m riparian buffer zone. 

(e) Anthropogenic Riparian Disturbance – the trail parallels the watercourse within the 10 m 
buffer zone for 100 m and therefore receives one geo-spatial reference point. 

  



 

 

 

 

 

 

 

 

 

 

 

Figure 5. The above scenario has four anthropogenic instream disturbances (a, b). 

(a) Anthropogenic Instream Disturbance – the trail enters the active channel in a manner that 
is NOT perpendicular to the watercourse and continues to parallel the direction of flow, 
periodically leaving the active channel and immediately re-entering the active channel. 
This feature is NOT typical of a ford crossing and is therefore considered an instream 
disturbance.  The linear disturbance is 275 m measuring from the point where the trail 
enters the active channel for the first time and then finally exits the active channel without 
entering again.  Three geo-spatial reference points where applied to this scenario at 50m, 
150m, and 237.5m.  

(b) Anthropogenic Instream Disturbance – the trail enters the active channel in a manner that 
is NOT perpendicular to the watercourse and continues to parallel the direction of flow for 
80 m before leaving the active channel and the riparian 10 m buffer zone.  

  



 

 

Figure 6. The above scenario has three anthropogenic riparian disturbances (a, b, d).  

(a) Anthropogenic Riparian Disturbance – standing water from the OHV trail that is outside 
the 10 m buffer zone has created a direct path for sediment input into the watercourse. 

(b) Anthropogenic Riparian Disturbance –the mud-bogging area on the OHV trail has created 
a direct link for sediment input into the watercourse.  Due to the size of the mud-bogging 
area which has a linear length of 150 m, linear geo-spatial reference will apply.  As a 
result, two geo-spatial reference points were applied to the watercourse in the area 
where sediment inputs into the watercourse. 

(c) Non-Anthropogenic Riparian Disturbance – mud-bogging area is outside the 10 m 
riparian buffer zone and there is no obvious direct sediment input into the watercourse, 
therefore NO geo-spatial reference points were applied.  

Anthropogenic Riparian Disturbance – soil compaction and pooling of water from the trail is 
within the 10m riparian buffer zone and has a linear length of 100 m.  One geo-referenced point 
was applied for the geo-spatial referencing for the length of the mud pool. 
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1.0 Overview  
The purpose of this manual is to aid in the field collection of fisheries habitat information for use in the 
‘detailed assessment’ phase of a FISHES project, and for later input into the Evaluation Scoring and 
Ranking Model (ESRM) of the FISHES Program.  For ease of use, the manual follows the set up of the 
Habitat Unit Survey Data Sheet – the standardized data entry form used by the FISHES Program which is 
included at the end of this manual.  Following the manual while completing the field sheet will help to 
ensure consistency and accuracy of the data collected. 

 

TIPS FOR COLLECTING QUALITY FIELD DATA  
• Field forms should be printed onto waterproof paper for working in inclement weather.  
• Clearly and legibly record all data with a sharp pencil.  
• Make corrections neatly.  
• Record each feature individually.  If the feature occurs across multiple habitat units it is 

recorded once for each habitat unit it occurs in, and feature area is recorded as the area of the 
feature that affects the individual habitat unit, not the entire feature area. 

• Ensure all relative information is recorded for features (severity, size, cause). 
• Once they are completed, data sheets should be checked by a field partner for legibility, 

accuracy and completeness.  
• Check all page header information such as stream names, stream and site codes, locations, etc. 

to ensure they are correct on all forms.  
• Any estimated measurements should be indicated by a lower case ‘e’ in the top right hand 

corner of the box the measurement is recorded in.  
• Only use codes that are specified in the guide or on the data forms.  If you use a code that is not 

in the guide indicate what it is in the comments.  
• Additional information should be noted in the comments box.  
• ALL measurements should be taken in meters (m) unless otherwise indicated. 
• DO NOT leave a blank field on a data sheet.  Always record a value or mark a dash to indicate 

the field was not collected and indicate why  
• DO NOT MAKE ASSUMPTIONS.  If in doubt, check the manual and discuss issues with your crew 

members.  
• Record photo number and direction of photo e.g. left downstream bank (LDB); right 

downstream bank (RDB); upstream (US); downstream (DS). 
• At each Feature site, photos should be taken at a minimum of the four aforementioned 

directions.  (US,DS,LDB,RDB) 
• If there are no features present, general site photos (US, DS, LDB, RDB) should be taken for 

future reference. 

2.0 Site Locator and Identifier 
2.1 Watershed 

• Definition:  The project name/watershed as determined by FISHES Project Priority Selection and 
Ranking Tool. 



• Method:  Assigned in the office.  

2.2 Stream Name  

• Definition:  The gazetted name of the stream. If there is a local name or alias put it in 
parenthesis. 

• Method:  Determine from topographic maps. Local names can be obtained from summary 
reports, local knowledge, etc. If no name, record as “unnamed”, e.g., unnamed tributary.  

2.3 Reach Length 

• Definition:  Reach length is calculated by the ESRM. Maximum reach length is determined in 
office.  

• Method:  Record in meters. 

2.4 Stream ID 

• Definition:  Stream identification number assigned by the ESRM. 
• Method:  Determined from ESRM output. 

2.5 Reach ID 

• Definition:  Reach number as assigned by the ESRM.  
• Method:  Determine from ESRM output. 

2.6 Date  

• Definition:  Date of field survey. 
• Method and Recording Procedure:  Record as Month, Day, Year (e.g., Jul 30 2014). 

2.7 Time  

• Definition:  Start time of Habitat assessment.  
• Method and Recording Procedure:  Record local time using 24-hour clock (i.e., 1:30pm = 

13:30h). 

2.8 Crew  

• Definition:  Names of FISHES crew members completing the assessment.  
• Method and Recording Procedure:  Record first initial and last name of FISHES crew members 

(M. Sanderman, A. Lavigne). List the name of the crew lead first as the Recorder of information, 
followed by the names of crew members taking measurements. 

2.9 Global Positioning System (GPS) Unit 

• Definition:  Handheld GPS unit used in detailed field assessment.  If multiple crews are in the 
field, it is important to record which unit is used for the survey to ensure the correct data is 
accessed. 

• Recording Procedure:  Record GPS unit number used on the field sheet and transfer 
corresponding GPS information to the excel file.  



  

2.10 Camera Unit 

• Definition:  Camera unit used in detailed field assessments.  If multiple crews are in the field, it is 
important to record which unit is used for the survey to ensure the correct photos are accessed. 

• Recording Procedure:  Record camera unit number used on the field sheet. 

 

3.0 Water Quality 
The information collected in this section is typically generalized for the entire site, or collected only 
within the given reach.  

3.1 Temp - Water Temperature  

• Definition:  Ambient stream water temperature.  
• Method:  Measure in flowing water at a location representative of the stream site.  Record 

water temperature after measurement has stabilized.  (ie.  Consecutive readings for 
approximately 30 seconds). 

• Recording Procedure:  Record to nearest 0.1°C. 

3.2 %Sat - Percent Saturation  

• Definition:  The amount of oxygen in water relative to the maximum amount of oxygen that can 
be dissolved theoretically in water at a given altitude and temperature.  

• Method:  Measure in flowing water at a location representative of the stream site and follow 
instructions as outlined in the equipment Operator’s Manual.  

• Recording Procedure:  Record to nearest 0.1%.   

3.3 DO - Dissolved Oxygen  

• Definition:  The concentration of oxygen dissolved in water; expressed as mg/L.  
• Method:  Measure in flowing water at a location representative of the stream site and follow 

instructions as outlined in the equipment Operator’s Manual. 
• Recording Procedure:  Record to nearest 0.1 mg/L.  

3.4 pH  

• Definition:  A measure of hydrogen ion concentration on a scale of 0 (highly acidic) to 14 (highly 
basic) with a pH of 7 as neutral.  

• Method:  Measure in flowing water at a location representative of the stream site and follow 
instructions as outlined in the equipment Operator’s Manual. 

• Recording Procedure:  Record to nearest 0.1.  

  



3.5 Conductivity (Cond) 

• Definition:  The ability of a solution to carry an electrical current.  
• Method:  Measure in flowing water at a location representative of the stream site and follow 

instructions as outlined in the equipment Operator’s Manual. 
• Recording Procedure:  Record to nearest 0.1μS/cm.  

3.6 Total Dissolved Solids (TDS) 

• Definition:  A measure of inorganic and organic materials dissolved in water that can pass 
through a 0.45 µm filter, expressed as mg/L.  

• Method:  Measure in flowing water at a location representative of the stream site and follow 
instructions as outlined in the equipment Operator’s Manual. 

• Recording Procedure:  Record to nearest whole value ppm.  

3.7 Comments Field 

This section provides an opportunity to give general comments on site access, fish habitat, fish 
presence, potential projects etc. Be sure to fill this section out in detail. 

4.0 Detailed Habitat Assessment 
4.1 Transect Information 

4.1.1 ID - Habitat Unit Identification 

• Definition:  Each habitat unit requires a unique identification number for the ESRM within 
each Reach Identification. 

• Method and Recording Procedure:  Use a numerical system to number each habitat unit. 
Start the assessment at either the most downstream end or upstream end of the reach.  The 
Habitat unit identification numbers are referenced in the Features section to determine the 
location of important features and are an essential component for the ESRM to run. 

4.1.2 D/S Wpt – Downstream Waypoint 

• Definition:  Geo-spatial referenced location of the furthest point downstream in a habitat 
unit. 

• Method and Recording Procedure:  Determine location using handheld GPS, record the 
waypoint in the handheld GPS unit and record on the field sheet the waypoint number to 
the corresponding habitat unit ID.   

4.2 Habitat Unit Type - Refer to Habitat Unit (Table 1) 

• Definition:  Habitat units are relatively homogenous areas of channel that differ in depth, 
velocity, and substrate.  They are typically as long as the average wetted width and should 
comprise at least 50% of the wetted width.  Refer to Habitat Unit Table for Habitat Unit codes 
and definitions.  

• Method:  Record the 2-3 digit code for the Habitat Unit type, starting the assessment at the 
downstream end of the reach.  If more than one wetted channel exists, use the channel with 



greater flow to determine habitat unit assessment.  Make note in the comments section in 
which habitat unit the channel splits and which downstream channel the assessment was done. 

 

Table 1 Habitat Unit Types  

Habitat Unit 
Type 

Class Unit 
ID 

Description 

Backwater  BW Pool formed by an eddy along a channel margin 
downstream from obstructions such as bars, rootwads, 
boulders, or as a result of back-flooding upstream from 
an obstructional blockage.  Also, a body of water, the 
stage of which is controlled by some feature of the 
channel downstream from the backwater, or in coves or 
covering low-lying areas and having access to the main 
body of water.  Substrate in backwater is typically 
smaller then surrounding substrates. 

Cascade  CA Highly turbulent series of short falls and small scour 
basins with gradients exceeding 8%.  Irregular plunges 
creating white-water generally composed of larger 
substrates (large gravel, cobble, and boulder).  Usually 
passable to fish. 

Chute  CH A narrow, confined channel through which water flows 
rapidly.  A rapid or quick descent in a stream, usually 
with bedrock substrate.  Associated habitat types are 
RA, R1, R2. 

Flat  FL Area characterized by low velocity and near-uniform 
flow.  Differentiated from pool habitat by high channel 
uniformity.  More depositional than run habitat 

Glide  GL Glides are shallow (< 0.3 m deep), slow flowing, non-
turbulent, and lack a defined thalweg, with a U-shaped, 
smooth, wide bottom.  Glides are extended transitional 
areas between fast and slow water habitats.  Substrate 
is usually silt/sand but may sometimes consist of gravel 
to small cobble.  

Impoundment 
  

 IP 
1-3 

Includes pools and impoundments formed behind 
complete or nearly complete channel blockages. 
Impoundments tend to accumulate more 
sediment/organic debris than scour pools. 
Identify as class 1, 2 or 3 using pool criteria.  

1 IP1 Depth >1.0 m. Deep Impoundment 
2 IP2 Depth 0.5 – 1.0 m. Moderate depth Impoundment 
3 IP3 Depth < 0.5 m. Shallow Impoundment 

Ledges  LG Areas of Bedrock intrusion into the channel. Often 
creates Chutes and Pool/impoundment habitat. 



Pool   Reduced current velocity, often with water deeper than 
the surrounding areas.  Usually formed by the scouring 
or plunging action of water.  Sub-surface velocities are 
slow and substrate usually composed of fines or small 
gravel.  

1 P1 Max depth >1.0 m. Deepest pool type 
2 P2 Depth 0.5 - 1.0m. Moderate depth. 
3 P3 Depth <0.5m. Shallow and/or small - Includes small 

pocket eddy type habitat. 
Riffle  RF Moderate to high velocity/gradient relative to run 

habitat.  Surface agitated due to submerged or exposed 
coarse bed material causing moderate turbulence and 
ripples.  Shallow relative to other channel units 
(generally ≤0.5m deep), coarse substrate, little to no 
white water or standing waves (some white water at 
points of constriction).  

Run   Runs are typically deep, slow to fast flowing sections 
with variable substrates, with laminar flow, moderate 
slope, and with little surface turbulence.  
Little surface agitation.  Substrate size is dependent on 
hydraulics.  
Run units are differentiated into three classes, based on 
depth. 

1 R1 Max depth >1.0 m.  Deepest run habitat, generally 
deep/slow type. 

2 R2 Depth 0.5 - 1.0 m.  Generally deep/fast or moderately 
deep/slow type. 

3 R3 Depth <0.5 m.  Generally shallow/slow or shallow/fast 
type. 

Rapid  RA High velocity; deeper than riffle, with some exposed 
boulders at lower flows, substrate extremely coarse 
(large cobble/boulder), instream cover in pocket eddies 
and associated with substrate.  Considerable 
turbulence, some white water, fast velocity (> 0.5 m/s), 
4-7% slope.  

Sheet  ST Shallow water that flows uniformly over smooth 
bedrock.  Non-turbulent. 

Step Pool  SP Series of pools separated by short riffles or cascades. 
Generally found in high gradient, confined mountain 
streams dominated by boulder substrate.  The length of 
the turbulent water cannot exceed the mean wetted 
width, otherwise, classify the pools and turbulent water 
separately. 



Syne  SN Discrete section of non-flowing water connected to a 
flowing channel only at its downstream end, generally 
formed in a side channel or behind a peninsula. 

Dam (barrier) Beaver BD Structures causing complete or nearly complete 
channel blockage. Four types of dams are beaver, 
debris, landslide, or weir (man-made).  Dams tend to 
accumulate more sediment/organic debris than scour 
pools. 
Barriers are classified as Full or Permanent (high 
severity), Partial (moderate severity), or Temporary (low 
severity) in ESRM 

Debris DD 
Landslide LD 
Man-
made 

MD 

Falls (barrier)  FA A free fall or steep descent of water caused by a 
vertical drop.  Falls formed from a full spanning flow 
obstruction, often bedrock. 
Note – Not a habitat unit that is entered into the ESRM. 
This habitat unit is entered into the model as a barrier 
feature. 

 

Note – Not a habitat unit that is entered into the ESRM. This habitat unit is entered into the model as a 
barrier feature. 

4.3 Unit Length (m) 

• Definition:  The length of a habitat unit along the thalweg, measured in meters. 
• Method:  Use a meter stick, tape measure, hip chain, or range finder to determine length of the 

habitat unit. 

4.4 Wetted Width (m)  

• Definition:  The width of the water surface at the time of survey, measured at right angles to the 
direction of flow.  

• Method:  Use a meter stick, tape measure, hip chain, or range finder to determine the wetted 
width of the habitat unit. 

o Measure the distance of the wetted surface from side to side of the channel.  
o Include water under undercut banks, protruding rocks, logs, and stumps. 
o Exclude vegetated islands and use the sum of each wetted width in a transect as the 

total measured wetted width. 
• Recording Procedure: Record to nearest 0.1 m. If channel is dry, record 0. 

4.5 Bankfull Width (m)  

• Definition:  The distance between the ordinary high-water mark (OHW) of both right and left 
banks.  

• Method:  Use a meter stick, tape measure, hip chain, or range finder to determine the Bankfull 
width of the habitat unit. 

o Measure the distance across the channel perpendicular to the direction of flow from the 
left and right OHW.  



o Exclude vegetated islands and use the sum of each bankfull width in a transect as the 
total measured bankfull width. 

• Recording Procedure:  Record to nearest 0.1 m. If channel is undefined, record wetted width as 
the bankfull width. If area is impounded look for native channel and/or assess channel width 
upstream and downstream of impoundment for indications of bankfull width.  

4.6 Bankfull Depth (m) 

• Definition:  The depth of water measured from the surface of the channel bottom in the thalweg 
to the top of the ordinary high-water mark. 

• Method:  Measure the depth in the thalweg to the OHW using a meter stick or tape measure. 
• Recording Procedure:  Record to the nearest 0.1 m.  

4.7 Water Depth (m) 

• Definition:  The depth of the water measured from the water surface to top of substrate in the 
thalweg at the time of the survey. 

• Method:  Measure the water depth in the thalweg to the top of the water surface.  
• Recording Procedure:  Record to the nearest 0.1 m. 

4.8 Feasibility 

• Definition:  An estimate of the feasibility of any project, including crew opinion on the potential 
of the section to be improved and the ability to access the area. 

• Method and Recording Procedure:  Assess each habitat unit for the feasibility of a range of 
projects and select the appropriate code from Table 2. 

 

Table 2. Feasibility Unit Codes 

Code Definition  Description 
N None No potential for restoration or mitigation projects.  Habitat unit(s) with 

very limited access, exceptionally poor or exceptionally good fish 
habitat and/or units with no features present. 

L Low Limited potential for restoration or mitigation projects.  Habitat units 
may have no features to restore or have poor access.  Projects that 
require heavy equipment or are expensive. 

M Moderate Good potential for restoration or mitigation projects.  Habitat units 
have features with moderately good access for work to occur. 

H High Excellent potential for restoration or mitigation projects.  Habitat units 
would benefit significantly from restoration/mitigation work.  Access 
for work is good, costs are low and fish habitat is restored to 
previous levels or better. 

 

4.9 Substrate Composition (O/F/S/SG/LG/CB/BL/RK) 

• Definition: Refers to the size of the surficial bed material. 



• Method:  Divide the habitat unit into three transects (upstream, middle, and downstream). Then 
divide the transects into 10 equidistant points.  As you walk across the transect place a hand, 
meter stick, net handle, wading rod, or any solid object into the stream at each of the 10 
equidistant points.  Remove the substrate particle the solid object is touching and classify it 
using the categories in the table below.  If water depths are too great to remove substrate 
particles then visually classify the particle that is touched.  The method described here is a 
modification of the Wolman Pebble Count (Wolman, 1954) and the Ontario Stream Assessment 
Protocol (Stanfield, 2013), a random step-toe procedure used to classify particle size distribution 
of surficial bed material. 

o Tally each particle classification in the respective column on the field sheet. (e.g. Fines- 
2, Small Gravel- 5, Large Gravel – 1, Cobble- 2). 

o Add up the number of points for each class of bed material and multiply by 10 to 
determine percent. (i.e. Fines- 2x10=20%, Small Gravel- 5x10=50%, Large Gravel – 
1x10%=10%, Cobble- 2x10=20%). 

o Add up the percentage for each class of bed material for the three transects and divide 
by three to get an estimate of bed material over the entire habitat unit. 

o If fines comprise part of the surficial bed material notes should be made about them, 
especially if they exceed 25 % of the total surficial substrate at the site. Notes should 
include whether the fine material is predominantly sand, silt, or hard packed clay, what 
habitat type is most affected, and anything else that is relevant.  For example, increased 
deposition of fine sediment in pools can have implications on the quality of 
overwintering habitat at a site.  A deep pool with sand substrate may have higher 
habitat values for salmonids than a deep pool with silt substrates. 

• Recording: Record amount of bed material in appropriate column.  Note, bed material in each 
transect should total 100%.  If a substrate type is not present, record 0 (Table 3). 

 

Table 3. Substrate Composition Unit Codes 

Class Code Size Description 
Organics O N/A Leaf litter, sticks, decaying plant material 
Fines F <0.06 mm Slick or greasy feel when rubbed between two 

fingers 
Sand S 0.6-2 mm Gritty when rubbed between two fingers 
Small 
Gravel 

SG 2-16 mm Ladybug to quarter size 

Large 
Gravel 

LG 17-64 mm Quarter to tennis ball 

Cobble CB 65-256 mm Tennis ball to soccer ball 
Boulder BL >256 Larger than soccer ball 
Bedrock BD N/A No distinct edges, larger than car 
Artificial AR N/A Rock basket, gabions, bricks, trash, concrete 



 

4.10 Embeddedness 

• Definition:  Refers to the extent to which rocks (gravel, cobble, and boulders) are covered by, or 
sunken in, the silt, sand, or mud of the stream bottom. 

• Method:  Visually assess in each habitat unit within the thalweg.  If organic+fines+sand 
substrates comprise more than 50% of the habitat unit, record embeddedness as N/A.  Use the 
code from the table below to record embeddedness (Table 4).  

 

Table 4. Embeddedness Unit Codes 

Code Definition Description 
N Unembedded <5% surrounded by fine sediment 
L Low Embeddedness 5-25% surrounded by fine sediment 
M Moderate 

Embeddedness 
25-50% surrounded by fine sediment 

H High Embeddedness 50-75% surrounded by fine sediment 
V Very High 

Embeddedness 
>75% surrounded by fine sediment 

 

5.0 Banks and Riparian in Reach 
Banks, riparian vegetation, and riparian widths are assessed at every habitat unit for the left (LBH) and 
right (RBH) banks (when facing downstream).  The top of the stream bank is the point where a break in 
slope of the land occurs such that the grade beyond the break is flatter than 3:1 (~70°) at any point for a 
minimum of 15 metres measured perpendicularly from the break.  Where banks are not well defined 
(e.g. wetlands, gently sloping inside bends, or beaver ponds), the top of the bank is equivalent to the 
ordinary high watermark (OHW). 

 

5.1 LBH/RBH - Top of Bank Height (m)  

• Definition:  The points closest to the boundary of the active floodplain where a break in slope of 
the land occurs such that the grade beyond the break is flatter than 3:1 (~70 degrees) at any 
point for a minimum of 15 metres measured perpendicularly from the break.  Where banks are 
not well defined (e.g. in the case of wetlands or beaver ponds), the top of the bank is equivalent 
to the OHW or active floodplain, whichever is greater.  

• Method:  Measure from deepest point in the channel thalweg to the top of each bank along a 
transect.  

• Recording Procedure:  Record to nearest 0.1 m. If channel banks are undefined, record n/a. 

 



5.2 L/R Bank Texture – Dominant and Subdominant Bank Texture  

• Definition:  The dominant and subdominant size class(es) of material that form the stream bank.  
• Method and Recording Procedure:  Visually assess bank material within each habitat unit and 

record the dominant and subdominant particle sizes.  If only one particle size is present, record 
as dominant and record ‘not applicable’ for sub-dominant.  See Bed Material for particle size 
and description. 

5.3 Bank Stability  

• Definition:  Measures whether the stream banks are eroded. Signs of erosion include slumping, 
unvegetated banks, exposed tree roots, and exposed soil.  

• Method and Recording Procedure:  Visually assess each bank throughout the entire habitat unit 
and write the corresponding code (Table 5).  

 

Table 5. Bank Stability Unit Codes 

Code Definition Description 
S Stable Evidence of bank failure is absent or minimal. <5% of bank affected 
MS Moderately 

Unstable 
10-60% of bank has areas of erosion. High erosion potential during 
floods. 

US Unstable Many eroded areas, obvious bank sloughing, 60-100% of bank has 
erosional scars. 

 

5.4 Cause – Bank Stability Cause  

• Definition:  Bank stability can be a result of natural (N), flood (F), anthropogenic activity (A), or 
both flood and anthropogenic activity (B). 

• Method and Recording Procedure:  Visually assess each bank and indicate the suspected cause 
of bank stability by circle the most appropriate code (Table 6). 

Table 6. Bank Stability Cause Unit Codes 

Code Definition Description 
N Natural Bank erosion that is caused by typical fluvial erosion. 
F Flood Bank erosion that is caused by large flood events, or has likely been 

exacerbated by large flood events. 
A Anthropogenic Bank stability that is a result of human activity.  Stable banks can be 

a result of rip-rap placement or bio-engineering projects.  Unstable 
banks can be a result of any human activity that decreased the 
stability of the bank. 

B Flood & 
Anthropogenic 

Banks that have been affected by large flood events and human 
activity. 

 



5.5 Riparian Width (m)  

• Definition:  Functional riparian width.  The terrestrial zone adjacent to a watercourse where 
vegetation and microclimate are hydrologically influenced by the presence of perennial or 
intermittent water from the stream or river.  Riparian ecosystems are maintained by high water 
tables and periodic flooding.  Typically extends from the normal high-water mark to the toe of 
the valley wall, but may vary depending on the amount of influence from the watercourse.  The 
outer boundary of the riparian area exists where: 

o Vegetation changes from plants responding to or requiring abundant water to drier, 
upland types; 

o Topographic changes like terraces, cutbanks or steep banks signal clear line between the 
greener, lusher, or denser vegetation and the upland; 

o Flood water reaches seasonally, or on a regular basis, as high water breaks out of the 
stream channel. 

• Method and Recording Procedure:  Measure, to the nearest meter, the terrestrial riparian zone 
adjacent to the watercourse at each habitat unit, on both the left and right approach.  This may 
be done using a range finder or visual estimate.  

5.6 Riparian veg (D/S) 

• Definition:  Description of the dominant (D) and subdominant (S) vegetation types present in the 
riparian zone. 

• Method and Recording Procedure:  Visually assess the vegetation types present within the areas 
determined to be the Functional Riparian Width and indicate the dominant and sub-dominant 
vegetation type.  Use Table 7 below to fill in the vegetation types by combining left and right 
functional riparian width.  

Table 7. Riparian Vegetation Unit Codes 

Code Definition 
N None 
G Grasses and Forbes 
S Shrubs 
C Conifers 
D Deciduous 
M Mixed Conifers and 

Deciduous 
W Wetland 

 

5.7 Cover  

• Definition:  Cover is any structure in the wetted channel or within 1 m above the water surface 
that provides hiding, resting, or feeding places for fish (see table below).  



• Method:  Locate cover types within the wetted channel or within 1 m above the water surface.  
Estimate the area for each discrete occurrence of each cover type present within a habitat unit.  
When filling out the electronic input file, convert the cover area into a percent.  

o Woody debris is calculated as: 

𝑚𝑚2 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑐𝑐𝑐𝑐𝑎𝑎
𝑏𝑏𝑎𝑎𝑛𝑛𝑛𝑛𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ ∗ 𝑛𝑛𝑛𝑛𝑤𝑤𝑤𝑤 𝑛𝑛𝑐𝑐𝑛𝑛𝑙𝑙𝑤𝑤ℎ

 

o Overhanging vegetation, depth, undercut, boulder, and instream vegetation, are 
calculated as: 

𝑚𝑚2 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑐𝑐𝑐𝑐𝑎𝑎
𝑤𝑤𝑐𝑐𝑤𝑤𝑤𝑤𝑐𝑐𝑤𝑤 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ ∗ 𝑛𝑛𝑛𝑛𝑤𝑤𝑤𝑤 𝑛𝑛𝑐𝑐𝑛𝑛𝑙𝑙𝑤𝑤ℎ

 

o Keep a tally of total m2 for each individual cover type.  
• Recording Procedure:  Record to the nearest 0.5 m2. See Table 8. 

 

  

Table 8. Cover Type Unit Codes 

Cover Type Description 
Over Hanging 
Vegetation (OHV) 

Vegetation that projects over the stream and is < 1m above the 
water surface. 

Woody Debris (WD) Woody material, including root wads providing in-channel cover for 
fish, must be within 1m of water surface. 

Depth Can be considered cover when it is 75-100% deeper than the 
average depth of surrounding habitat units.  It is usually a portion of 
stream with reduced current velocity at low to moderate flow, 
deeper than the surrounding area and usable by fish for resting or 
cover. 

Undercut Banks (Under 
Cut) 

Defined as a location where the bank hangs over part of the 
stream, providing cover.  

Boulder Cover (BL 
Cover) 

Boulders that add topographic complexity to uniform or flat habitat 
unit bottoms.  Boulders are stream substrates larger than 256mm in 
diameter.  They provide cover when they create a turbulent flow 
and provide emergence points for invertebrates. 

Instream Vegetation (In 
Veg) 

Aquatic vegetation within the wetted channel that provides cover. 

Residual Pool Depth 
(Res Pool) 

Corresponding to a minimum stream flow that just barely flows 
through pools that is calculated by subtracting water depth at a riffle 
crest from water depth in the upstream pool. 

 



6.0 Disturbances  
6.1 Features 

• Definitions:  Anything worth noting within the reach. Anthropogenic disturbances that have 
potential impacts on a watercourse are important features that are entered into the model.  The 
following features are used in the model: fords, culverts, bridges, bank armour, other crossing, 
instream disturbance, riparian disturbance, and flood disturbance (see table below).  All features 
have a severity rating (see table below). 

• Method:  Measure the area of the disturbance in m2.  When filling out the electronic input file 
edit the data as such: 

𝐹𝐹𝑐𝑐𝑎𝑎𝑤𝑤𝑛𝑛𝑐𝑐𝑐𝑐 𝑎𝑎𝑐𝑐𝑐𝑐𝑎𝑎
𝑈𝑈𝑛𝑛𝑤𝑤𝑤𝑤 𝑛𝑛𝑐𝑐𝑛𝑛𝑙𝑙𝑤𝑤ℎ ∗ (𝐵𝐵𝑎𝑎𝑛𝑛𝑛𝑛𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ + 𝑅𝑅𝑤𝑤𝑅𝑅𝑎𝑎𝑐𝑐𝑤𝑤𝑎𝑎𝑛𝑛 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑠𝑠)

∗ 100 

• Recording Procedure:  
o Record habitat unit ID and appropriate feature recording code (Table 9).  
o Record waypoint ID.  
o Indicate severity level using the table below (Table 10).  
o Record the total area of disturbance (m2).  Include any area that has been disturbed 

within the active channel and riparian area.  For example, a pipeline ROW crosses a 
watercourse that has a riparian width of 35 m (20 m left; 15 m right) and the length of 
the ROW disturbance along the watercourse is 25 m, the total disturbed area is 25 m x 
35 m = 875 m.  

o Record photos and comments. 
• Features that extend into new habitat units need to be recorded as a new feature and given an 

area of the disturbance (m2) within the new habitat unit. 

 

Table 9. Disturbance Features Unit Codes 

Feature 
Code 
Model Input 

Description 

Bridge  
BD 
bridge 

Bridge crossing means a watercourse crossing that is constructed 
using a single span bridge, single span pipeline bridge, multi-span 
bridge with abutments or piers, or other similar structure.  

Culvert  
CV 
culvert 

Culvert crossing means a watercourse crossing that is constructed 
using a round, arch or box culvert or other similar structure, on or 
within the bed of a water body.  Crossings where more than one 
culvert is present should be recorded as one feature.  Do NOT 
record additional culverts at the same location as new features. Use 
the severity rating and comment section to indicate the level of 
disturbance created by the culvert(s). 



*Hanging culverts should be recorded as a culvert crossing feature and recorded as a barrier. 

 

 

 

 

 

 

Ford  
FD 
ford 

Ford crossing is a low-level crossing that results in the disturbance 
of the active channel and adjacent riparian area by an OHV. A ford 
has only one access and egress point that can extend 50 m from the 
active channel, and crosses the water body in a perpendicular 
manner.  

Other Crossing 
OC 
Other 

This included watercourse crossings that do not fall into the above 
categories such as recreational built foot bridges, logfill, and wildlife 
crossings. 

Bank Armour  
BA 
armor 

Any hard engineering bank stabilization techniques that do not utilize 
bio-engineering principles and whose primary stabilizing material is 
riprap.  Riprap located or associated around watercourse crossings 
is not recorded as a separate feature and should be considered part 
of the crossing.  Riprap that extends 50 m beyond the edge of the 
ROW can be considered a new feature. 

Instream Disturbance  
ID 
Instream 
 

Is a disturbance to an area within the bankfull width (active channel). 
This includes but is not limited to OHV trails that parallel a 
watercourse within the active channel, livestock activity, waste 
materials (garbage, tires, blown out watercourse crossings etc.) 
within the active channel, etc.  Features such as fords (OHV 
crossings) do not get recorded as instream disturbances.  The 
instream effect of fords is taken into consideration when weighting 
this feature type in the model.  

Riparian Disturbance  
RD 
riparian 

Is a disturbance to an area within the functional riparian width.  This 
includes but is not limited to campsites, OHV, hiking and equestrian 
trails, agriculture activity (livestock, crops, etc.), and industrial activity 
(vehicle/pipeline ROWs, well sites, logging, etc.)  Do NOT record 
riparian disturbances when they are associated with watercourse 
crossings (bridges, culverts, and fords).  However, decommissioned 
vehicle ROWs (old logging roads) and active pipeline ROWs that 
have OHV fords should be recorded separately, one feature for the 
ford and one feature for the ROW riparian disturbance.  

Flood Disturbance  
FD 
flood 

Is a disturbance to the channel geometry resulting from high flow 
events.  This includes but is not limited to braided channels, 
excessive gravel deposits, and eroded banks.  Livestock activity that 
causes bank erosion should be recorded as an instream and/or 
riparian disturbance.  



Table 10. Severity of Disturbances Unit Codes 

 

 

6.2 Barriers  

o Definitions:  Are any physical, physiographic, chemical, or biological obstacle to fish movement.  
Specific details on barriers are not used in the model however, such information can be useful 
for overall reach knowledge and/or project design.   

o Recording Procedure:  Describe the barrier.  Record barrier severity (Table 11) and type (Table 
12). 

 

Table 11. Barrier Severity Unit Codes 

 

  

Table 12. Barrier Type Unit Codes 

*Hanging culverts should be recorded as a culvert crossing feature and recorded as a barrier. 

 

Severity (Model Input) Description 
Low (L) Indicates habitat that still functions for resident fish but may be 

changed from what it was naturally. 
Moderate (M) Indicates habitat where function may be impaired or reduced from 

natural habitats (e.g. Bank armour). 
High (H) Indicates habitat that is not usable by fish or a feature that blocks 

passage (e.g. Perched culvert, paved channel) 

Code Severity Description 
L Temporary Maybe a seasonal barrier or can be removed by natural flow 

events. 
M Partial Maybe a barrier to certain fish species or life stages. 
H Full Barrier to all fish throughout the year. 

Code Type Description 
A Anthropogenic Man-made barriers including weirs, dams, culverts, etc.  
N Natural Barriers that are a result of natural features such as water 

falls, chutes, gradient, or velocity barriers. 
B Both Barriers that are a combination of both anthropogenic and 

natural aspects such as washed out and partially buried 
bridges (e.g. Allison Creek). 
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8.0 Habitat Unit Survey Data Sheet 
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Stream Name Date
Reach Length (m) Time (24hr)

Time
(24hr)

Temperature 
(°C)

Percent 
Saturation D.O. (mg/L) pH TDS (ppm)

Water Quality

Field Notes

FISHES Detailed Reach Level Assessment

Crew

Conductivity 
(µS)
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Substrate Composition (%)

Detailed Habitat Assessment

Ins VegUnit ID OHV WD Depth

Bank Height
(m)

Left Bank Texture Right Bank Texture Bank Stability Under 
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Stream ID Reach ID Date Page
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Features and Barriers
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Type
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